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The lecithins belong to the group of natural fats or lipides known as 
phosphatides, which occur in nearly all living cells. It has been shown 
that when animals are subjected to nutritional deficiencies, the amounts 
of phosphatides present in the various organs remain constant1’2, indicating 
that these substances are structural components.

The universal distribution of phosphatides in animal cells and the 
facility with which fatty films are formed by them, suggest that they 
constitute the central structure of the cell wall (assuming that this structure 
is of the form proposed by Danielli and Davson3 and Danielli and 
Harvey4). As is described later in this review, lecithin sols in water 
possess the property of forming stable films at a boundary made between 
the sol and water. These films consisting of membranes of fatty material 
and separating two aqueous liquids, have some of the properties of 
simple cell walls. Further studies of them and of the physical chemistry 
of lecithin sols would seem to offer a promising approach to the elucida­
tion of the structure of cell membranes. Such work could also lead to 
the development of model membranes which might be helpful in the 
quest for further knowledge concerning the physico-chemical mechanisms 
of drug action.

In this review, we summarise the present 
state of research into the physical chemistry 
of the lecithins.

Chemical Structure of the Lecithins

As a result of their hydrolysis experiments 
on l ec i t h i n  p r e p a r e d  f rom egg yolk,
Diakanov5-7, and Strecher8 in 1868 proposed 
the structure (I) for the compound where 
R and R' are hydrocarbon chains, which in the natural lecithins, may 
contain one or more double bonds.

The basis of this structure is the glycerol nucleus; this is joined by ester 
links to two long chain fatty acid radicals and to an orthophosphate 
group, which in turn is linked to the strongly basic choline group by 
means of another eSter bond. The resulting molecule has a soap-like 
structure with water-insoluble long chain fatty acid groups joined to the 
rather complex water soluble head group (the part of the molecule other 
than the hydrocarbon chains«R and R').
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The structure (I) has the phosphate radical attached to the a-carbon 
atom of the glycerol; optical isomers are possible as the /?- or central 
carbon atom of the glycerol is asymmetrical. The alternative structure 
in which the phosphate is attached to the /3-carbon and R and R' are 
identical, would not give optical isomers. The natural lecithins are always 
optically active. Hydrolecithins, which are prepared by reducing the 
fatty acid radicals of natural lecithin and have also been isolated directly 
from natural sources have [a]™ varying between +6-25° and +7T0°9>10.

P ure  (d ipalm itoy l) lecithin p repared  from  n a tu ra l sources was fo u n d  to  
be d e x tro ro ta to ry ; it w as show n to  have the  sam e configuration  as 
synthetic L-a-(dipalm itoyl) lecithin. This configuration  also applied  to  
egg an d  b ra in  lecithins, since the  hydro leeith ins ob ta ined  by reduction  
w ith  hydrogen , w ere dex tro ro ta to ry . In  add ition , L ong an d  M aguire11 
have show n th a t afte r hydrolysis o f  na tu ra l lecithin am oun ts o f  a-, L-a- 
an d  D-«-, g lycerophosphoric acid w ere recovered, w hich were identical 
w ith  those ob ta ined  by hydrolysis o f  synthetic L-a-lecithin, an d  qu ite 
different from  those ob ta ined  by the  hydrolysis o f  synthetic j8- o r  DL-a- 
lecithins. I t  w as therefo re  proved  th a t n a tu ra l lecithins have th e  L-a 
confo rm ation .

Fatty Acids. A great deal of work has been done on the identification 
of the fatty acids obtained by hydrolysis of lecithin. Lecithin prepared 
from natural sources normally yields a fairly complex mixture of acids. 
Palmitic and stearic were the only saturated acids present12-15 in egg 
lecithin, they comprised about 35 per cent, of the total fatty acid mixture. 
A wide range of unsaturated acids have been found14-19. Levene and 
Rolf16 identified oleic (C18 with one double bond), linoleic (C18 with 
two double bonds) and arachidonic (C20 with four double bonds) acids 
in egg lecithin hydrolyzates. Subsequent work14’15 has shown the 
presence of a group of highly unsaturated, long chain acids described 
collectively as “clupadonic acid” . A typical analysis of the fatty acid 
mixture resulting from the hydrolysis of egg lecithin is,

The unsaturated fatty acid composition of egg lecithin can vary according 
to the diet of the hens20. •

Zwitterionic Structure. Grun and Limpacher21 suggested that the 
phosphate-choline part of the lecithin molecule could have one of two
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THE PHYSICAL CHEMISTRY OF THE LECITHINS

structures, the anhydro-form II or the hydrated form III. Jukes22, how­
ever, proposed a zwitterionic structure IV and this seems most likely 
to be correct in view of the fact that both choline and phosphoric acid 
(first stage of dissociation), are strong electrolytes. This zwitterionic 
structure was supported by potentiometric titration evidence22’23, and 
by the observations that lecithin was dielectrically active in both water24 
and ethanol25.

Hydrolecithin. This name is given to lecithins containing only saturated 
fatty acid radicals26. They can be prepared by the hydrogenation of 
natural lecithins, by isolation in the pure state from natural sources9’10, 
and by synthesis84.

Lysolecithin. Lysolecithins have the same structure as the lecithins 
except that only*one fatty acid radical is present. They occur in associa­
tion with the natural lecithins, and it is only quite recently that chromato­
graphic methods have been developed which ensure the complete separa­
tion of lysolecithin from natural lecithin.

Lysolecithin is formed by partial hydrolysis of lecithin and a highly 
specific catalyst for this reaction is the lecithinase enzyme; this occurs 
in a very active form in snake venoms27’28. An important development 
in the study of lysolecithin is the discovery by Hanahan and others29 that 
the venom dissolved in water will act on an ethereal solution of lecithin. 
Lysolecithin is insoluble in ether and so is precipitated as it is formed. It 
can therefore be removed from the reaction mixture by centrifugation and 
treated to give a high yield of pure lysolecithin.

I t  has  been fo u n d  by  various oxidative p rocedures30’31 th a t the  fatty  
ac id  in  lysolecithin is a ttach ed  to  the  /8-carbon a to m  o f  the  glycerol 
g roup . W hen  it is p repared  from  n a tu ra l lecithin con tain ing  u n sa tu ra ted  
acids th e  lysolecithin possesses only  sa tu ra ted  fa tty  a c id s ; so it seems th a t 
in  lecith in , u n sa tu ra ted  acids are a ttach ed  to  the  «-carbon  a to m 32’33. 
H an a h an  an d  o thers29 have found  th a t the  snake venom  reaction  occurs 
w ith  p u re  (d ipalm itoyl) anS  (dipalm ito leyl) lecithins giving the  co rres­
p ond ing  pure  lyso-com pounds.

Lysolecithin has a strong lysing action on erythrocytes, this is presum­
ably caused by dissolving out the lecithin film which forms the membranes 
of the cells. The lyso-compound also probably plays an important part 
in the dispersion of lecithin in aqueous fluids.

Synthesis o f  Lecithin
The synthesis of lecithin is a difficult problem. Many of the earlier 

synthetic materials were in fact mixtures. A recent synthesis of hydro­
lecithins by Baer and Kates34, used a D - a ,/8-diglyceride (V) as the starting 
material (prepared by the method of Sowden and Fischer35). This was 
treated with monophenyl phosphoryl dichloride in the presence of 
pyridine and the whole reaction mixture was treated with choline chloride 
in the presence of a large excess of pyridine. The resulting material was 
isolated as a reineckate, converted to a sulphate, catalytically hydro­
genated to remove the phenyl group and then the sulphate was removed 
by means of barium carbonate. In this way (dimiyristoyl-), (distearoyl-)
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and (dipalmitoyl-) lecithins have been prepared in an optically active form. 
The stages in the synthesis are shown below.

H,COH

Cl
I

H2COPOC6H5

I (C6H60)P0C12 I O choline
H C O C O R ------------------ > H C O C O R ---------->
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This year, Baer, Buchnea and Newcombe36 have reported the synthesis 
of the unsaturated L-a-(di-oleyl) lecithin, d-Acetone glycerol was phos- 
phorylated with phenyl phosphoryl dichloride and the product was 
esterified with ethylene chlorhydrin. After removal of the phenyl and 
acetone groups, the L-oc-glyceryl-phenyl-phosphoryl-ethylene chlorhydrin 
was isolated as its barium salt and treated with oleyl chloride. The 
resulting compound was heated with trimethylamine, giving a mixture of 
L-a-(di-oleyl) lecithin and the corresponding lysolecithin. The pure 
lecithin was isolated by chromatography.

Preparation of Lecithin from Natural Sources 
In order to prepare lecithin, the starting material is first extracted with 

ethanol. This breaks up the lipo-protein complexes37 and dissolves the 
phosphatides together with other fats. After removal of ethanol the 
residue is extracted with acetone; the phosphatides are insoluble in 
acetone whereas the other lipides such as cholesterol, dissolve. Alterna­
tively, the starting material can be extracted first with acetone and then 
with ethanol. The major components of this extract other than lecithin 
are:
c h 2o c o r
I

CHOCOR'

I f
CH2OPO(CH2)2NH2

OH
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NH2

CH3(CH2)12C H : CH.CH.CH.CH,
I I

OH OH
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CH2CQR
I
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CH2OPOCH2CH.COOH
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OH NH2 
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CH3(CH2)12(?H: CH.CH.CH. CH2
I I \
OH NH O

I I
RCO 0 = P —OH 

+ I
sphingomyelin ,  (CH3)3N(CH2)20  

OH

Fractionation of this mixture to give lecithin was until recently carried 
out by a method devised by Bergell38 in 1900 and developed by MacLean39,
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Levene and Rolf13>40 and by Pangborn41-44. In this a complex between 
cadmium chloride and lecithin is formed which is only sparingly soluble 
in ethanol. It is precipitated by adding a saturated cadmium chloride 
solution to an ethanolic solution of the mixed phosphatides. The 
complex is further purified by extraction or by partition between immiscible 
solvents. Lecithin is liberated from the complex by adding methanolic 
ammonia to a chloroform solution13-40, which precipitates the cadmium as 
hydroxide. Alternatively the chloroform solution of the complex is 
extracted with 30 per cent, ethanol in water41' 44, or it is broken up by 
using ion exchange resins45.

Reasonably good samples of lecithin, free from amino nitrogen and 
with the correct N/P ratio, have been obtained. However, the phospha­
tides are prone t(j associate with one another in solution and fractionations 
based on precipitation are not clear cut. The ideal procedure for separa­
ting such materials is one in which the molecules are dealt with almost 
individually, for example, by adsorption on to the surface of a solid 
followed by elution. Several chromatographic procedures based on this 
principle have been successfully developed for fractionating phosphatide 
mixtures. A disadvantage of the cadmium chloride purification method 
is that it is almost impossible to remove all traces of cadmium from the 
lecithin, and traces of cadmium have a considerable effect on some of the 
properties of lecithin sols46; the chromatographic method avoids this 
contamination.

Hanahan47-48 and his colleagues have used alumina for the chroma­
tography of ethanolic solutions of phosphatide mixtures. They found 
that all the amino-containing substances were removed by the column 
and the effluent gave a solid product with a reasonable N/P ratio. Faure 
also used this method49.

Lea and Rhodes50-51 have found that the product from alumina chroma­
tography has a low fatty acid/P ratio and they attributed this to the presence 
of lysolecithin. Using a mixed silicic acid and Celite column, with 20 
per cent, methanol in chloroform as solvent, they obtained three chroma­
tographic fractions from egg yolk phosphatides. The first fraction had 
an RF value of 0-9 and consisted of the amino-containing compounds, 
mainly cephalin, the second fraction (Rf. =  0-6) consisted of the lecithins 
and had the correct N/P and fatty acid/P ratios. The third fraction 
(Rf =  0-1) was eluted from the column with methanol and consisted of 
lysolecithin.

This chromatographic ̂ method of Lea and Rhodes is the only process 
so far developed by which lecithin can be completely separated from 
lysolecithin.

Direct paper chromatography of phosphatide mixtures does not seem 
to have been very successful52-53. Lea, Rhodes and Stoll54 have, however, 
developed separation procedures using silica impregnated paper. An 
attempt has been made to separate lecithin from an egg extract by counter 
current partition chromatography on paper55; some success has been 
claimed for two dimensional paper chromatography using acetone- 
methanol and phenol56. *

THE PHYSICAL CHEMISTRY OF THE LECITHINS
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Light magnesium oxide has been used as a chromatographic material; 
all the phosphatides were adsorbed from a solution in petroleum ether 
but only the lecithins were eluted by methanol57. Chromatographic 
methods are valuable for preparing lecithin as they do not involve any 
harsh chemical treatment. Lecithins are easily decomposed by heating 
or by the action of acids or alkalies.

No separation of lecithins according to the degree of unsaturation of 
their fatty acids has so far been achieved by chromatography. Escher58 
in 1925 reported such a separation by fractional crystallization from 
ether at low temperatures, but his results have not been confirmed; his 
separation may have been one of lysolecithin from the lecithin.

Physical Properties of Lecithin
The purified lecithin prepared from natural sources such as egg yolk, 

contains a variety of fatty acids, but as it is not been resolved into separate 
components by techniques so far developed, it can be regarded as a 
chemical entity.

It is a white, somewhat waxy solid and is very hygroscopic. On 
exposure to air, oxidation of the unsaturated acids occurs; the hydro- 
lecithins are more stable. All the natural lecithins and lyso'lecithins are 
optically active, the former are dextrorotatory while the latter are reported 
to be laevorotatory28. No definite melting points have been reported but 
synthetic (dipalmitoyl) lecithin sintered at 40-42° C. and formed a 
meniscus at 235° C.

With water, synthetic hydrolecithins form sols which settle out quite 
rapidly59 in contrast to the natural lecithins whose sols are stable over 
long periods. These natural lecithin sols are turbid. The lysolecithins 
give optically clear sols in water.

The hydrolecithins are soluble in warm ethanol and are insoluble in 
ether, acetone and cold ethanol34. The natural lecithins are insoluble in 
acetone but freely soluble in ethanol, ether, and chloroform. Lysolecithin 
is insoluble in ether and acetone but freely soluble in warm chloroform, 
water, and ethanol.

X-ray diffraction patterns of crystalline, synthetic hydrolecithins showed 
variations with the length of fatty chain in the compound34. From low 
angle X-ray diffraction studies60, layer spacings were deduced, and on 
plotting these against fatty acid chain length a straight line was obtained. 
The slope of this line was characteristic of the arrangements of the hydro­
carbon chains while extrapolation to zero chain length gave the con­
tribution of the end group to the layer spacing (23 A).

The natural lecithins can be prepared in crystalline form by cooling a 
saturated solution in a mixture of acetone and methyl ethyl ketone. The 
crystals show a parallel extinction under the polarising microscope61.

When water is put on to solid lecithin, twisting cylindrical forms 
(myelin forms) grow out from the surface of the solicit these often develop 
into intricate patterns, and ultimately the solid disperses completely. 
Leathes62 has studied the effects of various additives on these; he found 
that their appearance was changed when vaflous acids and alcohols were
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put in contact with the lecithin. Lime water prevented their growth but 
baryta water did not. Leathes considered that the outgrowths were due 
to the hydrophilic nature of the lecithin molecule. Hydrolecithins give 
few myelin forms, and so the unsaturated acids in natural lecithin must 
play some part in the process of growth. It has been suggested that the 
myelin forms are liquid crystals63.

Physical Chemistry of Lecithin Sols
General

With water, natural lecithin forms sols which are easily precipitated by 
small concentrations of divalent metal salts but are stabilised by higher 
concentrations. Large concentrations (10 per cent.) of lecithin can be 
dispersed in water, the surface tension of the sol being lower than that of 
water. The turbidity and stability of the sol to electrolytes are both 
dependent on the proportion of lysolecithin in the dispersed material. 
It is only since Lea and Rhodes’50 work in 1954 that natural lecithin free 
from lysolecithin has been made, and so it must be recognised that all 
earlier work has been carried out on preparations containing varying 
amounts of Jysolecithin.

The sols, which are turbid white liquids, are made by shaking or 
triturating solid lecithin with water64, or by adding an ethereal solution 
of lecithin to water with vigorous stirring and removing the ether by 
bubbling nitrogen through the liquid65. In the absence of inorganic 
salts, they are quite stable over a period of days. De Jong and his 
colleages66 claim to have prepared clear sols by adding a hot ethanolic 
solution of lecithin to hot water and stirring, however, this procedure 
undoubtedly results in some decomposition of the lecithin.

The mean molecular weight of the monomer of egg lecithin can be 
calculated as 77367. Boiling point measurements with solutions in 
ethanol gave a value of 797, whereas in benzene a value of 3388 was 
found68. Dialysis experiments have confirmed that in polar non-aqueous 
solvents such as ethanol the lecithin is present as the monomer whereas 
in non-polar solvents, it is in a micellar form69. In benzene and heptane 
the micelles are believed to have the paraffin chains of the molecules 
directed outwards. In water, lecithin exists in the form of very large 
micelles in which the polar parts of the molecule are on the outside. X- 
ray diffraction studies70'71 of concentrated sols indicate that bimolecular 
leaflets are present. The long spacing, representing the thickness of the 
bimolecular leaflet plus the distance between the leaflets, was found to be 
69 A for a 33 per cent. sol. Both potassium and calcium chlorides 
reduced this figure, the latter salt having the greater effect.

Surface and Interfacial Tension Studies
Neuschlosz72’73 reported that lecithin did not lower the surface tension 

of water. Subsequently, more accurate work68 has shown that the 
surface tensions of the sols varied as a function of pH, being a maximum 
at the isoelectric point; sodiugi and calcium chlorides shifted the maximum 
o lower pH values. These effects were attributed to changes of charge
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on the micelles. Filtration experiments showed that the largest particles 
in the sol possessed the surface activity, the filtrate having a surface tension 
nearly as high as that of water75. Addition of cholesterol modified the 
pH/surface tension curves.

At the water/benzene interface, small amounts of lecithin dissolved in 
the benzene phase caused a lowering of interfacial tension; the same amount 
of lecithin dissolved in the aqueous phase had a much smaller eifect76.

Hirt and Berchtold77 studied the eifect of a large number of substances 
on the lowering of interfacial tension at the chloroform/water interface 
by lecithin. Adrenaline-like substances, which possessed an acidic or 
phenolic ortho dihydroxy group, had the greatest effect in reducing the 
lowering of interfacial tension.

Effect o f  Electrolytes on Lecithin Sols
Most of the work on this subject suffers from the use of impure materials. 

The authors have shown that small amounts of impurities, particularly 
divalent metals or soap-like substances, have a considerable effect on the 
stability of lecithin sols in the presence of electrolytes.

Early studies showed that the higher the valency of the. ions in the 
added salt the more effective was the coagulating effect on lecithin sols78-82. 
In accordance with the usual theory of colloid precipitation, it has been 
found that the concentrations of salts which produced coagulation were 
those required to neutralise the charge on the sol particles82. On addition 
of acid, the sols flocculated at a pH value of about 265-81’83'84. The rate 
of coagulation was increased by increase of temperature86.

Some workers65'86 have reported that divalent metal chlorides gave two 
precipitation zones with a region of peptisation between them; we have 
confirmed this observation with calcium chloride46. In an extensive study 
of the coagulating effects of potassium and calcium chlorides on sols of 
lecithin which had been prepared by various methods, Elworthy and 
Saunders have found that chromatographic lecithin, which was free from 
lysolecithin, gives sols which are much less stable to salts than did lecithin 
prepared by the cadmium chloride method. The sols were stabilised by 
the presence of small traces of soaps, for example a 0-5 per cent, sol of 
chromatographic lecithin was precipitated by 2 x 10-3 M potassium 
chloride; the addition of sodium dodecyl sulphate to a concentration of 
5 X 10-5 M rendered the sol stable to 0T M potassium chloride. Lyso­
lecithin exerted a similar protecting effect and it is probably the presence 
of this compound which stabilises lecithin dispensed in biological fluids.

Coacervation studies by de Jong and his colleagues87-96 have been 
made with clarified lecithin sols, but the method of clarification almost 
certainly caused decomposition of the material. Horvath97 suggested 
that complex coacervation was a possible form of protein-phosphatide 
association in living organisms, but this view has bee* criticised by Bull98.

Viscosity
The addition of ethanol to lecithin sols increased their viscosity while 

the addition of electrolytes caused a decrease99’100. Old sols had a lower
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viscosrty than fresh ones. Divalent cations had a greater effect than 
monovalent ones101. However, when viscosity was studied by observing 
the time taken for a rotating sol to come to rest, it was found that calcium 
chloride increased the viscosity at concentrations where it reversed the 
charge on the sol particles89“91. Sodium salicylate had a similar effect.

Condictivity
It las  been reported that as the concentration of a lecithin sol was 

increa-ed the specific electrical conductivity passed through a minimum103. 
It wa: also found that further purification of lecithin decreased the 
specific conductivity; ageing of the sol increased conductivity104. We 
have found61 that when a lecithin sol was passed through a column con­
taining mixed idn exchangers, the conductivity was reduced almost to 
that c f pure water though the lecithin content of the sol was almost 
unchanged. This result indicates that the conductivities previously 
reported were due to the presence of electrolytes as impurities in the 
lecithin. Lecithin itself has a very small conductivity in an aqueous sol, 
as is t* be expected if only very large particles are present.

The mean size of the micelles in lecithin sols has yet to be determined. 
Some early measurements of osmotic pressure indicated a molecular 
weight of the order of 350,000 but the material used was of doubtful 
purity"9. Ultrafiltration studies showed that the lecithin micelles were 
bigger than haemoglobin molecules105. Saunders106 has found that the 
diffusinn coefficient of lecithin sols clarified with small amounts of soap 
were cf the order of 10-8 cm.2 sec.-1, indicating a molecular weight for the 
micelles of several millions.

Electrophoretic Studies and Isoelectric Point
Lecrthin sols showed a low electrophoretic mobility107-108 at neutral pH 

values; the point of charge reversal was reported as pH 2-7 in the earlier 
work. Addition of barium chloride decreased the mobility and shifted 
the isc electric point to a higher pH. Price109 found that cholesterol had 
little effect on the mobility of lecithin, he reported the isoelectric point of 
lecithin as pH 2-7. Other workers reported values between 1 -73 and
2-865-8:>84.

Theoretically the isoelectric point of lecithin should be about pH 7 
since lo th  the acidic and basic groups in the molecule have the character 
of strnng electrolytes110. Careful mobility studies of purified lecithin 
gave £ value of 6-7111, the» addition of small amounts of cephalin lowered 
this sEghtly112. Aged lecithin sols were found to have much lower iso­
electric points113, and it has been suggested that the very low values 
originally obtained were due to free fatty acids present in the sol which 
gave i ie  micelles an adsorption charge; the amount of free acid present 
would increase with the age of the sol, due to hydrolysis of the lecithin.

Dialyss
Dialysis has been used fo% the purification of sols since lecithin only 

dialysis slowly114. When lecithin-sodium oleate mixtures were dialysed
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the lecithin did not affect the rate of dialysis of the soap; with le*ithin- 
sodium glycocholate mixtures the rate of passage of soap through the 
membrane was increased by a factor of 4.

Turbidity
Levy115 has studied the turbidity of lecithin sols. De Jong92 a_d his 

colleagues have used turbidity measurements to study the coacer ~ation 
of the sols.

Hydrotropism
The addition of soaps, particularly bile salts, clarified lecithin sols; 

double bonds in the fatty acid of a soap made it a better hydrmropic 
agent116’117. Sols have been clarified by polyethylene cttide stearates106, 
sodium dodecyl sulphate118, and sodium cholate119; lysolecithins a n  be 
used as clearing agent for lecithin sols.

Lecithin as an Emulsifying Agent
Lecithin has been used to emulsify various fish oils and animal a ts  in 

water120. Emulsions of both types can be formed, for example witn sun­
flower oil and water the type of emulsion formed in the presence of lecithin, 
depended only on the relative proportions of the two liquids121. Studies 
have been made of the effect of cholesterol on the types of emissions 
obtained with lecithin122’123 and on the behaviour of lecithin as an emulsify­
ing agent with different substances124’125.

Bull126 has suggested that phosphatide complexes with proteins or 
carbohydrates are better emulsifying agents than pure phosphatide , and 
this has been confirmed127. However, it has been reported128 tha pure 
soya bean lecithin is a better emulsifier in some cases than the crude 
material containing protein.

Oil in water emulsions prepared with lecithin resembled soap emulsions 
in that the oil tended to separate on standing. The effects of electDlytes 
on these emulsions have been studied129.

Lecithin as a Protective Colloid
Lecithin acted as a protective colloid for dispersions of carbo 1 and 

calcium carbonate in xylene130’131, the lecithin was thought to be adorbed 
at the surface of the solid particles giving them a charge which was generally 
negative. Red gold sols were protected from precipitation by potassium 
chloride132 as were titanium oxide sols133. Leoithin has been usee as a 
protective colloid in the manufacture of foodstuffs and vitamin A 
preparations134.

The Effect of Lecithin on Gels 
Yumikura135 studied the rates of diffusion of some»drugs in gelatir gels. 

He found that the presence of lecithin increased the rate of diffusion of 
cocaine and various surface active substances; the opposite effec was 
found with alypine and eucaine. Diffusion of various acids and alkalies 
in gels was said to be inhibited by lecithin but promoted by cholesterol:36’137.
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The effects of lecithin and cholesterol on the swelling of gelatin gels at 
different pH values have been studied138-141. The results of different 
workers are conflicting probably due to the impurity of the lecithin 
samples used.

THE PHYSICAL CHEMISTRY OF THE LECITHINS

The Surface Chemistry of Lecithin 

Air/Water Interface
Leathes142’143 found that when lecithin was spread on the surface of 

water, an expanded film was formed. At a surface pressure of 1-4 
dynes per cm. the area per fatty acid chain in the lecithin molecule was 55 A2 
for one sample and 58 A2 for another. There was no sign of condensation 
of the film when the pressure was increased by a factor of twelve. Hydro­
lecithin gave a condensed film with an area per fatty acid chain of 28 A2 
at 1 -4 dynes per cm. When the pressure was increased considerably the 
area diminished but did not become as small as that for a palmitic acid 
chain in a condensed film (about 21 A2 in ethyl palmitate144 and 26-3 A2 
in a-monopalmitin145). This suggests that the polar part of the lecithin 
molecule prevents close packing of the fatty acid chains; the unsaturated 
acids present in natural lecithin caused the high areas per acid chain 
found with this material. The area occupied by a lecithin molecule in 
the film was found to be reduced by the addition of cholesterol to the 
film, due to interaction between the two lipides. It has been reported 
that at high compressions, the area per molecule of hydrolecithin could be 
reduced to 41-4 A2148.

Surface potential studies of films of this type by Hughes146 indicated an 
area per fatty acid chain of 58 A2 for lecithin; lysolecithin gave a more 
distended film with an area per molecule of 108 A2. Values for the 
vertical component of the electric moment were 8-8 and 4-3 x  10-19 
e.s.u. respectively. On altering the pH of the water on which the film was 
spread it was found that a rise in surface potential occurred for lecithin 
between pH 6 and pH 3. Lysolecithin only showed this effect between 
pH 2 and pH 1. Lecithin films were easily oxidised while lysolecithin 
films were only slowly affected. The surface potential studies confirmed 
the observation that the area per lecithin molecule was smaller in a 
mixed lecithin-cholesterol film than in a pure lecithin film. Injection of 
snake venom below a lecithin film on water gave a rapid decrease in surface 
potential due to the conversion of the lecithin to lysolecithin by the enzyme 
lecithinase present in the *nom 147.

The sulphonamides were found to have no action on lecithin mono- 
layers on water, and so it was concluded that the biological activity of 
these compounds did not depend on their influence on the permeability 
of the cell membrane149. The logic of this conclusion is rather dubious, 
since it seems unlikely that a lecithin film at the air/water interface bears 
much resemblance to a cell membrane. Plant growth hormones were 
found to accumulate in lecithin monolayers and increased the area per 
molecule in the film, but there#was no relation between growth promoting 
activity and their effect on the monolayer160.
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Saponins caused a rise in surface pressure when injected under mixed 
lecithin-cholesterol films and this effect was more pronounced in the 
presence of calcium chloride. This result fitted in with the observation 
that the haemolysis of red blood cells by saponins was more rapid when 
calcium chloride was added151.

Injection of sodium penicillin beneath compressed lecithin monolayers 
gave a rise in surface pressure and a change in surface potential; the 
penicillin remained in the surface layer after repeated expansion and 
compression of the film152.

Oil/Air Interface
Lecithin formed a condensed film at the glyceride/air interface in which 

the polar parts of the molecule were thought to be protruding upwards 
with the fatty acid chains in the liquid phase. An estimate of the thickness 
of the film at this interface gave a value of 0-55 microns, very much bigger 
than the maximum dimension of the lecithin molecule153.

Oil I Water Interface
At the benzene/water154 interface both lecithin and lysolecithin films 

were found to be of the vapour expanded type; at high pressures, the areas 
approximated to those found at the air/water interface which suggested 
that there was the same type of packing at the two surfaces. The results 
were interpreted by the equation of Langmuir’s theory of expanded films

(F—F0) (A—A0) =  const.
where F is the force on the film, F0 is the negative spreading force due to 
the hydrocarbon chains, A is the area per molecule in the film and A0 is 
a constant to allow for the area occupied by the head groups. Up to 
F =  15 dynes per cm. the results fitted this equation. As was expected, 
the value of F0 which was quite considerable at the air/water interface, 
was very small at the benzene/water surfaci. A0 had almost the same 
value at both interfaces.

Further work on lecithin films at the benzene/water interface showed 
that injection of salicylic acid above the lecithin film caused a large 
increase in interfacial tension. Other substances such as benzoic acid, 
phenol and ortho-cresol caused only small increases in tension. The 
effect of salicylic acid was more pronounced when the acid was un­
dissociated, and is thought to be due to the formation of a complex with 
the lecithin at the interface155. ,

At the xylene/water interface a changing contact angle was found when 
the ring or plate method was used to study lecithin films; this difficulty 
was overcome by coating the plate with a deposit of carbon from a benzene 
flame. The compressibility of a lecithin film at this interface was greater 
than that at the air/water surface156. ,

The Lecithin Sol/ Water Interface
Many attempts have been made to corrglate the action of substances 

on films at various interfaces with their biological activity. Most of these
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attempts have failed because the interface studied bore only a very remote 
resemblance to the boundary which separates a living cell from a liquid 
environment. The simple cell membrane is a film built on a fatty structure 
which contains lecithin and cholesterol and which separates two aqueous 
fluids. Air/water and oil/water interfaces having a non-aqueous fluid on 
one side of the boundary, cannot be expected to give a very close repre­
sentation of a cell membrane, since many substances cannot pass across 
the boundary from one fluid phase to the other.

Langmuir and Waugh187 tried to overcome this difficulty by transferring 
pre-formed protein films to make boundaries between two aqueous phases, 
believing that such boundaries would have some of the properties of cell 
surfaces. Their efforts were not successful as the protein films broke up 
on transfer; addition of lecithin tended to strengthen them.

THE PHYSICAL CHEMISTRY OF THE LECITHINS

Fig. 1. Original cell for boundary Fig. 2. Infra-red cell for surface force
formation. measurements.

Saunders158 studied this problem of forming stable films between two 
aqueous liquids by examining the sharp boundaries formed when two such 
liquids were caused to flow through a common orifice. The apparatus 
used is shown in Figure 1. The cell was filled with the denser liquid on 
both sides of the central partition to the depth of the slit, the denser 
liquid was then added to the left hand side of the cell at the same rate as 
the lighter liquid was added to the right-hand side and both liquids were 
drawn off together through the slit. With care, a sharp boundary between 
the liquids could be made and maintained while flew through the slit 
continued. After flow was stopped, diffusion normally occurred and the 
progress of this diffusion could be followed by an optical technique (the 
Gouy interference method). With a lecithin sol as the lower liquid and 
water as the upper one, it was found that a boundary which was stable 
for a period of several days was formed. The presence of a coherent 
film at this boundary was demonstrated by the fact that when a platinum 
ring was drawn up through the interface, a definite pull of the order of 
0-2 dynes per cm. was required to cause the ring to break through the 
boundary.
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Elworthy and Saunders61 have studied these surface forces at the lecithin 
sol/water interface in detail and have examined the effects of various 
substances on them. A different cell was used for most of this work and 
this is shown in Figure 2. This cell was filled to the constriction with the 
lecithin sol and then water or an aqueous solution was carefully put into 
the upper part of the cell, in this way a sharp boundary was produced in 
the constriction. Sol was allowed to flow out through the side arm 
causing the boundary to move down to the level of the jet, inside the cell. 
The boundary was finally sharpened at this position by continued flow 
through the je t ; during these operations a platinum ring suspended from 
the arm of a torsion micro-balance was immersed in the lower liquid. 
After the boundary had been sharpened the force required to pull this 
ring through the sol/water interface was measured (the surface force). 
No appreciable force was required to raise the ring through the liquid 
until it reached the boundary, then an increasing force had to be applied 
until the ring suddenly broke through.

Using egg lecithin purified through the cadmium chloride complex we 
found that there was no surface force if all small ions were removed from 
the sol by passing it through mixed ion exchange resins, the force originally 
obtained with lecithin alone was almost certainly due to trace’s of cadmium 
chloride remaining in the lecithin. Addition of 0-01 M potassium 
chloride gave a small force of 0-01 dynes per cm. In the presence of 
small concentrations (0-0001 M) of divalent metal chlorides, surface 
forces of 0-1-0-25 dynes per cm. were obtained. The order of activity 
in producing these forces for the metal chlorides was C d>M g>C a>B a.

Sols of lecithin prepared by the chromatographic method of Lea and 
Rhodes50-61 were unstable to electrolytes and they were rapidly flocculated 
by 0-01 M potassium chloride. They also gave appreciable surface forces 
in the presence of this salt, differing in both these respects from the sols 
made with cadmium complex prepared lecithin. The sols of chromato­
graphic lecithin could be stabilised by addiflg small traces of soaps and 
these additions caused the disappearance of the surface force. This 
suggested that there was a relation between the occurrence of a surface 
force at the sol/water boundary and the stability of the sol. Further 
work has confirmed this view. By studying sol stability and surface 
force in the ternary system of lecithin-soap-salt, the authors have found 
that for a given soap concentration in the lecithin sol, the lowest con­
centration of a salt which causes an appreciable surface force when placed 
in the upper solution in the cell, is very much the^ame as the concentration 
of salt which causes precipitation of the sol. The surface force therefore 
appears to be due to a film of insoluble lecithin-salt complex formed at the 
boundary between the sol and the upper liquid46.

It should be noted that this surface force differs from a surface or inter­
facial tension; there are no unbalanced molecular attractive forces at the 
sol/water interface, as there are at the benzene/water interface. Surface 
force is more akin to the work of extension of a membrane than to the 
work of extension of a liquid/liquid interface.

It is not difficult to imagine that cell membranes are formed in some such
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way as this. The intracellular fluid is rich in phosphatides but contains 
very little calcium, and the lecithin in it is presumably stabilised to the 
monovalent metal salts present by soap-like substances, probably lysoleci- 
thins. When it meets a fluid of higher calcium content, an insoluble 
lecithin-calcium complex film is formed around the cell and this is fixed 
and rendered more insoluble by adsorption of proteins and insoluble 
lipides such as cholesterol. We hope that studies of the lecithin-lyso- 
lecithin-divalent metal salt systems will give a more definite picture of 
cell membrane formation and hence a better understanding of the structure 
and properties of these membranes.

Correlation of Some Properties of the Sol/Water Interface with 
TJiose of Some Biological Membranes

Both these two boundaries form surfaces of separation between two 
aqueous fluids. The magnitudes of the surface forces at the boundaries 
are very similar; the surface forces of the lecithin sols can be varied 
between 0-01 and 0-25 dynes per cm. while those of some simple cells are, 
Arbacia punctulata egg 0-03-0-2 dynes per cm., Busycon caniculatum egg 
0-5, Triturus viridescens egg 0-1, erythrocytes 0-25, Amoeba dubia 1-0159-162.

Ionic effects can be compared. Immersion of various Amoebae in 
potassium chloride solutions caused dispersion of the plasmalemma and 
this effect could be prevented by adding calcium chloride102-163. We 
have found that at certain calcium chloride concentrations, addition of 
potassium chloride reduces the surface force but at higher calcium 
chloride concentrations this effect does not occur. Another similarity is 
in the toughening effect of calcium salts on the membranes of some 
Amoebae species and Fundulus eggs74, and on the lecithin films.

In the present state of our knowledge it is inadvisable to carry this 
comparison too far but it seems reasonable to forecast that the lecithin 
sol/water interface will serve as a useful model for the study of mechanisms 
of drug action. *

References
1. Mayer and Schaeffer, J. Physiol, et path, gen., 1913, 15, 510, 534, 773.
2. Bloor, The Biochemistry o f  the Fatty Acids and Their Compounds the Lipids,

Reinhold, New York, 1943, p. 244.
3. Danielli and Davson, J. Cell. Comp. Physiol., 1935, 5, 495.
4. Harvey and Danielli, ibid., 1935, 5, 483.
5. Diakanov, Hoppe-Seyler, Med. Chem. Untersuch., 1867, 2, 221.
6. Diakanov, ibid., 1868, 3, 405.
7. Diakanov, Zentr. Med. dVissensch., 1868, 2, 97, 434.

References 5-7 through Wittcoff, The Phosphatides, Reinhold, New York, 
1951, p. 10.

8. Strecker, Ann. Chem. Pharm., 1868, 148, 77.
9. Thannhauser and Boncoddo, J. biol. Chem., 1948, 172, 135.

10. Thannhauser, Benotti, and Boncoddo, ibid., 1946, 166, 669.
11. Long and Maguire, Biochem. J., 1953, 54, 612.
12. Cousin, C. R. Acad. Sei., Paris, 1903, 137, 68.
13. Levene and Rolf, J. biol. Chem., 1921, 46, 193.
14. Reimenschneider, Ellis and Titus, ibid., 1938, 126, 255.
15. Shorland, New Zealand J. Sei. Technol., 1951, 33B, 224.
16. Levene and Rolf, J. biol. Chem., 1922, 51, 507.
17. Hatakeyama, Z. Physiol. Chem., 1930, 187, 120.

1015



P. H. ELWORTHY AND L. SAUNDERS
18. Sueyoshi and Furukobo, J . B io ch em  (J a p a n ), 1931, 13, 155.
19. Sueyoshi and Furukobo, ib id ., 1931, 13, 177.
20. Cruickshank, B io ch em . J . ,  1934, 28, 965.
21. Grun and Limpacher, C h em . U m sch au ., 1923, 30, 246.
22. Jukes, J . b io l. C h em ., 1934, 107, 783.
23. Fischgold and Chain, P ro c . R o y . S o c . L o n d ., 1935, 117B, 239.
24. Furth, A n n . P h y s ik ., 1923, 70, 63.
25. Kuhn, Hausser and Brydowna, B e r ., 1935, 68, 2386.
26. Levene and Rolf, J . b io l. C h em ., 1921, 46, 353.
27. Delezenne and Fourneau, B ull. S o c . C h im ., 1914, 15, 421.
28. Hanahan, J . b io l. C h em ., 1954, 211, 321.
29. Flanahan, Rodbell and Turner, ib id ., 1954, 206, 431.
30. Hanahan, ib id ., 1954, 207, 879.
31. Long and Penny, B io ch em . J ., 1954, 58, xv.
32. Hanahan, J . b io l. C h em ., 1952, 195, 199.
33. Hanahan, ib id ., 1954, 211, 313.
34. Baer and Kates, J . A m e r . ch em . S o c ., 1950, 72, 942.
35. Sowden and Fischer, ib id ., 1941, 63, 3244.
36. Baer, Buchnea and Newcombe, ib id ., 1956, 78, 232.
37. Osborne and Campbell, ib id ., 1900, 22, 413.
38. Bergell, B e r ., 1900, 33, 2584.
39. MacLean, Z. P h y s io l. C h em ., 1909, 59, 223.
40. Levene and Rolf, J . b io l. C h em ., 1927, 72, 587.
41. Pangborn, ib id ., 1951, 188, 471.
42. Pangborn, ib id ., 1941, 137, 545.
43. Pangborn, ib id ., 1945, 161, 71.
44. Pangborn, N.Y. S ta te  D e p t. A nn . R e p t. D iv . L a b s . R e sea rch , 2947, p. 20.
45. MacPherson, N a tu re , L o n d ., 1954, 173, 1195.
46. Elworthy and Saunders, unpublished.
47. Hanahan, Turner and Jayko, J . b io l. C h em ., 1951, 192, 623.
48. Hanahan and Jayko, J . A m e r . ch em . S o c ., 1952, 74, 5070.
49. Faure, B u ll. S o c . C h im . B io l., 1950, 32, 503.
50. Lea and Rhodes, B io ch em . J . , 1954, 57, xxiii.
51. Lea and Rhodes, ib id ., 1955, 59, v.
52. Bevan, Gregory, Malkin and Poole, J . ch em . S o c ., 1951, 841.
53. Huennekens, Hanahan and Uziel, J . b io l. C h em ., 1954, 206, 443.
54. Lea, Rhodes and Stoll, B io ch em . J ., 1955, 60, 353.
55. Douste-Blazy,Polonovski and Valdiguie, C .R .A c a d .  S c i . ,  P a r is , 1952,235,1643.
56. Amelung and Bohm, H o p p e -S e y le r  Z. P h y s io l. C h em ., 1954, 298, 199.
57. Taurog, Entenman, Fries and Chaikoff, / .  b io l. C h em ., 1944, 155, 19.
58. Escher, H e lv . C h im . A c ta , 1925, 8, 686.
59. Saunders, unpublished.
60. Finean and Millington, T ran s. F arad . S o c ., 1955, 51, 1008.
61. Elworthy and Saunders, J . ch em . S o c ., 1955, 1166.
62. Leathes, L a n c e t, 1925, 208, 957.
63. Steiger, M ik r o k o s m o s , 1941, 35, 54.
64. Remesov and Karlina, B io k h im iy a , 1937, 2, 337. Through C h em . A b s tr . ,

1937, 31, 7914.
65. Rona and Deutsch, B io ch em . Z., 1926, 171, 89.
66. De Jong, Verberg and Westerkamp, K o llo id  Z., 1935, 71, 184.
67. Elworthy, Ph.D. Thesis, London University, 1956, p. 8.
68. Price and Lewis, B io ch em . J ., 1929, 23, 1030.
69. Faure and Legault-Demare, B u ll. S o c . C h im . B io l., 1950, 32, 509.
70. Baer, Palmer and Schmitt, J . C e ll. C o m p . P h y s jp l . , 1941, 17, 355.
71. Palmer and Schmitt, ib id ., 1941, 17, 385.
72. Neuschlosz, K o llo id  Z., 1920, 27, 292.
73. Neuschlosz, A rch . g e s . P h y s io l. (P flu g ers), 1920, 181, 17.
74. Loeb, J. G en. P h y s io l ., 1922, 5, 231.
75. Jones and Lewis, B io ch em . J . , 1932, 26, 633.
76. Okenuv, B io ch em . Z., 1928, 198, 296.
77. Hirt and Berchtold, H e lv . C h im . A c ta , 1951, 34, 2 0 ^ .
78. Porges and Neubauer, B io ch em . Z., 1907, 7, 152.
79. Long and Gephart, J. A m e r . ch em . S o c ., 1908, 30, 895.
80. Kakiuchi, J. B io ch em . (J a p a n ), 1922, 1, 165.
81. Remesov, B io ch em . Z., 1930, 218, 86.
82. De Jong and Teunissen, R e c . T ra v . C h im .* P a y s -B a s , 1935, 54; 460.

1016



THE PHYSICAL CHEMISTRY OF THE LECITHINS
83. Feinschmidt, Biochem. Z., 1912, 38, 244.
84. Zain, Arch. Exp. Path. Pharmakol., 1929, 146, 78.
85. Lepeshkin, Kolloid Z ., 1923, 32, 166.
86. Malquori, Atti. IV  congr. naz. chim. pura. applicata, 1932, p. 752.
87. De Jong and Kruyt, Kolloid Z ., 1930, 50, 39.
88. Kruyt, Colloid Science, Elsevier, London, 1949, Vol. II, p. 250.
89. De Jong, Bakker and Andriesse, Proc. K. Ned. Akad. Wetenschap., 1955,

58B, 238.
90. De Jong, Bakker and Andriesse, ibid., 1955, 58B, 251.
91. De Jong, Bakker and Andriesse, ibid., 1955, 58B, 257.
92. De Jong and Saubert, Biochem. Z., 1936, 288, 1.
93. De Jong and Saubert, ibid., 1936, 288, 13.
94. De Jong and Rering, Proc. K. Ned. Akad. Wetenschap., 1942, 45, 705.
95. De Jong and Rering, ibid., 1942, 45, 697.
96. De Jong and Westerkamp, Biochem. Z., 1931, 234, 367.
97. Horvath, Chem. and Ind., 1937, 56, 735.
98. Bull, The Biochemistry o f  the Lipids, Wiley, New York, 1937. p. 133.
99. Thomas, Jttbiol. Chem., 1915, 23, 359.

100. Spiegel-Adolf, Klin. Wschr., 1932, 11, 185.
101. Iguchi and Sato, J. Soc. Chem. Ind. {Japan), 1934, 37, suppl. binding 198.

Through Chem. Abstr., 1934, 28, 5479.
102. Chambers and Reznikoff, J. Gen. Physiol., 1926, 8, 369.
103. Remesov and Tavaststyerna, Biochem. Z., 1930, 218, 147.
104. Long, J. Amer. chem. Soc., 1908, 30, 881.
105. Bechhold and Neuschlosz, Kolloid Z., 1921, 29, 81.
106. Saunders, J. chem. Soc., 1953, 1310.
107. Price ahd Lewis, Trans. Farad. Soc., 1933, 29, 775.
108. Price and Lewis, ibid., 1933, 29, 1181.
109. Price, Biochem. J., 1933, 27, 1789.
110. Fischgold and Chain, ibid., 1934, 28, 2044.
111. Chain and Kemp, ibid., 1934, 28, 2052.
112. Bull and Frampton, J. Amer. chem. Soc., 1936, 58, 594.
113. Price, Biochem. J., 1935, 29, 1021.
114. Breusch, Biochem. Z., 1937, 293, 280.
115. Levy, Schweiz. Med. Wschr., 1953, 83, 1064.
116. Valette, C. R. Soc. Biol., 1936, 122, 150.
117. Valette, Bull. Soc. Chim. Biol., 1937, 19, 1676.
118. Brudney, Ph.D. Thesis, London University, 1955, p. 107.
119. Brudney, ibid., 1955, p. 105.
120. Pick, Allgem. Oel-u. Fett. Zty., 1929, 26, 577. Through Chem. Abstr., 1930,

24, 740.
121. Puchkovskii and Struko^i, Chem. Zentral., 1936, II, 1460.
122. Seifriz, Amer. J. Physiol., 1923, 66, 124.
123. Corran and Lewis, Biochem. J., 1924, 18, 1364.
124. Woodman, J. Soc. Chem. Ind. {Trans) 1932, 51, 95T.
125. Woodman, ibid., 1935, 54, 70T.
126. Bull, The Biochemistry o f  the Lipids, Wiley, New York, 1937, p. 125.
127. Sell, Olsen and Kremers, Industr. Engng Chem. {anal.), 1935, 27, 1222.
128. Inaba, Kitagawa and Sato, J. Soc. Chem. Ind. {Japan), 1934, 37, suppl. binding

595. Through Chem. Abstr., 1935, 29, 1273.
129. King and Mukherjee, J. Soc. Chem. Ind., 1940, 59, 185.
130. Damerell and Urbanic, J. Phys. Chem., 1944, 48, 125.
131. Damerell and Mattson, ibid., 1944, 48, 134.
132. Spiegel-Adolf, J. Amêr. chem. Soc., 1935, 57, 1431.
133. De Jong and Joukovsky, C. R. Soc. Biol., 1936, 123, 299.
134. Stanley, Food Inds., 1942, 14, July, p. 69.
135. Yumikura, Biochem. Z., 1925, 157, 359, 371. Through Chem. Abstr., 1926,

20, 427.
136. Affonskii, ibid., 1928, 195, 387. Through Chem. Abstr., 1928, 22, 4548.
137. Magistris, ibid., 1932, 253, 81. Through Chem. Abstr., 933, 27, 111.
138. Calabek and Mfiravek, Kolloid Z., 1930, 50, 141. Through Chem. Abstr.,

1930, 24, 1782.
139. Moraczewski and Sadowski, Biochem. Z., 1935, 276, 388. Through Chem.

Abstr., 1935, 29, 4238.
140. Bamberger, Biochem. Z., ¿933, 266, 175. Through Chem. Abstr., 1934, 28,

792.
1017



141. Bamberger, ibid., 1934, 270, 366. Through Chem. Abstr., 1934, 28, 5089.
142. Leathes, J. Physiol., 1923, 58, Proc. vi.
143. Leathes, Lancet, 1925, 208, 853.
144. Adam, Proc. Roy. Soc. Lond., 1922, 101A, 452.
145. Adam, Berry and Turner, ibid., 1928, 117A, 532.
146. Hughes, Biochem. J., 1935, 29, 430.
147. Hughes, ibid., 1935, 29, 437.
148. Turner and Watson, ibid., 1930, 24, 113.
149. Veldstra and Havinga, Rec. Trav. Chim., 1947, 66, 273.
150. Veldstra and Havinga, ibid., 1948, 67, 855.
151. Croes and Ruysson, Bull. Soc. Chim. Biol., 1950, 32, 513.
152. Few and Schulman, Biochim. Biophys. Acta., 1953, 10, 302.
153. Desnuelle and Molines, ibid., 1948, 2, 124.
154. Alexander and Teorell, Trans. Farad. Soc., 1939, 35, 727.
155. Sjolin, Biochem. Z., 1943, 314, 82.
156. Cheesman, Arkiv. Kemi. Min. Geol., 1946, B22, No. I.
157. Langmuir and Waugh, J. Gen. Physiol., 1938, 21, 745.
158. Saunders, J. chem. Soc., 1953, 519.
159. Harvey, Trans. Farad. Soc., 1937, 33, 943.
160. Norris, J. Cell. Comp. Physiol., 1939, 14, 117.
161. Norris, J. Phys. Chem., 1942, 46, 1111.
162. Harvey and Danielli, Biol. Revs., 1937, 13, 319.
163. Reznikoff, J. Gen. Physiol., 1928, 11, 221.

P. H. ELWORTHY AND L. SAUNDERS

1018



B R IT IS H  P H A R M A C E U T IC A L  C O N F E R E N C E  
D U B L IN , 1956

S C IE N C E  P A P E R S  A N D  D ISC U SSIO N S
{continued from page 986)

THE STERILISATION, STABILITY AND TOXICITY OF CONGO 
* RED INJECTIONS

By G. F. Somers and  T. D. W hittet

From the Department o f  Pharmacology, School o f  Pharmacy, University o f  London 
and the Pharmaceutical Department, University College Hospital, London

Received June 29, 1956

C ongo  red consists mainly of the disodium salt of 4 :4'-bis-(l-amino-4 
sulpho-2-naphthaleneazo)diphenyl and it usually contains traces of sodium 
chloride. It is chiefly used in an 0-5 to 1-5 per cent, solution for the 
detection of amyloidosis.

There have been conflicting reports on the toxicity of the dye, on 
methods of preparing the injection and on its stability in solution1-7. 
Congo red is recognised as being a rather variable product and the 
British Pharmaceutical Codex 1954 includes biological tests for freedom 
from undue toxicity and for the absence of pyrogens. There is, however, 
no statement about limits of pH value. The United States Pharmacopeia 
XV gives the pH of a solution of Congo red (no strength stated) as 8 to 9-5 
and states that solutions decompose on exposure to acid fumes. Injection 
of Congo Red U.S.P. is required to have a pH between 7-0 and 9-0.

The United States Foods and Drugs administration8 has stated that 
“in the preparation of solutions of Congo red it is important that no free 
colour acid should be present. The presence of free colour acid may be 
due to exposure of the solid or of solutions to acid” .

While large numbers of injections of Congo red have been made without 
toxic symptoms9-18, there have been reports of untoward reactions such 
as abdominal pain, palpitation and rigors19-20, and a few fatalities have 
occurred21. Some of these have been attributed to anaphylactic reactions 
in previously sensitised people.

For the preparation of Congo red solutions for injection the British 
Pharmaceutial Codex 1949 suggests that the dye should be dissolved 
in Water for Injection immediately before use. The Extra Pharma­
copoeia (Vol. I, 1941) states that such solutions should be used as soon as 
possible since the dye slowly hydrolyses in solution. However, the 
availability of commercially ¡yepared solutions and the results of Richard­
son and Dillon2 suggest that the dye is more stable in solution than is
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generally supposed. Richardson and Dillon2 prepared solutions contain­
ing 1 per cent, of Congo red with 5 per cent, of dextrose and found that 
they were stable almost indefinitely at 4° C. Solutions in physiological 
saline were only stable for 24 hours due to a salting out effect.

Wallace5, who first described the use of the Congo red test in this 
country, prepared the injection by dissolving the dye in hot water, filtering 
through line filter paper and boiling. He stressed the need for using 
specially purified dye and stated that solutions should be used within 
12 hours or rigors may occur. He considered reactions were probably 
due to the use of concentrations over 1 per cent.22. Others have injected
1-5 per cent, solutions without ill effects6.

In view of these conflicting statements we have investigated the effects 
of different methods of sterilisation, of pH changes and storage conditions 
on the toxicity of Congo red solutions. A preliminary note of our results 
was read at the General Assembly of the International Pharmaceutical 
Federation in 1953, leading to the adoption by the British Pharmaceutical 
Codex 1954 of autoclaving or filtration as methods for sterilising injection 
solutions28.

Experimental and Results
Materials

The same sample of Congo red powder was used throughout the 
investigations except where otherwise stated, and was a commercial 
product intended for injection. The dye had been biologically tested by 
the manufacturers. Commercial solutions were obtained on the open 
market.

Methods
Preliminary experiments indicated that a 1 per cent, solution was suit­

able for the toxicity tests. Solutions were prepared by dissolving the dye 
in Water for Injection with the aid of heat rfnd filtering through a No. 3 
sintered glass funnel. The solutions were then submitted to different 
sterilisation and storage procedures. The samples were tested for acute 
toxicity by the intravenous route in mice. Male albino mice, weighing 
between 16 and 24 g., were randomised into groups of 10 mice and 
respective groups were injected at ascending dose levels. Mortalities were 
observed over 48 hours from which the LD50 doses and their limits of 
error were calculated24.

Tests for the absence of pyrogens were earned out in rabbits by the 
method described in the British Pharmaceutical Codex 1954.

Effect o f  autoclaving, steaming andfiltration. Part of a solution of Congo 
red was transferred to 10 ml. ampoules, half of which were autoclaved at 
115°C. for 30 minutes and the rest steamed at 90 to 100° C. for 30 
minutes. The remainder of the solution was filtered through a 5/3 
bacteria-proof sintered glass funnel and the filtrate distributed aseptically 
into 10 ml. ampoules. These solutions were tested for toxicity : the results 
obtained are shown in Table I. There was jio  significant difference in the 
toxicities of the solutions subjected to the different processes.
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Effect o f  Storage. A fresh solution of Congo red was prepared, 
distributed into three groups of ampoules and treated by the above 
methods. Half the number of ampoules in each group was stored at 
4° C. and the remainder at room temperature, over a period of three 
months. The physical appearance of these solutions and their toxicides 
after storage were compared 
with a freshly prepared solu­
tion. The results are shown 
in Table II.

The samples stored at 4° C. 
all showed a slight deposit, 
this being greatest in the 
samples sterilise^ by filtration.
The deposit redissolved on 
warming and did not reappear 
on cooling to room temperature. The toxicity results show that the auto­
claved and steamed solutions had not increased in toxicity during storage. 
The bacteriologically filtered solutions were much more toxic than the 
others, an observation which we found difficult to explain. We repeated

TABLE II
I n t r a v en o u s  t o x ic it y  in  m ic e  o f  1 p e r  c e n t , c o n g o  r ed  so lu tio n s

STORED FOR THREE MONTHS

Solution Appearance
LD50 

ml./20 g.
Limits of error 

(P =  0-95) 
per cent.

1. Control; freshly prepared 
solution

Bright and clear 0-69 97 to 103

2. Autoclaved and stored at 
room temperature

Bright and clear. Slight deposit on 
inverting ampoule in bright light

0-69 97 to 103

3. Autoclaved and stored at 
4° C.

Bright and clear, but considerable 
dejPosit on inverting ampoule in 
bright light

0-75 97 to 103

4. Steamed and stored at room 
temperature

Bright and clear. Slight deposit on 
inverting ampoule in bright light

066 94 to 106

5. Steamed and stored at 4° C. Bright and clear, but considerable 
deposit on inverting ampoule in 
bright light

0 64 94 to 106

6. Filtered and stored at room 
temperature

Bright and clear, no deposit 0 48 95 to 105

7. Filtered and stored at 4° C. Copious deposit 0-47 97 to 103

The deposits were readily solilble on warming and shaking the ampoules; the resulting solutions 
appeared and remained bright and clear.

TABLE I
I n tr a v en o u s  to x ic it y  in  m ice  o f  1 per  c e n t .

CONGO RED SOLUTIONS

Solution
LD50 

ml./20 g.

Limits of error 
(P =  0-95) 
per cent.

1. Autoclaved .. 0*75 76 to 132
2. Steamed 060 90 to 113
3. Filtered 0-63 94 to 106

the filtration method with a new solution and this time no increase in 
toxicity occurred during storage.

Ampoules remaining from the batch subjected to filtration and used 
in the earlier tests (solution 3 in Table I), when tested for toxicity after 
seven months’ storage at room temperature, had an LD50 of 0-62 ml./20 g. 
mouse. Thus no increase in toxicity had occurred. The single occur­
rence of a solution with a higti toxicity after filtration could not be ignored
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and we investigated the possible causes further. In the preparation of 
the toxic solution filtration was prolonged. The solution took four hours 
to pass through the filter and the sterile solution was left overnight in a 
sterile sealed flask. The following morning some deposit was observed 
in the filtrate but this readily disappeared on shaking before the solution 
was transferred aseptically to sterile ampoules. Possible causes of the 
increased toxicity may have been oxidation, the effect of carbon dioxide 
during prolonged exposure to air, or contamination with acid from an 
imperfectly cleaned filter. These were investigated in turn.

Effect o f  prolonged exposure to air. A fresh solution was prepared, 
filtered through a 5/3 sintered glass funnel and the sterile filtrate kept in the 
flask overnight as before.

The LD50 of this solution was 0-61 ml./20 g. mouse wjth limits of error 
from 95 to 105 per cent. No increase in toxicity had therefore occurred. 
In another experiment the filtered solution was kept in a partly filled 
sterile 500 ml. infusion bottle for seven days with occasional thorough 
shaking. This solution also did not increase in toxicity. After storage 
at 37° C. for three months, in partly filled 10 ml. ampoules, the toxicity 
remained the same. Exposure to air could not have been the cause of 
the increased toxicity in our stored solutions after filtration,*so we turned 
our attention to pH. Unfortunately the pH of our original toxic solution 
had not been taken and no more was available, so a fresh solution had 
to be prepared.

Effect o f  pH. The pH of a freshly prepared 1 per cent, solution of our 
sample of Congo red, measured electrometrically, was 10T and did not 
change during autoclaving. This was higher than the upper limit stated 
in the U.S.P. XV. The pH of a commercially prepared injection solution 
was 9-8 and of a 1 per cent, solution of another commercial powder 
intended for injection was 9-4. None of these samples, therefore, com­
plied with the U.S.P. requirements.

To study the effects of increased acidity, graded amounts of 0TN 
hydrochloric acid were added from a microburette to 10 ml. quantities of 
a freshly prepared Congo red solution. The pH values and the appearance 
of each solution were recorded and the toxicity determined. The results 
are shown in Table III.

Immediately a drop of acid was added to the dye solution a bluish-black 
precipitate appeared, but this readily dissolved on shaking to leave the 
solution bright red and clear down to pH 7. Any further increase in 
acidity caused a darkening in colour and the development of an opacity. 
Below a pH of 6-5 the solution changed to a purple colour and solid 
material was precipitated. These changes affected the toxicity of the 
solutions. Below pH 6-8 there was an increase in toxicity and at pH 6-5 
solutions which contained solid material were immediately lethal to mice. 
The change in pH is therefore a probable explanation of the higher 
toxicity of the solution sterilised by filtration.

Toxicity o f  a solution o f  Congo red from another hospital. We also 
had the opportunity of examining some ampoules of a 1 per cent, solution 
of Congo red prepared in another hospital. The dye, from a different

G. F. SOMERS AND T. D. WHITTET
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TABLE III
E ffec t  o f  a d d in g  a c id  t o  c o n g o  r e d  so lu tio n

Ml. of 01 NHC1 
added to 10 ml. of 
1 per cent, solution Appearance of solution pH

Mortality of 
mice

None Blood red colour. Bright and clear. No precipitate 9 7 9/20

001 Blood red colour. Bright and clear. No precipitate 97 4/10

0-20 Blood red colour. Bright and clear. No precipitate 7-2 1/10
0-22 Blood red colour. Bright and clear. No precipitate 68 5/10
0-24 Blood red colour. Bright and clear. No precipitate 68 5/10
0-30 Dark red. Opaque. Trace of precipitate appeared on 

standing
6 5 3/3

immediately
0-40 IJark brownish red colour with trace of precipitate, 

becoming reddish violet with marked precipitate on 
standing

65 5/5
immediately

0-50 Brown colour with marked precipitate becoming violet 
with a thick deposit on standing

6-4 2/2
immediately

The mice were all given a dose of 0-64 ml. of 1 per cent, solution each, by intravenous injection. This 
represents the approximate LD50. Except where otherwise stated the mortalities were observed over 
24 hours.

source than ours, was reported to give a dense precipitate when the 
solution was autoclaved.

The LD50 of this solution was 0-38 ml./20 g. mouse with limits of error 
from 90 to 110 per cent. The solution was much more toxic than usual. 
A fresh solution of the original solid material had an LD50 of 0-52 ml./20 g. 
mouse with limits of error from 95 to 105 per cent. We conclude that this 
was a bad batch of Congo red.

TABLE IV
P y r o g e n  test  o n  1 p e r  c e n t , c o n g o  r ed  so lutio n s

Solution
Mean maximum rise in body 

temperature in 3 rabbits

1. Autoclaved sample of our Congo red (sample 2, Table II) o - i r c .
2. Commercial solution 0-34° C.
3. Solution from another hospital 0-42° C.

All solutions comply with the B.P.C. test.

Effect o f  incompletely dissolved dye. Solutions of Congo red may 
be prepared extemporaneously by the addition of Water for Injection to 
an ampoule containing a weighed amount of Congo red. Without 
filtration there must be a danger of injection of solid material due to 
incomplete solution winch is not easy to detect. With one sample 
of Congo red it took several minutes of vigorous shaking before the 
solution became bright and clear. Before solution occurred the injections 
were highly toxic to mice.

Effect o f  sodium¿chloride. A solution of Congo red in physiological 
saline was found to be much more toxic than an aqueous solution, con­
firming the findings of Richardson and Dillon2.

Toxicity o f  a commercially prepared solution. We have examined the 
toxicity of a prepared soluflon of 1 per cent. Congo red for intravenous
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use, made by the same firm who supplied our solid material. This sample 
had been stored at room temperature for at least six months. The pH 
of this solution was 9-8 and its LD50 was 0-74 ml./20 g. mouse, so its 
toxicity was the same as that of our own preparations.

Test for pyrogenicity. Examination of the three samples recorded in 
Table IV showed them to be within the Unfits for pyrogenicity pre­
scribed by the British Pharmaceutical Codex 1954.

Conclusions

While solutions of Congo red can be prepared extemporaneously by 
the addition of water for injection to the solid powder, there is a danger 
of incomplete solution of the dye which is difficult to detect.

Intravenous injection of the solid dye may cause immediate death, so a 
filtered and sterilised solution of Congo red is to be preferred. We have 
described how such a solution may be prepared and we have shown that 
solutions of Congo red may be safely autoclaved, steamed or subjected to 
bacterial filtration.

Such solutions are stable for at least seven months at room temperature. 
Storage in a refrigerator is not recommended because tlje dye may 
precipitate and become difficult to redissolve. In the preparation of the 
solution there is no danger in prolonged exposure to the air, provided 
evaporation does not take place, but care must be taken to avoid con­
tamination with acid. A real source of danger is incomplete washing of 
sintered glass filters.

Solutions with a pH less than 6-8 are opaque and dark red in colour. 
They are also highly toxic. We recommend that solutions for injection 
should be bright red and clear and have a lower limit of pH 7'0 as stipulated 
by the U.S.P.

The inclusion of sodium chloride in Congo red solutions is contra­
indicated for the toxicity is increased and the solutions are unstable. 
Solutions made with dextrose if autoclaved mfght also become dangerous 
as a result of a fall in the pH.

G. F. SOMERS AND T. D. WHITTET

Summary

1. A method is described for the preparation of solutions of Congo 
red for injection.

2. Solutions may be autoclaved, steamed or filtered through a bacteria- 
proof filter.

3. Solutions are stable at room temperature fbr at least seven months 
and storage in a refrigerator is not recommended.

4. Prolonged exposure to air does not increase the toxicity provided 
evaporation does not take place.

5. The pH of the solution is very important. Acid solutions are 
dangerously toxic and we recommend the adoption of a lower limit of 
pH 7-0, as directed by the United States Pharmacopeia.

6. The addition of sodium chloride increases the toxicity of the
solutions which may be unstable. *
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7. No solution of Congo red should be injected which is not bright 
red and clear.

8. The pyrogenicity of three different samples of Congo red was 
within the limits set by the British Pharmaceutical Codex, 1954.
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CONGO RED INJECTIONS

DISCUSSION
The paper was presented by Mr. T. D. Whittet.
D r. F. Hartley (London) said that different batches of Congo red 

might vary considerably in toxicity. It would be interesting to know 
whether the so-called “pyrogenicity” of different batches was a proper 
use of that term, as it seemed doubtful that bacterial pyrogenic con­
tamination was the cause. One was a little puzzled as to how the authors 
reached their conclusion that in a particular batch of ampoules which were 
alleged to be toxic, this was due to the dye.

Mr. K. L. Smith (Nottingham) asked whether the suitability of Congo 
red could be established by physical characteristics. Would the sample 
used have passed the B.P.C. test for toxicity ?

Miss M. H. N eal (Kuala Lumpur) asked whether, in view of the some­
what short period for which the authors recommended the solution 
should be kept, it might not be advisable to make some labelling recom­
mendations. It would seem that no storage tests were conducted at 
tropical temperatures. She pleaded with workers to put on storage tests 
at 34 to 37° C. and t£> record those results for the benefit of those who 
worked overseas.

Mr. S. G. E. Stevens (London) asked at what point the authors would 
anticipate toxic reactions if evaporation were conducted under aseptic 
conditions.
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Mr. T. D. Whittet, in reply, agreed with Dr. Hartley that the toxicity 
was not the result of contamination with pyrogens. The reason for the 
B.P.C. test for pyrogens was probably due to the fact there had been com­
plaints of unpleasant reactions, including rigors. Only one sample was 
used in the main work, but samples from commerce were tested and found 
to be of similar toxicity. If any solid material were present in the solution 
it was likely to be very dangerous. Some Congo red dye issued as an 
indicator was tested and found to have no greater toxicity and a pH 
nearer to the U.S.P. range than one issued for injection. The indicator 
dye passed the B.P.C. test for pyrogenicity with ease. Seven months at 
least were laid down for storage time. Solutions which had been kept since 
1953 had not increased in toxicity.

D r. G. F. Somers, in reply, said that the material used by the authors 
had passed the B.P.C. test. On evaporation if a concentration of 1-5 
per cent, were exceeded then the Congo red would readily precipitate. 
If stored in a refrigerator there was a danger of crystallisation of the dye; 
the crystals tended to grow and were difficult to redissolve.

G. F. SOMERS AND T. D. WHITTET
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M a n y  different methods have been described for studying the absorption 
of medicaments from ointment bases applied to the intact skin. Some 
have been based on the application of pharmacologically active substances 
such as alkaloids1 and anticholinesterase drugs. We have previously 
described a method using the anticholinesterase drug eserine in the rat2. 
Other methods îiave been based on the inunction of an easily recognised 
substance such as potassium iodide or a salicylate3-6 which can be estimated 
chemically in the blood, urine or faeces.

The introduction of radioactive tracer substances, which can be readily 
detected in biological materials, even in minute quantities, offers a new 
approach with the advantage of greater sensitivity7-9 We have made a 
preliminary Study of the percutaneous absorption of diiodofluorescein 131I 
in the rat from a number of typical ointment bases with two main objects 
in view: (a) to estimate the value of radioactive tracer techniques in 
assessing percutaneous absorption in laboratory animals and (b) to obtain 
information on the absorption of medicaments from white soft paraffin, 
lard, cetomacrogol, hydrous ointment and hydrous emulsifying ointment.

E x p er im en ta l
Materials

Diiodofluorescein 131I was chosen because it was readily available and 
possessed solubility characters similar to those of a number of substances 
commonly applied to the skin. It is only sparingly soluble in water and 
slightly soluble in chloroform, ether and fixed oils. But it is readily 
soluble in ethanol and aqueous solutions of propylene glycol. Its hydro­
philic and lipophilic properties are therefore fairly evenly balanced. 131I 
has the advantage of a short half life, eight days, which is a long enough 
time for the experiments to be performed but does not require a long 
storage for decontamination of apparatus and animals.

Methods
The preparation of ointments containing radioactive diiodofluorescein 

raised some interesting pharmaceutical problems.

Preparation o f  Ointments
White Soft Paraffin and Lard. Non-emulsified ointments, in which 

the diiodofluorescein was insoluble, were prepared by the following 
technique :

Diiodofluorescein 131I, approximately 20 mg.*
Base * 5 g.
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The base was melted in an evaporating dish over a water bath and the 
diiodofluorescein transferred to a warm glass mortar. The medicament 
was triturated with the melted base and the ointment transferred to a 
modified “Plim” syringe, described below. In carrying out these opera­
tions, the hands were protected by rubber gloves to prevent skin con­
tamination and a lead screen (thickness 1  ̂ inch) was interposed between 
the operator and the radioactive material to minimise exposure to radiation.

Cetomacrogol Base. Non-emulsified ointments in which the diiodo­
fluorescein was completely soluble were prepared as follows:

Diiodofluorescein 131I, approximately 20 mg.*
Propylene Glycol 3 g.
Cetomacrogol 2 g.

•
The cetomacrogol was dissolved in the propylene glycol by heating 

over a water bath. The diiodofluorescein was added and the ointment 
heated until solution was complete. It was then transferred to the 
modified “Plim” syringe.

Hydrous Ointment. Emulsified ointments were prepared ¿is follows:
Diiodofluorescein 131I, approximately 20 mg.*
Propylene Glycol T25 g.
Purified Water 1-25 g.
Ointment of Wool Alcohols 2-5 g.

The ointment of wool alcohols was melted in an evaporating dish 
over a water bath. The diiodofluorescein was dissolved in a mixture 
of the propylene glycol and purified water and the solution, after heating 
over a water bath, was transferred to the melted base. The mixture 
was stirred until cool and transferred to the modified “Plim” syringe.

Hydrous Emulsifying Ointment. *
Diiodofluorescein 131I, approximately 20 mg.*
Propylene Glycol 1-25 g.
Purified Water 1-25 g.
Emulsifying Ointment 2-5 g.

This ointment was prepared by a similar technique.

Measurement o f  Dose. In measuring the aipounts of ointment to be 
applied to the skin, a method was devised to avoid excessive manipulation 
of the ointment. The ointment w.as placed in a special syringe so that 
it could be subdivided into doses without weighing. This syringe is 
illustrated in Figure 1. It consists of a “Plim” syringe in which the 
piston has been replaced by one actuated by a scre\%-thread. The nozzle 
of the syringe can be removed for filling the barrel with ointment. When

* The actual amount of diiodofluorescein varied with different batches of material. 
The quantity used was estimated to give a tota^ activity of apDroximately 2 me. 
in 5 g. of ointment.

J. W. HADGRAFT, G. F. SOMERS AND H. S. WILLIAMS
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the screw-thread is turned, the ointment is extruded in an amount deter­
mined by the number of turns of the thread. The activity of each dose 
was determined as described under physical methods.

Animal Experiments. Twelve rats of the same sex, weighing about 
180 g., were used in each experiment. On the day before the experiment, 
the hair was removed from the 
skin of the back with electric clip­
pers and any rats which showed 
cutaneous lesions were rejected.
To prevent oral contamination and 
to facilitate handling, the rats were 
anaesthetised with an intraperi- 
toneal injection» of urethane (0-4 
ml. of a 25 per cent, solution per 100 g. body weight). In addition, a card­
board collar was fixed round the chest as an added safeguard. Each rat was 
injected subcutaneously with heparin (200 units per 100 g. body weight) to 
prevent clotting during collection of the blood. The measured amount of 
ointment was applied with a metal spatula to an area of 4 cm. square 
marked on tl^e back, and rubbed in with the spatula for exactly one minute. 
The rats were then placed into individual tins lined with cartridge paper. 
In each experiment, three rats were killed after one, two, three and four 
hours, and blood was collected from the heart by the following procedure 
to avoid contamination. The rat was deeply anaesthetised with chloro­
form and then placed on its back on a piece of cotton wool in a lined 
enamelled tray. The skin was removed from the thorax and abdomen, 
using instruments reserved for the purpose, since the fur usually became 
contaminated with radioactive material. The thorax was then opened 
with new instruments, by cutting through the sternum, and blood was 
removed from the heart with a teat pipette and measured in a 10 ml. 
measuring cylinder containing heparin. The volume of each blood 
sample was recorded and it* was then transferred to a labelled test-tube 
for subsequent counting.

Physical Methods. The ointment was divided into 12 approximately 
equal amounts and the relative activities accurately compared by measur­
ing each at 25 cm. from a Geiger Muller tube (G10 Pb cathode). The 
amount of blood obtained from the rats varied but, for measuring 
purposes, it was diluted to 10 ml. and counted using an Ekco scintillation 
counter. From previous work with 131I, the ratio of the counting rate on 
an Ekco scintillation counter, from a source diluted to 1 litre, to the 
counting rate due to the same source at 25 cm. from the G.M. was known 
to be 43-4. It was therefore possible to relate the radioactivity of the 
blood to the amount of ointment applied and to determine the proportion 
absorbed. Since the blood volumes of the rats were unknown, the results 
have been expressed as percentage of diiodofluorescein absorbed per 
10 ml. of blood.

If D =  counting rate of ointment at 25 cm. from G.M. tube 
A =  „ „ „ lft ml. of blood

PERCUTANEOUS ABSORPTION

F i g . 1. Modified “Plim” syringe.
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Then, ointment diluted to 1000 ml. would give a counting rate of 43-4 X D 
in scintillation counter, and the percentage absorbed into 10 ml. of

blood =
A

43-4D
R esults

The absorption obtained in different animals showed considerable 
variation. This is illustrated in Table I, which gives the results obtained 
with the cetomacrogol/propylene glycol base. The results obtained with

TABLE I
A b so r ptio n  o f  d h o d o flu o r esc ein  fro m  c eto m a c ro g o l  base

Time Blood Absorbed J
(min.) Dose* activity! per cent. ^Average

60 2667 31 0-0003
60 2544 12 0-0001 0-0002
60 2591 15 0-0001

120 2684 14 0-0001
120 2740 96 0-0008 0 0005
120 2676 74 0 0006

180 2579 68 0 0006
180 2542 — 0-0045 0-0ÍM9
180 2597 62 0 0005

240 2792 79 0-0006
240 2696 948 0-0081 0 0035
240 2628 210 00018

* Counts per minute determined at 25 cm. distance from Geiger Muller tube (G10 Pb cathode) =  D. 
f  Counts per minute of 10 ml. blood determined in Ekco scintillation counter =  A. 
t  Per cent, absorbed per 10 ml. of blood =  A

43-4D.

the five different bases are shown in Table II and illustrated in Figure 2. 
They show that dhodofluorescein was absorbed from all the ointments 
we tested and that the amount absorbed increased with increasing time, 
with the possible exception of white soft paraffin. Compared with the 
initial doses, the amount absorbed was extremely small. Because of the

TABLE II
A b so r ptio n  o f  d h o d o flu o r esc ein  fr o m  d iff e r e n t  o in tm en t  bases

Per cent, of applied dose absorbed per 10 ml. blood =  A/43-4D

Time
(min.) Soft paraffin Lard Cetomacrogol

Hydrous
ointment

Hydrous 
emuls. ointment

60 0-0004 0-0004 0-0002 0-0003 -0-0003
120 0-0008 00006 0-0005 0-0009 0 0004
180 0-0010 0-0007 0-0019 •  0-0008 0 0007
240 0-0005 0-0023 0-0035 0-0030 0-0008

wide animal variations, we have not attempted to evaluate our results 
statistically. To obtain results suitable for statistical analysis, large 
numbers of rats would have to be used, raising difficulties of expense, 
radiation hazards and disposal of contaminated animals. Our results 
were most variable with the bases, lard and white soft paraffin, in which 
the dhodofluorescein was insoluble. Absorption was best from ceto­
macrogol and hydrous ointment, in both of which the dhodofluorescein
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was dissolved by adding propylene glycol. With the cetomacrogol base, 
the tracer was dissolved in a homogeneous mixture, whereas in the 
hydrous ointment, it was present in the dispersed phase of a water-in-oil 
emulsion. Absorption was poor from hydrous emulsifying ointment 
in which the diiodofluorescein was again dissolved in propylene glycol, 
but here it was present 
in the continuous phase 
o f  an o il-in -w ater 
emulsion.

A possible explana­
tion of these findings 
can be made on the 
theory that the .skin 
surface is repellent to 
aqueous so lu tions, 
and, in the case of oil- 
in-water bases, the ex­
ternal aqueous phase 
has a retarding effect 
on absorption! When 
the external phase is 
oily, as in hydrous 
ointment, absorption 
is  f a c i l i t a t e d  by 
miscibility with the 
sebum, which allows 
the medicament to 
come into contact with 
the absorbing cells at 
the base of the follicles. Cetomacrogol, possessing both lipophilic and 
hydrophilic properties, may therefore assist penetration and absorption 
by a similar mechanism.

F ig . 2. Absorption of diiodofluorescein 131I from 
five different ointment bases. A. Soft paraffin. B. 
Lard. C. Cetomacrogol. D. Hydrous ointment. E. 
Hydrous emulsifying ointment.

Summary
1. The percutaneous absorption of diiodofluorescein 131I from five 

different ointment bases in rats was tested.
2. The amount absorbed was extremely small and there was a wide 

variation between individuals. The numbers needed to obtain an 
accurate answer would considerably increase the radiation hazards.

3. Absorption was better from hydrous ointment and cetomacrogol 
than from lard, white soft paraffin and hydrous emulsifying ointment.

The authors wish to thank Ann Cofam, Marion Hodges and Pamela 
Middleton for their assistance in carrying out the experimental work. 
They also wish to express their thanks to Mr. J. Shephard for supplying 
the photograph. •
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DISCUSSION
The paper was presented by Mr. J. W. Hadgraft.
Mr. J. H. Oakley (London) said it was disappointing that the newer 

hydrous emulsifying ointment base had given such poor results. It 
would be interesting to see the result of using emulsifying ointment as a 
base instead of hydrous emulsifying ointment, because the lyophobic 
nature of the base allowed penetration of the skin; tile ointment could 
be easily emulsified and removed from the skin when required.

Mr. S. G. E. Stevens (London) said that a recent paper in the Journal 
o f the American Pharmaceutical Association had drawn attention to the 
increase in penetration of ointment bases incorporating hyaluronidase. 
The advantage of hyaluronidase seemed to be that non-aqueous ointment 
bases could be used with very high absorption. •

Mr. R. L. Stephens (Brighton) asked for an assurance that the figures 
in Table II were the averages for three animals.

Dr. K. R. Capper (London) suggested that it was possible, even with 
a small number of animals, to assess statistically the significance of the 
results, and he doubted whether there was any significant difference 
between lard, cetomacrogol and hydrous ointment.

Dr. B. A. Mulley (London) asked if the authors could suggest the 
reason for the fact that in Figure 2, experiments B and D, there was a 
sudden increase in the absorption of diiodofluorescein between hours 3 
and 4. It appeared from the results that the rate of absorption was still 
increasing in certain experiments. Had the authors made any measure­
ments over longer periods of time ?

Mr. N. J. van Abbe (Loughborough) asked the authors to comment 
on the validity of drawing any conclusions about human percutaneous 
absorption from experiments with rats. The conclusions in relation to
oil-in-water emulsions would be affected by the time of inunction during 
the experiment, and by the thickness of the film applied. In many oil- 
in-water emulsions there would be loss of continuous phase, and there 
might even be reversal of the emulsion after iour hours. Percutaneous 
absorption would depend largely on the nature of the emulsifying agent.

Mr. K. L. Smith (Nottingham)*said that one ought to be careful of the 
conclusions drawn unless they were shown to be statistically significant.

Mr. D. H. O. Gemmell (Glasgow) asked if any attempt was made to 
estimate the iodine present in the urine of the rats. Was not the con­
centration of the ointment more important than the amount applied.

Dr. G. Brownlee (London) said it was intriguing why more diiodo­
fluorescein had not passed from the skin iflto the animal. By measuring

J. W. HADGRAFT, G. F. SOMERS AND H. S. WILLIAMS
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the concentration of radioactivity in the blood, the assumption was 
made that there was a relation between blood radioactivity and the diiodo- 
fluorescein which had passed through the skin. The authors might 
comment on whether there was any dye in the urine or staining fatty tissue.

Mr. J. B. Lloyd (Manchester) asked if the authors had considered the 
possible effect of characteristics such as molecular size, basicity and 
acidity on absorption.

Mr. W. P. Hutchinson (Oxford) said that by tracer technique in the 
case of iodine the minimum weight which could be detected using a 
Geiger counter was 10~12 g. It was necessary, therefore, to mix the 
isotopes carefully into the ointment base. The accuracy of the counter 
was of the order of about 10 per cent, and it was necessary to do 12 
counts and then "take the mean.

Mr. T. D. Whittet asked whether the authors had considered 
measuring the rate of decay of radioactivity at the site of application as 
a measure of the absorption.

Mr. J. W. Hadgraft, in reply, said that it did not necessarily indicate 
disappointing results if the amount of systemic absorption from an 
ointment base was poor. In general one used ointments for localised 
action, and in many cases systemic absorption was not wanted when an 
ointment was applied. The authors were concerned not only with 
determining the systemic absorption from ointment bases, but they 
hoped at a later stage to examine the levels of penetration of ointments. 
The incorporation of hyaluronidase had not been considered. The 
results given in Table II represented an average of a minimum of three 
animals, and in the case of hydrous emulsifying ointment, soft paraffin 
and lard, averages of more than three animals. The urine of the animals 
had not been examined for iodine, but in a number of experiments radio­
active iodine was detected in the thyroids. He agreed that diiodo- 
fiuorescein was not an ideafsubstance for the study of percutaneous ab­
sorption, but the difficulty was to obtain substances in a radio­
active state, and diiodoflorescein appeared to be the most satisfactory 
of those available from the point of view of solubility and radioactivity. 
The mixing of the tracer in the base was checked in each experiment. If 
the medicament had not been evenly dispersed through the base it would 
have shown up in the variation in the dose measured by means of the 
syringe which was used. The determination of the decay of radioactivity 
at the site of application ljp.d not been considered.

D r. G. F. Somers, in reply, said that the conclusions had, perhaps, 
been drawn a little too strongly, and that it might be more accurate to say 
that the results “suggested” . Referring to the question of increase in 
rate of absorption, the sudden increase was a reflection of absorption and 
excretion, both of which must be going on at the same time. The tissues 
had not been examined, but a great deal of radioactive material was left 
on the skin. Over 24 hours something different might happen, but it was 
difficult to maintain the rat u#der anaesthesia for that period.

PERCUTANEOUS ABSORPTION
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TH E  A CTION O F IO N  EXCHANGE RESIN S O N  PY RO G EN S

P a r t  I. E f f e c t  on  t h e  P y r o g e n ic it y  o f  T ap  W a t er  
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P h a r m a c e u t ic a l  D e p a r tm e n t ,  U n iv e r s ity  C o lle g e  H o s p ita l ,  L o n d o n

Received June 21, 1956

W a t er  purified by ion exchange materials is now included in the British 
and United States Pharmacopoeias under the title of “Purified Water” . 
The monographs in both these publications state that jmrified water is 
unsuitable for the preparation of injections, although several workers 
have reported that treatment with ion exchange resins can reduce the 
pyrogenicity of solutions.

Harrison, Myers and Herr,1 in one of the earliest papers on demineralised 
water for pharmaceutical purposes, carried out the U.S.P. test for pyrogens 
on samples of New Brunswick City water before and after treatment with 
ion exchange resins. •

The untreated water gave a mean rise in temperature in five rabbits 
of 0-86° F. (0-48° C.), whereas the treated sample gave practically no 
rise in temperature, 0T2° F. (0-07° C.), in five rabbits. The authors 
stated that it could not be presumed that water once contaminated with 
pyrogenic material would be purified by treatment with ion exchange 
resins, but that the treatment did not result in water acquiring pyro­
genicity. They did not, at that time, recommend the use of demineralised 
water for preparing parenteral solutions but considered it possible that 
future investigation might show it to be a practical application of the 
process.

Smith and Pennell2 used an ion exchange agent “Decalso” for reducing 
the pyrogenicity of concentrated protein solutions. They showed that 
it had appreciable effect by itself and was very effective in conjunction 
with Seitz filter pads. “Decalso” is a synthetic sodium aluminium silicate, 
in the form of 60-90 mesh granules, and acts as a cation exchange material. 
It is not so stable as the resins and can be used only in neutral solution.

Reid and Jones3 used ion exchange resins in the production of human 
blood plasma protein fractions. They reported that a pyrogenic solution 
(Aerobacter cloacae pyrogen), which gave a strong reaction when diluted 
100 times and a weak reaction when diluted *10,000 times, after being 
passed through a 107 cm. column of mixed anion and cation exchange 
resins and then through an 84 cm. column of cation exchange resin gave 
no detectable response. These workers did not state the types of resins 
used. Dr. R. Heiz, in a personal communication, has informed me that 
the ion exchange resins Amberlite IR120 (cation exchanger) and Amber- 
lite IR410 (anion exchanger) used as mixed columns will remove from 
solutions quantities of a lipopolysaccharide “Pyrexal” (Wander), a 
pyrogen from Salmonella abortus equi. *
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Fischer4 described two plants intended for the production of bacteria- 
free and pyrogen-free water using the same AmberLte resins together 
with Seitz filtration. He tested three samples of water after they had 
been passed through a Seitz filter, sealed into ampoules and sterilised. 
All three samples were apyrogenic.

Unfortunately he did not record whether he tested samples before 
Seitz filtration, so it is impossible to tell whether pyrogenicity was removed 
by the resins or by the filter pads. Co Tui5 has shov/n that these pads 
can absorb appreciable quantities of pyrogens. Wilke6 has described 
a similar ion exchange-filtration apparatus.

Hatta and others7, working with pyrogens from several organisms, 
including moulds, stated that the pyrogenic substances were completely 
eliminated by passing solutions through beds of ion exchange resins. 
The results given in their paper, however, do not show complete removal 
of pyrogenicity in every case.

The papers quoted above give a considerable amount of evidence that 
the pyrogenicity of solutions can be markedly reduced or even abolished 
by means of ion exchange resins. On the other hand, Suzuki8 reported 
that treatment with both cation and anion exchange resins was practically 
ineffective for depyrogenising a glucose injection contaminated with a 
pyrogen of fungal origin.

In view of these conflicting reports, experiments were carried out to 
determine whether demineralised water is apyrogenic and, if so, to 
ascertain which resin is responsible for removal of the pyrogen.

Experimental

The resins used were Zeocarb 225 (cation exchanger) and Deacidite FF 
(anion exchanger). They were placed in glass tubes resembling 
percolators with stopcocks at the lower end. Glass wool was used to 
prevent the resins from entering the stopcock.

The size of the Zeocarb 225 bed was about 30 cm. long by 7 cm. diameter 
and that of the anion bed about 60 cm. long by 7 cm. diameter, these 
being the proportions of the resins necessary for demineralisation. These 
sizes were chosen to give columns of about the same s ze as in some of 
the commercially available plants.

The source of pyrogen was London tap water which has always been 
found to be highly pyrogenic9. Before use the columns were thoroughly 
washed with several bed volumes of freshly distilled water from a still 
known to give pyrogen-free water.

The rabbits used were New Zealand whites of 2-0 to 3-0 kg. They 
W'ere known from previous experiments to give a marked response to 
injections of pyrogens and had not shown signs of tolerance.

All the water samples were adjusted to isotonicity with sterile pyrogen- 
free concentrated salt solution. All the injections were made into the 
ear veins and the dose given was in every case 10 ml./kg. body weight.

During the experiments tb | rabbits were kept in the usual type of 
restraining box and their rectal temperatures were measured by means
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of thermistor electrical thermometers. Their temperatures were recorded 
for at least one hour before and three hours after injection.

Effect o f Uncharged Resins
To determine whether the resins were capable of removing pyrogens 

by simple absorption or adsorption, tap water was passed through 
uncharged columns.

The effluents were injected immediately after collection into four groups 
of three rabbits.

The maximum rise in temperature for each animal is shown in Table I 
and the mean temperatures for all the animals before and after injection 
are plotted in Figure 1. .

TABLE I
E ffec t  o f  t r e a t in g  py r o g e n ic  t a p  w a t e r  w it h  io n  ex c h a n g e  resins

Effect of untreated Uncharged Zeocarb Uncharged Deacidite Zeocarb-Deacidite
tap water (control) treated water treated water treated water

Rabbit Response °C. Rabbit Response °C. Rabbit Response °C. Rabbit Response °C.

468 1-30 139 1-30 140 0-55 148* -0-05
573 1-40 141 1-52 131 0-78 400 0-13
466 100 143 1-60 133 0-83 436 0-10
573 1-63 140 1-65 123 1-75 122 0-03
444 1-50 139 1-73 124 1-75 143 0-18
466 0-95 141 1-90 131 200 426 0-18
483 1-25 148 1-68 573 0-40 467 0-05
150 0-80 400 0-33 837 0-60 482 0 00
145 1*63 430 1-53 978 0-28 444 -0-02
145 1-68 466 0-30 426 0-65 837 0-60
143 1-83 439 2-20 148 0-93 141 -0-25
147 1-43 436 1-56 444 100 145 013

Total .. 15-52 Total .. 17-30 Total .. 11-52 Total .. 1-08
Mean .. 1-29 Mean .. 1-44 Mean .. 0-96 Mean .. 0-09

Dose in all cases 10 ml./kg. body weight, injected intravenously.
The maximum total rise in temperature in twelve rabbits must not exceed 6-6° C. for water to pass 

the B.P. test for absence of pyrogens.

Effect o f  Charged Resins
The columns were then charged and tap water was passed through 

the cation and anion exchange columns. The resulting deionised water 
was injected, immediately after collection, into four groups of three 
rabbits. The rate of flow through the columns was standardised at 
about the optimum for columns of this size as suggested by the manu­
facturers of the resins.

The four groups of three tests were carried out on different days and 
the resins were not regenerated between tests. The columns were kept 
closed between tests and, before use on each occasion, were washed 
with several bed volumes of freshly distilled water. At least two bed 
volumes of the water to be tested were passed jhrough the columns 
before taking the test samples.

As controls, samples of tap water from the same source were injected 
in the same dose into an equal number o£ rabbits.

The results of all these tests are shown in Table I and Figure 1.
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Effect o f  Individual Resin Columns
As tap water deionised by passage through these :wo ion exchange 

columns appeared to be completely freed from pyrogens, experiments were 
carried out to ascertain which of the resins is responsible for this effect.

Tap water was passed separately through the same cation and anion 
exchange columns used in the previous experiments and the effluent 
from each was injected 
into different groups of 
three rabbits.

The effluent from the 
cation exchange column 
had a pH of about 2-5 
and was highly pyrogenic, 
whilst that from the anion 
exchange column had a 
pH of about 10-5 and was 
apyrogenic. To make 
sure that the physical 
effect of the larger bed 
of the anion exchange 
column was not respons­
ible for the difference in 
action, a column of the 
cation exchanger of the 
same size as the anion 
exchange column was 
tested and was still found 
to be ineffective in re­
ducing pyrogenicity. In 
later work anion ex-

ION EXCHANGE RESINS ON PYROGENS. PART I

F ig . 1. 
of water. 
• ------•

Tim e in minutes
Effect of ion exchange on the pyrogenicity 

passed through charged

x -
O.

- •  Tap water 
columns.

- x  Untreated tap water.
. O Tap water passed through uncharged 

Zeocarb (cationic) column.
- - - Tap water passed through uncharged 

Deacidite (anionic) column.
All points are the mean of 12 tests.

change columns as small 5s 15 cm. long and 3 cm. in diameter were 
found to be capable of removing large quantities of pyrogens.

To confirm that acidity of the cation exchange effiuent was not the 
cause of the rise in temperature, physiological saline, known to be pyrogen- 
free, was adjusted with autoclaved 0T N hydrochloric acid to pH 2-5 
and was injected into an equal number of rabbits as a control. The 
results of all these tests are shown in Table II and Figure 2.

To show that the alkalinity of the water from the anion exchange 
column was not causing.destruction of the pyrogenicity, tap water was 
adjusted to pH 10-5 with autoclaved 0T N sodium hydroxide solution 
and was injected into an equal number of rabbits.

To ensure that the temperature rise caused by the intravenous injection 
of tap water is not due to living or dead organisms, one sample was 
steamed for 30 minutes to destroy living vegetative organisms and another 
was sterilised by passing through a bacteria-proof sintered glass funnel. 
Both of these samples were found to be highly pyrogenic on injection 
into rabbits. The sterility <jf the filtered sample was confirmed by the 
usual tests.
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TABLE II
E ffec t  of in d iv id u a l  c h a r g e d  io n  e x c h a n g e  r esin s o n  p y r o g e n ic  t a p  w a ter

Zeocarb 
treated water

Deacidite 
treated water

Acidified apyrogenic 
saline pH 2-5 

(negative control)

Alkalised tap 
water pH 10-5 

(positive control)

Rabbit Response °C. Rabbit Response °C. Rabbit Response °C. Rabbit Response °C.

409 1*18 439 008 439 005 400 0-60
426 1-65 467 010 575 0-18 468 1-28
482 1-53 495 0-80 978 015 837 1-43
400 0-68 148 0-20 468 0-00 426 1-55
436 1-60 467 018 483 103 466 0-93
495 103 483 0-23 837 0-48 444 M 0
148 M3 409 0-35 145 0-38 439 1-40
436 1-43 482 0-23 445 0-28 573 1-08
467 1-43 468 0-43 466 0-13 978 1-08
122 M3 483 0-75 148 008 409 1-73
139 1-40 978 0-20 400 0-20 443 0-45
469 1-65 141 — 0-15 436 0-10 «48 0-98

15-84 Total .. 3-40 Total .. 3-06 Total .. 13-61
Mean .. 1-32 Mean .. 0-28 Mean .. 0-25 Mean .. 1-14

Dose in all cases 10 ml./kg. body weight, injected intravenously.
The maximum total rise in temperature in twelve rabbits must not exceed 6-6° C. for water to pass 

the B.P. test for absence of pyrogens.

A column of 15 cm. length and 3 cm. diameter was made fr©m a sample 
of Deacidite FF which had been in continuous use for two-and-a-half 
years. This was also found to give complete removal of pyrogenicity.

Fig . 2. Effect of individual ion exchange resins 
on the pyrogenicity of tap water.
• ----- •  Tap water passed through charged

Zeocarb (cationic) column.
x ----- x Tap water passed through charged

Deacidite (anionic) column. •
O . . . .  O Apyrogenic water adjusted to pH 2-5 

(Negative control).
Tap water adjusted to pH 10-5.

R esults

The results in Tables I 
and II and Figures 1 and 
2 show that untreated tap 
water and tap water ad­
justed to about pH 10-5 
are highly pyrogenic. 
Treatment with the un­
charged ion exchange 
columns does not remove 
this pyrogenicity, showing 
that pyrogens cannot be 
removed by adsorption 
on the resins.

On the other hand, 
water deionised by pass­
ing through both the 
columns or treated by 
the anion exchange resin 
easily passes the B.P. test 
for absence of pyrogens. 
This %s a severe test, as

untreated tap water gives a mean rise of about 1 -3° C. in the dose used for 
these tests and a response of about 0-6° C. in a dose as low as 0-4 ml./kg. 
body weight. Acidification of pvrogen-free saline does not render it pyro­
genic. This confirms the observations of Seibert10. A sample of the
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anion exchange resin which had been in continuous use for two-and-a- 
half years is still capable of completely depyrogenising tap water.

D iscussion

Several groups of workers have shown that water deionised by ion 
exchange resins can give water which will comply with the B.P.11, D.A.B.65, 
Pharm. Helv.6>12 and U.S.P.1 tests.

Saunders11 showed that, provided a correct technique is used and 
only water of specific resistance greater than 1 megohm per cm. is collected, 
the purity of demineralised water prepared from London tap water is 
at least equal to that of distilled water B.P.

The results given above and some experiments carried out with a 
commercially available ion exchange plant containing the same resins 
in single columns indicate that deionised water of this chemical purity 
may also be apyrogenic.

The effect of operating technique on the bacteriological content of 
water from deionising plants has been studied by Cruikshank and Braith- 
waite13 and by Eisman, Kull and Mayer10.

The results* in this paper also show that the removal of pyrogens from 
London tap water must be a function of the charged anion exchange 
resins, since uncharged resins of both types and the charged cation 
exchange resin are without effect. This suggests that some pyrogens, 
at least, must be negatively charged molecules. It is interesting to note 
that Caillaud and Vincent15 were able to depyrogenise water completely 
by means of an electro-osmotic cell.

Work is proceeding to test the effect of several different ion exchange 
resins on as many different pyrogens as possible. All pyrogens so far 
tested have been removed by anion and unaffected by cation exchange 
resins. Some evidence has been obtained that the anion exchange resins 
are more effective against Some pyrogens than others.

It seems probable that deionised water of sufficient chemical purity 
to comply with the pharmacopoeial requirements for purified water may 
also be apyrogenic, but whether the demineralising plants at present 
available will be suitable for the production of water for injection remains 
to be determined. It should be possible to construct an apparatus to 
give deionised pyrogen-free water.

•  Summary

1. The effects of two ion exchange resins (Zeocarb 225 and Deacidite 
FF) on the pyrogenicity of London Sap water have been examined.

2. It is possible to produce large quantities of pyrogen-free deionised 
water from London tap water by passing it successively through columns 
of the charged catioif and anion exchange resins.

3. The uncharged resins and charged cation exchange resins have 
practically no effect on the pyrogenicity.

4. The anion exchange r«sin is responsible for removing the pyro­
genicity from the water.

ION EXCHANGE RESINS ON PYROGENS. PART I
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DISCUSSION

The paper was presented by T h e  A u t h o r .
D r . L. Sa u n d er s  (London) asked if the author had any information 

on the effect of the ion exchange resins on pyrogenic distilled water. Was 
the removal of pyrogens connected with the removal of salts from tap 
water? The author suggested that some pyrogens must be negatively 
charged molecules, but there was another possibility. If the pyrogens 
were polysaccharides, catalytic hydrolysis might destroy the pyrogenic 
properties.

M r . J. W. H a d g r a ft  (London) pointed out that the author did not 
state whether the water was drawn directly from the mains supply or from 
a tank supply. That might be of some importance since his own experi­
ence with London mains water did not support the author’s statement. 
One sample taken from his hospital’s mains supply and tested for 
pyrogens was described as being the least pyrogenic preparation tested 
for some considerable time.

D r . J. C. P a r k in so n  (Brighton) said he was puzzled about the origin 
of pyrogens in tap water. London tap water was often surprisingly free 
from bacteria, and he wondered whether it was possible that chlorination, 
for example, could leave matter in the water which might give a “pyro­
genic” response. *

D r. J. G. Dare (Leeds) hoped tljat the author would continue his work 
in a more quantitative way and establish whether the resins were effective 
with heavily contaminated water.

M r . T. D. W h it t e t , in reply, said he had not yet*tried the effect of the 
resins on pyrogenic distilled water, but he hoped to do so. He agreed 
that removal of pyrogens might be connected with catalytic hydrolysis 
of polysaccharides. It was a point of interest that resins in the borate 
form would absorb large quantities of polysaccharides. His experience
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was that London tap water was always pyrogenic provided it was not 
sterilised, but he had found in the course of his work that the thermal 
stability of pyrogens in London tap water was very low. It was difficult 
to think of a reason why any chemical in water should affect pyrogenicity. 
Dr. Windle Taylor, whom he had consulted, was of the opinion that there 
was not enough residue from chlorination to have any effect on the 
temperature of rabbits. He had compared the water from the mains 
taps with that from other taps in the department and had found no 
difference in any of them before sterilisation.

ION EXCHANGE RESINS ON PYROGENS. PART I
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S in c e  digoxin was first isolated from Digitalis lanata1, a number of new 
cardiac glycosides derived from this plant have been described. These 
substances fall into two main groups, the so-called primary glycosides, 
lanatosides A, B, and C, first isolated by Stoll and Kreis2, and the secondary 
glycosides, digitoxin, gitoxin, and digoxin, which are derived from the 
lanatosides by loss of glucose and an acetyl group. The primary glyco­
sides are more polar and more water-soluble than the secondary glycosides 
and it is possible to separate the two groups by several methods of paper 
chromatography. In our experience, the clearest separation has been 
obtained by using the method of Silberman and Thorp3, in which the 
developing solvent is a mixture of ethyl acetate, benzene, and water. If 
1 per cent, of ethanol is added to the developing phase, the secondary 
glycosides travel with the solvent front, but the primary glycosides separate 
clearly.

When this system was used to study the lanatoside content of Digitalis 
lanata3’*, it was observed that the chromatograms always showed several 
distinct spots closer to the starting line than the lanatosides. At first it 
was thought that one of these apparently highly polar substances was 
lanatoside C, but this was later shown to be incorrect5. We have now 
examined these substances more fully and have obtained some information 
about their properties. In addition we have shown that these apparently 
new constituents are present in very young seedlings before any trace of 
the lanatosides can be detected, and we have followed the development 
of the glycosides during the early growing season of a crop of Digitalis 
lanata.

PA PER  C H R O M A TO G R A PH IC  D ETEC TIO N  O F NEW
CO N STITU EN TS O F D I G I T A L I S  L A N  A T  A

E x p e r im e n t a l

Solvents. Ethyl acetate first washed with potassium carbonate and then 
dried and distilled. Benzene, thiophene free, redistilled. Formamide, 
Light and Company. Chloroform, redistilled and 1 per cent, ethanol 
added. Butanol, redistilled (b.pt. 116° C.). •
Chromatography. System l3. Ethyl acetate—benzene—water, 84:16: 50 
(by volume). The solvents were shaken and allowed to separate clearly. 
The lower (aqueous) phase was placed in the bottom of the tank (11 X 11 
X 17 inches high) and the atmosphere kept saturated by filter paper 
sheets dipping into the stationary phase. To the upfter (organic) phase, 
1 per cent, of ethanol was added just before chromatography. This 
organic phase was then placed in a glass trough resting on the bottom 
of the tank and used to develop the chromatograms by the upward method 
for four to five hours after the paper had been equilibrated in the tank
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overnight. The temperatures found most suitable for development were 
between 22-24° C.

A small volume of the extract, usually 0-01 ml., was spotted on to the 
paper using a micropipette. Whatman No. 1 paper was used placing 7 
spots on an 8 inch wide paper. On chromatograms where the developed 
spots were to be eluted, Whatman No. 3 paper was used, and up to OTml. 
of the extract spotted on to the paper.
System 2. Strips of Whatman No. 4 paper (11 inches X \  inch) were 
dipped into formamide—methanol, 1:1, and then exposed to the atmos­
phere for a short time. The plant extracts were streaked on to the strips 
2 inches from the end, and development was carried out in horizontal 
trays at 32° C. for sixteen to twenty hours. The developing solvent was 
chloroform—benzene—butanol, 78:12:5 (by volume), saturated with 
formamide.

The chromatograms from System 1 were dried at rcom temperature 
and sprayed with freshly prepared 33 per cent, trichloroacetic acid in 
chloroform to which 1 drop of 100 volume hydrogen peroxide per 10 ml. 
of reagent had been added7. The chromatograms were then heated at 
110° C. for tep minutes. With this reagent, as with the chloramine-tri­
chloroacetic acid reagent of Jensen8, glycosides belonging to the A series 
(digitoxin derivatives) fluoresced yellowish-brown in ultra-violet light. 
Those of the B series (gitoxin derivatives) fluoresced bright blue, and 
those of the C series (digoxin derivatives) fluoresced pale blue.

The glycosides were detected on the chromatograms of System 2, by 
dipping the strips in 5 per cent, m-dinitrobenzene in benzene, followed 
by 20 per cent, aqueous sodium hydroxide. Characteristic blue bands 
which faded quickly were obtained.

Extraction o f  plant material3
Fresh material. Fresh seedlings 12 g., collected in the early morning, 
were mashed with 6 g. of ammonium sulphate and shaken for six hours 
with 60 ml. of ethyl acetate. The mash was then shaken for one hour 
with 30 ml. of ethyl acetate, decanted and shaken with a further 30 ml. 
for one hour. The extracts were filtered on a Büchner funnel, and the 
filtrate was evaporated under reduced pressure to approximately 1 ml. 
The contents of the flask were absorbed on diatomaceous earth and 
allowed to stand overnight in an evaporating dish. The diatomaceous 
earth was then extracted with light petroleum in a Soxhlet extractor for 
about eight hours and then the constituents were washed out of the 
diatomaceous earth with chloroform-methanol, 1:1. The chloroform- 
methanol extract was evaporated under reduced pressure, almost to dry­
ness, at a temperature not exceeding 30° C. The extract was then made 
up to 4 ml. in 80 per cent, ethanol. This extract was used for chromato­
graphy. •
Dried material. Approximately 2-0 g. of each sample of dried leaf, 
previously broken up in a mortar, were shaken for three hours with 30 ml. 
of chloroform-methanol solveat 1:1, followed by filtration on a Büchner 
funnel. This was repeated twice, shaking the residue with 10 ml. of

NEW CONSTITUENTS OF DIGITALIS LAN AT A
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solvent for one hour. The combined filtrates were evaporated to small 
bulk under reduced pressure, at a temperature not exceeding 30° C., and 
then absorbed on diatomaceous earth. Chlorophyll and other impuri­
ties were next removed by Soxhlet extraction of the powder with low 
boiling point light petroleum. The glycosides were redissolved from the 
diatomaceous earth with chloroform-methanol, 1:1, followed by filtration 
and evaporation to small bulk under reduced pressure. The extract was 
finally adjusted to 10 ml. in 80 per cent, ethanol.

Elution o f  glycosides from chromatograms
Whatman No. 3 paper was used as larger volumes of extract could be 

spotted on to this paper. The substances were localised by spraying a 
strip of the chromatogram, and the areas were cut up finely and shaken 
with 30 ml. of chloroform-methanol, 1:1, for one hour, decanted and 
shaken with a further 30 ml. for half an hour. The solution was filtered 
and a small portion of the filtrate evaporated to dryness and taken up in 
0T ml. of methanol. This was then used for spotting on System 1 in 
order to check the purity of the substance. The substance was then run 
on System 2 as a further check of purity.

Acid hydrolysis o f  eluted glycosides
The glycoside solution eluted from the paper was evaporated to dryness 

and 3 ml. of ethanol and 3 ml. of 1 per cent, hydrochloric acid added. 
The solution was then boiled under reflux in a water bath for thirty 
minutes. The solution was neutralised with a 1 per cent, sodium hydroxide 
solution, and extracted with chloroform for one and a half to two hours. 
This was then evaporated to small volume and used for spotting.

R esults

A typical paper chromatogram obtained after running extracts of 
mature dried leaves on System 1, is shown#in Figure le. Four distinct 
spots were observed travelling behind lanatoside C. These have been 
named LI, L2, L5, and L6. Of these, L5 showed a yellowish-brown 
fluorescence in ultra-violet light after trichloroacetic acid treatment, 
indicating that it probably belongs to the A series of glycosides. The 
other three spots fluoresced blue under the same conditions. L5 was 
eluted from the paper and rechromatographed with deacetyl lanatoside A 
on System 1. Distinct separation was obtained. Similarly it was found 
that deacetyl lanatosides B and C did not correspond with LI, L2, or L6, 
when they were eluted and rechromatographed on both Systems 1 and 2.

The position of these substances on the chromatogram indicated that 
they might be tannoid complexes and the following test was carried out on 
the plant extracts9: To 4 ml. of the plant extract, 0-6 ml. of a suspension 
of basic lead acetate in 80 per cent, ethanol was add#d. The solution was 
then filtered and centrifuged. To the filtrate 1 ml. of a saturated solution 
of disodium hydrogen phosphate in water was added and the solution 
again centrifuged. The decanted liquid ¿vas adjusted to 8 ml. with 
ethanol and then spotted on to paper chromatograms. The position of
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NEW CONSTITUENTS OF DIGITALIS LANATA

F ig . 1. Chromatography on System 1.
a. Extract of plant 40 days after sowing.
b. „ 60
c. „ 80
d. „ 100
e. ,j* approx. 8 months after sowing. (Dried material).
/ .  Lanatoside B and Lanatoside C.

•
the spots on the chromatograms after treatment with basic lead acetate 
was the same as that obtained from the original extract, indicating that 
the unknown substqjices are not tannoid complexes.

Investigation o f  L2 and L6
As chromatograms of many plant extracts showed that L2 and L6 

fluoresced more strongly than LI and L5, only the former two have so far
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been investigated. Eluates of L2 and L6 checked for purity by re­
chromatography on both systems were evaporated to dryness, redissolved 
in Ringer solution and tested for toxicity on embryonic chick hearts 
according to the method of Lehman and Paff10. Typical heart blocks 
were obtained at two dilutions. Both L2 and L6 gave intense blue 
colours with alkaline m-dinitrobenzene and when eluates of L2 and L6 
were tested with xanthydrol reagent, pink colours were obtained and 
persisted for twenty-four hours. A weak Keller-Kiliani test was also 
obtained with L2.

Hydrolysis o f  L2
A  quantity of L2 obtained from approximately 0-25 g. of air-dried plant 

by elution from several chromatograms was hydrolyse^ with dilute acid. 
The hydrolysed material was chromatographed on System 2 and shown to 
contain 3 constituents (Fig. 2). One of the bands (B, Fig. 2) appeared to

BARBARA J. ALDRICH, MARGARET L. FRITH AND S. E. WRIGHT

F ig . 2. Chromatograms on System 2.
(1) Hydrolysis of L2 A  and C —unknown, B—digoxigenin.
(2) Hydrolysis of L6 D , E , F, G —unknown.

run similarly to digoxigenin and when eluted and re-run with digoxigenin, 
no separation was obtained on System 2. Ij did however, separate from 
gitoxigenin on this sytem. These results were confirmed using the 
reversed phase system of Tschesche, Grimmer, and Seehofer11. The 
other bands on the chromatogram were not identified, but band A(Fig.2) 
separated distinctly from the original material on System 1.

Hydrolysis o f  L6
A quantity of L6 eluted from the same chromatogram as L2, was 

hydrolysed with dilute acid. In this case, 4 bands of material were 
detected on chromatograms of the hydrolysati using System 2 (Fig. 2). 
Of these, band E was the most intense, and was shown to separate from 
gitoxigenin and digoxigenin. Ban® F was also shown to separate from 
gitoxigenin and digoxigenin.

Chromatography o f  plant extracts obtained from yotlhg seedlings 
Extracts of freshly picked leaves of Digitalis lanata seedlings were taken 

40,60, 80, and 100 days after planting the seeds. Approximately the same 
quantity of each extract was run on the cltromatogram for comparison

1046



as shown in Figure 1. The extract of the youngest seedlings (40 days) 
showed three spots which on elution and rechromatography could not 
be separated from LI, 12, and L5 obtained from chromatograms of 
mature plants. Traces of L6 could also be detected and a new yellow 
spot appeared travelling just above L2. This has been named L3. 
There appeared to be no visible trace of the lanatosides. At 60 days, 
LI, L2, L3, L5 and L6, were visible as well as a further blue spot which 
travelled between L3 and L5 and has been named L4. A faint trace of the 
lanatosides B and C could also be detected at this stage. At 80 days the 
picture was the same with an apparent increase in intensity of L4 and L6 
and the lanatosides were beginning to show more prominently. At 100 
days after planting, a distinct spot indicated the presence of lanatoside B. 
Lanatoside C was also visible and L4 fluoresced only faintly. In the two 
later extracts, Lff which had been increasing in intensity with the age of the 
plant, appeared to be splitting into two separate constituents.

D is c u s s io n

Paper chromatograms of extracts of dried mature plants of Digitalis 
Janata showed clearly the presence of 4 unknown constituents which may 
be cardiac glycosides. These substances were apparently more water 
soluble than the lanatosides (digilanids) and separated from them quite 
clearly. One of these substances (L5) could belong to the A series 
(digitoxigenin derivatives) but the only evidence for this was the yellow- 
brown fluorescence in ultra-violet light after treatment with trichloro­
acetic acid. Two of the constituents (L2 and L6) appeared to be present 
in reasonably large amounts. Both were cardiotoxic, gave the charac­
teristic colour reactions of cardiac glycosides, and possibly contained 
digitoxose or related sugars. Paper chromatographic evidence indicated 
that one of them (L2) yielded digoxigenin on hydrolysis. The other 
substances (L6), although showing a blue fluorescence in ultra-violet light 
after trichloroacetic acid treatment was apparently not a derivative of 
either digoxigenin or gitoxigenin.

These substances in addition to several others of similar polarity or 
solubility, were also present in very young seedlings of Digitalis lanata 
before the lanatosides or other glycosides could be detected. It is possible 
that some of these substances may be precursors of the lanatosides contain­
ing for example, more sugar residues, but the present study gives little 
indication of their chemical nature. It does, however, indicate the 
complexity of the problem of the constituents of Digitalis lanata.

Su m m a r y

1. Extracts of mature and young plants of Digitalis lanata have been 
examined by paper chromatography and shown to con:ain a number of 
new substances which are apparently cardiac glycosides and more polar 
in nature than the lanatosides.

2. The eluates of two of these substances obtained from the paper 
chromatograms have been examined in more detail. Both substances 
are cardiotoxic and one appeSrs to contain digoxigenin as its aglycone.

NEW CONSTITUENTS OF DIGITALIS LAN AT A
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3. These new substances are present in very young plants before the 
lantosides themselves appear and most of them persist throughout the life 
of the plant.

The authors wish to thank Professor R. H. Thorp and Dr. H. Silberman 
of the Pharmacology Department, University of Sydney, for their helpful 
advice, and Mrs. D. A. Thorp for the supply of plant materials used in 
this work.
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DISCUSSION

The paper was presented by D r. S. E. Wright.
The C hairm an  asked why the seedlings were collected “early in  the 

morning”.
D r . J. M. R ow son  (London) enquired if seedlings collected at other 

times of the day had been examined to determine whether the content 
of the new compounds varied with the time of collection. He had har­
vested at three hourly intervals up to five days and had found some varia­
tions. What was the ratio of the content of compounds LI, L2, L5 and 
L6 to the total glycosides present? Had the authors any information 
about the cardiac toxicity of the compounds in relation to the better 
known glycosides, and their possible therapeutic action ? How quantita­
tive was the elution of the glycosides from the chromatograms ?

P rofessor H. Brindle  (Manchester) said the authors used a very 
drastic system of extraction. Were they satisfied the new substances were 
not decomposition products? The substances were very labile, and he 
asked if simpler extracts of Digitalis lanata had been examined, and if so 
were the same substances obtained?

Mr. G. J. R igby  (Manchester, in a written contribution read by Pro­
fessor Brindle) said that he had carried out sifhilar work using Digitalis 
purpurea and had found several unidentified substances. Had the 
developed chromatograms been examined under ultra-violet light before 
treatment of the paper with trichloroacetic acid? Had the authors 
determined whether the compounds LI and L5 reacted with xanthydrol 
and alkaline reagents used to demonstrate the presence of characteristic 
lactone rings ?

D r . G. E. F oster (Dartford) suggested that the use of a large number 
of solvent systems in chromatographic examination of digitalis was
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increasing the complexity of the problem. He asked whether the authors 
could give any information about the way in which their compounds 
behaved with solvent systems other than the one described in the paper.

D r . J. W. F a ir b a ir n  (London) said that while the authors did not 
hesitate to label lanatosides B and C on their chromatogram, was it possible 
that L5 should be labelled lanatoside A?

D r . S. E. W r i g h t , in reply, said the plants were always collected in the 
morning because it was felt that they should be picked at a constant time. 
The possibility of variation during the day had not been investigated. It 
was impossible to say anything about the quantities of L2 and L6 present. 
They fluoresced brilliantly but that could not be taken as a measure of 
their concentration. As regards the relevant cardiac tcxicity, judging by 
the colour reaction it fell somewhere on the dose response curve which 

• would be expected for an aglycone. He had no information about the 
therapeutic effect. In the elution process not less than 90 per cent, 
recovery had been obtained. The extraction was based on the original 
method used by Stoll for lanatosides. The temperature did not rise 
above 40° C., and if decomposition occurred he would expect less polar 
compounds. • They had tried formamide systems, but the substances did 
not travel very far. L6 did fluoresce before spraying with trichloroacetic 
acid. It also gave typical cardiac glycoside reactions. They had not 
tried the reaction of LI and L5 because the quantities present were very 
small. Lanatoside A always travelled ahead of lanatoside B.

NEW CONSTITUENTS OF DIGITALIS LANATA
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STU D IES IN  T H E  GENUS DIGITALIS

P a r t  V. F e r m e n t a t iv e  D e g r a d a t io n  o f  D. purpurea L e a f  

By J. M. R o w s o n  a n d  S. S im ic

F r o m  th e  M u s e u m  o f  T h e  P h a r m a c e u t ic a l  S o c ie ty  o f  G r e a t B r ita in  
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T h e  deterioration in therapeutic potency of the leaves of Digitalis purpurea 
when incorrectly dried or stored is well known. This is generally attri­
buted to enzymic degradation of the glycosides in the presence of moisture 
but the nature of these changes is not fully understood. It is probable 
that the work of Cloetta1 is responsible for the widely held view that 
digitoxin and gitoxin readily hydrolyse in the moist drug to liberate the 
much less potent aglycones digitoxigenin and gitoxigenin together with 
free digitoxose. The presence of free aglycones in digitalis leaf is sup­
ported by Kedde2 who, using adsorption methods, found that up to 50 
per cent, of the glycosidal mixture was of free aglycone. Svedsen and 
Jansen3, using paper chromatographic methods, found that stabilised 
digitalis leaf contained much primary glycoside with smaller amounts of 
secondary glycosides and aglycones, whereas the dried leaves which had 
not been stabilised contained less primary glycosides but more secondary 
glycosides and aglycones.

Tattje and Van Os4-6 found small amounts of aglycones present in the 
majority of the leaf samples examined. An average of figures which they 
record for 15 samples shows the glycosidal complex to contain 79 per cent, 
primary glycosides, 5 per cent, secondary glycosides and 16 per cent, 
aglycones in stabilised leaves whereas for non-stabilised leaves the corre­
sponding figures are 32 per cent., 58 per cent, and 10 per cent, respectively. 
They used the picrate and modified Keller-Kiliani methods of estimation 
upon the chloroform extracts from cold watef macerates of the powdered 
leaf prepared by either l -f hours shaking, or 3 days maceration at 30° C. 
The glycosidal complex in the \ \  hour maceration was of primary and 
secondary glycosides also of aglycones. During the more prolonged 
maceration at 30° C. the primary glycosides were all converted to second­
ary glycosides, but these authors maintained that no degradation of 
secondary glycosides to aglycones occurred; thus the difference between 
the picrate and the Keller-Kiliani estimations for this extract was a 
measure of the aglycones present. The estimaron of the primary glyco­
sides depended on the difference in the Keller-Kiliani values for the two 
extracts, since in the former only .two of the three digitoxose molecules 
present in these glycosides reacted, whereas all three molecules reacted 
after removal of the glucose by fermentation7. These authors have also 
pointed out that the recently isolated strospeside v»uld be estimated as 
aglycone by their method since it contains gitoxigenin and digitalose8.

Neuwald and colleagues9-12 found good agreement between modified 
picrate-genin and modified Keller-Kiliani estimations of total glycosides 
and concluded that no free aglycones were present in the three leaf
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samples examined. Wolfgramm and Weiss13 used the picrate and Keller- 
Kiliani reagents to examine the chloroformic extracts from cold water 
macerates prepared by varying times of contact between water and drug 
from 1  ̂hours to 48 hours. There was good agreement between the two 
assay values at each period of maceration, with only occasional exceptions, 
and the authors concluded that free aglycones were absent. Since the 
assay value increased with periods of maceration up to 24 hours, they 
concluded that secondary glycosides only were separated by chloroform, 
leaving the primary glycosides in the aqueous phase; on fermentation 
these were broken down to secondary glycosides and were then extracted; 
hence the increases in values as a result of prolonged soaking gave a 
measure of primary glycosides present. For this reason these authors 
preferred their methods of extraction to that used by Langejan and van 
Pinxteren11 in which a mixture of chloroform and ethanol was employed 
to remove primary as well as secondary glycosides.

Wegner16-16 used cold water extracts of digitalis leaf powder, macerating 
for varying periods up to 24 hours, also digitalis enzyme preparations were 
added to extracts prepared by hot infusion. Picrate and Keller-Kiliani 
assay values increased with increasing periods of fermentation, the 
increase being more marked for the sugar estimation until parity of 
values for the two assay processes was reached after 24 hours of macera­
tion. Wegner thus concluded that there was no strong evidence for the 
presence of free aglycones; that part only of the primary glycosides were 
extracted from the aqueous phase with chloroform, of which only two 
digitoxose molecules reacted with the Keller-Kiliani reagent; fermentation 
converted all primary into secondary glycosides. He also found that, 
after such fermentation, 30 per cent, of the glycosides originally present 
in the aqueous phase were chloroform-insoluble. Fish and Todd17 
examined the stability of digitalis tinctures and calculated that the initial 
fall in activity was due to the conversion of primary to secondary glyco­
sides, after which the tinctufes were quite stable with no further degrada­
tion to aglycones.

There is thus some real conflict in the published evidence on the occur­
rence or formation of free aglycones in dried digitalis leaf, the more recent 
work tending to suggest that little is found. All the foregoing compara­
tive work had been based upon stabilised or normally processed drugs 
and we have no information about faulty processing, other than the 
behaviour of the leaf in the assay by 1-3 day fermentation itself, in which 
the secondary glycosides <ye said to be stable. A real conflict of evidence 
as to the extraction of the primary or secondary glycosides with chloroform 
also exists. To investigate these protjlems the following tests were made.

E x t r a c t io n  a n d  A s s a y  M e t h o d s

Cold water extracts were prepared by mixing powdered digitalis leaf 
0-5 g. with water 50 ml. and shaking gently for 1% hours; decolourisation 
was effected by adding 5 ml. of 15 per cent, aqueous solution of lead 
acetate, shaking, allowing t<* stand, decanting and filtering. 37 ml. of 
filtrate (equivalent to i  g. leaf) was shaken out with 4 x 20 ml. quantities
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of either chloroform or a mixture of equal volumes of chloroform and 
ethanol 95 per cent. The mixed chloroformic extracts were dried over 
anhydrous sodium sulphate, filtered, the filter washed with chloroform, 
the filtrate adjusted to a suitable volume and divided into two halves each 
of which was evaporated to dryness. Using one dry chloroformic residue 
the glycosidal content was determined by the Keller-Kiliani reagent at

J. M. ROWSON AND S. SIMIC

T A B L E  I
A q u e o u s  m a c e r a t e s . D in it r o b e n z o ic  a c id  a n d  k e l l e r - k il ia n i  a s s a y s . 

E q u iv a l e n t  d ig it o x in  c o n t e n t s  (p e r  c e n t .)

Leaf sample A B C

Chloroform
Chloroform 
and ethanol Chloroform

Chloroform 
and ethanol Chloroform

Chloroform 
and ethanol

di 0-25 0-57 019 0-45 0-31 0*51
K x 0-25 0-35 0-23 0-32 0*27 0*37
d3 0-39 0-56 0-32 0-45 0*35 0*50
K , 0-35 0-41 0-33 0-35 0*36 0*38

590 mju, as previously described18, results being expressed as equivalent 
digitoxin (Kj). The second dry chloroformic residue was dissolved in 
4 ml. of ethanol 17-5 per cent, and the glycosidal content determined by 
the dinitrobenzoic acid reagent at 535 m/x18>19, results being expressed as 
equivalent digitoxin (dj). The entire process was then repeated but

macerating the leaf in water at 30°
C. for 3 days: values K3 and ds being 
determined.

Using three leaf samples A, B and 
C, the assay process was carried out 
in duplicate, employing chloroform 
and chloroform with ethanol in 
parallel experiments. The results 
are givin in Table I. The assay 
values obtained by extraction of the 
leaf with ethanol 70 per cent., de- 
colourisation and direct estimation 

with dinitrobenzoic acid18-19 are compared with the 3-day maceration 
results in Table II.

It will be seen from this second Table that the results for each leaf by 
the two extraction methods are in good agreement and hence it is con­
cluded that both methods are quantitative in extracting total glycosides 
which react with dinitrobenzoic acid reagent. The comparison of values 
in Table I shows that, from 3-day macerates, chloroform with ethanol 
extracts about 30 per cent, more material reacting with dinitrobenzoic acid 
than does chloroform alone; but this material appears to contain little or 
no digitoxose, since the K3 values show almost igsignificant increases. 
Hence this material is behaving as an aglycone in the estimation, it is not 
gitoxigenin or digitoxigenin which are chloroform-soluble and it is more 
probably digitalinum verum or strospeside ^hich are free from digitoxose 
and are insoluble in chloroform.

T A B L E  I I
D in it r o b e n z o ic  r e a g e n t ; e t h a n o l ic
A N D  C O L D  W A T E R  E X TR A C TS  O F  LEAVES.
E q u iv a l e n t  d ig it o x in  c o n t e n t s  

(p e r  c e n t .)

Leaf
sample

70 per cent, 
ethanolic extract 

of leaf

Aqueous macera­
tion o f leaf. 

Chloroform and 
ethanol extracts

A 0*57 0*56
B 0*50 0*45
C 0*53 0*50
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Disparity of results is the more marked between the different solvent 
extractions from l \  hours aqueous macerates: the digitoxose-free glycoside 
such as digitalinum verum accounts for a portion of the difference in d, 
values, the extraction of primary glycosides by chloroform and ethanol 
accounting for the remainder. The good agreement between dx and d3 
values when based on chloroform with ethanol extracts should be noted. 
The K3 values are also a maximum for these extracts due to the conversion 
of all primary to secondary glycosides in the 3-day fermentation with 
consequent availability of all three sugar molecules to react. Hence the
3-day aqueous maceration process followed by chloroform with ethanol 
extraction give results most nearly agreeing with those obtained by 
ethanolic extraction of this leaf. The guinea-pig biological assay of 
chloroform with ethanol and of chloroform extracts from decolourised 
tinctues of leaf sample E, as prepared for dinitrobenzoic acid assay18-19, 
are reported in Table IV. It will be noted that about 30 per cent, of the 
glycosidal complex, as shown by potency, is insoluble in chloroform but 
soluble in chloroform with ethanol and this agrees well with the d3 values 
recorded in Table I.

The presence of small amounts of chloroform-soluble free aglycones in 
leaf sample A is indicated by the difference d3 — K3 for the chloroform 
extract (Table I), this is approximately 10 per cent, of total glycoside 
present. Chloroform-soluble free aglycones are absent from leaf samples 
B and C.

F erm entation  Studies

A preliminary test to investigate the behaviour of the glycoside content 
as shown by dinitrobenzoic acid assay in leaves subjected to different 
periods of humidification was set up. Weighed quantities of three leaf 
powders were each moistened with water, placed in covered petri dishes 
and incubated at 30° C. for periods of from 2 days to 6 weeks. Each

TABLE in
F er m en ted  le a f . D in it r o b e n z o ic  a c id  assay  o f  70 p e r  c e n t , et h a n o l  ex tra c ts

STUDIES IN THE GENUS DIGITALIS. PART V

Leaf sample D E F

Loss in Equivalent Loss in Equivalent Loss in Equivalent
Period of weight potency weight potency weight potency

fermentation per cent. I.U./g. per cent. I.U./g. per cent. I.U./g.

0 days _ 11-9 _ 118 — 12-5
3 26 9-7 — —• — •—
7 29 7-2 35 7-1 — -—

14 .—. •  — 41 2-4 — —
21 — — 44 2-1 — —
28 _ __ — — 49 3-2
35 __ _ .— — 47 3-4
42 — — — 46 3 0

sample was stirred daily and kept moist by adding water when necessary. 
When humidified for the requisite period of time, the dish lids were re­
moved, the contents dried at 55° C, and re-weighed: losses in weight due to 
fermentation were calculate*! and weights of the materials necessary to 
make tinctures equivalent to 1 in 10 of the original leaf samples were taken.
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Assays of these tinctures were made by the dinitrobenzoic acid process19 
and the equivalent potencies are given in Table III. Biological assays of 
sample E after 7 days and after 21 days’ fermentation were also carried 
out and these are recorded in Table IV.

TABLE IV
B i o l o g i c a l  a s s a y s  (g u i n e a - p i g  m e t h o d ). L e a f  s a m p l e  E

Treatment of leaf
Equivalent leaf 
Potency I.U./g.

Decolourised 70 per cent, ethanolic tincture18»19:— 
extract with chloroform and ethanol 10-8
extract with chloroform 7-4

Leaf fermented 7 days 2-4
Leaf fermented 21 days 0-7

The fermentation process was repeated for periods of time up to 21 days, 
using two further leaf samples. Tinctures of the fermented materials were 
prepared and assayed as described above, the equivalent potencies being 
given in Table V. Further samples of the same fermented materials were 
also examined by the cold water extraction' process for \ \  hours or for 3 
days at 30° C. as described above; allowance being made fter the losses 
in weight due to fermentation. Glycosides were extracted from the 1% 
hour aqueous macerates with chloroform and ethanol; the 3 day aqueous

TABLE V
F e r m e n t e d  l e a f . D i n i t r o b e n z o i c  a c i d  a s s a y  o f  70 p e r  c e n t , e t h a n o l

e x t r a c t s

Leaf sample G H

Period of Loss in weight Equivalent potency Loss in weight Equivalent potency
fermentation per cent. I-U./g- per cent. I.U./g.

0 days - 131 _ 11-6
3 23 12-2 25 10-3
6 30 10-4 •  32 9-2
9 39 8-6 •  43 8-1

12 42 9-4 44 7-5
15 45 4-1 48 7-6
18 49 4-2 49 5-5
21 49 1*5 48 6-9

TABLE VI
F e r m e n t e d  l e a f  s a m p l e  G. A q u e o u s  m a c e r a t e s . E q u i v a l e n t  

d i g i t o x i n  c o n t e n t s  (p e r  c e n t .)

Period of macera-
tion 1£ hours •  3 days

Chloroform and ethanol
Extraction solvent Chloroform and ethanol •  Chloroform after chloroform

Period of 
fermentation dIT K 1T d3 k 3 d3CA K3CA

0 days 0-52 0-32 0-36 0-32 0-13 0-04
3 0-35 0-33 0-30 0-28 • 005 0-03
6 0-35 0-28 0-32 0-25 0-05 0-04
9 0-30 0-27 0-30 0-23 0-04 0-03

12 0-33 0-23 0-29 0-20 0-04 0-03
15 0-17 019 0-16 015 0-01 004
18 0-17 0-20 0-16 »  016 002 0-05
21 005 013 004 * 007 0-01 0-04
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macerates were extracted first with chloroform and then with a mixture of 
chloroform and ethanol. Dinitrobenzoic acid and Keller-Kiliani assays 
were then applied to each fraction and these are recorded in Tables VI and
VII.

STUDIES IN THE GENUS DIGITALIS. PART V

TABLE VII
F er m en te d  lea f  sa m ple  h . A q u eo u s  m a c era tes . E q u iv a le n t

DIGITOXIN CONTENTS (PER CENT.)

Period of
maceration l i  hours 3 days

Chloroform and ethanol
Extraction solvent Chloroform and ethanol Chloroform after chloroform

Period of 
fermentation d lT K 1T d3 K3 d3CA K3CA

0 days ’ 0-50 0-32 0-34 0-31 0-12 004
3 0-36 0-26 0-31 0-26 005 003
6 0-31 0-25 0-28 0-22 0-04 003
9 0-29 0-24 0-26 0-21 003 003

12 0-26 0-23 0-27 0-20 002 003
15 0-18 0-20 013 014 0-01 0 04
18 0-18 019 016 0-14 0-03 004
21 003 008 003 003 002 004

• TABLE VIII
F er m en ted  le a f  sam ples g  a n d  h . A p p a r e n t  c o n t en t s  o f  pr im a r y  a n d

SECONDARY GLYCOSIDES AND OF AGLYCONES (PER CENT.)

Leaf sample G H

Period of Primary Secondary Aglycones Primary Secondary Algycones
fermentation glycosides glycosides etc. glycosides glycosides etc.

0 day 015 0-25 008 O il 0-26 0 07
3 Nil 0-33 0-02 0-11 0-20 003
6 >> 0-28 003 Nil 0-25 003
9 „ 0-27 0-02 » 0-24 002

12 „ 0-23 005 }, 0-23 001
15 0-19 Nil » 0-20 Nil
18 0-20 019 »
21 ” 013 ” ” O-OB ”

T
D iscussion

The presence of about 30 per cent, of the total glycoside complex in the 
form of chloroform-insoluble but chloroform with ethanol-soluble material 
has already been noted in leaf samples A, B, C and E as recorded in 
Tables I and IV. Similar results were obtained for leaf samples G and H 
when controls were examined by means of the 3-day aqueous macerate 
method, the d 3CA value being about 26 per cent, of the total glycosidal 
material estimated, as sh#wn in the first line of Tables VI and VII. The 
almost complete absence of digitoxose sugar in this chloroform-insoluble 
material was also confirmed by the very low assay figures with the Keller- 
Kiliani reagent (K 3Ca)- This material is neither digitoxigenin nor gitoxi- 
genin, but may be a chloroform-insoluble glycoside free from digitoxose 
such as digitalinum *erum.

Using the results for leaf sample A, Table I, as an example it is seen that 
0T5 per cent. (d 3CA — K3Ca) of this chloroform-insoluble glycoside is 
present. Thus the total amount of other glycosides and aglycones 
originally present in the leaf is 0-41 per cent. (d]CA — 0T 5). It thus follows
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that chloroform alone fails to extract 0-16 per cent. (0-41 — dx) of this 
group, and this will be primary glycoside which is very feebly soluble in 
chloroform. Now in the chloroform with ethanol extract the difference 
between the two Keller-Kiliani values is one-third of the amount of 
primary glycoside present since only two digitoxose molecules react in 
the primary glycoside molecule (K1CA) whereas all three digitoxose 
molecules react after degradation to the secondary glycoside (K3CA). 
Hence the leaf contains 0-18 per cent, of total primary glycosides 
(3 x  (K3CA — K 1CA) ) and so the 0-16 per cent, of primary glycoside, 
not extracted by chloroform alone after 1  ̂ hour aqueous maceration, 
comprises practically the whole of the primary glycosides present in the 
leaf. Similar calculations may be made for leaf samples B and C (Table I). 
Undue reliance should not be placed on such absolute salculations for it 
seems probable that the solubilities of the components in the glycosidal 
complex will differ from those determined on pure glycosides. Neverthe­
less, these results support the findings of Wolfgramm and Weiss13 that the 
primary glycosides are not extracted by chloroform from aqueous leaf 
macerates, the results also support the work of Langejan and van 
Pinxteren14 that primary glycosides are extracted from such aqueous 
macerates by means of chloroform and ethanol.

The good agreement between the dinitrobenzoic acid assay results for 
ethanolic extractions of leaves and for aqueous macerates followed by 
chloroform with ethanol extractions is of importance (Table II). Since 
aglycones appear to be almost completely absent, even in deliberately 
fermented samples, and since digitalinum verum is of high potency, it 
follows that the former method of extraction may be used with confidence, 
for it extracts maximum glycosidal material.

The fall in total glycosidal material, as estimated by dinitrobenzoic acid, 
in ethanol extracts of leaf samples which have been subjected to progressive 
humidification at 30° C., is marked as is seen in Tables III to V and very 
low values are reached after about 14 days. This decrease, associated with 
a fall in dry weight of the leaf tissues, is most readily explained by fermenta­
tive degradation of cell contents. It is reasonable to hypothesise that the 
aglycone portions of the glycoside molecules are progressively degraded 
by these fermentative changes, at least in so far as the butenolide group, 
which reacts with the dinitrobenzoic acid reagent, is concerned.

The most outstanding fact which arises from these investigations is that it 
has proved impossible to produce free aglycones in leaf samples submitted 
to extremely bad conditions of storage. These moist, warm conditions 
rapidly affected the samples adversely as judged by odour, colour and 
general appearance also by loss in dry weight of up to 49 per cent. The rapid 
fall in dinitrobenzoic acid assays of 70 per cent, ethanolic extracts, associ­
ated with these changes, has already been pointed out and similar decreases 
were found with this assay on aqueous macerate* prepared from these 
fermented materials as shown in Table VI and VII. The decreases in 
Keller-Kiliani assay values with increased periods of leaf fermentation 
are of the same order, but not quite so gyeat as the decreases in dini­
trobenzoic acid values. Hence the difference d3 — K3, which is a measure
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of aglycone, becomes smaller and eventually reaches a zero value. Thus in 
these degradation changes the aglycone portion of the glycoside molecule, 
or at least the butenolide linkage thereof, disappears, as rapidly or slightly 
more rapidly than the digitoxose sugar moiety. There is never any 
evidence that the digitoxose is split off from the aglycone, and, if this does 
occur, the subsequent degradative changes are more rapid, for free 
aglycones do not accumulate.

The amount of primary glycoside originally present in the leaf sample G, 
as indicated by the difference in Keller-Kiliani values on chloroform with 
ethanol extracts, had completely disappeared after 3 days of fermentation 
of the material; in leaf sample H it had disappeared after 6 days’ fermenta­
tion. This was to be anticipated and confirms the findings of other 
workers which «were discussed above. The chloroform-insoluble glyco­
sides free from digitoxose, such as digitalinum verum, which are associated 
with the primary glycosides (d3CA> Tables VI and VII) also disappear 
relatively rapidly as fermentation proceeds. Hence the relative stability 
of the secondary glycosides is demonstrated. The more rapid fall in 
biological assay values after 7 and 21 days’ fermentation (Table IV) 
should however be noted.

If the methods of calculation, proposed by Tattje5 for the estimation of 
primary and secondary glycosides and of aglycones, are applied to the 
chloroform and ethanol values in Tables VI and VII, the figures of Table 
VIII are obtained for leaf samples G and H.

Digitalinum verum and other non-digitoxose glycosides are here shown 
as aglycones. Because of differences between solubilities of individual 
glycosides and of their mixtures, these calculated values cannot be regarded 
as absolute but the results do support the general conclusions already 
made.

STUDIES IN THE GENUS DIGITALIS. PART V

Summary  a nd  C onclusions •
1. Leaf powders of Digitalis purpurea, when moistened and allowed 

to ferment at 30° C. for periods of time up to 42 days showed: (a) a rapid 
conversion of primary to secondary glycosides; (b) a progressive degrada­
tion of secondary glycosides, involving both the aglycone and sugar parts 
of the molecule; (c) free aglycones did not accumulate at any stage.

2. The glycoside complex of Digitalis purpurea, extracted with either 
water or 70 per cent, ethanol may contain about 50 per cent, of material 
insoluble in chloroform, Ijut soluble in chloroform with ethanol and possess­
ing high pharmacological activity; this comprises: (a) practically the whole 
of the primary glycosides, and (b) uj^ to 30 per cent, of glycosidal material 
free from digitoxose.

3. The dinitrobenzoic assay process, applied to decolourised prepara­
tions of 70 per cent* ethanol extracts of leaf powders, estimates the whole 
of this material.

Our thanks are due to the^aboratory Animals Bureau for the biological 
assays of Table IV.
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DISCUSSION

The paper was presented by Dr. J. M. R ow son .

The C hairm an  said that workers on digitalis frequently referred to 
fermentation. Was this fermentation hydrolysis caused by micro­
organisms which might be a definite species associated with the drug or by 
enzymes? Had the authors any evidence that the surface of the leaves 
was sterile?

P rofessor H. Brindle  (Manchester) said the evidence for the presence 
of aglycones in digitalis was conflicting. The authors used the extraction 
method but the value of certain parts of their work would have been 
enhanced if they had also used chromatography. For example, they 
speculated that one substance might be digitel inum verum, whereas had 
chromatography been applied they would have been sure. Speaking 
from memory, he had found in unfermented leaf a higher ratio of primary 
glycosides to secondary than the authors had. In Table VIII the primary 
glycosides present in Sample H had not changed after three days’ fer­
mentation—was this a misprint?

Mr. G. J. Rigby (in a written contribution read by Professor Brindle) 
said it was surprising the authors had not employed chromatography in 
their investigations. The authors had calculated that one leaf sample 
contained 0T8 per cent, of total primary glycosides, and said that 0T6 
per cent, of primary glycosides not extracted by chloroform alone approxi­
mated closely to that figure. The paper would be less difficult to under­
stand if the symbols used for this calculation had been clearly defined. 
The value 0T8 per cent, had been calculated from theaexpression 3(K3Ca— 
K ica) which took no account of the different molecular weights of the 
primary and secondary glycosides. The authors had assumed that 2 mg. 
of a secondary glycoside would react with th%Keller-Kiliani reagent to the 
same degree as 3 mg. of the corresponding primary glycoside. In fact,
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one molecule of each were reported to react to the same degree. That 
required a correction in the paper. The percentage of total primary 
glycoside present should be calculated as 3-63 (K3CA—KICa)- The figure 
0T8 per cent, would then become 0-22 per cent., showing that chloroform 
alone extracted about 30 per cent, of the total primary glycosides and not 
11 per cent, as suggested by the authors. The term “equivalent digitoxin” 
was ambiguous. Did the authors mean “producing the same extinction 
as x mg. of digitoxin”, or did they mean that two g. molecules of desacetyl- 
digilanid A was equivalent to two molecules of digitoxin ?

D r . G. E. F oster (Dartford) said he understood the authors to state 
that the activity of moist digitalis leaf was completely destroyed on storage. 
That had not been his experience. He had found that it fell fairly rapidly 
for a time but th»n remained constant over a long period.

D r . S. E. W r ig h t  (Sydney) said the authors had tended to reject the 
idea that genins were present in digitalis. That was difficult to establish 
as the genins were not easy to identify. It was interesting to note that 
Kaiser and co-workers had isolated some compounds recently which were 
formyl derivatives.

Mr. E. H. 13. Sellw ood  (London) referred to the relative amounts of 
the biological activity extracted in chloroform, with and without alcohol. 
He had extracted the chloroform-soluble glycosides from a number of 
samples of leaf and isolated them in solid form, obtaining a yield of 
approximately 1 g. assaying biologically at about 400 units/g. from a 
pound of leaf. It was obvious that a considerable amount of biological 
potency was unaccounted for because this was equivalent to about 1 unit 
per g. of leaf, whereas the leaf itself assayed at 10-12 units per g. The 
missing activity may be in the water soluble fraction.

Dr. J. W. F airbairn  (London) said that with anthraquinone drugs he 
had found that during storage or extraction the glycosides broke down, 
but one could not recover a torresponding amount of the aglycones. At 
the beginning of the paper the reader was offered two statements of fact. 
The first was that there were aglycones present, and the second that they 
were not present. At the end of the paper the authors stated aglycones 
did not accumulate. It would be interesting to hear how they explained 
the first statement.

Dr. J. M. R ow son , in reply, said that no attempt had been made to 
control or to follow the nature of the fermentation. The leaves were 
kept moist in dishes, and after several days’ fermentation there was a good 
growth of mould on the surface. He had not examined the leaves for 
micro-organisms, but he felt sure that they would not be sterile. The 
naturally occurring enzymes were present since these are only destroyed 
by hot water extraction. He had resisted the use of chromatography up 
to the present time btcause he knew that others had undertaken chroma­
tographic studies, and it was undesirable that the work should overlap 
too much. With regard to the high proportion of secondary to primary 
glycosides, his recoveries weie in good agreement with those of Van Os 
and Tattje which were quoted. The presence of digitalinum verum in
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Digitalis purpurea leaves of different geographical sources had been 
proved by other workers ; he accepted their findings and made use of the 
new evidence. There was no misprint in Table VIII. The symbols d3CA 
and K3Ca etc. were adequately defined in the paper. The calculations in 
the paper were correct, since all results were expressed as equivalent to 
digitoxin. Mr. Rigby has wrongly interpreted this fact. As to the 
activity of the leaf being destroyed on storage, the leaf he was examining 
was very moist and it fermented. It was not comparable with the slow 
drying or leaf storage. The formyl compounds of Kaiser were interesting. 
Early references to the presence or absence of aglycones in the dried leaf 
were not clear, and Cloetta in 1927 contributed much to the idea of their 
presence.

J. M. ROWSON AND S. SIMIC
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T h e r e  is no simple method of determining the digitoxin content of leaves 
of Digitalis purpurea and often it is not easy to decide the suitability 
of a crop for the preparation of this glycoside other than by extracting 
a substantial quantity of leaf. It is well known that both the amount and 
composition of Jhe glycosidal mixture are subject to wide variation 
depending on botanical, geographical and ecological factors. Neither 
biological nor chemical assays of the leaf or crude extracts prepared from 
it give a reliable indication of the amount of digitoxin present. However 
by using paper chromatography the separation of the glycosidal mixture 
is considerably simplified and the individual glycosides may be estimated 
colorimetrically. A method along these lines for the estimation of 
digitoxin in small samples of leaf is described here and results obtained in 
applying the procedure to several samples are reported.

Propylene dichloride was used to isolate the glycosides because it is 
more selective than chloroform1 and the system carbon tetrachloride- 
ethanol-water2 was found suitable for the chromatographic separation of 
digitoxin from the propylene dichloride-soluble glycosides. This system 
consists of readily available solvents which require no further purification 
and are easily removed from the completed chromatograms. One 
drawback is that the capacity of the system is small compared with those 
of systems based on formamide, but this is not serious as digitoxin is the 
main constituent of the glycosidal mixture and it was not intended that 
trace constituents should be Studied. The best known and most sensitive 
of the colorimetric assays for digitoxin is that using sodium picrate but 
this needs 100 to 150 jug. of digitoxin to give a useful optical density. 
This would necessitate running a considerable number of spots and the 
extraction of a correspondingly large area of paper. A sensitive assay 
method with xanthydrol was developed from the qualitative test for 
digitoxin described by Arreguine and Pasqualis3; the digitoxose side chain 
is the basis of the reaction and quantities of the order of 20 jug. only are 
required. .

Arreguine and Pasqualis heated the reaction mixture in a water bath 
until the red colour developed. Pesez4 reported that the colour is stable 
if the mixture is heated in a boiling water bath for exactly three minutes 
followed by cooling in ice for five minutes. These conditions have been 
used by Tschesche, Qrimmer and Seehofer6 and by Tuzson and Vastagh6 
respectively in their quantitative chromatographic methods. The 
modification of the Arreguine and Pasqualis procedure described here, 
in which the reaction takes p^ce at room temperature, avoids any critical 
conditions of heating and there is no risk of errors arising from uptake of

DETERMINATION OF THE DIGITOXIN CONTENT OF
D I G I T A L I S  P U R P U R E A
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moisture. In addition, when using paper chromatograms, extraction of 
the paper and colour formation proceed simultaneously.

Preliminary autolytic fermentation is employed to hydrolyse the initial 
complexes to the secondary glycosides. Purpurea glycosides A and B are 
apparently not extracted by propylene dichloride, for on chromatograms 
they would be expected to remain close to the solvent front whereas no 
more than a trace of unidentified material has been found in this position 
on chromatograms from unfermented leaf. Moreover, after the pre­
liminary hydrolysis both the content of propylene dichloride-soluble 
glycosides and of digitoxin show substantial increases. The breakdown 
of the secondary glycosides into aglycones does not take place and accord­
ing to Neuwald7 there are no enzymes in the leaf capable of such hydroly­
sis. In the present work no more than a trace of digit«axigenin has been 
detected and this is in agreement with Neuwald’s findings.

E xperim ental M ethods

Propylene Dichloride-Soluble Glycosides
20 g. of dried powdered leaf was mixed with 20 ml. of distilled water, 

placed in a 250 ml. flask and incubated in a water bath at*37° C. for 65 
hours. At the end of this time 40 ml. of distilled water and 140 ml. of 
industrial absolute ethanol were added. The flask was then shaken for an 
hour and the 70 per cent, ethanol extract was obtained by filtering through 
a fluted 531 paper. To 50 ml. of the extract was added 100 ml. of distilled 
water and the solution distilled under vacuum until free from ethanol, 
using a silicone antifoam to prevent frothing. The glycosides were then 
extracted with four quantities each of 25 ml. of propylene dichloride 
taking care to avoid emulsification. These extracts were mixed together 
and washed with two quantities each of 25 ml. of 1 per cent, sodium 
carbonate solution (2-7 per cent, of Na2CO3T0H2O) and finally two 
volumes each of 25 ml. of water. The pr«pylene dichloride was then 
removed under vacuum and the residue taken up in 100 ml. of ««propanol. 
5 ml. portions of this solutions were mixed with 5 ml. of sodium picrate 
reagent (1 per cent, aqueous solution of trinitrophenol 95 ml., 10 per cent, 
sodium hydroxide solution 5 ml.) and the maximum optical density at 
495 m/x measured (filter 623 in the EEL photoelectric colorimeter). The 
results were calculated from a linear calibration curve relating optical 
density with biological potency, previously prepared using samples of 
digitoxin of known biological potency. As no solid fraction is isolated 
in this method results were expressed as units per g. of leaf.

Chromatography
Equal volumes of carbon tetrachloride B.P., industrial 95 per cent, 

ethanol and distilled water were shaken together an4 allowed to separate. 
The lower layer then formed the mobile phase and the upper layer was 
placed in the bottom of the tank. The solution to be chromatographed 
was obtained by distilling to dryness, in vacucfc 50 ml. of the above prepared 
«■«propanol solution and taking up the residue in 5 ml. of dry methanol.
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0-01 ml. quantities of this were applied to the paper using an Agla micro­
meter syringe. A strip of Whatman No. 1 paper 46 x 9 cm. was used and 
on this were pencilled (a) a starting line 19 cm. from one end and (b) two 
longitudinal lines running one along each side, 1-5 cm. from the edge. 
Six spots were placed on the starting line, one in the centre of each of the 
side divisions and four, one centimetre apart, in the middle of the strips, 
the outside spots of the latter group thus being 1-5 cm. from the parallel 
markings. The solvent system in the tank was allowed to come to 
equilibrium as usual but no preliminary saturation of the paper was used. 
The strip together with a blank marked in the same way was dipped 
into the trough and downward development was continued until the solvent 
front was near the bottom of the test strip (about seven hours) by which 
time the solvent £pont on the blank had already reached the bottom. The 
papers were then removed and allowed to dry in the air. By cutting along 
the two pencilled lines the chromatograms corresponding to the two 
outer spots were obtained and the position of the glycosides on these 
was revealed by spraying with trichloroacetic acid in chloroform, “aged” 
with hydrogen peroxide. By placing these strips alongside the unsprayed 
part of the original strip the positions of the zones in the latter were 
determined and these were then cut out. The corresponding areas of the 
blank paper were also cut out to serve as controls in the colorimetry. 
In preliminary experiments the glycosides were also located by using 
antimony trichloride8, phosphoric aid9 and xanthydrol, respectively.

Colorimetric Assays using Xanthydrol Reagent
The rectangular pieces of paper were then further cut up and placed 

in small beakers, one to each zone. To each was added 10 ml. of a 0-125 
per cent, solution of xanthydrol in glacial acetic acid (A.R.) and 0-1 ml. 
o f hydrochloric acid. The contents of each beaker were then stirred 
and the beakers placed under inverted amber glass jars. At the same 
time a reagent blank consisting of 10 ml. of xanthydrol solution mixed 
with 0-1 ml. of hydrochloric acid was placed in a corked colorimeter tube. 
At the end of two hours, during which time the contents of the beakers 
were stirred occasionally, the solutions were poured into colorimeter 
tubes and corked. Readings of optical density were taken, using filter 624, 
on the EEL Colorimeter, the instrument being balanced to zero with the 
reagent blank in position. Further measurements were made at intervals 
until the maximum density was reached (2-4 hours from the time of mixing) 
the tubes being kept awayjrom strong light between observations. The 
optical densities recorded from the areas of blank paper were then sub­
tracted from those for the corresponding areas of the chromatogram and 
the glycosidal contents calculated from a standard graph based on 
digitoxose.

•  R esults

Study o f  the Isolation Procedure
A number of estimations w^re made using one of the leaf samples (A24) 

in order to study the period of fermentation required to complete

DIGITOXIN CONTENT OF D I G I T A L I S  P U R P U R E A
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TABLE I
E f f e c t  o f  t h e  d u r a t i o n  o f  f e r m e n ­
t a t i o n  O N  t h e  a p p a r e n t  c o n t e n t  
o f  p r o p y l e n e  d i c h l o r i d e - s o l u b l e

G L Y C O S ID E S  (A S S A Y E D  W I T H  S O D IU M  
p i c r a t e )

enzymatic hydrolysis, the proportion of water needed for this process and 
the completeness of extraction into propylene dichloride. It was found that 
the content of propylene dichloride-soluble glycosides indicated by assay 
with sodium picrate increased rapidly during the first eight hours of

fermentation, then increased slowly 
to reach a maximum in about three 
days (Table I). Variations in the 
amount of water used, with corre­
sponding alterations in the quantity 
added with ethanol for extraction, 
showed that the ratio one part of 
water to one part of leaf is satisfac­
tory (Table II). By^issaying each 25 
ml. volume of propylene dichloride 
in the extraction process, after wash­
ing with sodium carbonate solution 
and with water, it was found that the 
total yield could be increased by 
about five per cent, if a fifth volume 
of the solvent was used*(Table III).

L e n g t h  o f  f e r m e n t a t i o n  
a t  3 7 °  C .  i n  h o u r s

U n i t s  p e r  g .  o f  l e a f  
p r o p y le n e  d i c h l o r -  
i d e - s o lu b l e  f r a c t i o n

0 1 3 6
8 2 -5 2

18 2-6 0
2 4 2-5 6
48 2-6 0
7 2 2-75

115 2-75

TABLE II
E f f e c t  o f  t h e  p r o p o r t i o n  o f  w a t e r

U S E D  D U R I N G  F E R M E N T A T IO N  F O R  
65 H O U R S  A T  3 7 °  C .  O N  T H E  A P P A R E N T  
C O N T E N T  O F  P R O P Y L E N E  D I C H L O R I D E -  
S O L U B L E  G L Y C O S ID E S  (A S S A Y E D  W I T H  

S O D IU M  P I C R A T E )

W e ig h t  o f  w a te r /W e ig h t  
o f  l e a f

U n i t s  p e r  g . o f  l e a f  
p r o p y le n e  d i c h l o r ­
id e - s o lu b l e  f r a c t i o n

0 1-28
0-2 5 2 -1 2
0-5 2 -4 0
1 0 S e e  T a b le  I
3-0 2-45

Chromatography o f  the Propylene 
Dichloride Soluble Glycosides

Chromatograms were prepared of 
the propylene dichloride-soluble 
glycosides obtained without pre­
liminary fermentation and those 
obtained after 72 hours of such treat­
ment. The two strips were similar in 
appearance but the zones from the 
latter wefe denser. Digitoxin formed 
elongated spots extending from RF 
0-26 to Rf 0-42 and assays with 
xanthydrol reagent showed the 
apparent digitoxin content of the un­
fermented leaf to be 0-073 per cent, 
and that of the fermented leaf, 0-157 
per cent. Further runs of the “72 
hours” sample were made on wider 
sheets of paper with digitoxin, gitoxin 
and the aglycones as controls. Such 
a run, in which the solvent has been 
allowed to drip from the bottom of the 

paper is shown in Figure 1 A. By continuing developn^nt for 24 to 48 hours, 
further resolution of the slower running spots into additional components 
takes place but no attempt has been made to study them further. A 
typical chromatogram of the propylene difhloride-soluble glycosides is 
shown in Figure IB. There is sometimes a trace of digitoxigenin running

TABLE II I
E x t r a c t i o n  o f  p r o p y l e n e  d i c h l o r -
I D E -S O L U B L E  G L Y C O S ID E S  I N T O  S U C C E S ­

S IV E  P O R T I O N S  O F  T H E  S O L V E N T  
(A S S A Y E D  W I T H  S O D IU M  P I C R A T E )

U n i t s  p e r  g . o f  l e a f
p r o p y le n e  d i c h l o r id e - s o l u b l e  f r a c t i o n

P e r  p o r t i o n P r o g r e s s iv e  t o t a l

1 M 3 M 3
2 0-59 1-72
3 0 -3 6 2-0 8
4 0 -2 2 2 -3 0
5 0-13 2-43
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faster than digitoxin and normally some gitoxigenin slightly slower than 
digitoxin. Somewhat slower still is the spot due to gitoxin and between 
this and the starting line is an unidentified member of the B series. There 
is usually a slight “ghost” on the starting line itself.

DIGITOXIN CONTENT OF D I G I T A L I S  P U R P U R E A

Assays with Xanthydrol Reagent
When a solution of digitoxin is mixed with xanthy drol reagent and 

warmed in a water-bath the initial yellow colour rapidly changes to an 
intense red, then becoming brown and finally green. At lower tempera­
tures the reaction is much slower, 
the red colour reaching maximum 
intensity in two to four hours at 
room temperature. The maxi­
mum sensitivity* is shown when 
using filter 624 (about 520 mju), 
and Beer’s Law is obeyed. Some 
fading takes place in sunlight and 
the presence of a trace of water 
greatly impairs colour formation,
1 per cent, pseducing a significant 
effect. Gitoxin on treatment gives 
a colour with an optical density 
similar to that of digitoxin while, 
as expected, the aglycones pro­
duce no colour at all. The reac­
tion is about four and a half times 
as sensitive as that with sodium 
picrate, the value of £  (1 per cent.
1 cm.) using digitoxin being about 
900. Because of the difficulty in 
obtaining a pure sample o£ digi­
toxin, digitoxose was used as 
standard and a value of £  (1 per 
cent. 1 cm,) =  1520 was obtained.

0

Estimation o f  Digitoxin on Paper 
Strips

Eight samples of digitoxin all 
containing gitoxin were examined 
chrom atographically, funning 
duplicate chromatograms from 1 
in 1000 solutions in methanol.

Fig . 1. Chromatograms of the 
propylene dichloride-soluble glyco­
sides of digitalis. A. 15-hour run. 
B. 7-hour run.

1. 10 |Ug. Propylene dichloride-
soluble glycosides. 2. 1 /¿g. Gitoxin. 
3. 0-4 fj.g. Gitoxigenin. 4. 10 ^g. Digi­
toxin. 5. 10 Digitoxigenin.

The digitoxin and gitoxin zones were then assayed using xanthydrol 
reagent, and direct assays of the methanol solution were also made 
by placing 0-04 ml* quantities in colorimeter tubes, evaporating the 
solvent and adding the reagent to the residue. Recoveries from the 
strips were calculated by adding together the optical densities produced by 
the digitoxin and gitoxin zoftes and expressing the sum as a percentage
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of that obtained by direct assay. The average recovery was found to be 
95T per cent., the lowest being 90-5 per cent, and the highest 99 per cent. 
(Table IV).

On these chromatograms RF values for digitoxin and gitoxin were 
somewhat lower than the RF values for these substances when constituents 
of the propylene dichloride-soluble fraction, and the fringes of the two

TABLE IV
R e c o v e r y  f r o m  c h r o m a t o g r a m s , 0-04 ml. p o r t i o n s  o f  a p p r o x i m a t e l y  
1 IN  1000 s o l u t i o n s  o f  d i g i t o x i n  a s s a y e d  w i t h  x a n t h y d r o l , d i r e c t l y

A N D  A FT ER  C H R O M A T O G R A P H Y

Optical densities x 100 of
chromatographic zones

(d + g) - 100Optical density x 100
direct assay Digitoxin Gitoxin

Sample (A) (d) (g) •  per cent.

28-0\ 27-5 27-0 /  11 *
21-5 4-3 940
2 4 , 2 0 96-2

31‘0 \  31-0 3 1 0 /
20-6 8 0 92-3
22-0 6-3 91-2

III}  33'5
300 2-6 97-4
29-6 20 9 4 ,

4 US} 3 2 ,
26-6
24-9

50
4-6

¿>7-2
910

5 27-1} 3 7 ,
23-8 3-4 990
22-5 3-7 95-2

320\  31.5 3 1 0 /  D
270 3-8 97-7
29 0 1-8 97-7

34-5') 24-6 7-0 90-5
7 35-0 y 35-0 

35-5 J 26-2 6 , 93-5

se-oi 27-1 8-3 9 8 ,
8 35- 5 y 36 0

36- 5 J 28-5 60 960

zones tended to merge. Consequently with some of these samples 
although agreement between parallel runs was good in respect of total 
glycosides it was rather poorer for the two components due to the difficulty 
in deciding where to make the cut between them. Using this procedure to 
study the amount of gitoxin present in samples of digitoxin it was found 
better to develop the chromatograms for up to 15 hours, allowing the 
solvent to drip from the bottom of the paper, under which conditions 
good separation was obtained.

Examination o f  Leaf Samples •
Samples of experimental crops of digitalis grown at Ware by Dr. 

Rowson were by his kind permission collected in September, 1954, dried 
at 55° C., powdered and stored in well closed tins. The propylene 
dichloride-soluble glycosides were estimated by the procedure outlined 
above, using two 20 g. samples of each batch. Dupicate chromatograms 
were run from each of the resulting extracts and the digitoxin contents 
were determined using xanthydrol reagent. The results are shown in 
Table V. The remaining glycosides in the chromatograms were estimated

1 0 6 6



as a single zone and direct assays of the methanol solution were also < 
carried out. The percentage of the glycosides recovered from the chroma­
tograms was somewhat lower than with samples of digitoxin, but averaged 
91-5 per cent. For one strip it was only 83-5 per cent, but for the others 
it was above 86-5 per cent., while the highest was 99 per cent. (Table VI).

To find whether free digi- 
toxose interferes in the deter­
mination of the digitoxin 
content of the leaf 25 mg. of 
digitoxose was dissolved in 
100 ml. of distilled water and 
submitted to the isolation 
procedure. The propylene 
dichloride solution, after 
washing with sodium car­
bonate solution and with 
water, was distilled to dry­
ness. No residue could be 
seen in the flask. However, 
glacial acetic acid was added 
and the solution assayed 
with xanthydrol reagent.
No digitoxose was detected.
Moreover when digitoxose
was chromatographed it remained on the starting line and could not 
therefore be mistaken for digitoxin.

It was thought desirable to test if digitoxin of the order indicated by these 
assays could be isolated from the leaf. The propylene dichloride- 
soluble glycosides were isolated from 1 kg. of leaf A22, yielding 5T7 g. of 
green solid assaying chemically at only 455 units per g. This solid was 
only partly soluble in 50 pel cent, ethanol and the solution, after filtration, 
was treated with strong solution of lead subacetate, refiltered and the 
excess of lead removed as sulphate. The lead-free filtrate was distilled to 
remove the ethanol and the glycosides extracted with chloroform and 
isolated by precipitation of the concentrated dried chloroform solution in 
petroleum spirit. 2-08 g. of pale green solid was obtained assaying 
chemically (sodium picrate) at 905 units per g. and biologically at 1063 
units per g. In the chromatographic assay the sample was found to 
contain 67 per cent, of digitoxin and 5-6 per cent, of gitoxin.

DiscyssiON
The results of the assays after various periods of fermentation, besides 

showing that most of the hydrolysis takes place in the first eight hours 
also serve to confbrn the reproducibility of the method of extraction.
The results in Table III indicate that it might be desirable to use a fifth 
volume of propylene dichloride in the extraction thereby increasing the 
total yield of propylene dichlpride-soluble glycosides by about five per cent. 
Whether this is associated with a corresponding increase in the amount

DIGITOXIN CONTENT OF D I G I T A L I S  P U R P U R E A

TABLE V
E x a m i n a t i o n  o f  s a m p l e s  o f  d i g i t a l i s  l e a f

( i )  P R O P Y L E N E  D I C H L O R I D E - S O L U B L E  G L Y C O ­
S ID E S  ( Ü )  D I G IT O X I N  C O N T E N T

P ro p y le n e  d ic h lo r id e -so lu b le
g lycosides P e rc e n ta g e  o f

L e a f U n its  p e r  g . o f  le a f d ig ito x in

A 2 2 3-14 
3 06

0 1 7 9
0 1 8 5

A 23 2-64
2*54

0*115
0*113

A 24 2*75
3*02

0*157
0-177

A 25 2*84
2*76

0*164
0*166

A 26 2*30
2*24

0*101
0*096

A l l 2*50
2-72

0 1 3 9
0*150
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of digitoxin detected on the paper chromatograms has not been studied 
and it is probable that further quantities of the solvent would continue 
to extract, in addition, small amounts of water-soluble glycosides for 
which the partition ratio into propylene dichloride is unfavourable. The 
sum of the glycosides extracted when using four volumes of propylene 
dichloride is somewhat lower than that indicated in Table I, but this is

TABLE VI
R e c o v e r y  f r o m  c h r o m a t o g r a m s , s o l u t i o n s  o f  p r o p y l e n e  d i c h l o r i d e -

s o l u b l e  G LY C O S ID ES  ASSAYED W IT H  X A N T H Y D R O L , D IR E C T L Y  A N D  A FT ER  
C H R O M A T O G R A P H Y

O p tic a l d en s itie s  x  100 o f
c h ro m a to g ra p h ic  zones

(A A - § )  x  ] 0 0O p tic a l d e n s ity  X 100 O th e r
d ire c t assay D ig ito x in g lyco sid es

S a m p le (A ) (d ) (g> .  p e r  ce n t.

43-51 30-7 6-0 83-51 44-0 44-0
44-5 32-5 7-0 89-5

A 2 2
40-51 32-4 4-0 89-5

2 41-5
40-0 40-7 33-1 2-9 89-0
41-0 J •

1 30-51
30-5J 30-5 20-720-0 7-7

7-3
93-0
89-5

A 23
2 9 -5 ' 2 9 0 20-2 6-8 93-0
2 8 -5 j 20-1 6-0 90-0

1 39-01 3 9 0 28-5 7-0 91-0
39-0 J 26-7 7-0 86-5

A 24
4 0 -5 ' 40-5 30-4 6-3 90-6
40-5 j 32-5 7-3 98-5

1 39-01 39-0 27-9 6-8 89-0
39-0 J 30-0 6-2 93-0

A 25
36-01 29-8 5-7 99-0

2 35-5
35-5 35-9 28-8 6-4 98-0
36-5 J

28-51 17-6 9-2 93-5
1 29-5 28-7

28-0 18-0 8-6 92-6
A 26

26-51 16 9 8-2 96-0
2 26-5

25-5 26-2 17-1 7-0 92-0
26-5 J

1 39-01 ■ * 39 0 24-6 9-5 87-5
39-0 J 24-5 9-8 88-0

A l l
37-51 37-7 26-3 8-2 91-5
38-0 J 26-8 8-6 94-0

probably due to losses during the «washing of each volume twice with 
alkali and twice with water.

Assays with sodium picrate were carried out to follow the progress of 
extraction for, although chemical determinations give* for crude materials, 
results higher than biological assays10 the optical densities in these assays 
appear to run parallel with the content of digitoxin. Thus both the 
digitoxin content (chromatographically) an*l the content of propylene 
dichloride-soluble glycosides (assayed with sodium picrate) are greater
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when fermented leaf is examined, while in Table VI the leaf samples * 
assaying highest by the sodium picrate method also have the greatest 
digitoxin content. However in a routine estimation of the digitoxin 
content of a sample of leaf, the picrate method of assay is unnecessary 
and may be omitted, the residue from the distillation of the propylene 
dichloride being therefore dissolved in methanol for application to the 
paper strips. . .

From Tables IV and V it is seen that elution from the chromatograms 
is practically complete, but to ensure full recovery it is necessary to treat 
a larger area of paper than that representing the limits of the fluorescent 
zones. Thus in estimating digitoxin a further 1-2 cm. below the lower 
limit of the spot should be included and at the other end of the zone a cut 
midway between the apparent edges of the digitoxin and gitoxin zones is 
suitable. The gitoxigenin present in this region is not determined in the 
assay.

The yield and potency of the solid isolated from leaf A l l  are in agree­
ment with the digitoxin content indicated by the assay. No attempt was 
made to purify the product further, for in one or more stages of re- 
crystallisation considerable weight losses could be expected, but it is 
evident that the isolated solid is a potential source of digitoxin of high 
potency. Leaf samples A22-A27 are believed to represent specially 
selected strains and the digitoxin contents are considered distinctly higher 
than those of commercial samples of digitalis although no assays on such 
samples have so far been carried out.

Summary

1. A new method of estimating the digitoxin content of digitalis leaf 
has been described.

2. This consists in preliminary autolytic fermentation followed by 
extraction of the propylene dichloride-soluble glycosides from which 
digitoxin is separated chromatographically and estimated colorimetrically.

3. During the preliminary fermentation the residual plant enzymes 
release digitoxin from the initial complexes, but there is no evidence of any 
further breakdown into digitoxigenin.

4. Xanthydrol reagent is suitable for the colprimetric estimation of the 
digitalis glycosides eluted from chromatographic zones. The reaction is 
four and a half times as sensitive as that with sodium picrate.

5. The recoveries from chromatograms average 95 T per cent, using
samples of digitoxin and 91-5 per cent, for the propylene dichloride- 
soluble glycosides. •

6. The method has been applied to the estimation of the digitoxin 
content of six samples of leaf; crude digitoxin of the order indicated by 
assay has been isolated from one of these.

The Author thanks Dr. J. M. Rowson for the samples of experimental 
crops of digitalis, Dr. H. Q. J. Collier for the biological assay and Mr.
G. L. Matchett for technical assistance in running the chromatograms.
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Thanks are also expressed to Mr. C. J. Eastland, F.P.S., F.R.I.C., for his 
advice and criticism during the progress of the work.
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DISCUSSION *

The paper was presented by M r . E. H. B. Sellw ood .
D r . J. M. R ow son said that the xanthydrol reaction was a useful tool, 

but the time of 2 to 4 hours required before peak colour development was 
a disadvantage. The best known colorimetric agent might be sodium 
picrate, but it was not the most sensitive. Had the author»proved the 
efficiency of his extraction of the leaf with propylene dichloride and had 
he any idea of the absolute efficiency of this solvent to extract digitoxin? 
What else did it extract, e.g., how much gitoxin? Describing some un­
published work, he said he had tested six samples from the same clones 
as those examined by Mr. Sellwood and found the potency by chemical 
assay to be between 13 and 17 units/g. That was equivalent to 0-4 
to 0-7 per cent, of total glycosides. He had found in those six samples 
that the content of the B series (gitoxin) comprised from 44 to 75 per 
cent, of the total. If it were assumed that the A series made up the 
remainder, then he estimated this to be from 25 to 56 per cent, of the total 
glycosidal complex. Therefore, the amount <¡f digitoxin present in the 
leaves would be 0T4-0-25 per cent., which agreed with the author’s 
results in Table V. On behalf of Mr. Rigby he asked what tests the 
author had applied to assess the purity of the digitoxose used as a standard.

D r . G. E. F oster (Dartford) said he was not sure whether the author 
was trying to estimate the amount of digitoxin in Digitalis purpurea, or 
whether he was suggesting that the method should be used for standard­
ising Digitalis purpurea. In Table I he referred to units/g. of leaf and the 
highest figure was 2-75. Powdered digitalis was standardised to contain 
10 units of activity per g .; was there any connection between the digitoxin 
content and the biological activity of#the leaf examined ?

D r . S. E. W rig h t  (Sydney) pointed out that in Table IV the author 
showed that 40 /xg. of digitoxin were put on the paper, but on the chroma­
tograms it was observed that the amounts were nevqr more than 10 pg. 
It would seem that 40 pg. was an excessive loading; what was the separa­
tion between gitoxin and digitoxin when the paper was loaded to that 
extent? Perhaps the author would also co*iment on the temperature 
sensitivity of the xanthydrol reaction.
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Mr. E. H. B. Sellw ood , in reply, agreed that the time of development 
of the colour of 2 to 4 hours was quite long, but in practice it was balanced 
by the fact that there was no critical condition of heating. He agreed that 
he should have said the sodium picrate method was the more sensitive 
of the older and better known methods. It was very difficult to decide 
the efficiency of the extraction with propylene dichloride without using 
some other extraction procedure. It was gratifying to learn that the per­
centages of digitoxin found were in fair agreement with those determined 
by Dr. Rowson. Whereas chemical methods in general tended to over­
estimate digitoxin content, he had obtained a somewhat low result. The 
digitoxose used was prepared by the standard method of hydrolysis and 
had a satisfactory melting point. The object of the work was to develop 
an assay procedure which would indicate whether a sample of leaf was 
suitable for extinction of digitoxin on a manufacturing scale. The 
figures for units/g. quoted were for the propylene dichloride soluble 
fraction and not for the total activity of the leaf. It was indicated in the 
paper that the spots were in all cases for 10 ¿¿g. digitoxin and the 40 /xg. 
were made up of four separate spots of 10 ¡xg., so there was no over­
loading. He could give no indication at all of the temperature sensitivity 
of the xanthydrol reaction: his work had been done as closely as possible 
to 20° C.

DIGITOXIN CONTENT OF D I G I T A L I S  P U R P U R E A
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THE REACTIONS OF ANTIBACTERIAL SUBSTANCES 
WITH BACTERIA

P art I. M ethods U sing  N itrofurazone  and  A e r o b a c t e r
A e r o g e n e s

By A. H. Beckett and  A n n  E. R obinson

From the Chelsea School o f  Pharmacy, Chelsea Polytechnic, London, S.tV.3

Received July 9, 1956

T he interaction of antibacterial substances and bacteria may involve 
changes in the drug concentration and the productio» of degradation 
products. The precise measurements of these substances with nitro­
furazone and Aerobacter aerogenes as models was attempted. They may 
be expected to add to our knowledge of the mechanism of action of 
antibacterial substances1-4.

Nitrofurazone (5-nitro-2-furaldehyde semicarbazone) has been used 
in the treatment of a variety of localised infections6 and «in veterinary 
medicine6. It has been shown to be metabolised in rats7, and by tissue 
slices8-10, isolated enzymes11-14 and bacteria15’16.

E xperimental M ethods
Materials

Nitrofurazone. Commercial material was recrystallised from dimethyl- 
formamide-ethanol solution to a constant ultra-violet absorption; m.pt. 
238° C. with decomposition (Raffauf17 gave 238° C.). A solution in 
water gave log e 4T2 at A max. 260 mfi and log e 4-20 at A max. 375 m/x. 
(Raffauf17 gave log e 4-12 and 4-20 respectively at these wavelengths.)

The culture medium was prepared from Arfhlar reagents and was of the 
following composition :—KH2P 04 0-36, MgS04 0-004, (NH4)2S04 0-10, 
D-glucose 2-0 per cent, w/v in distilled water. The salts were dissolved 
in water, the pH was adjusted to 7-0 with sodium hydroxide and the 
solution sterilised. The glucose was dissolved in water, sterilised and 
added aseptically immediately before inoculation.

Organism. Aerobacter aerogenes was obtained from Dr. A. M. James; 
it was originally supplied by the N.C.T.C. (see Lowick and James18).

»
Preparation o f  the Bacterial Suspensions

A. aerogenes was grown at 40° C. for 16 hours with positive pressure 
aeration in 250 ml. quantities of medium. The culture was centrifuged 
at 13,000 r.p.m. for 4 minutes, the cells washed twice and resuspended 
in the medium either with or without glucose. Th§ final volume of the 
suspension was adjusted so that, upon twentyfold dilution before exposure 
to the drug, the optical density at 500 rap was about 0-65; this dilution 
corresponded to Brown’s opacity tubes No. % and approximated to 900 X 
106 viable organisms per ml.
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When bacteria were to be separated before quantitative examination 
of the solution, exposure to the drug was in capped nylon centrifuge tubes 
for small volumes (less than 40 ml.) and in glass stoppered flasks for larger 
volumes. The test substance dissolved in distilled water was introduced 
into the exposure container immersed in a water bath at 40-0° C. At timed 
intervals after addition of the bacteria, aliquot parts of the suspension 
were withdrawn, centrifuged and the supernatant solution (suitably diluted 
if necessary) used for ultra-violet absorption and polarographic measure­
ments.

Spectrophotometric Measurements
A Hilger Uvispek spectrophotometer was used. T ie slit width was 

opened to doulile the band width of the incident light and maximum 
sensitivity was usad for measurements involving drug solutions containing 
suspended bacteria.

Measurements in the presence o f  bacterial suspensions. 1. In certain 
experiments, portions of the drug-bacteria suspension were transferred 
to the cuvettes of the spectrophotometer at intervals; the reference cuvette 
being filled With a comparable bacterial suspension without drug.

2. In determinations of reaction rates, the drug solution and an 
equal volume of water, for the reference suspension, were warmed to 
40-0° C .; to each was added the same volume of a bacterial suspension 
and after rapid and thorough mixing the suspensions were transferred to 
matched cuvettes maintained at 40-0° C. thermostatically. With the 
constant density of bacterial suspension, matched 1 cm. cuvettes were 
used for a drug concentration of 10 gg. per ml., 5 mm. cuvettes for 20 gg. 
per ml. and 1 mm. cuvettes for 50 gg. per ml.

Polarographic Measurements
A Tinsley polarograph iti conjunction with twin cropping mercury 

electrodes and mercury pool anodes was used with the technique previously 
described19.

Sufficient Analar potassium chloride was added to give a final con­
centration of 0TM in all solutions examined polarographically.

P reliminary R esults

Ultra-violet absorption measurements. The ultra-violet absorption curve 
for nitrofurazone in culture medium diluted twentyfold at pH 7-0 is shown 
in Figure 1, curve 1; maxima were obtained at 260 mg and at 375 mg. 
Beer’s Law was obeyed at 260, 275 ifnd 400 mg by solutions of the drug 
containing up to 10 gg. per ml., equivalent to a density of 0-8 at 375 mg 
in a 1 cm. cell in distilled water and in diluted culture medium.

Dilute solutions of nitrofurazone slowly decompose. Light absorption 
measurements show that after 2 days’ exposure to light or after 5 days 
when protected from light there was little decomposition, and that no 
uptake occurred upon glassfsurfaces or upon the nylon centrifuge tubes 
used.

J i
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Some of the spectral curves obtained by the measurement of the optical 
densities of the solutions produced by centrifuging aliquot parts of a 
bacterial suspension in medium without glucose in contact with 10 /xg. per 
ml. nitrofurazone are recorded in Figure 1. The nitrofurazone peak at 
375 m/x disappeared rapidly during the bacteria-drug contact, to be

replaced by a peak at 
330-235 m/x; the latter 
peak showed a hypo­
chromic shift on pro­
longed standing at room 
temperature. The 260 
m/x peak suffered a hypo- 
chromic*shift and a small 
bathoctjromic shift to 270 
m/x as the reaction pro­
ceeded, but prolonged 
contact gave a shift back 
to 260 m/x and a hypo­
chromic effect as the 330 
m/x peak became reduced.

These results indicated 
that nitrofurazone gave a 
product with maxima at 
330-335 m/x and 270 m/x 
which underwent further 
change to yield a product 
with a maximum at 260 
m/x. Complete interpret­
ation of these curves was 
complicated by the pre­
sence of unchanged drug 
as well as metabolic pro­
duct, or p roducts  in 
some of the solutions and 
by the possibility of leak­
age from the cells of 
materials with absorption 
in the 260 m/x region20-24.

•P ro c ed u re s  involving 
separation of bacteria before examination of the solution were inconvenient 
for the determination of reaction rStes, and for the preparation of solu­
tions containing reaction products free from the last trace of nitrofurazone. 
A combination of ultra-violet and polarographic measurements was there­
fore adopted. •

Polarography. Polarography has been used by Cramer16 to measure 
decrease in nitrofurazone concentration upon metabolism. Sasaki25 
reported two reduction steps in aqueous* solutions of nitrofurazone 
the first, reduction of the nitro group and the second, reduction of the
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F i g . 1. Ultra-violet absorption curves of super­
natant solutions obtained by contact of A. aerogenes 
with 10 fig. per ml. nitrofurazone in presence of 
culture medium (glucose omitted). The solutions 
were diluted 1 in 2 and the.pH was 7-0 throughout. 
Curve 1, 5 /xg. per ml. nitrofurazone (reference curve). 
Curves 2, 3 and 4 represent the solutions obtained 
after i ,  1 and 23k hours respectively.
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—CH=N~ bond in the side chain. Both half wave potentials varied 
with the pH of the solution, the former being within the range of an 
aromatic nitro group. Sasaki concluded that a 4 electron irreversible 
reduction to the hydroxylamino compound was effected. Polarography 
seemed to offer a suitable method to measure the metabolism if the nitro 
group only were involved, and also to check whether the semicarbazone 
chain had been affected.

Ultra-violet absorption measurements in the presence o f  bacteria. The 
problems involved in these measurements are discussed in the appendix.

R esults
Polarography

Nitrofurazone is diluted medium without glucose at pH 7-0 showed 
two reduction steps (see Fig. 2). (Ej — 0-35V. and — 1-35V. against 
mercury pool anode.) Plots of nitrofurazone concentration between
1-20 /xg. against diffusion 
current gave a straight line 
calibration employing the 
first reduction jtep.

The buffering power of 
the medium in concentra­
tions equivalent to those 
used in metabolism experi­
ments was adequate in the 
absence of glucose.

The polarographic reduc­
tion of nitrofurazone was 
unaffected by the presence of 
eluate from A. aero genes, or 
the metabolic product ex­
hibiting an ultra-violet absorption peak at about 330 m¡i.

Using the twin capillaries with their separate calibration curves, and 
taking the precautions described in a previous paper19, nitrofurazone 
could be determined at concentrations of 2-10 /xg. per ml. in solutions 
equivalent to those obtained under biological conditions, with an accuracy 
of ±  3 per cent. •

Fig . 2. 1. Polarogram of 10 /¿g. per ml. nitro­
furazone in diluted culture medium (1 in 20) 
at pH 7 0 in presence of 0TM  potassium chloride. 
2. Residual current.

Combined Ultra-violet and Polarographic Determinations 
The spectrum of the centrifuged solution measured after contact of A. 

aerogenes with 10 /ig. per ml. nitrofurazone in presence of glucose-free 
medium is shown in Figure 3, curve 2. Simultaneously, the nitrofurazone 
content of a portion of the solution was determined polarographically. A 
solution of nitrofurazone, of concentration equal to that determined 
polarographically, was«placed in the reference cuvette, and the ultra-violet 
absorption spectrum of the contact supernatant solution determined 
(Figure 3, curve 4). The curve of this nitrofurazone concentration is 
also shown (curve 3). The relatively low optical density at 375 m/x shown 
in curve 4, and the shape of this curve proves that curve 2, between 310-

J t
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400 m/x, represents the summation of the light absorbing properties of the 
unchanged nitrofurazone and its metabolic product exhibiting a peak 
(330-335 m/x) and reveals the light density additivities of these substances.

The peak in the 260 m/x 
region in curve 2, probably 
represents the summation of 
light # absorption of un­
changed nitrofurazone, elu- 
ate from the cells, metabolic 
product exhibiting a peak at 
330-335 m/x and the pro­
duct (or products) of de­
composition of the meta­
bolite.

The characteristics of 
curve 4 between 360-400 
m/x, especially in the region 
of 375 m/x illustrate that the 
concentration of unchanged 
nitrofurazone has been cor­
rectly determined, and that 
the experimental techniques 
adopted are valid. Curve 4, 
between 300-400 m/x, ex­
hibiting an absorption maxi­
mum at 333 m/t thus repres­
ents the true light absorption 
in aqueous solution at pH
7-0 of the metabolic product 
obtained from the interac­
tion of nitrofurazone with 
A. aero genes.

Ultra-violet  Absorpt ion  
Measurement in the Nitro­
furazone—A. aerogenes 
System

When the drug solution 
¿vas mixed with the bacterial 
suspension in glucose-free 
medium and optical densities 
immediately measured at 375 
and 500 m/x against an iden-

F ig . 3. Ultra-violet absorption curves from* 
combined light absorption and polarographic 
measurements.

1. 5fig. per ml. nitrofurazone (reference curve).
2. Composite curve obtained after contact of 

A. aerogenes with 10 fig. per ml. nitrofurazone in 
presence of culture medium (glucose omitted) at 
pH 7-0 for 2 hours. The supernatant solution 
was diluted 1 in 2 .

3. 2-7 ftg. per ml. nitrofurazone, the con­
centration of drug found polarographically in 
the diluted (1 in 2) supernatant solution.

4. Absorption curve of the metabolic pro­
duct obtained by placing 2-7 fig. perjn l. nitro­
furazone in the reference cuvette and measuring 
the absorption of the 2 hour supernatant solution 
described in 2 .

tical • bacterial suspension 
(see experimental), the readings at 375 m/x were those expected for the con­
centration of drug present, and those at 500 m/x were zero. The supernatant 
solution obtained upon centrifuging the dfug containing suspension gave 
identical readings at 375 m/x (water as reference). Consequently, negligible
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quantities of drug are absorbed by the bacteria, and the light scattering 
properties of the latter remain unaltered after a brief duration of contact. 
Readings at 500 mp remained virtually zero during 6 hours indicating no 
change in size, of character of the surface, or in the number of organisms 
during 'this period. Suspensions containing drug concentrations of 
10, 20 and 50 pg. per ml. 
behaved similarly. A num­
ber of the factors, enumer- 
ted in the Appendix, which 
complicate measurements 
are therefore absent in the 
present system.

In the experiments in 
which measurements of the 
rate of metabolism’of nitro- 
furazone in presence of bac­
terial suspensions were in­
volved, measurements at 
wavelengths of 375, 400 
and 500 mp \v*ere made for 
the following reasons. The 
wavelength of 375 mp is the 
position of the light absorp­
tion maximum of nitrofura- 
zone. At pH 7, the meta­
bolic product has negligible 
absorption in this region (see 
Fig. 4, curve 2). Reduction 
of density at this wavelength 
is a measure of the loss of
drug from the solution pIG 4 Effect of pH change on the absorption 
provided that the density curve of the metabolic product. 1. pH 3-0. 
reading at 500 mp remains 2. pH 7-0. 3. pH 10-8. 
zero. Development of acid­
ity in the solution causes a bathochromic shift in the metabolic product 
which then has significant absorption in this region#(Fig. 4, curve 1) and so 
invalidates the use of reduction in density as a measure of the loss of the 
drug. The wavelength of 400 m p, although corresponding to a rather 
steep portion of the light %absorption curve of the drug, proved to be 
useful for measurement because the metabolic product has negligible 
absorption even in acid solutions. ¿The wavelength of 500 mp was 
chosen as the point at which to  check the scattering power of the bacteria—  
neither drug nor metabolic product absorbs in this region. In all experi­
ments both with an4  without glucose, readings at 500 mp remained 
virtually zero throughout, indicating that neither change in the charac­
teristics of the bacteria nor any possible changes in their number had 
interfered with the observed optical density readings at 375 and 
400 m p.

ANTIBACTERIAL SUBSTANCES. PART I

Wavelength in m/x

J I
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The validity of the method was checked occasionally by taking optical 
-density measurements before and after centrifuging the above suspension, 
the readings from the supernatant solutions at 375 and 400 m^ (water as 
reference) were identical with those of the suspensions.

Ultra-violet absorption measurements in the presence of bacteria made 
possible the determination of the drug content in small samples (1 to 3 ml.) 
within 1 minute of withdrawal from a bulk suspension. The correct timing 
of centrifugation of the bulk to yield solutions at the desired stage of 
metabolism could be readily assessed. The studies of the rates of re­
action of the drug and the bacteria under various conditions were facili­
tated by the use of thermostatically jacketed cuvettes. (Since these 
measurements can thus be accurately made within 45 seconds of mixing 
the drug with the suspension, and readings can be ¿aken at 5 second 
intervals thereafter, a detailed study of the rapid reactions between drugs 
and bacteria becomes possible. Such studies will bS reported in subse­
quent papers.)

Reactions o f  A. aerogenes with Nitrofurazone
Exposure of viable bacteria to the drug in concentrations of 10 /xg. per 

ml. in glucose-free medium gave the results already described (see Figs. 1 
and 3). The rate of metabolism of the drug varied greatly between experi­

ments but in general it 
was relatively slow. In 
some, the nitrofurazone 
was incompletely meta­
bolised even after a 20 
hour contact period. 
With 50 jug. per ml., no 
trace of the metabolic 
product could be detected 
during 20 hour contact 
periods. A progressive 
hypochromic shift with 
increasing time between 
300 and 400 m/x indicated 
that a slow process of 
adsorption (or absorp­

tion) was occurring. The uptake of drug was negligible in the first 10 
minutes of contact (in contrast with the rate of adsorption of many drugs).

In the presence of culture medium containing glucose, however, the 
rates of metabolism of nitrofurazone were rapid and much more re­
producible, and higher concentrations could be metabolised. Figure 5 
shows the rates of metabolism of solutions of nitrofurazone containing 10, 
20 and 50 /xg. per ml. The times required for the complete metabolism of 
10 /xg. under these conditions only varied between 50 and 90 minutes using 
suspensions prepared on different days from different cultures. The in­
creased rate in the presence of glucose i% in agreement with the work 
reported by Asnis and others15 who showed that the rate of nitrofurazone

A. H. BECKETT AND ANN E. ROBINSON
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F ig. 5. Rate of loss of nitrofurazone in presence 
of A. aerogenes in culture medium at three drug 
concentrations:— 1 . 10 /xg. per ml. 2 . 20 /xg. 
per ml. 3. 50/xg. per mj.
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reduction by susceptible strains of Escherichia coli and Staphylococcus 
aureus was increased in presence of oxidisable substances.

Cells, after steaming for 20 minutes, produced little effect upon solu­
tions containing 10 and 50 /xg. of the drug during exposure periods of 2 
hours.« At the end of this period, the light absorption curves were 
identical in shape with those of nitrofurazone and the densities indicated 
that less than 3 per cent, of the drug had been adsorbed (or absorbed) 
by the bacteria. •

The above results are of a preliminary character to indicate the use of the 
physical techniques described in this paper. Further work is in progress 
on the effect of various conditions upon the uptake and metabolism of 
nitrofurazone. The question of the structure and reactions of the 
metabolic product, however, have been the subject of mere detailed work 
described below.*

The Structure and Reaction o f  the Metabolic Product
The absorption peak (A max. 375 m/x log e 4-20) of nitrofurazone (I) 

can be explained in terms of structure (II), in which there is the equivalent 
of 5 conjugated double bonds, being the chief contributing structure 
to the resonance hybrid (see Raffauf17).

The ultra-violet absorption spectrum of the metabolic product in a 
solution in which the metabolism had just been completed (10 /xg. per 
m l.; contact in absence of glucose) is shown in Figure 4, curve 2. It 
is reasonable to assume from the results of storage experiments of this 
metabolic product (Fig. 6), that a negligible quantity had decomposed 
during the time involved in«its production. If its molecular weight is 
presumed to be approximately that of nitrofurazone, then log e will be 
of the order of 4T at A max. 333 m/x.

The intensity of the absorption, and the position of this absorption 
peak of the metabolic product, indicate that the furan ring and the semi- 
carbazone side chain are intact in this compound, and that only the nitro 
group is implicated in the metabolism of nitrofurazone. This conclusion 
is supported by the results of the polarographic measurements which 
demonstrate that the typical reduction step of the nitro group disappears 
quantitatively in proportiofrto the disappearance of the 375 m/x absorption 
peak upon nitrofurazone metabolism, but that the reduction step attribut­
able to reduction of the —C H =N — frond of the side chain is unaffected.

Biological reactions involving the nitro group could possibly lead to the 
removal of the group, the partial reduction and linking of two of the 
furan molecules via at?azo group, or reduction to give a nitroso, hydroxyl- 
amino or amino group. That metabolism of nitrofurazone does not 
involve removal of the nitro group is demonstrated by the occurrence of 
the peak of furaldehyde semicarbazone at 293 m/x. Formulation of the

!—C H =N N H C O N H ,

(I) (II)
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metabolic product as involving the azo-link is contra-indicated since 
such a compound would be expected to give an absorption maximum at 
wavelengths longer than the nitrofurazone peak and would be reducible 
polarographically. The formulation as a nitroso group is unacceptable 
on the polarographic evidence, since nitroso groups attached directly to 
aromatic systems have been 
shown to be reduced at 
lower potentials than cor­
responding nitro groups26.
The formulation of the 
metabolic product as the 
hydroxylamino compound 
(III; R =  —NHOH) or as 
the amino compound (III;
R =  —NH2) is consistent 
with the ultra-violet and the 
polarographic data.

R— J!—CH=N-NHCONH2 

(HI)
The metabolic product 

underwent a bathochromic 
and hyperchromic shift dur­
ing some metabolic studies 
in the presence of glucose 
due to the medium becoming 
increasingly acid. The effect 
of changes of pH on the light 
absorption of solutions con­
taining the metabolic product 
is shown in Figure 4. The 
spectral shifts affected by 
changes of pH between 8-0 
and 3-2 were reversible, 
but the rate of reversibility 
was too rapid to measure.
The elimination of the absorption peak at more alkaline pH values 
(see Fig. 4, curve 3) was irreversible and required about 60 minutes 
at pH 10-8 at room temperature to complete ffie change shown. Curves 
obtained by plotting optical densi^ at. 335 and 370 m/x against changes 
of pH in the range where the effects were reversible, gave the value of 
approximately pH 4-5 (apparent dissociation constant pKa 4-5) as the 
mid-point of the change between the two molecular species responsible 
for the 333 and 370 mp, peaks. *

It seems reasonable to assume that the peak of 333 m¡jl may be attributed 
to the contribution of the molecular species JV (equivalent to 4 conjugated 
double bonds) to the resonance hybrid.

A. H. BECKETT AND ANN E. ROBINSON

F ig . 6. Effect of storage at room temperature 
on the ultra-violet absorption curve of the 
supernatant solution obtained after contact of 
nitrofurazone with A. aerogenes in the presence 
of culture medium (glucose omitted) at pH 7-0. 
1. Immediate readings. 2. 24 hours’ storage. 
3.48 hours’ storage. 4. 72 hours’ storage.
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The Bathochromic shift to 370 m/x (presuming ionisation is involved 
because of the rapid reversibility) seems to indicate the improbability of 
the metabolic product having the amino structure (III; R =  — NH2), 
since the conversion of unionised amino group conjugated with an 
aromatic structure to the ionised form upon pH changes is known to give 
hypsochromic shifts. It is recognised, however, that the semicarbazone 
side chain attached to the furan ring might possess proton accepting 
properties although an increase in conjugation upon such a change seemed 
highly improbable. The absorption peaks of nitrofurazone and of 
furaldehyde semicarbazone in aqueous solution did not change in wave­
length over the pH ranges of 2 to 10 and 2 to 6 respectively. The p-nitro- 
benzaldehyde semicarbazone peak (A max. 325 m/x in water) was unaffected 
by pH changes in the range of 1-25 to 5-5 whereas the peak (A max. 
330 m/x in water) of p-dimethylaminobenzaldehyde semicarbazone under­
went the expected hypsochromic shift of an aromatic amino compound to 
give A max. 280 m/x at pH 2-1. If the amino structure (III; R =  — NH2) 
is accepted as the formula for the metabolic product, it must be presumed 
therefore that the furan nucleus differs from the benzene nucleus in 
the properties it confers to compounds of comparable structure.

It is equally difficult to explain the bathochromic shift exhibited by the 
metabolic product as the pH changes from neutral to acidic if the hydroxyl- 
amino compound (III; R =  — NHOH) is accepted as the structure. The 
possibility was considered of the following reaction proceeding rapidly and 
reversibly with pH changes to give a free radical ion stabilised by conjugation

with the furan ring and side chain with consequent shift to longer wave­
length at acid pH values. The peak (A max. 230 m/x) of freshly prepared 
phenylhydroxylamine in water underwent a hypsochromic shift in solution 
at pH 3 so that its measurement at this pH using the present instrument 
was precluded. The proton acceptance by the N  atom of this compound 
in acidic solution had reduced the conjugation as expected. Conse­
quently the above formulated change for the hydroxykmine group in a 
furan compound seems improbable.

All attempts to prepare reference compounds by the chemical reduction 
of nitrofurazone have so far proved unsuccessful. Attempts to follow the 
ultra-violet absorption during contact of this compound with reducing 
agents under aqueous conditions have also failed to yield information of 
value in the solution*of the problem. Until further evidence is available, 
the structure of the metabolic product remains in doubt, although certain 
reports favour the formulation of the product of metabolism of nitro­
furazone by the xanthine onidase-hypoxanthine system11, or by certain 
bacteria, as the hydroxylamino compound (III; R =  —NHOH)14’15

H + x EL 
>  OH- +  H20
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Stability o f  the Metabolic Product
The metabolic product in solution at pH 7 at room temperature 

gradually decomposed—reduction of the 333 m^ peak occurred with the 
simultaneous increase in the peak in the 260 m¡x region (see Ijig. 6). 
The rate of decomposition increased with rise of temperature. Acid 
solutions lead to a more rapid decomposition, while in alkaline solutions 
greater than pH 10, the decomposition occurred almost immediately.

The metabolic product is devoid of antibacterial activity (see also 
Asnis and others15 and Cramer).

A ppendix

Light Absorption Measurements in Presence o f  Bacterial Suspensions 
Some of the problems involved in attempting to determine the light 

absorbing characteristics of organic molecules in solutions in which 
bacteria were suspended are as follows.

1. The scattering spectrum o f bacteria. The scattering of the incident 
light by the bacteria will obviously contribute to the optical density. A

typical curve obtained by plot­
ting optical density against 
wavelength between 300 and 
1000 mp of a dilute washed 
suspension of A. aerogenes in 
distilled water is shown in Fig­
ure 7. The optical density of 
the bacteria] suspension will be 
dependent partly upon the 
position of the cuvette in re­
lation to the photometer, and 
partly on the aperture of the 
lafter, since some of the for­
ward scattered light will be 
included in the transmitted 
beam. At wavelengths from 
220 to 300 mp it has been 
shown27 that the constituents 
of bacteria e.g., nucleic acids 
absorb incident light and that 
the observed densities are the 
sum of scattering by the cells 

A typical curve obtained for A.

Fig . 7. Scattering spectrum of a 16 hour 
culture of A. aerogenes in distilled water.

and absorption by the cell constituents? 
aerogenes is shown in Figure 8. The effect of variation of the age of the 
culture upon the characteristics of the scatter curve was not investigated 
because all experiments reported in this paper were «arried out using a 16- 
hour culture.

The adsorption of, or chemical attack by, a drug upon a bacterial 
surface may alter the size of the organism or the characteristics of its 
surface considerably; such changes will be attended by significant
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alteration of the scattering spectrum. We have found, for instance, that the 
adsorption of small amounts of certain phenols doubles the light scattering 
properties of the suspension immediately. On the other hand, adsorption 
of relatively large quantities of acridine-type compounds gives only a 
slight'increase in the scattering power28.

When compounds with negligible light absorption properties at wave­
lengths longer tban,400 m/x are to be determined in bacterial suspensions, 
check measurements be­
tween 500 m/x and 1000 m/x 
will indicate (a) any change 
in the number of bacteria 
present in either the test or 
the reference • suspension 
caused by the presence of 
either the complete culture 
medium or the drug or both,
(b) any change in the light 
scattering properties caused 
by the drug4 (If the light 
scattering properties are 
altered it is possible to 
extrapolate back from the 
scattering curves between 
1000 m/x and 500 m/x to 
obtain a measure of scatter­
ing density in the region of 
ligh t ab so rp tio n  by the 
drug).

Care must also be taken 
to ensure that sedimentation 
of the organisms does not 
occur during the course of 
an experiment.

2. Adsorption o f the drug. If the drug is adsorbed upon the bacterial 
surface in significant amounts, shifts in the wavelengths of the absorption 
maxima or changes in the intensity of light absorption may occur. We 
have found, for instance, that there is a considerable reduction in the light 
absorbing properties of acridine molecules when they are “bound” upon 
bacterial surfaces. *

Fig . 8. Scattering and absorption spectrum of 
a 16 hour culture of A. aerogenes in distilled 
water.

3. Measurements between 200 and 300 m/x. The scattering of light by 
suspensions increases rapidly with decreasing wavelength, especially below 
350 m/x. Consequently, only relatively dilute bacterial suspensions can 
be employed if measurements between 220 to 300 m/x are involved (see 
later, however). Secondly, if the uptake or metabolism of a drug is 
dependent upon the viability of the bacteria, it may be unwise to carry 
out repeated readings, since fcacteria are known to be particularly sensitive 
to ultra-violet radiation at 260 to 270 m/x. Thirdly, it is known that many

/  • /
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agents in contact with bacteria cause a “leak” from the cells of substances 
exhibiting absorption maxima ca. 260 m/x20 _24.

4. pH  changes during experiments. The absorption spectra of many 
organic molecules are affected by pH changes. Using live bacteria, pH 
changes may occur during an experiment with consequent complications 
in the composite light absorption pattern. Although buffered solutions are 
usually employed, metabolism in presence of growth media may yield 
acids in sufficient quantity to produce pH changes, e.g.,*in some experiments 
involving nitrofurazone and A. aerogenes in the presence of the growth 
media, the absorption peak of ca. 330 m/x underwent a gradual bathochromic 
shift with increasing time of drug-bacteria contact due to pH changes.

5. Scattering density in relation to solution absorption density. It has 
already been stated that only dilute bacterial suspensions may be used 
for readings at wavelengths lower than 350 m/x. Even under these condi­
tions, the scattering spectrum may constitute such a high proportion of 
the observed light absorption under normal working conditions of the 
instrument, that accurate measurements of drug or metabolite concentra­
tions become difficult. The use of an identical suspension of bacteria 
(omitting the drug) in the reference cuvette allows the use of higher drug 
concentrations and more accurate determination of their values. It was 
found, for instance that, in the 350 m/x region, densities equivalent to 1-5 
against water could be used in the reference cell in this relative method 
when the slit width was opened to double the bandwidth of the incident 
light and maximum instrument sensitivity was employed.

It was found, under these conditions, using a heat killed suspension of
A. aerogenes exhibiting a light density reading of T2 at 350 m/x (against 
water) in the reference cell, that Beer’s Law was obeyed by nitrofurazone 
in concentrations equivalent to optical density readings of up to 0-8.

6. Choice o f  wavelength for measurement o f  optical density in rate 
experiments. Ideal wavelengths at which to take measurements would be 
{a) a few positions in the region in which incident light is scattered by the 
bacteria but not absorbed by the drug or metabolic product(s); (b) 
positions of light absorption maxima of the drug and of its metabolic 
product (or products); (c) the 260 m/x region in which light absorption 
by certain cell constituents released by the bacteria is exhibited. In 
practice, a compromise is usually necessary especially since there may be 
much overlapping of the spectra of the drug and its metabolic products. 
In rate experiments, the choice of wavelengths may also be influenced 
by the instrument working conditions, e.g., lamp and photocell changes 
must be avoided if the light absorbing systems are changing rapidly.

• •
Summary

1. The application of spectrophotometric and polarographic methods 
of determination to the investigation of the reactions gf nitrofurazone with 
A. aerogenes is described.

2. A method for the determination of organic molecules in bacterial 
suspensions is outlined, and some of the problems associated with such 
determinations are discussed.

A. H. BECKETT AND ANN E. ROBINSON
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3. The production of a nitrofurazone metabolic product by A. 
aerogenes is described and its structure investigated.

The authors wish to thank Messrs. Menley & James Ltd., for gifts of 
nitroiurazone ‘Furacin’ and other chemicals used in this investigation.
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DISCUSSION

The paper was presentee? by Miss A. E. R obinson .
Mr. S. G. E. Stevens (London) said that the authors had chosen a 

difficult chemical system, and it was not surprising that they had ex­
perienced trouble in isolating and identifying some of the reduction 
compounds. They quoted a shift of the peak from 375 to 335 m/i, and 
it might be of interest to record that by using djthionite or hydrazine the 
peak could be shifted to 305 m/x. There was no doubt that nitrofurazone 
was photosensitive and if a weak alcoholic solution of the compound was 
allowed to stand in the light, the 375 mp, peak was completely eliminated 
leaving the pattern shown in Figure 6. He found difficulty in accepting 
the statement that the absorption paaks of nitrofurazone and of furalde- 
hyde semicarbazone in aqueous solution did not change over the pH 
ranges of 2 to 10 and 2 to 6 respectively, and suggested that there might 
have been a transjaosition of the values. Nitrofurazone developed an 
intense red colour in alkaline solution, and he felt that this was accom­
panied by a shift of the peak from 375 m/x. He wished to amplify the 
statement that nitrofurazon* was stable in solution as there could be some 
misunderstanding. It was true that under the conditions of the authors’
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test the solution could be considered stable, but one application of nitro­
furazone in solution, namely, the treatment of coccidiosis in poultry where 
the method of administration was in the drinking water could, however, 
produce a different picture. Aqueous solutions were stable over the 
period during which the birds received their drink, provided that the drink­
ing troughs were of good quality galvanised ware. If, however, old 
chipped and rusty tanks were used these would act ag an electrolytic cell 
and there would be a very rapid breakdown of the nitrofurazone.

D r . J. C. P arkinson  (Brighton) said that on page 1073 the authors 
referred to comparable bacterial suspension made at time zero; but after 
reaction had taken place the comparable suspension would surely have 
grown, and if in the test suspension there were bacteriostasis, it would 
not be the same. The authors stated that the effect of*variation of the 
age of culture upon the characteristics of the scatter qurve was not in­
vestigated. Surely after a short lapse of time there would be a change, 
and then the test cuvette would not be the same as the reference cuvette? 
Would not that affect the measurements ? It was stated that the metabolic 
product was devoid of antibacterial activity. It was rather a hypothetical 
substance and it would be interesting to know whether the authors meant 
that it was devoid of activity against A. aerogenes or whether it was. 
tested against a large number of bacteria.

M r . K . A. L ees (London) asked the authors what motivated their 
choice of the culture medium used for growing the inoculum, and also 
the conditions, i.e., the high concentration of glucose used. It would 
also be of interest to have more details of the technique used for washing 
bacteria, and whether medium, saline or sterile water was used. The 
washing of bacteria could in general be regarded as a technique which left 
the bacteria in a state of shock, and that was possibly connected with the 
statement in the paper that the uptake of drug was negligible in the first 
10 minutes of contact. How long were the *vashed bacteria allowed to 
remain before the addition of nitrofurazone, and was there any period 
of adaptation ? Was the nitrofurazone reduced by non-sensitive bacteria ?

M r . A. R. R ogers (Brighton) referred to the structure of the meta­
bolite and asked whether the authors considered that it might be a hydrazo 
compound. Chemical reduction methods had been tried, but the meta­
bolite might be amenable to electrolytic reduction. It might be possible 
to isolate the metabolic product either by the cation exchange method, 
or by paper chromatography. ^

D r . K . R. C apper  (London) said it would be interesting to know what 
was really happening to the organisms* during the experiment. It was 
stated on page 1077 that the readings indicated no change in size, character 
or number of organisms; but did they remain viable, and was there any 
change which was not being detected ? It would seer*that with 50 /xg./ml. 
no trace of metabolite could be detected, but one was dealing not with the 
antibacterial activity of nitrofurazone, but with the mechanisms of 
resistance. It would appear that there w«re susceptible strains and 
resistant strains. Did resistant strains show greater activity in metabolising
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nitrofurazone than susceptible strains ? Had the authors obtained exactly 
the same result when glucose was present and did their readings indicate 
that there was any change in the number of organisms during the six 
hour period?

Mils A. E. R obinson , in reply, said that it is known that chemical and 
bacterial reductions may proceed by different mechanisms, and care must 
be taken in the choice of an analogous chemical reduction, both routes 
being explicable in terms of accepted chemical theories. With regard to 
the effect of pH 10 on nitrofurazone solution, they used a phosphate 
buffer and no distinct red colour was observed. There was a slight 
colour change but no difference in the location of the peak of nitro­
furazone. The readings were taken immediately, the solution not being 
allowed to stared. Spross, carrying out research on the breakdown of 
nitrofurazone in aqueous solution, found that it was affected by the 
presence of metals. With regard to the use of comparable bacterial 
suspension at time zero, the suspension would be similar in both cuvettes. 
The effect of incubation would possibly lead to growth, although the 
concentration of the culture medium was fairly weak; however, the fact 
that no difference in the ultra-violet absorption readings over a longer 
wavelength \$as observed seemed to indicate that there could have been no 
difference between the two systems after the various contact times. No 
growth could have occurred, nor could there have been any leakage of cell 
constituents. Tests had not been made on a range of bacteria, but earlier 
work had indicated that once the drug was reduced no further anti­
bacterial activity was observed. The culture medium chosen was a 
simple one and was that used by Hinshelwood in his work. The con­
centration of glucose was considerably higher than one would perhaps 
expect, and there was a possibility of the organisms capsulating. The 
technique for washing bacteria was described in the paper. It was a 
centrifuging technique and the washing fluid was either the complete 
medium or the medium without glucose. No lapse of time occurred 
before the addition of the drug. With regard to the reduction by non­
sensitive bacteria, reference should be made to the work of Asnis and 
others who used sensitive and resistant strains of bacteria and showed 
that a different rate of reduction occurred between organisms which were 
resistant and those which were susceptible. The possibility of the forma­
tion of hydrazo compound had not been considered. On looking at the 
possibility it was rather difficult to explain the effect cf pH on the com­
pound. If a proton were added to one of the two -N H - groups and two 
furan molecules were linlccd, one would expect the formation of two peaks 
beyond 300 mp in the ultra-violet absorption spectra. In fact only one 
peak had been observed, and it seemed to contraindicate the possibility 
of that compound. Electrolytic reduction had been considered but had 
so far met with no ¿uccess. With reference to Sasaki’s work, the system 
was in fact irreversible, which prevented calculation of the electron 
change by normal means. They had obtained similar results to those of 
Sasaki. Isolation of the rgetabolite did not seem likely because of its 
instability, as was indicated in Figure 6. The rate of decomposition was
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too rapid to permit the use of ion exchange and chromatographic methods 
at present. As to whether the bacteria were still viable, one might refer 
to Cramer’s work, in which once the drug was reduced, growth did ensue 
in the normal way. The question on results obtained in the presence and 
absence of glucose could best be answered by the fact that in the prlsence 
of glucose the reaction was faster than if it were absent, and probably a 
reduction of the drug occurred before any growth was effected.

Dr. A. H. Beckett , in reply, emphasised that the authors were always 
checking the scattering spectrum at higher wavelengths between 500-1000 
mp. It had been shown that if constant checks were made throughout 
this range, the absence of development and of growth could be guaranteed. 
In every experiment quoted, such checks were made.

A. H. BECKETT AND ANN E. ROBINSON
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I n trodu ction

T he  products obtained on oxidation of derivatives of o-phenylenediamine 
with ferric chloride or p-benzoquinone have been under investigation in 
these laboratories for some years. The main products formed are 

* derivatives of anilinoaposafranine (2-anilino-3: 5-dihydro-3-imino-5- 
phenylphenazine), I (R =  Ph), and its isomer, 2-amino-3: 5-dihydro-3- 
phenylimino-5-phenylphenazine, II (R =  Ph).

/ e y ? Y Y NH ¡ y / y NR
8 I J
V / \ ^ / \ y - N H R J n h2

I II

A ni I in ooposaf:ran in e is strongly inhibitory of the growth of Mycobacterium 
tuberculosis in serum enriched media and it has been shown to exert a 
suppressive effect in experimental tuberculosis in mice and guinea-pigs1-4. 
It is also claimed to show a curative effect in lepromatous leprosy5. The 
present paper describes the evaluation in mouse and guinea-pig tuber­
culosis of a number of new derivatives of structure II and a comparison 
of their activity with that of the corresponding isomers of structure I where 
these were available. The* chemistry of these compounds has been 
described recently8-8.

E xperim ental  M ethods

The experimental methods have been described previously9. In brief, 
groups of 10 albino mice (Schofield or Parkes) of average weight 25-30 g. 
were infected intravenously with 0T mg. (moist weight) of the bovine 
Ravenel Rv strain of Myco. tuberculosis grown for 9 days on a Dubos type 
liquid medium.

The drugs were administered in a ground biscuit diet for 14 days, 
beginning on the day of infection. Jhe measured daily intake of drug, 
used in the Tables, is the mean of the daily intakes during the five days, 
second to the sixth inclusive.

Every mouse whicjji died was examined to ascertain the cause of death. 
The criterion of antituberculosis activity was a significant increase (19/20 
probability, or better) in the median survival time (MST) of the treated 
mice over the controls. T l^ MST of untreated control mice varied in 
different experiments from 13 to 23 days.
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For the investigations in guinea-pigs, animals of average weight 625 g. 
were used. Each animal was infected subcutaneously in the left flank 
with 0-01 mg. of the Ravenel Rv strain grown as above.

Drugs were incorporated in the ordinary diet of crushed oats. Liberal 
quantities of greenstuff's, mainly cabbage, were also provided. ^From 
the daily intake of the drug-oats mixture the mean daily intake of drug 
over the period of treatment was calculated.

In determining the Disease Index9 extensive disease in the lungs, liver, 
spleen, site of inoculation and adjacent lymph nodes combined, is awarded 
35, 30, 25 and 10 points, respectively; a total maximum of 100 points. 
Moderate disease is awarded, 25, 20, 15 and 10 points; slight disease 15, 
10, 5 and 5 points.

R esults and  D iscussion

The investigation has shown (Table I) that the isorndr (II, R =  Ph) of 
anilinooposafranine and certain derivatives of both isomers are more 
active in suppressing experimental tuberculosis in mice than anilinoqpo- 
safranine (283). Of the 11 derivatives of structure I, Nos. 283, 628, 616, 
623, 658, 637 and 662 show significant activity and of these only No. 628, 
I, (R =  C6H4C l(p)) had outstanding activity. High activity in this group 
is associated with the presence of a methyl or higher alkoxy group in the 
/^-position of the phenyl substituents on the 2 :5-nitrogens. A similar 
pattern of behaviour is evident in the compounds of structure II. Here 
again the outstanding compound is the chloro-derivative, 629, 
(R =  C6H4C l(p)) which is isomeric with compound 628, although the 
p-ethoxyphenyl derivative 630, is little behind it in activity. Included in 
this group of compounds are a series of alkyl and cyc/oalkyl derivatives, 
and one aralkyl derivative of type II, the corresponding I isomers of which 
could not be prepared. On the whole they showed low activity with the 
exception of the cjr/ohexyl derivative, 430.

Apart from the type I compound, 628, wlfich is the most active of all 
the compounds examined, it appears to be true that on the whole the type II 
compounds show higher activity than the group I isomers. This is clear 
from the comparison of the following 7 pairs:—283, 595; 616, 619; 
422, 607; 658, 659; 637, 636; 656, 657; 662, 661. The last pair are 
exceptional in that both isomers show identical activity.

We have subsequently confirmed the high antituberculosis potency of 
compound 630 in a mouse infection which had been allowed to progress 
for 5 days before treatment was initiated. The increase in MST in this 
case was 56 days. (Dosage =  130 mg./kg. daily for 14 days.)

The chlorinated derivatives are gf especial interest. No. 639, the 8- 
chloro-derivative of No. 283, showed a reduced MST. Despite this the 
disease in the lungs of the mice was small and their early death suggests a 
toxic effect. No. 640 the only other compound yith a chlorine sub­
stituent in the phenazine structure proper, showed no activity. Apparently 
the substitution of this chlorine atom has destroyed the activity of the 
parent 595. The only pair of I, II, type isomers available for comparison 
in this chlorinated group was 628 and 629. In both of these compounds

VINCENT C. BARRY, MICHAEL L. CONALTY AND ETHNA E. GAFFNEY
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TABLE I
A c tiv ity  in  m ouse tu b er c u lo sis

|
Measured daily 
intake of drug Change in

No. J  Compound (mg./kg.) MST (days)

293 II, R =  m e t h y l ................................................ 161 - 2

510 II, R =  allyl ..................................... 191 + 0-5

550 II, R =  /7-propyl................................................ 111 +  2-5

617 II, R =  isopropyl ..  . . 252 0

449 II, R =  w-heptyl .. 110 +  1-5

415 II, R =  benzyl 119 +  3-5 S*

653 II, R =  cyc/opentyl 155 +  2-5

f 268 f  +27 S
430 II, R =  cyclohexyl J 193 

1 140
j  +24 S 
1 +19 S

L 62 1-1 -5

283 I, R =  phenyl f  70 
\  41

/  H- 7-5 S 
\ +  1*5

f 350 r + i 4 s
595 II, R =  phenyl J 125 J +12-5 S

1 66 1 +10-5 S• L 41 l  0

628 I, R =  p-chlorophenyl .. r i 2 o
1  92-5

f  -r 117 S 
\ - r  159 S

629 II, R =  p-chlorophenyl .. /1 4 5  
\1 2 7

/  -1-108 S 
\ +  57 S

622 I, R =  o-tolyl r  158 
\  58

r -  u s
\ +  4 S

616 I, R =  p - t o l y l ................................................ 144 +  1 1  s

619 II, R =  p - t o l y l ................................................ 213 +26 S

623 I, R =  o-methoxyphenyl /1 7 2  
\  90

/ +  9 S 
\ +  8-5 S

627 II, R  =  o-methoxyphenyl f  156 
\  82

/  0
\ +  6 S

422 I, R =  p-methoxyphenyl 200 +  2-5
f295 f + 2 8  s

607 II, R =  p-methoxyphenyl J 200 
1 i n

J +30 S 
1 +31 S

L 71 L +  14 S

630 II, R =  p-ethoxyphenyl................................................ / 117 
\  65

r + 9 i  s  
\  +  30S

658 I, R =  p-K-propoxyphenyl •  70 +  18 S

659 II, R =  p-fl-propoxyphenyl 131 +  28 S

637 I, R =  p-i'sopropoxyphenyl 168 +  12-5S
%

636 II, R =  p-fsopropoxyphenyl 162 +44 S

656 I, R  =  p-zsobutoxyphenyl ..  # . 75 +  3

657 II, R — p-isobutoxyphenyl 131 +  20 S

662 I, R  =  p-sec.butoxyphenyl 115 +  30 S

661 II, R  =  p-sec.butox^|)henyl 115 +  30 S

640 II, R =  phenyl (Also Cl in the 7-position) 135 -  1

639 I, R =  phenyl (Also Cl in the 8-position) 120 -  4 S
•

*S =  significant at 19/20 level or better.
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the chlorine is situated on the periphery of the molecule and its introduc­
tion has had a remarkable enhancing effect on the antituberculosis activity 
(see Table I).

The activity in mice of compounds 628, 629 and 630 is of a higher order 
than we have obtained with PAS, the thiosemicarbazones or streptlmycin, 
and when compared on a molecular basis is only equalled by certain 
isoniazid derivatives. »

TABLE II
R esults in guinea-pigs infected with M y c o .  tu b e r c u lo s is  ravenelrv (0 01 mg. s.c .)

A N D  T R E A T E D  F O R  21 D A Y S  C O M M E N C IN G  O N  T H E  D A Y  O F  I N F E C T I O N . T H E  A N IM A L S
W E R E  T H E N  K IL L E D

VINCENT C. BARRY, MICHAEL L. CONALTY AND ETHNA E. GAFFNEY

No. of drug all given 
0-5 per cent, in diet

Disease Index 
maximum =  100

Lungs showing macro­
scopic evidence of 

tuberculosis
•

Lungs giving positive 
cultures for Myco.

* tuberculosis on 
Lo wenstein-Jensen 

medium

628 7 0/5 0/5
(260 mg./kg.) 

629 11 0/5 0/5
(230 mg./kg.) 

671 17 0/5 0/5
(50:50 mixture of 628 
and 629) (243 mg./kg.) 

630 29 0/5 •  4/5
(197 mg./kg.) 

Control 45 4/5 5/5

The above three compounds were further investigated in experimental 
tuberculosis of guinea-pigs and the results are set out in Tables II, III and 
IV. In the first experiment (Table II) the drugs were administered in the 
diet for 21 days from the day of infection and the animals were then 
killed. As was found in mice the protective effect of the drugs was 
impressive. No. 671 which was a 50:50 mixture of compounds, 628 and 
629, showed no better results than those obtained with either constituent.

TABLE III
R esults in guinea-pigs infected with M y c o .  tu b e r c u lo s is  ravenel rv (0-01 m g . s.c .)

A N D  T R E A T E D  F O R  2 1  D A Y S  C O M M E N C IN G  O N  T H E  D A Y  O F  I N F E C T I O N

Drug, all given 0-5 per 
cent, in diet

Mean survival time 
in days

Disease Index 
maximum = 100

Disease index in lungs 
maximum =  35

628 127 77-0 15
(260 mg./kg.)

629 •  97 77-5 17-5
(230 mg./kg.)

671* 118 800 200
(243 mg./kg.)

630
(197 mg./kg.)

87 860
#

350

Control* 59 82-5
_ t ___________________

350

* One animal from each of these groups of 5 animals was lost through intercurrent infection and was not 
included in the analysis.

In the second guinea-pig experiment (Table Ilf),the animals received 
similar infection and treatment to that described for the first experiment. 
In this case, however, when the administration of the drug was discontinued 
after 21 days, the disease was allowed to runpits course. Final assessment 
of the activity was based on mean survival time and on the extent of the
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TABLE IV
R esults in  guinea-pigs infected with M y c o .  tu b e rc u lo s is , ravenel rv (0-01 m g . s.c .). 

Treatment* commencing on the 22nd day after infection and continued 
UNTIL THE 83 r d  DAY

ANTITUBERCULOSIS ACTIVITY IN THE PHENAZINE SERIES

Drug
Median survival time 

time (days)
Disease Index in lungs 

maximum =  35

628*
(241 npg./kg.) 

629

70 9 . 4

63 13-5
(191 mg./kg.)

671 76 15
(238 mg./kg.)

630 79 19
(182 mg./kg.)
Pre-controls — 1 2
Controls* 51 30-5

* One animal from eath  o f these groups o f 10 animals was lost through intercurrent infection and was 
not included in the analysis.

•
disease. For an experiment of this kind the extension of the mean 
survival time is impressive particularly with Nos. 628, 629 and 671.

Table IV shows the results obtained with an established infection in 
guinea-pigs. At start of treatment, i.e., 21 days after infection, 5 animals 
(precontrols) Were killed. These had a disease index of 45/100. As far 
as increase in MST is concerned, the results embodied in this Table are 
not striking. It will be noticed, however, here as well as in Tables II and 
III, that the amount of infection in the lungs is markedly less than that in 
the control animals. It is characteristic of these coloured substances that 
they accumulate in many organs and persist there long after treatment 
has been discontinued. This phenomenon is less noticeable with No. 630. 
It may be that the compounds remain in lung tissue to a large extent 
without extensive decomposition.

The disparity between the activity exhibited by these pigments in 
mouse and guinea-pig tuberculosis is interesting and is reminiscent of the 
different effect obtained by Streptomycin treatment in established disease 
in the same animal species, except that with this drug the disparity noted 
was in the opposite direction. An obvious explanation in our case would 
be that the guinea-pig metabolises the phenazine derivatives more rapidly 
than does the mouse. Alternatively, we have noted that guinea-pigs 
receiving these compounds in the diet, eat much less well than the control 
animals. The lessened food intake may be in itself enough to explain 
the species difference in results.

We have already pointed out2 the formal resemblance in structure 
between these phenazines and riboflavine and suggested that their activity 
might be related to this fact. Since riboflavine does not antagonise their 
growth-inhibitory properties for Myco. tuberculosis, it may be that this 
was too simple an approach to the problem of their mode of action. All 
these compounds contain a p-quinonoid system which is readily reduced, 
and reoxidised in the air. It is not improbable that they become involved 
in the hydrogen transfer system of the bacillus, accepting hydrogen from 
reduced diphosphopyridine «nucleotide and transferring it to oxygen 
with the formation of hydrogen peroxide in the cell.
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Winder10 in these laboratories has already postulated that the anti- 
mycobacterial action of isoniazid is due to the intracellular formation of 
peroxide. In support of our hypothesis we have shown that hydrogen 
peroxide is produced when these phenazine pigments are exposed to air 
after catalytic reduction. I

If this hypothesis is correct, high activity in this series should be related 
to the ease of reduction and re-oxidation of the compound and also to its 
capability of undergoing this reversible transformation repeatedly without 
decomposition. Some evidence has already been obtained which shows 
that the most active compounds are those which form the most permanent 
redox systems, and investigation is continuing in this field.

Further support of this hypothesis is provided by the fact that compound 
595 which exerts a moderate suppressive effect in' mguse tuberculosis 
(increase in MST, 12-5 days at 125 mg./kg. dosage) has been found by us 
to be highly active against a mouse infection induced by an isoniazid- 
resistant variant of the same strain as was used in the other experiments. 
Thus in the latter experiment compound 595 at a dose of 153 mg./kg. 
caused an increase in MST of 43 days. It is well established that isoniazid- 
resistant strains of Myco. tuberculosis are much more susceptible than 
isoniazid-sensitive strains to the action of hydrogen peroxide11.

Other factors which will determine activity in these series will be those 
physico-chemical properties of the molecules which govern absorption 
from the gastrointestinal tract and which allow access to the bacilli 
present in the tuberculous lesions and then to diffuse into and be held in a 
suitable orientation in the bacillary cell. Included in these will be lipoid/ 
water solubility, the planar area of the molecule and the disposition of its 
active groupings.

Summary
1. A number of phenazine compounds obtained by oxidation of 

derivatives of o-phenylenediamine have been investigated for antituber­
culosis activity in mice and guinea-pigs. Considerable activity was found 
in mice in more than half of 30 derivatives examined.

2. The activity was outstanding, however, and of the order obtainable 
with isoniazid, with 2-p-chloroanilino-5-p-chlorophenyl-3: 5-dihydro-3- 
iminophenazine (No. 628), its isomer, 2-amino-5-/;-chlorophenyl-3-p- 
chlorophenylimino-3: 5-dihydrophenazine (No. 629), and the analogue 
of the latter in which the chlorine is replaced by ethoxyl (No. 630).

3. The results in guinea-pigs were clear cut but less impressive.
4. The mode of action of these compounds may depend on their 

-ability to produce hydrogen peroxide within the mycobacterial cell.
• •

Grateful acknowledgement for financial assistance is made to J. R. 
•Geigy, S.A., Basle, Switzerland. Thanks are also due to Messrs. D. 
Malone, L. Murphy and T. Murray for technical a^istance.
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DISCUSSION

The paper was presented by D r. Vincent C. Barry.
D r. G. Brownleç (London) said he welcomed this painstaking struc­

ture-action study. Like Dr. Barry he found the peroxide hypothesis 
stimulating but not quite acceptable as a theory. The equal antibacterial 
actions against both susceptible and resistant isoniazid strains, and the 
observed non-inhibitory actions of serum were both stumbling-blocks to 
accepting, in its simplest form at least, the peroxide hypothesis. The 
discovery of a reversing agent, perhaps to be sought for among the ribose- 
nucleic acids, .would help to test the theory.

Miss A. E. Robinson (London) said that it seemed on consideration of 
the shape, size and chemical characteristics of the phenazine molecules 
that by analogy with the acridine type of compounds, penetration of the 
bacterial cell was precluded. The authors, however, seemed to suggest 
that penetration of the bacterial cell was necessary for their activity, 
although a hydrogen transfer mechanism was postula:ed. Was it not 
possible that the site of metabolic interference was in fact at the cell 
surface? It would be interesting to know whether the authors had under­
taken any bacterial uptake or metabolism studies using those compounds. 
The authors had come out strongly in favour of one hypothesis con­
cerning the mode of action pf isoniazid, namely, peroxide formation, and 
they suggested that the phenazine compounds acted by a similar mechanism. 
Could they give a little more information concerning that choice to the 
exclusion of other currently postulated mechanisms ; for example, chela­
tion of trace metals, formation of diphosphopyridine nucleotide analogue, 
and direct inhibition of various enzyme systems ?

Dr. R. F. Timoney (Dublin) asked whether th* authors had considered 
the possibility of testing sulphur analogues of these compounds. A 
number of sulphur compounds had been shown to be effective in the 
treatment of leprosy. %

D r. V. C. Barry, in reply, said th#t sulphur derivatives had not been 
considered because he did not like mixing his ideas! He had expected a 
violent reaction to his hypothesis. The hydrogen peroxide hypothesis 
was not being put fojward very strongly. It was being submitted because 
there was some evidence which seemed to support it. A number of 
isoniazid derivatives were quite active, but they could not chelate. 
Evidence had been produced that isoniazid decomposed in solution 
liberating hydrogen peroxide. It was known that isoniazid gets into the

'  • #
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cell, and it was not asking much to expect that under proper conditions it 
would decompose, in that way liberating peroxide. Isoniazid did not 
accumulate. The planar area of the molecule and the disposition of the 
polar groupings would depend on how they orientated. The stability of 
the molecule was also all important. Reduction and reoxidisation were 
carried out a number of times without decomposition. It was well known 
that isoniazid-resistant bacilli were more resistant to hydrogen peroxide 
than sensitive strains. It was possible that the hydrogen peroxide was 
formed within the bacillus cells as well as outside it, and that that gave the 
increased curative effectiveness. It might also be that the small amount 
of catalase present in the tubercle bacilli was near the outer membrane, 
and its function might be to remove peroxide from the environment.

VINCENT C. BARRY, MICHAEL L. CONALTY AND ETHNA E. GAFFNEY
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Ba ld w in 2 in an excellent summary of his own and earlier work has 
suggested that three features of the santonin (I) molecule are essential for 
anthelmintic activity. They are (a) an intact butanolide ring, (b) un­
saturation at C (5), and (c) an angular methyl group at C (10). However, 
inspection of the structure of many of the active non santonin-like com­
pounds investigated by Baldwin reveals that the most active agents are 
those which form chelate complexes with metals. This is demonstrated 
by the greater activity of o-hydroxy- over jp-hydroxyacetcphenone, and the 
very great activity of 2 :2'-dipyridyl and related compounds. The 
activity may he due to interference with an enzyme system in the nematode, 
by the removal of an essential metallic ion. Other promising series of 
compounds studied by Baldwin were the substituted benzylidene acetones 
(II), the phenol carbamates, and the aminothiazoles (HI).

14
Me

A \ y \
H

I / [
H

Me O : 1

Me

H
Xo

(I)

C H = C H —C O -M e

(ID (HD

In our investigations we have applied the above principles to the santonin 
molecule; we have synthesised various derivatives which incorporate the 
three essentials mentioned by Baldwin2 with one or more features which 
might be expected to increase biological activity«

The so-called* a-tetrahydrosantonin (IVa) was used as starting material 
for our syntheses. On the basis of experiments not yet published we 
have tentatively assigned Jp it the trans A/B ring fusion shown4, which 
is the reverse of the assignment of Yanagita and Tahara6.

Condensation of a-tetrahydrosinto«iin with ethyl formate under basic 
conditions affords its 2-hydroxymethylene compound, which since it gives 
a purple ferric reaction must be (Vu) and not (VI). The 2-benzylidene 
(Vb), 2-anisylidene (Yc), and 2-piperonylidene (Vd) derivatives of a-tetra­
hydrosantonin were obtained by base catalysed condensation of this 
compound with the corresponding aldehyde.

* When the stereochemistry of this compound is established it will be named 
according to the suggestions of Cocker and Cahn3 and Cocker and McMurry1.
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It is interesting to compare the ultra-violet absorption spectra of these 
condensation products with those of the corresponding benzylidene 
acetones (II). Fieser and Fieser8 have shown that in the a : /3-unsaturatcd 
ketones substitution of an alkyl group for /3 a 
hydrogen in the a-position produces a batho- (—C =  C—CO—) 
chromic shift of about 100 A in the position of I I 
the low wavelength band. In the system under H ^  
examination (ArCH =  CR—CO—) it will be observed (Table I) that the 
effect of the alkyl substituent (R) diminishes as the aromatic nucleus is 
progressively substituted.

Condensation of a-tetjahydrosantonin with o-aminobenzaldehyde gave 
the quinoline (VII), whilst 2-bromo-cc-tetrahydrosantonin5, in which the

Me
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bromine is equatorially substi­
tuted^ when reacted with thio- 
acetam ide gave the m ethyl 
thiazole (Villa).

Substitution of thiourea for 
thioacetamide in the last reac­
tion gave, the aminothiazole 
(Vllib) from which its acetyl 
derivative (VIIIc) was obtained. 
Th« latter compound should 
chelate with metal ions.



THE CHEMISTRY OF SANTONIN. PART II

TA B LE I
U l t r a -v io let  A b so r ptio n  D a ta  o f  D erivatives

a-Tetrahydrosantonm 
1 derivative W A (‘° 8 e> Acetone derivative Xmax.Â <'°8f) A\n a x A
w

Benzylidene 2940 (4-29) Benzylidene 2850 (4*35)7 90
Anisylidene 2320 (3-89) 

3220 (4-34)
Anisylidene 2320 (4-08) 

3180 (4-37)8 40
Piperonylidene 2500 (3-98) 

3375 (4-29)
Piperonylidene

3360 (5-19)® 15

AX =  [?. (Santonin derivative) — X _ „  (Acetone derivative)] is a measore of the influence of the(U«A. IIluA.
alkyl substitutent introduced by the cyc/ohexanone ring.

2-Acetoxy-x-tetrahydrosantonin (IVc) was prepared by the action of 
mercuric acetate in acetic acid10 on a-tetrahydrosan:onin. Hydrolysis 
gave 2-hydroxy«a-tetrahydrosantonin (IV/j) which again should be 
capable of chelation. Yields of this compound were however too low 
to permit tests of its anthelmintic activity to be performed.

Preliminary screening tests carried out on the compounds described 
using Ascaris lumbricoides have so far failed to reveal any interesting 
degree of activity in these compounds.

E xperimental

All ultra-violet spectra were measured by a Beckman DU spectro­
photometer, using ethanol as solvent. Specific rotations were measured 
in chloroform. Melting points are uncorrected.

2-Hydroxymethylene-OL-tetrahydrosantonin (Va). A mixture of a-tetra- 
hydrosantonin (1-25 g.) anhydrous sodium methoxide (1-4 g.) and ethyl 
formate (1 ml.) in dry benzene (20 ml.) was shaken for 12 hours, and 
then poured on to ice and dilute sulphuric acid. The benzene layer was 
separated, dried and the solvent removed leaving a gum which separated 
from dilute ethanol as ifbedles, thus affording 2-hydroxymethylene-y.- 
tetrahydrosantonin (T13 g.) m.pt. 143-144° C. [a]if +  94-0° (c, 1-2). 
Light absorption: maximum 2800 A (log e 4-05) (in acidified ethanol). 
(Found: C, 68-7; H, 8-0. CieH320 4 requires C, 59T; H, 7-9 per 
cent.).

2-Benzylidene-oL-tetrahydrosantonin (Vb). Absolution of a-tetrahydro- 
santonin (2-5 g.), redistilled benzaldehyde (1-06 g.) and solid potassium 
hydroxide (1-12 g.) in ethanol (10 ml.) was set aside for 64 hours at room 
temperature, during which time a deep red colour developed. The 
mixture was diluted with water (60 ml.), acidified with hydrochloric acid 
and steam distilled. The so]id«resiiiue was collected and recrystallised 
from aqueous ethanol as pale yellow needles (2-86 g.), m.pt. 125-126° C. 
[a]ff — 131° (c, 2-64). Found: C, 77-8; H, 7-5. C22H260 3 requires
C, 78T ; H, 7-7 percent.)

2-Anisyiidene-x-tetrahydi‘osantonin (Vc). This compound was obtained 
from a-tetrahydrosantonin (2-75 g.), anisaldehyde (1-25 ml.) and potas­
sium hydroxide (1-25 g.) imethanol (25 ml.) after standing for 48 hours. 
The product, 2-anisylidene-a.-tetrahydrosantonin was obtained (3-44 g.) as
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% pale yellow plates (ethanol), m.pt. 195-196° C. (Found : C, 75-6 ; H, 7-5. 
C23H280 4 requires C, 75-0 ; H, 7-6 per cent.)

2-Piperonylidene-v.-tetrahydrosantonin (V d). a-Tetrahydrosantonin
(2-5 g.), piperonal (1-5 g.) and potassium hydroxide (1-16 g.) in ethanol 
(15 ml.) after 48 hours gave 2-piperonylidene-aL-tetrahydrosantonin (#8 g.) 
as yellow rhombs (ethanol) m.pt. 148-149° C. [a]” — 198-7° (c, 2-2). 
(Found: C, 71-6; H, 7-0. C23H260 5 requires C, 72-3 ; H, 6-8 per cent.)

Condensation o f  o-aminobenzaldehyde with o.-tet>*ahydrosantonin. A 
solution of a-tetrahydrosantonin (0-65 g.), o-aminobenzaldehyde (0-35 g.), 
and sodium hydroxide (1-35 g.), in ethanol (12 ml.) and water (8 ml.) was 
kept for 64 hours at room temperature. It was diluted with water, 
extracted with ether, and acidified with hydrochloric acid. The volume 
was reduced to 5 ml., and the mixture was carefully neutralised with 
sodium hydroxide. The quinoline derivative (VII) was deposited and it 
was crystallised from ethanol as needles (0-82 g.), m.pt. 263° C. Light 
absorption: maxima, 2325, 3075, 3210Â (log e 4-85, 3-73, 3-85 respec­
tively); cf. 2-methylquinoline11 which shows maxima at 2740, 3150 Â 
(log e 3-54, 3-6 respectively). (Found: C, 78-2; H, 7-1. C22H250 2N 
requires C, 78-8; H, 7-5 per cent.)

The quinoline (0-2 g.) failed to yield a methiodide after fefluxing with 
methyl iodide (2 ml.) for 30 minutes.

Methylthiazole (Villa). A solution of 2-bromo-a-tetrahydrosantonin 
(0-65 g.) and thioacetamide (0-2 g.) in pyridine (2 ml.) was heated on the 
water bath for 45 minutes. The mixture was poured into water and the 
solid (0-45 g.) collected. After treatment with charcoal in boiling 
benzene the product was recrystallised from ethanol as rhombs, m.pt. 
234° C. Light absorption : maximum 2530Â (log e 3-64). Cf. Thiazole12 
which shows a single maximum at 2400 Â (log e 3-60). (Found : C, 67-0 ; 
H, 7-5. C17H230 2NS requires C, 66-9; H, 7-5 per cent.)

Aminothiazole (VIII/)). A mixture of 2-bromo-a-tetrahydrosantonin 
(0-65 g.), thiourea (0-20 g.) and pyridine (2 mi.) was heated on the water 
bath for 45 minutes. The mixture was poured into water, and the solid 
(0-51 g.) collected, decolourised with charcoal in benzene solution and 
recrystallised from ethyl acetate, from which the aminothiazole was 
obtained as rhombs, m.pt. 271-272° C. Light absorption: maximum 
2630° A (log e 3-80); cf. 2-aminothiazole which gives a maximum at 
2520 A (log e 3-8)13. (found C, 62-1; H, 7-0. C16H220 2N2S requires 
C, 62-7 ; H, 7-2 per cent.)

Acetamidothiazole (VIIIc). A mixture of the aminothiazole (VIII/)) 
(0-2 g.) and acetic anhydride (2 ml.) was heated for 1 hour at 100° C. 
The solution was poured into water^and the acetic acid neutralised with 
sodium hydrogen carbonate. The solid (0-21. g.) was collected and 
recrystallised from ethanol as needles, m.pt. 308-309° C. Light absorp­
tion : maximum, 2790 Â (log e 4-04). (Fouiyi : C, 62-0 ; H, 6-8. 
ClgH2403N2S requires C, 62-1 ; H, 6-8 per cent)

2-Acetoxy-x-tetrahydrosantonin (IVc). A mixture of a-tetrahydro­
santonin (1-25 g.) and mercuric oxide (1-17^.) in glacial acetic acid (15 
ml.) was refluxed for 2-5 hours. A solid rapidly separated and then

WESLEY COCKER AND T. B. H. McMURRY
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slowly dissolved. At the end of the reaction the solution was decanted 
from mercury, diluted with water, neutralised with sodium hydrogen 
carbonate, and the resulting gum collected in chloroform. The gum was 
dissolved in ethanol, and allowed to stand overnight when a solid (0-4 g.) 
was cfeposited. It was decolourised by charcoal in benzene solution, and 
recrystallised from ethanol as needles, m.pt. 173-174° C. (Found: C, 
65-8; H, 7-8. C17H24Os requires C, 66-2; H, 7-8 per cent.)

2-Hydroxy-a.-tetrahydrosanton.in (IVh). A solution of 2-acetoxy-a- 
tetrahydrosantonin (0-4 g.) and potassium hydroxide (0-6 g.) in methanol 
(30 ml.) was refluxed for 2 hours. The solvent was removed, the residue 
was acidified with hydrochloric acid, and the mixture was extracted with 
chloroform. The extract was shaken several times with sodium hydroxide 
solution, and tbs combined alkaline extracts were acidified and extracted 
with chloroform. The resulting gum gave a positive ferric reaction, 
and on extraction with ethanol gave the required compound (0-23 g.) 
as needles, m.pt. 157-158° C. (Found: C, 67-6; H, 7-6. C15H220 4 
requires C, 67-7; H, 8-3 per cent.)

a-Tetrahydrosantonin thiosemicarbazone. A mixture of a-tetrahydro- 
santonin (1-0 g.), thiosemicarbazide (1-0 g.) and fused sodium acetate 
(0-4 g.) in methanol (25 ml.) was refluxed for 6 hours. The solvent was 
removed, the solid residue was washed with water and crystallised from 
ethanol from which the thiosemicarbazone (T05 g.) separated as needles, 
m.pt. 234° C. (Found: C, 59-1; H, 7-8. C16H250 2N3S requires C, 59-4; 
H, 7-8 per cent.)

a-Tetrahydrosantonin semicarbazone. This compound had m.pt. 236- 
237° C. (rapid heating). Weinhaus and Oettingen14 record m.pt. 256- 
258° C.

Summary

1. A number of derivatives of santonin incorporating the /3-methyl 
group at C (10), the ketoniogroup or its equivalent at C (3), and the intact 
butanolide fused at C (6)-C (7) to the bicyclic system have been syn­
thesised.

2. These derivatives were related to non santonin-like compounds 
which have anthelmintic activity.

3. The combination of features of the santonin molecule might 
reasonably have been expected to produce activity. Preliminary screening 
tests have unfortunately shown no promise of such activity.

The authors gratefully acknowledge the financial support given by 
Messrs. T. and H. Smith, Ltd. of Edinburgh and the Medical Research 
Council of Ireland. * •
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DISCUSSION

The paper was presented by Mr. T. B. H. McMurry.
Dr. G. E. Foster (Dartford) said that santonin Became discoloured 

very readily in light. He wondered whether any of the compounds which 
the authors had made possessed similar photochemical properties, and if 
so were they able to relate these properties to the structure.

D r. W. Mitchell (London) said he was puzzled by the opening para­
graph where reference was made to the fact that certain active com­
pounds could chelate metals. Immediately afterwards reference was made 
to compounds II and III which could not, so far as he could see, chelate 
metals. It would be interesting to know whether compound Va could 
chelate metals.

Dr. A. H. Beckett (London) suggested that the chelation of trace 
metals was a vital factor. It was amazing to observe the avidity with which 
bacteria could compete with chelating agents.

Mr. T. B. H. McMurry, in reply, said that form IVa did not discolour 
in light. This change was associated with double bonds and the ketone 
groups in santonin. With regard to chelation, the statement was based 
on the fact that of the compounds which were examined by Professor 
Baldwin only 2 :2'-dipyridyl and related compounds had the same activity 
as santonin. The other compounds examined were not nearly as active. 
2 :2'-Dipyridyl was too soluble for use: it was quickly eliminated from the 
system. Compound Ya will chelate, and one can obtain a very good 
reaction with ferric iron.

Professor W. Cocker added that the testing of the materials was entirely 
out of the authors’ hands.*
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I n trodu ction

T he problem of the standardisation of tablets has been discussed by 
Bandelin1, and by Denston2, who described many of the tests which are 
available. Some of the tests proposed have statistical implications which 
form the subject of* this paper.

It is well known that tests which are of considerable use to the manu­
facturer may be unsuitable for incorporation in a book of standards such 
as the British Pharmacopoeia. They may also be unsuitable for public 
analysts, because they work on small and not necessarily representative 
samples. Furthermore, each test must be so designed that it is not too 
difficult for the manufacturer to produce batches of tablets complying 
with the requirements, while adequately protecting the interests of the 
consumer.

W eight  V ariation

The function of the test for weight variation is to maintain a suitable 
standard of elegance, and to ensure accurate doses since provided that the 
granules are uniform3, the weight of active ingredient will be directly 
proportional to the weight of the tablet4. Two factors have to be con­
sidered: (i) Gross errors, not normally distributed, due to variation in 
the setting of the machine, mixing of batches, etc. (ii) Small errors, 
probably normally distributed, due to irregular filling of the die, separation 
of granules in the hopper, and slackness of the compressing machinery.

The desirable criteria are therefore that no tablets in a batch shall 
vary from the mean weight by more than (say) 10 or 20 per cent., and that 
the variation shall be limited within (say) ±  5 per cent.

(a) Tests based on Standard Deviation
■ The most obvious test would be a specification of the permitted standard 

deviation or coefficient of variation of weight. This is the method of the 
Swedish Pharmacopoeia, which states that “the variation in the weight of 
tablets of the same prodifction batch shall not be greater than that corre­
sponding to a relative standard deviation of 4-5 for uncoated tablets and
6-5 for coated tablets” (tf. Denston2}.

There is a limited amount of data in the literature4-6 on the coefficients 
of variation of weights of normal production batches. A graph which 
relates coefficient of variation and mean weight shows a rapid increase 
in the coefficient of variation for tablets weighing less than about 150 mg. 
(see Fig. 1). That is, small,tablets show a greater amount of variation in 
relation to their weight than large tablets.
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An improvement on the Swedish specification would be to vary the 
permitted maximum coefficient of variation according to the mean weight 
of the tablets. A suitable expression would be that “the coefficient of 
variation of the weights of tablets shall not exceed that corresponding

to a standard deviation of 
2 mg. plus 2 per cent, of 
the mean weight, or 0-06, 
whichever is the less” . A 
line rep resen tin g  th is 
maximum is included in 
Figure 1.

It is of interest to cal­
culate the effect on the 
coefficient of variation of 
(say) one punch out of 
twenty-five in a rotary 
compressing machine be­
ing wrongly adjusted. If 
<j' is the standard devia­
tion of a mixture, in the 
proportion p : (1 —p), of 
two p o p u la tio n s  w ith 
means x 1 and x2 respec­
tively and the same stand­
ard deviation a, then

F ig . 1. Coefficients of variation of weights of 
production batches of tablets, x Data by Evers4. 
. Data by Dunnett and Crisafio6. — Suggested 
maximum.

O ')2 =  a2 +  p (1 —p) {xx- x 2f .

Consider a maladjusted machine producing 24 tablets with xx — 100 for 
each tablet with x 2 — 105, with a =  2 for each population; then a' =  2-22. 
This appears to be a marked increase in the standard deviation, but 
allowance must be made for the errors associated with small samples. 
For a sample of 20 tablets, assuming normal distribution of weights, 
application of the /-test shows that an estimate of a' as high as 2-22 might 
arise by chance 45 times in 100 even when the true value was 2-00. For 
P =  0-95 of detecting the mixture of populations with a sample of 20 
tablets, x 2 would have to be at least 109 (or less than 91). That is, with a 
machine intended to produce tablets of mean weight 100, one punch out 
of twenty-five must be incorrectly adjusted to the extent of nearly 10 per 
cent, for there to be reasonable certainty of detecting the error by determin­
ation of the standard deviation of the weights flf the tablets in a sample 
of twenty. ,

If a test based on standard deviation were introduced into the British 
Pharmacopoeia, it would be desirable to insert a safeguard against gross 
variations which might not otherwise be detected. ^  suitable expression 
of this type would be that “no tablet shall vary from the mean weight by 
an amount greater than that corresponding to five times the permitted 
coefficient of variation” . #

The particular advantage of a test based on the estimation of the standard
1104

*



CONTROL AND STANDARDISATION OF TABLETS

deviation is the freedom it allows the analyst. The same test may be 
used for a sample of any size. If only a small sample (e.g., five tablets) 
is available, then the estimate based on this small sample will be subject 
to with; limits of error, and the batch would be rejected only if the 0-95 
(say) limits of confidence did not include the coefficient of variation 
permitted by the specification. The manufacturer, on the other hand, 
could obtain a more precise estimate of the coefficient of variation of the 
batch by taking a lafge sample (e.g., 50 or 100 tablets) or by some other 
more convenient method of quality control.

(b) Tests based on Range
Although the range is an inefficient estimate of the standard deviation 

with large samples, it is of considerable convenience for samples of not 
more than ten. Smith7 has referred to its use in the control of variation 
of weight of tablets, and some data are given by Spengler and Schenker8, 
and Beeler9.

The ratio of the mean sample range to the standard deviation can be 
obtained from Tables (e.g., Table XX of Fisher and Yates10). Consider 
a batch of tablets of mean weight =  1 g. with standard deviation =  20 
mg. The mean of the ranges of weights in samples of ten tablets will be 
about 60 mg., and a sample of ten tablets with a range of weights of 120 mg. 
would be so unusual as to justify rejection of the batch.

If a batch is permitted a standard deviation not exceeding a, then 
a suitable upper limit to the range of weights permitted in a sample of 
ten tablets is 6<j, or 5a for a sample of five tablets. Using the recom­
mended limits of section (a) above, the test would read “weigh five 
tablets individually and calculate the mean weight. The difference in 
weight between the heaviest and the lightest tablets shall not exceed 10 mg. 
plus 10 per cent, of the mean weight, or 30 per cent, of the mean weight, 
whichever is the less” .

This test has the advantage over (a) that no special skill is required in 
calculating the range of weights, whereas it may not be desirable to rely 
on the accuracy of junior staff in calculating coefficients of variation. It 
is particularly suited to the application of a simple form of quality control 
by. a manufacturer during the run of a batch. Its main disadvantage is 
its inefficiency, and it would probably not be acceptable as the basis of an 
official specification, since in effect the batch is accepted or rejected 
according to the weights ctf only two tablets.

The test of the British Pharmacopeia may be regarded as including a 
limit, to the range of weight variation. The maximum variation permitted 
in a sample of either ten or twenty tablets with mean weight exceeding 5 
grains is 10 per cent.#in one direction and 5 per cent, in the other, i.e., a 
range of 15 per cent, of the mean weight; for smaller tablets, the permitted 
range is 22-5 or 30 per cent, of the mean weight. Since the greatest varia­
tions will act in the same direijtion in half of the samples, the test is actually 
somewhat less severe than these figures suggest.
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(c) Tests o f  the B.P. Type
The majority of pharmacopoeias use a test of the form : “Of a sample of 

n tablets, not more than 10 per cent, shall deviate from the mean weight by 
more than x  per cent., and no tablet shall deviate by more than %x per
cent.” (cf. Dunnett and Crisafio6). Thus,

F ig . 2. Operating characteristic curves for 
samples of the stated size with not more than 
10 per cent, of defective tablets in the sample.

the British Pharmagopceia 
takes n =  20 (or n =  10 if 
20 tablets are not avail- 
ablejfand x  =  5,7-5 or 10 
per cent, according to the 
size of the tablets.

The proportion of sam­
ples which will pass the 
test for ¡l given percent­
age of faulty defective 
tablets *in the batch can 
be calculated by expan­
sion of the appropriate 
binomial, which for large 
batches is a satisfactory 
approx im ation  to  the 
hypergeometric variable 
which should be used. 
Dunnett and Crisafio6 
gave curves showing the 
relation where n =  10, 
20, 50 and 100, although 
they used an approximate 
and complicated method 
of calculation. Evers11 
gave some related data 
in tabular form.

Curves of this type, 
known as “ opera ting  
characteristic curves” , are 
given in Figures 2 and 3. 
In calculating the data, 
the proportion of tablets 
deviating from the mean 
by more than 2x per cent. 

* has been ignored. The 
effect of considering them would be tp increase very slightly the probability 
of acceptance of batches by the official test (c/., for example, Figure 3 of 
this paper with Table I of Smith’s paper7 in which the proportion of 
“double defectives” has been calculated by assuming normal distribution 
of weights). .

A good test will show a high probability of accepting satisfactory 
batches and a low probability of accepting unsatisfactory batches. In 
terms of operating characteristic curves, the greater the sigmoid character

F ig . 3. Operating characteristic curves for 
samples of 20 with not more than the stated 
number of defective tablets in the sample.
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of the curve, the greater the ability of the test to discriminate between 
satisfactory and unsatisfactory batches.

Values of x given by various pharmacopoeias have been tabulated by 
Smith1!  anci Denston2. They are shown in a diagrammatic manner in 
Figure 4. The method of calculating x given by the Danisli Pharmacopoeia 
(namely, x is 4 mg. plus 5 per cent, of the mean weight, or 10 per cent., 
whichever is the less) provides a gradual narrowing of the limits with 
increase in mean weight, and is 
probably to be preferred. In 
any case, it would seem desir­
able for the British Pharma­
copoeia to specify mean weights 
in metric rather than in imperial 
units, when tabulating values 
of x. *

It is clear from Figure 2 that 
large sample sizes improve the 
ability of the test to discrimin­
ate between satisfactory and 
unsatisfactory batches. Refer­
ence to Figure 3 shows that the 
curve can also be made more 
markedly sigmoid by increasing 
the proportion of tablets in a 
sample of fixed size which are 
allowed to deviate from the mean weight by a stated percentage x. In 
the latter instance, the probability of acceptance of a batch increases 
whether the percentage of defective tablets in the batch is large or small. 
This may be corrected by a decrease in the value of x ; thus a test approxi­
mately equivalent to that now official would be that not more than eight 
tablets out of a sample of twenty should deviate by mors than 0-67x per 
cent, of the mean weight, and that none should deviate by more than 2x 
per cent.

The particular advantage of this test is that it operates relatively near to 
the inflexions of the distribution curve, whereas the test of the British 
Pharmacopoeia operates relatively near to the “tqjls” . Provided that the 
distribution is normal, this is of little importance, but it is common for 
unsatisfactory batches to show deviations from normality. Batches 
showing platykurtosis, i.e., a preponderance of weights remote from the 
mean, such as might be caused by maladjusted punches in rotary compress­
ing machines, would be likely to» be .rejected by the test, although the 
sample might pass the taet of the British Pharmacopoeia. Conversely, 
leptokurtic batches, with a preponderance of weights close to the mean 
(a desirable characteristic) would be likely to be accepted by this test.

The tests of the British Pharmaceutical Codex for uniformity of weight 
of pastilles and of lozenges may also be considered here, since the problems 
are similar. The pastille te*t appears to be incorrectly stated: “The 
average weight is determined by weighing 20 pastilles. When weighed

CONTROL AND STANDARDISATION OF TABLETS

F ig. 4. Limits of deviation from the mean 
weight of not more than 10 per cent, of 
tablets in the sample permitted by various 
pharmacopoeias. - —  Denmark IX (1948).
____Egypt 1953. ___ B.P. 1953; U.S.P.
XV (1955)...........Finland VI (1937); Norway
V (1939); Switzerland V (1933).
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singly not more than one of the pastilles deviates from the average weight 
by more than 15 per cent., and none of the remainder deviates by 
more than 10 per cent.” . This implies that not more than one pastille 
may deviate from the mean weight by more than 10 per cent., but tljat one 
pastille may deviate by an unspecified amount. It is presumably intended 
to require that not more than one pastille shall deviate by more than 10 
per cent., and no pastille by more than 15 per cent. Reference to Figure 3 
shows that this test gives a curve which is even less‘sigmoid than that of 
the British Pharmacopoeia test applied to tablets, whereas a more markedly 
sigmoid curve would be desirable.

The lozenge test is similar to the test of the British Pharmacopoeia for 
tablets weighing not more than 2 grains (i.e., x =  10 per cent.), except that 
no lozenge is permitted to vary by more than 15 per*cen|. (i.e., 1 -5x com­
pared with 2x for tablets). This will not make the test appreciably more 
severe on satisfactory batches, but will reject a greater proportion of 
unsatisfactory batches, and so is to be preferred.

(d) Sequential Analysis Tests
Smith7 recommends application of the methods of sequential analysis 

to the problem, on the grounds that it allows uniform *batches to be 
accepted with fewer weighings than the test of the British Pharmacopoeia 
and removes the rigid division between acceptance and rejection in 
borderline cases.

He selects as the important criteria the probabilities of accepting 
batches which contain p0 =  5 per cent, and p t =  25 per cent, of defective 
tablets respectively. Using the data of Figures 2 or 3 (or of Table I of 
Smith’s paper7) relating to the test of the British Pharmacopoeia, the 
desired probability of rejection of the more acceptable quality p0 is 
a =  0-08, and the desired probability of acceptance of the less acceptable 
quality p x is j8 =  0-08, giving the acceptance and rejection numbers 
0T28 m } 1-323 for a sample of size m, and*this leads to the Table I (cf. 
Table II of Smith’s paper7).

If the probabilities at the p0 =  5 per cent, and px — 30 per cent, levels are 
considered, then the acceptance and rejection numbers are 0T46 m 
— 1-632 and 0-146 m +  1-190 leading to Table II. Table III gives the 
data for pg =  15 per cent, and px =  20 per cent. The criteria for 
acceptance and rejection of batches can thus be varied by using data 
from different parts of the operating characteristic curve based on the 
specification of the British Pharmacopoeia.

Just as a test of the B.P. type can be improved by use of a greater 
number of tablets in the sample, %o the sequential analysis test can be 
improved by altering the probabilities desired. «Table IV gives the criteria 
for a =  /I =  0-01, with p0 =  5 per cent, and px =  25 per cent.; it is clear 
that a greater number of tablets is required before a ¿ecision can be made.

Smith also describes an “improved” procedure, involving counting 
the numbers of “half-defectives”, and gives data based on the assumption 
of normal distribution of tablet weights. «This procedure is equivalent 
to reducing x in tests of the B.P. type to 0-5x, and has certain advantages
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TABLE I TABLE II
C r ite r ia  fo r  a c c e pt a n c e  a n d  r e je c t - C r it e r ia  fo r  a c c e pt a n c e  a n d  r ejec ­
t io n  WHERE Po =  5 PER CENT., p 1 =  25 TION WHERE p„ =  5 PER CENT., p 1 =  30 
PER CENT., a  =  j8 =  0 08 PER CENT., a  =  0-08, ¡8 =  0-03

Numbed of 
defectives 
observed

Accept if 
number of 

tablets weighed 
is not less 

than: *

Reject if 
number of 

tablets weighed 
is not more 

than:

Number of 
defectives 
observed

Accept if 
number of 

tablets weighed 
is not less 

than:

Reject if 
number of 

tablets weighed 
is not more 

than:
0 11 __ 0 12 ___
1 19 .— . 1 IS —
2 26 5 2 25 5
3 34 13 3 32 12
4 42 20 4 3S 19
5 50 28 5 46 26
6 58 36 6 53 32

which have been discussed above. The particular advantage here is the 
reduction in the number of weighings when there is evidence of uniformity.

As Smith himself has pointed out, “decisions with a small number of 
weighings would be possible only when the batch was uniform”, and so 
the test is unsuited to inclusion in an official book of standards, since 
evidence of uniformity of a batch would not in general be available to a 
public analyst or other small-scale consumer. The method is well-suited 
for use by manufacturers, especially in well-controlled production units.

TABLE III
C r it e r ia  fo r  a c c e pt a n c e  a n d  r ejec ­
tio n  WHEREP q =  15 PER CENT., A  =  20 

PER CENT., a =  0'61, j8 =  0T9

Number of 
defectives 
observed

Acept if 
number of 

tablets weighed 
is not less 

than:

Reject if 
number of 

tablets weighed 
is not more 

than:

0 12
1 18 —

2 24 6
3 30 12
4 35 18
5 41 24
6 47 29

TABLE IV
C r it e r ia  fo r  a c c e pt a n c e  a n d  r ejec ­
t io n  WHERE p „ =  5 PER CENT., p 1 =  25 

PER CENT., a. =  fi =  0-01

Number of 
defectives 
observed

Accept if 
number of 

tablets weighed 
is not less 

than:

Reject if 
number of 

tablets weighed 
is not more 

than:

0 R __

1 23 —

* 2 32 4
3 41 13
4 50 22
5 59 31
6 68 40

Coated Tablets *
The foregoing discussion relates to uncoated tablets. While it is true 

that the weights of pan-coated tablets are not directly proportional to the 
weights of active ingredienf contained in them, there is a positive correla­
tion, and a high standard deviation of ¿he coated weights would indicate a 
poorly-made batch. In tie  case of tablets coated by compression, there 
should be no difficulty in securing uniformity of weight.

If it were considered desirable to extend the test for uniformity of 
weight to coated tablets, wider limits would need to be set, at any rate 
at first. Suitable values would be twice the deviations allowed for un­
coated tablets. Thus for teste of type (a), a suitable limit would be that 
“the coefficient of variation of the weights of coated tablets shall not

1109
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exceed that corresponding to a standard deviation of 4 mg. plus 4 per cent, 
of the mean weight” .

Fig . 5. Operating characteristic curves for 
samples of the stated size with no defective tablets 
in the sample.

D isintegration  (
The function of the test for disintegration is to ensure adéquat# release 

of the active ingredient13.
Apparatus and methods have been described by many workers14-33, and 

reviews are given by Brown16, Hoehn34, Sperandio, Evanson and DeKay24,
Smith12, Denston2 and 
M iinzel and K âg i35. 
Mention must also be 
made of the apparatus 
d e& rijied  by o ffic ia l 
bodies, including the 
Amerfcan Pharmaceuti­
cal M a n u f a c t u r e r s ’ 
Association, the Associ­
ation of Official and Agri­
cultural Chemists, the 
American* Pharmaceuti­
cal A s s o c ia t io n ,  the 
Fédération Internationale 
Pharmaceu t ique,  and 
pharmacopoeia commis­
sions of many countries. 
O the r  r e l a te d  pa p e rs  
have been published36-39 
suggesting suitable time 
limits for disintegration, 
and Bukey and Brew40 
have given information 
about in vivo disintegra­
tion times as measured 
by X-ray methods. The 
method of setting the 
specification has been dis- 
cussed  by H o y le 21, 
Prance, Stephenson and 
Taylor22, and Evers11. 

Enteric and hypodermic tablets lend themselves to the same statistical 
treatment. .  •

(a) The usual form of specification is to require that no tablet out of five 
(or ten, etc.) shall fail to disintegrate in the specified conditions and time. 
Operating characteristic curves similar to those fo j the weight variation 
test can be constructed, and some relevant data are given in Figures 5 and 6. 
In order to be sure that the chance of a sample from a satisfactory batch 
failing the test is negligible (P =  0-005), theamanufacturer must work to a 
maximum of about 0-1 per cent, of defective tablets in the batch, with

F ig. 6. Operating characteristic curves for tablet 
disintegration tests (a) (sample of five tablets), (b), 
(c), (d) and (f).
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samples of five tablets; this is a high standard. On the other hand, a 
batch containing as many as 10 per cent, of defective tablets has a chance 
of 3 in 5 of being accepted.

(h)*To avoid rejecting a batch containing an occasional abnormal 
tablet,»Prance, Stephenson and Taylor22 suggested that if the first sample 
of five tablets is rejected, a further ten should be taken and must all pass. 
Figure 6 shows that the manufacturer must work to not more than about 
1 per cent, of defective tablets in the batch; a sample from a batch contain­
ing 10 per cent, defective has 3 chances in 4 of passing the test.

(c) The test of the British Pharmacopoeia 1948 has been analysed by 
Evers11. It has about the same stringency as the test of Prance, Stephenson 
and Taylor, although a maximum of only ten tablets is needed (cf. fifteen 
for the latter). Jsiofe: The data on which curve (c) of Figure 6 are based 
are different from those in column 4 of Table II of Evers’ paper11, since he 
neglected the proportion of tablets which fail on the first sample and do 
not qualify for a second sample, i.e., those with two or more defective in 
the first sample of five tablets.

Evers11 suggested two alternative tests: (d) Not more than one defective 
tablet shall be permitted in a sample of ten tablets.

(e) Not more than two defective tablets shall be permitted in a sample 
of 20 tablets. The latter, in particular, is more discriminating than test (c), 
since it is more severe on unsatisfactory batches and less severe on satis­
factory batches (see Fig. 6). However, the gain in discrimination is not 
sufficient to compensate for the need to expend a greater number of 
tablets in the sample. The suggestion by Evers that the same 20 tablets 
which are used for the test of uniformity of weight should be employed is 
not really valid, because these are normally required in the assay.

(/)  The test of the 1955 Addendum to the British Pharmacopoeia 1953 
must be considered in relation to two types of tablets. Certain tablet 
formulations give gummy masses which fail to break up in conventional 
disintegration tests, and with these a guided disc may be used to assist 
in breaking up the residue2. Gummy‘tablets will almost always fail in the 
first half of the test, so that curve (a) of Figure 6 applies. The non-gummy 
tablets, however, may fail or pass the first half, and so the second half of 
the test, involving the use of the disc, must be considered in addition. 
Assuming that the presence of the disc does not facilitate rapid disintegra­
tion of a non-gummy tablet, then curve ( /)  of Figure 6 applies; a sample 
from a batch containing 10 per cent, of defective tablets has 5 chances in 6 
of being accepted by the double test. In practice, the disc will facilitate 
rapid disintegration, and so even fewer batches will be rejected. This 
anomaly could be overcome by raquijing the guided disc to be inserted in 
all cases, and accepting ®r rejecting the batch on the evidence of the first 
sample of five tablets. In addition, to allow for instances in which ten 
tablets are available ¿or disintegration testing, it could be required that all 
of a sample of ten tablets {or of two samples of five tablets each) must 
disintegrate within the stated time with the disc fitted; if :en tablets are not 
available, five may be used and all must disintegrate.

(g) Bull41 stressed the importance of variation from mean disintegration
1 1 1 1
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time when comparing formulations ; Linnell42 has also raised this point. 
Satisfactory batches of tablets show a coefficient of variation of dis­
integration time which is less than 25 per cent., although not much 
information on this point is available in the literature. (Analysis of ¿Tables 
TIT and IV of the paper by Hoyle21 gives values of 24 and 9-8 p#r cent, 
respectively.) Where the mechanics of the disintegration test permit 
measurement of the disintegration times of individual tablets, it should be 
possible to specify a maximum permitted standard deviation (or coefficient 
of variation). However, to ensure rejection of those batches containing a 
proportion of tablets which might not disintegrate within hours or days, 
it would be more expedient to require that all tablets should disintegrate 
within twice the limit allowed for the bulk of the tablets in those tests such 
as (b), (c), (d) and (e) which allow a small propSrtiqn to exceed the 
standard disintegration time limit.

D urability

Spengler and Kaelin43 listed eight desirable mechanical properties of 
tablets, namely resistance to wear, rolling, shaking, impact, rubbing, 
pressure, bending and indentation. Smith44 reviewed some of the equip­
ment available for testing some of these properties. More recent work 
has been published by several authors37’45̂ 49.

Three criteria are in use in different types of tests : (a) The tablet must 
not show any significant change when subjected to specified misusage. 
(.b) The tablet must not lose more than a certain weight, or proportion of 
its weight, when subjected to specified misusage. (c) The tablet must with­
stand a specified stress. Adequate replication must be ensured, since the 
between-tablets variation is frequently large; Webster and Van Abbé47 
specify a maximum permitted coefficient of variation of loss of weight in 
their test.

The test of uniformity of weight of the British Pharmacopoeia is to some 
extent a check that the tablets are mechanically sound, since (unlike the 
U.S.P. XV) it does not specify the use of unbroken tablets. Batches 
containing a high proportion of chipped or broken tablets would almost 
certainly be rejected by the test of uniformity of weight.

The number of tablets taken for a test of durability depends mainly on 
the mechanical construction of the apparatus used, although tests of type
(c) normally involve only one tablet at a time. With tests of types (a) and 
(b), more tablets are required if their size is small. Since the tablets are 
expended in the test, and since large samples ('e.g., 100 tablets) are often 
needed for useful results, tests of durability are more likely to be applied 
by a manufacturer as a form of quality control than to be included in a 
book of official standards. •

The various criteria discussed in the two previous sections can be 
applied, with obvious modifications, to tests of mechanical properties. 
If official standards were contemplated, data»sh owing the characteristics 
of large numbers of satisfactory and unsatisfactory batches of different 
formulations of tablets would be required before detailed recommendations 
could be made.

1 1 1 2
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D imensions a nd  W eights

Several foreign pharmacopoeias specify the weights and die sizes of 
official tablets12’50. The Wholesale Drug Trade Association (now the 
Association of British Pharmaceutical Manufacturers) has issued schedules 
of recftmmended weights and die sizes to its members for many years51. 
Smith50 and Firth52 have tabulated the dimensions and weights of many 
tablets commercially available.

Smith50 compared possible methods of standardising these properties, 
and put forward specifications as a basis for discussion. If a specification 
were to be adopted by an official body (possibly as a first step only for 
tablets newly introduced into a book of standards), it might take the form 
of a statement either of die size2 with a tolerance of (say) -- 0-05 cm. or of 
total weight with a tolerance of ± 5  per cent.

C onclusions

Control of the quality of tablets is required at two stages (at least) of 
their life-history. The manufacturer should maintain production under 
statistical control, in order to detect, and so be able to correct, abnormali­
ties as soon a§ they develop. The consumer should inspect some or all 
of the tablets at the time of purchase, in order to be sure that the alleged 
quality has been maintained.

For the control of variation of weight by the production unit, tests based 
on range are probably the most useful; tests based on sequential analysis 
carried out by the analytical control department may be a useful supple­
ment. For the control of variation of weight by the consumer, the test of 
the British Pharmacopoeia, modified in one or more of the ways suggested 
in this paper, or (better) a test based on standard deviation, is recom­
mended.

For the control of disintegration, the test of the 1955 Addendum to the 
British Pharmacopoeia 1953, modified as suggested in this paper, is 
recommended. #

There is a lack of sufficient data for detailed recommendations on 
standards for durability and for weights and dimensions.

Summary

1. The statistics of tests of weight variation, disintegration and 
durability, and standards of dimensions and weights of tablets are dis­
cussed.

2. The specifications (¿lid down in the British Pharmacopoeia are 
criticised, and alternatives are suggested.
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.  DISCUSSION

The paper was presented by Mr. A. R. Rogers.
M r . K . L . Sm ith  (N o tt in g h a m ) sa id  th a t a s  w o r d e d  th e  p a p er  m e a n t  

th a t  a  sa m p le  w o u ld  b e  fa ile d  i f  it  h a d  such* u n ifo r m ity  th a t th e  u p p er  
c o n fid e n c e  lim it d id  n o t  ex c e e d  th e  griti«al co e ff ic ien t o f  v a r ia t io n . W h e n  
c o n s id e r in g  te s ts  b a se d  o n  ra n g e  th e  a u th o r  su g g e s te d  th a t th e  ra n g e  in  
w e ig h ts  to  b e  o b serv ed  in  five  ta b le ts  m a y  b e  a s great as fiv e  t im es th e  
sta n d a rd  d e v ia t io n  w h ich  is n o t  to  b e  e x c e e d e d . T jjis is  th e  o rd er  w h ic h  
w o u ld  in d ic a te  th a t th ere  w a s  a  95  p er  cen t, p r o b a b ility  th a t th e  sta n d a rd  
d e v ia t io n  d id  ex c e e d  th e  cr itica l v a lu e . T o  en su re , w ith  95  p er cen t, 
p r o b a b ility , th a t  th is  w a s n o t  so , th e  ra n g e  ¿ » w e ig h ts  o f  five  ta b le ts  sh o u ld  
n o t  ex c e e d  th e  cr it ica l s ta n d a rd  d e v ia t io n . H e  c o u ld  n o t  u n d ersta n d  h o w
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the author found that in a sample of 20 the range of the B.P. test could be 
15 per cent, of the mean weight. Under the B.P. test, batches of tablets 
weighing five grains would be accepted with 95 per cent, probability if 
4 per cent, of them had weights deviating from the mean by 5 per cent, or 
more. • The standard deviation of such populations, if they are normally 
distributed, is about 2-5 per cent, of the mean weight, from which it could 
be calculated that the average range in weight of 20 tablets should be 9-3 
per cent. On the subject of sequential sampling, he was surprised that 
the' author considered the values calculated using other points on the 
operating curve for the B.P. test differed markedly from those given by 
him. He thought it more reasonable to calculate from points towards 
the extremities of the curve, and it could be shown that the points chosen 
by him gave an operating curve closer to that of the B.P. test than Table
III. It was unfortunate that in the discussion of his paper at the Aberdeen 
conference a misq*uote led Mr. Rogers to suggest he considered that the 
suitability of the sequential sampling test depends on other information 
regarding the uniformity of the batch being available. This was certainly 
not the case: it stands on its own as efficiently as any equivalent pro­
cedure. Mr. Rogers suggests that the test based on sequential analysis 
could provide a useful supplement for the analytical control department, 
presumably to quality control tests. There is a good argument for the 
claim that where quality control charts are available these could provide 
sufficient evidence for everybody that the batches have the desired 
uniformity.

Mr. E. W. Richards (Upminster) suggested that manufacturers should 
release for publication the large amount of information in their files on 
tablet weights. There appeared to be no direct reference in the paper to 
batch size, which might be up to 106, and in such cases a sample of 20 
tablets could only be regarded as a spot check. The tablet maker would 
make frequent checks during the run of a batch. It was difficult to under­
stand the author’s remark fln page 1109 that the weights of pan-coated 
tablets were not directly proportional*to the weights of active ingredient 
contained in them. Provided variations between tablets and batches 
were not so obvious as to be readily noticed by the customer, there did 
not appear to be a need for the uniformity test for coated tablets. The 
recommendation that the disc should be used in.aH cases was not sound. 
With certain formulations there was a tendency for tablets to clump 
together or stick to the disc itself, and the disintegration time could then 
be considerably longer with the disc than without it. He suggested that 
tests might be made, witC the disc and without, and the shorter time 
recorded. It would be almost knpcjssible to devise a single durability 
test which could be related to the behaviour of a tablet m all the hazards 
it met from the die to the consumer.

Mr. G. R. Wilkin p̂n  (London) asked for some amplification of whether 
“slackness” applied to the machine rate or to the operator. With reference 
to the author’s remark concerning one punch out of 25 in a rotary com­
pressing machine being wrongly adjusted, he said that he had yet to find 
a  rotary machine where the punches could be individually adjusted. A

CONTROL AND STANDARDISATION OF TABLETS

1115



A. R. ROGERS

feature of the compression coated tablet was the time delay experienced 
between checking and the actual adjustment of the machine to rectify 
any fault found. He had found that a chargehand working with a pair 
of calipers could produce much better control than many of the statistical 
methods. •

M r . D. Steph en so n  (Dartford) said that many rotary tablet machines 
had adjustable punches. He supported Mr. Richayls’ comment on the 
disintegration test. Many tablets containing vegetable extracts tended_ to 
stick to the under side of the disc.

M r . N . J. v a n  A b b e  (Loughborough) said that from the point of view 
of the consumer or of the public analyst it was not the remaining length 
of life for the tablet which mattered. The durability test was essentially 
a quality control for the manufacturer and not a test for the tablets at the 
time of use. •

M r . A . R . R o g er s , in reply, said that he felt that the figures in the 
paper with reference to the ratio of range to standard deviation were 
correct. He was prepared to stand by his figure of 15 per cent, for a 
sample of 10 tablets. With regard to sequential analysis tests he main­
tained that his figures, even as amended, were different, Cut perhaps in 
practice the difference was not very important. He agreed that the 
sequential analysis test could supplement other tests and that the analyst 
in a manufacturing concern should make control charts available to the 
public analyst, but it was difficult to see how a body such as the Pharma­
copoeia Commission could take cognizance of such a procedure. He 
also agreed that it would be useful to have more of the data which were in 
manufacturers’ files. He had emphasised that it was desirable for tablet 
manufacturers to keep their products under statistical control in regard 
to weight variation. He had not a very wide experience of the new 
disintegration apparatus. He agreed that it would be better to leave 
the durability test as unofficial. Perhaps “slackness” was a loose term; 
it might have been better to say *‘worn punches” .
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O u r  a t te n t io n  w as *first d ra w n  to  Leontice leontopetalum L in n , in  1951 
b y  D r .  W . M . F o ^rd -R o b ertso n  o f  th e  L e b a n o n  H o sp ita l f o r  M e n ta l  a n d  
N e rv o u s  D iso rd e rs , A sfu riy eh , B e iru t, a n d  th e  p re se n t in v e s tig a tio n  w as 
u n d e r ta k e n  a t  h is  re q u e s t. W e  a re  in d e b te d  to  h im  fo r  su p p ly in g  u s 
w ith  m a te r ia l, a n d  w ith  d e sc r ip tio n s  o f  th e  u se  o f  th e  d ru g  as  a  n a tiv e  
re m e d y  fo r  th e  tr e a tm e n t  o f  ep ilep sy . T h e  fo llo w in g  a c c o u n t o f  its  u se  is 
b a s e d  o n  th e se  d e sc rip tio n s , a n d  o n  d iscu ss io n s  b e tw een  o n e  o f  u s (P . F . N .)  
a n d  D r .  A . S. M a n u g ia n , o f  th e  L e b a n o n  H o sp ita l.

D r . M a n u g ia n  h a s  m a d e  a  sp ec ia l s tu d y  o f  ep ilep sy  in  L e b a n o n , a n d , 
in  th e  c o u rse  o f  th is  w o rk , fo u n d  th a t  a  p re p a ra t io n  o f  th e  tu b e ro u s  ro o ts  
o f  a  p la n t  w h ich  g ro w s in  p a r ts  o f  th e  L e b a n o n  h a s  a  re p u ta t io n  fo r  c u r in g  
ep ilep sy . A c c o rd in g  to  th e  d e sc r ip tio n s  w h ich  w e rece iv ed  th e  s te m  a n d  
leaves o f  th e  p la n t  a re  su c cu le n t, a n d  th e  ro o ts  re se m b le  so f t w a te ry  
p o ta to e s .  T h e  “ju ic e ”  p re p a re d  f ro m  th e  f re sh  ro o ts ,  is b i t te r  a n d  
p o iso n o u s . I t  is th is  ju ic e  w h ich  is u se d  in  th e  tre a tm e n t,  w h ich  w e m a y  
a d d , is r e g a rd e d  as  “ k ill o r  c u re ” . W e  a re  in fo rm ed , h o w ev e r, th a t  severa l 
c u re s  o f  c o n firm e d  cases o f  ep ilep sy  h av e  b ee n  o b se rv ed .

F o r  tr e a tm e n t1 th e  tu b e r  k  d u g  u p  a f te r  th e  a e r ia l p a r ts  h a v e  d ie d  d o w n , 
c u t  in to  sm a ll p ieces, a n d  p o u n d e d  irf a  m o r ta r .  T h e  “ju ic e ”  is g iven  in  
a  d o se  o f  a b o u t  o n e  te a sp o o n fu l th re e  tim es  daily . T h is  d o sag e  is c o n ­
tin u e d  fo r  th re e  d ay s  a n d  d u r in g  th is  t im e  th e  p a t ie n t  is  r e p o r te d  to  b e  
m o re  o r  less in  status epilepticus, h a v in g  co n v u ls io n s  w h ich  re c u r  every  
tw o  o r  th re e  m in u te s . T h e  “ju ic e ”  is p re p a re d  f ro m  fre sh ly  co llec ted  
ro o ts  fo r  e a ch  dose . A t  th e  e n d  o f  th is  in it ia f  t r e a tm e n t th e  p a t ie n t  is 
g iven  la rg e  q u a n titie s  o f  a n  aq u e o u s  e x tra c t  p re p a re d  f ro m  th e  m a rc  le ft 
a f te r  th e  p re p a ra t io n  o f  th e  “ju ic e ” . T h e  m a rc  is p o u n d e d  in  w a te r , a n d  
g lassfu ls  o f  th e  e x tra c t  tltu s  p re p a re d  a re  g iven  fre q u e n tly  eve ry  day , 
u su a lly  fo r  a  p e r io d  o f  severa l rg o n th s . T h e  n a tiv e  p re sc rib e rs  say  th a t  
th is  e x tra c t  s to p s  th e  cq p v u ls iv e  a c tio n  o f  th e  d ru g , b u t  D r . M a n u g ia n  
believes th a t  th is  is n o t  a n ' e s sen tia l p a r t  o f  th e  tre a tm e n t.

T h e  p re se n t in v e s tig a tio n  w as b e g u n  w ith  a  sm a ll b a tc h  o f  th e  d r ie d  
ro o ts  su p p lied  b y  D r . F o rd -R o b e r ts o n . T h e  p la n t  h a d  b e e n  te n ta tiv e ly  
id e n tif ied  b y  M r . R . W . H ig h w o o d  o f  th e  B ritish  C o u n c il in  B e iru t as  
Leontice leontopetalum L in n .• (B e rb e rid a ce ae ). T o  co n firm  th is  id e n tif ica ­
t io n  a n d  to  ex a m in e  th e  g ro w in g  p la n t  in  i ts  n a tu ra l  h a b i ta t  o n e  o f  u s
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» (P . F . N .)  w as  e n a b le d  th ro u g h  th e  g en e ro s ity  o f  th e  C ro ss  T ru s t, to
a r ra n g e  a  s h o r t  v is it to  L e b a n o n  e a rly  in  1954. S pecim ens o f  th e  e n tire  
p la n t  in  th e  flo w erin g  a n d  f ru it in g  c o n d itio n  w ere  co llec ted  a n d  p reserved .'
O n  c o m p a riso n  w ith  a u th e n tic  specim ens a t  th e  B ritish  M u se u m  o f  
N a tu ra l  H is to ry  th e  id e n tity  o f  th e  m a te r ia l w as co n firm ed  as  L to n tic e  
leontopetalum  L in n . T h e  p a r t  o f  th e  p la n t  u se d  as  a  d ru g  is v a r io u s ly  
d e sc rib ed  as a  ro o t2, tu b e ro u s  r o o t3-5, c o rm 2, tu b e ro u s  s tem  b a se 6, o r  
tu b e ro u s  rh iz o m e 7. O u r  o b se rv a tio n s  u p  to  th e  p re se n t in d ic a te  th a t  i t  
is a n  in te rc a la ry  r o o t  tu b e r ,  b u t  th is  aw a its  co n f irm a tio n  f ro m  h is to lo g ic a l 
in v e s tig a tio n s  n o w  in  p ro g re ss . A  d e sc r ip tio n  o f  th e  p la n t  is g iven  
in  P a r t  I I .

P la n ts  o f  L eon tice  species w h ich  h av e  b een  in v e s tig a ted  ch em ica lly  a re  
L eotitice eversm anni B ge.8-13 a n d  L eon tice a lberti11. T h ey  a re  re p o r te d  
to  c o n ta in  a  n u m b e r  o f  a lk a lo id s , o f  w h ich  le o n ta n jin e  (C MH 26N 2)8’9 •
le o n tid in e  (C 15H 20O N 2)8-11, p a c h y c a rp in e  (sp a r te in e )10-11 lu p a n in e 10-11 
le o n tin e  (C 15H 24O N 2)10’13, iso leo n tin e11 a n d  ta sp in e  (C 20H 19O 6N )u >12 a re  
fo u n d  in  L . eversm anii. L . a lb erti h a s  b een  less ex tensively  in v es tig a ted , 
b u t  h a s  b ee n  sh o w n  to  c o n ta in  m e th y lcy tis in e , le o n tin e , le o n tid in e , a n d  
a n  u n id e n tif ied  a lk a lo id 10. T h e re  h a s  b een  n o  r e p o r t  o f  p h a rm a co lo g ica l 
ac tiv ity  e ith e r  o f  th e  p la n ts , ex tra c ts , o r  c o n s titu e n t a lk a lo id s . O n  th e  
o th e r  h a n d , c e r ta in  o f  th e  B erb e ris  a n d  re la te d  a lk a lo id s  in c lu d in g  cap - 
n a u r in e 14, c ry p to p in e 15, p ro to p in e 16, co ry c av in e17, co ry c av am in e17, co ry -  
tu b e rin e 17, g lau c in e18, d ic en tr in e19, d o m e s tic in e20, p u k a te in e 21, a n d  b o ld in e22, 
h av e  b een  sh o w n  to  ex h ib it c o n v u lsa n t ac tiv ity  in  ex p e rim en ta l an im a ls . 
A n d , w ith  th e  d isco v ery  by  u s o f  a lk a lo id s  in  L . leontopetalum , i t  seem ed  
re a so n a b le  to  su p p o se  th a t  th e  ac tiv ity  o f  th e  d ru g  re s id ed  th e re in . H o w ­
ever, as  d esc rib ed  in  th e  sequel, L . leontopetalum  resem b les th e  re la te d  
species C aulophyllum  thalic tro ides (B erb e rid a ce ae )  in  p o sse ss in g  a  h ig h  
c o n te n t o f  sa p o n in , a n d  in  v iew  o f  a  re c e n t r e p o r t  th a t  c a u lo sa p o n in , th e  
c ry s ta llin e  g lycoside  f ro m  C. thalic troides a n d  Jh e  c o r re sp o n d in g  sa p o g en in  
(n o w  id en tif ied  as  h ed e rag en in 23), ex h ib it o x y to c ic  ac tiv ity 24, th e  w o rk  o f  
iso la tin g  th e  a lk a lo id s  f ro m  L . leontopetalum  w as co m b in ed  w ith  a n  in ­
v es tig a tio n  o f  th e  sa p o n in . W e  h av e  to  r e p o r t ,  a f te r  c a re fu l a n d  re p e a te d  
e x a m in a tio n  o f  b o th  c a u lo sa p o n in  a n d  le o n to sa p o n in  th a t  w e h a v e  b ee n  
u n a b le  to  find  a n y  ev id en ce  o f  o x y to x ic  ac tiv ity .

A . C hem ical E xam ination  of L. L eontopetalum

S m all q u a n titie s  o f  th e  d ru g  w ere  e x tra c te d  w ith  v a r io u s  so lv en ts  su ch  
a s  w a te r , d ilu te  a c id  a n d  e th a n o l, a n d  th e  re su ltin g  so lu tio n s  ex a m in e d  
q u a lita tiv e ly . T h e  a q u e o u s  so lu tio »  w as sa p o n ac eo u s , a n d  sa p o n in  w as  
sh o w n  to  b e  p re se n t b y  (a) th e  v o lu m in o u s  w h ite  p re c ip ita te  w ith  b as ic  
le ad  a c e ta te  (g lycosides), (b) p o s itiv e  M o lisc h ’s re a c tio n  (c a rb o h y d ra te ) ,
(c) re d u c tio n  o f  F e h lin g ’s so lu tio n  o n ly  a f te r  aq jd  h y d ro ly sis . T w o  
a lk a lo id  f ra c tio n s  w ere  sho \yn  to  b e  p re se n t »in th e  e th a n o l ex tra c t, o n e  
ex tra c ta b le  f ro m  am m o n ia c a l o r  c a u s tic  so d a  so lu tio n  w ith  o rg a n ic  so l­
v en ts . T h e  se c o n d  n o n -e x tra c ta b le  f r a c t io n  w as free ly  so lu b le  in  w a te r  
a n d  p re su m e d  to  b e  q u a te rn a ry  in  ty p e .

J. McSHEFFERTY AND OTHERS
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LEONTICE LEONTO PET ALUM  LINN. PART I

I solation  of Saponins

. S ev era l m e th o d s  o f  iso la tin g  th e  s a p o n in s  w ere  ex am in ed . W a te r , 
a l th o u g h  a n  effec tive so lv e n t fo r  sa p o n in , w as u n su ita b le , e x tra c tin g  m u c h  
e x tra fleo u s  m a te r ia l  a n d  y ie ld in g  g u m m y  p ro d u c ts .  T h re e  sa p o n in  
f ra c tio n s  w ere  o b ta in e d  as  p o w d e ra b le  so lid s  ( to ta l  y ie ld  17-3 p e r  ce n t, 
o f  th e  d ru g ) ,  b y  ex tra c tin g  w ith  a b s o lu te  e th a n o l a n d  fra c tio n a lly  p re ­
c ip ita t in g  th e  re su ltin g  e x tra c t  w ith  d ry  e th e r . I t  w as  e ssen tia l to  u se  d ry  
so lv en ts , a n d  d ifficu lties w ere  v isu a lised  in  tr a n s la tin g  th e  p ro ce ss  to  a  
la rg e  scale . F in a lly  a  m o d if ic a tio n  o f  th e  m e th o d  u se d  by  P o w e r  a n d  
S a lw ay25 fo r  th e  iso la tio n  o f  c a u lo sa p o n in  f ro m  th e  ro o ts  o f  C. thalictroides 
w as em p lo y ed . T h re e  c ru d e  sa p o n in s  w ere  ex tra c te d , sa p o n in  1A, I IA , 
I I IA , w h ich  y ie ld ed  a  s ing le  p u re  sa p o n in , le o n to sa p o n in . T h is  w as 
o b ta in e d  as  a  co lo u rle ss  c ry s ta llin e  so lid  m .p t. 2 3 5 -2 3 8 °  C . (d ec o m p .) , 
o p tic a lly  ac tiv e  [«Jd  +  15-1°, so lu b le  in  w a te r  to  g ive a n  a lm o s t co lo u rle ss  
c o llo id a l so lu tio n , s ligh tly  a c id ic  in  re a c tio n  (p H  6-8). S o lu tio n s  g ive a  
c o p io u s  a n d  p e rs is te n t f ro th , a n d  th e y  em u lsify  o ils to  fo rm  c o a rse  em u l­
s io n s , w h ich  s o o n  b re a k . S o lu tio n s  re a d ily  hasm olyse re d  b lo o d  co rp u sc les  
y e t a p p e a r  to  b e  re la tiv e ly  n o n - to x ic  in vivo; 30 m g . in je c ted  in to  m ice 
(25 g .)  sh o w ed  n o  a p p a re n t  effect.

A c e ty la tio n  o f  le o n to sa p o n in  w ith  ac e tic  a n h y d r id e  a n d  so d iu m  a c e ta te  
g av e  le o n to s a p o n in  a c e ta te . C o m p a r iso n  o f  th e  a n a ly tic a l d a ta  fo r  
le o n to s a p o n in  a n d  its  a c e ta te  in d ic a te d  th a t  th e  sa p o n in  m o lecu le  in ­
c o rp o ra te s  a  su g a r  c h a in  o f  a b o u t  six  o r  m o re  m o n o sa c c h a r id e  u n its . 
S u p p o r t  fo r  th is  co n c lu s io n  a lso  co m es f ro m  th e  lo w  y ie ld  o f  sa p o g en in  
(29 p e r  c e n t .) w h ic h  w as re p e a te d ly  o b ta in e d  o n  h y d ro ly s is  o f  le o n to s a p o n in  
w ith  d ilu te  h y d ro c h lo r ic  a c id  (N )  in  m e th a n o l. H y d ro ly s is  p ro ce ed ed  
sm o o th ly  u n d e r  th e se  c o n d itio n s  a n d  p ro d u c e d  m u c h  c lea n e r  p ro d u c ts  
th a n  th e  m o re  s tro n g ly  a c id  c o n d itio n s  re c o m m e n d e d  b y  W a ll a n d  o th e rs26 
fo r  th e  h y d ro ly s is  o f  s te ro id a l sa p o n in s  w h ich , h o w ev e r, w h en  a d o p te d  
le d  to  th e  iso la tio n  o f  a  sryall q u a n ti ty  o f  p h y to s te ro l. T h e  c ry s ta llin e

sa p o g e n in  C 30H 48O 4, m .p t.* 3 3 3 -3 3 4 °  C . [a]f$ +  78°, w as id en tif ied  as  th e  
tr ip e rp e n o id  sa p o g en in , h e d e ra g e n ip 27“30, b y  d ire c t c o m p a r iso n  w ith  
a u th e n tic  m a te r ia l, a n d  b y  e x a m in a tio n  o f  th e  d ia c e ta te  a n d  d ib e n zo a te . 
T h e  s a p o g e n in  g av e  a  y e llo w  c o lo u r  w ith  te tr a n itro m e th a n e , a n d  sh o w ed  
a n  u ltra -v io le t a b s o rp t io n  m a x im u m  (e n d  a b s o rp tio n )  a t  210  m/x (e 2860) 
a s  in  a u th e n tic  h e d e ra g e n in  ( tr is u b s ti tu te d  d o u b le  b o n d ) .  E v id en ce  o f  
th e  c a rb o x y l g ro u p  w as o b ta in e d  b y  t i t r a t io n ,  a n d  b y  fo rm a tio n  o f  a  
m e th y l e s te r . T h e  p ro x im ity  o f  th e  tw o  h y d ro x y l g ro u p s  to  e a ch  o th e r  
w as  d e m o n s tra te d  b y  th e  p re p a ra t io n  o f  th e  e s te r  a c e to n y l deriva tive .
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T h e  m o th e r  l iq u o rs  f ro m  th e  ab o v e  h y d ro ly s is , a f te r  th e  iso la tio n  o f  
sa p o g en in  a n d  su b se q u e n t n e u tra lis a tio n , gave  p o sitiv e  re a c tio n s  fo r  
red u c in g  su g ars . T h e  p resen ce  o f  g lu co se  w as e s tab lish ed  b y  specific 
q u a n tita tiv e  te s ts  a n d  th e  fo rm a tio n  o f  g lu c o saz o n e  a n d  glucose-ATV- 
d ip h e n y lh y d razo n e . T h e  so lu tio n  a lso  gave  p o sitiv e  re a c tio n s  in te s ts  
c h a ra c te r is tic  o f  p e n to se  su g ars . C h ro m a to g ra p h y  o f  th e se  so lu tio n s  on  
p a p e r  u s in g  th e  so lv en t sy stem  « -b u ta n o l-e th a n o l-w a te r31 gave  th ree  sp o ts32, 
o n e  d u e  to  tra c e s  o f  le o n to sa p o n in , th e  o th e rs  a t t r ib u ta b le  to  g lu co se  a n d  
a ra b in o se , th e  id e n tity  o f  th e  la t te r  b e in g  fu r th e r  co n fiim ed  by  th e  p re p a ra ­
t io n  o f  arab inose-A '-benzy l-A r-p h en y lh y d raz o n e .

I solation  of A lkaloids #
E x tra c tio n  o f  th e  a lk a lo id s  w as severely  h a n d ic a p p e d  by  th e  h ig h  

c o n c e n tra tio n  o f  th e  sa p o n in  a lso  p re se n t, a n d  fo r  th is  re a so n  a  la rg e  
n u m b e r  o f  a l te rn a tiv e  e x tra c tio n  p ro c e d u re s  w ere  ex am in ed . O n e  p e r  
cen t, h y d ro c h lo r ic  ac id  e x tra c te d  a  la rg e  p ro p o r t io n  o f  th e  a lk a lo id s  b u t 
y ie ld ed  o n ly  g u m m y  p ro d u c ts . P re c ip ita tio n  o f  th e  a lk a lo id s  w ith  
p o ta s s iu m  m e rc u ric  io d id e  effectively  s e p a ra te d  th e m  f ro m  so lu tio n s , b u t  
th e  co m p lex  co u ld  n o t  b e  d ec o m p o se d . •

M a c e ra tio n  o f  th e  d ru g  w ith  a m m o n ia  o r  a q u e o u s  ca lc iu m  h y d ro x id e  
( la te r  sh o w n  to  b e  u n n ec essa ry ), a n d  su b se q u e n t e x tra c tio n  in  tu r n  w ith  
b o ilin g  70, 90 p e r  cen t, a n d  a b s o lu te  e th a n o l, sh o w ed  th a t  e x tra c tio n  w as 
n o t  co m p le te  w ith  d ilu te  e th a n o l. T h e  c h lo ro fo rm  so lu b le  a lk a lo id  
f ra c tio n  f ro m  th e se  e x tra c ts  w as g u m m y  a n d  gave a  g u m m y  p ic ra te  a n d  
h y d ro c h lo r id e . T h e  w a te r  so lu b le  (q u a te rn a ry )  a lk a lo id  in  th e  re s id u a l 
l iq u o rs  w as p re c ip ita te d  q u a n tita tiv e ly  w ith  p h o sp h o tu n g s tic  ac id . T h e  
p re c ip ita te , h o w ev e r, w as slim y, ex trem ely  d ifficu lt to  filte r, a n d  reco v ery  
o f  th e  a lk a lo id  w as p o o r . M e rc u ric  ch lo rid e  w as fo u n d  to  be  a  m o re  
su itab le  p re c ip ita n t, th e  co m p lex  b e in g  f ilte rab le  a n d  read ily  d ec o m p o se d , 
a l th o u g h  th e  rec o v e red  m a te r ia l w as still im p u re .

T h e  p u re  q u a te rn a ry  a lk a lo id  w as*finally o b ta in e d  a f te r  e x tra c tio n  o f  th e  
c h lo ro fo rm -so lu b le  a lk a lo id s  b y  p re c ip ita tin g  as  re in e ck a te . T h e  c ru d e  
re in e ck a te  so  o b ta in e d  w as re a d ily  p u rified  b y  c h ro m a to g ra p h y  f ro m  
a c e to n e  on  a lu m in a 33 a n d  o b ta in e d  as  a  p a le  p in k  a m o rp h o u s  so lid , 
C 20H 22O 3N  [C r (N H 3)2( S £ N ) J .  D e c o m p o s it io n  o f  th e  p u re  re in e c k a te 34 
gave  th e  p u re  q u a te rn a ry  a lk a lo id  ch lo rid e , d es ig n a ted  p e ta lin e  c h lo rid e  
as  b r ig h t g reen ish -yellow  scales, m .p t. 140-143° C . (d e c o m p .) , [a ]o  +  11-3°. 
P e ta lin e  c h lo rid e , so  o b ta in e d , h a s  b een  fo rm u la te d  C 20H 22O 3N C l,H 2O , is 
ex trem e ly  h y g ro sco p ic , read ily  so lu b le  in  w a te r, m e th a n o l a n d  e th a n o l, 
b u t  in so lu b le  in  e th e r  a n d  c h lo ro fo rm . A ll a t te m p ts  to  o b ta in  th e  
ch lo rid e  in  a  c ry s ta llin e  s ta te  fa iled , la rg e ly  d u es to  th e  fac ility  w ith  w h ich  
i t  a b s o rb s  m o is tu re . T h e  fo rm u la  o f  p e ta lin e  w as co n firm e d  by  c o n ­
version ' to  a  p ic ra te , C 2oH220 3N ,C 6H 20 7N 3 ; a  platan ¡ch lo rid e  (C 20H 22O 3 
N C l)2P tC l4, a n d  th e  re in e c k a te  a lre a d y  d esc rib ed . A n  io d id e  a n d  .a 
p e rc h lo ra te  w ere  a lso  p re p a re d  b u t  th e se  p ro v e d  less su itab le  fo r  c h a ra c te r ­
isa tio n  p u rp o se s . Z e isa l d e te rm in a tio n  oft th e  ch lo rid e  a n d  p ic ra te  
in d ic a te d  th e  p resen ce  o f  tw o  m e th o x y l g ro u p s .
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In  a  fu r th e r  a t te m p t to  p u r ify  th e  ch lo ro fo rm -so lu b le  a lk a lo id s , th e  use  
o f  io n  ex ch an g e  re s in s  w as n o t  successfu l. Success w as ach iev ed  w ith  th e  

"p rec ip ita tio n  o f  a  re in e ck a te , w h ich  w h en  c h ro m a to g ra p h e d  o n  p a p e r  by  
th e  m e th o d  o f  M ille tti a n d  A d e m b r i36 in d ic a te d  th e  p resen ce  o f  tw o  
(p o ss ib ly  th re e )  a lk a lo id s , a l th o u g h  th e re  w as co n s id e ra b le  tra ilin g  w ith  
so m e  o f  th e  sp o ts . R e c ry s ta llis a tio n  f ro m  a q u e o u s  ac e to n e , fo llo w ed  by  
c h ro m a to g ra p h y  f ro m  a c e to n e  o n  a lu m in a , gave  a  sm all y ie ld  o f  a  b r ig h t-  
re d  c ry s ta llin e  reindfckate w h ich  w h en  c h ro m a to g ra p h e d  o n  p a p e r  b y  th e  
ab o v e  m e th o d  gave a  sing le  c o m p a c t sp o t, R F =  0-626. D e c o m p o s it io n  
o f  th e  re in e ck a te , ho w ev er, y ie ld ed  a  p a le  b ro w n  v iscous o il w h ich  failed  
to  cry sta llise .

A  c ry s ta llin e  f ra c tio n  w as fina lly  iso la te d  f ro m  th e  ch lo ro fo rm -so lu b le  
a lk a lo id s  b y  d isso lv in g  in  ac id , e x tra c tin g  f ro m  a c id  so lu tio n  w ith  e th e r  
a n d  c h lo ro fo rm  to  rem o v e  im p u rit ie s , b as ify in g  w ith  a m m o n ia , a n d  th e n  
e x tra c tin g  w ith  é th e r . A  sm a ll p ro p o r t io n  o n ly  o f  th e  to ta l  a lk a lo id  
c o u ld  b e  e x tra c te d  in  th is  w ay , y ie ld in g  a  c lea r  p a le  b ro w n  v isco u s  o il, 
w h ich  p a r tly  c ry s ta llised  f ro m  e th a n o l, to  g ive a  co lo u rle ss  c ry s ta llin e  
o p tic a lly  in a c tiv e  a lk a lo id , le o n tic in e , m .p t. 118-119° C . T h e  la tte r  
re a d ily  fo rm e d  a  re in e ck a te , m .p t. 218 -2 2 1 °  C . (d e c o m p .) , a p p a re n tly  
id e n tic a l w ith  th a t  o b ta in e d  ab o v e . L e o n tic in e  h a s  b ee n  te n ta tiv e ly  
fo rm u la te d  as  C 20H 25O 3N . T h e  o ily  re s id u e  f ro m  th e  e th e r  e x tra c tio n  
w as d is tille d  u n d e r  re d u c e d  p re ssu re , g iv ing  a  co lo u rle ss  o ily , s tro n g ly  
b a s ic  a lk a lo id , th e  p ro p e r tie s  o f  w h ich  c lo se ly  re se m b le d  th o se  re p o r te d  
fo r  le o n ta m in e , th e  o ily  b a se  f ro m  L . everm annii9. In su ffic ien t m a te r ia l, 
h o w ev e r, h a s  so  fa r  p re v e n te d  c o m p le te  c h a ra c te r is a tio n  o f  th is  f ra c tio n .

T h e  e th e r  in so lu b le  f ra c tio n  o f  th e  to ta l  ch lo ro fo rm -so lu b le  a lk a lo id s  
w as p re c ip ita te d  as th e  re in e ck a te . T h e  la tte r ,  h o w ev e r, w as n o t  
c h ro m a to g ra p h ic a lly  h o m o g e n e o u s , a n d  h a s  n o t  y e t b een  reso lv ed  in to  
its  c o n s ti tu e n t f ra c tio n s . M o re o v e r , a l th o u g h  d e c o m p o s itio n  o f  th e  
re in e c k a te  gives a  c le a r  so lu tio n  o f  th e  h y d ro c h lo r id e , c o n c e n tra tio n  o f  
th e  so lu tio n  a n d  ex tra c tio ft o f  th e  a lk a lo id s  by  n o rm a l m e th o d  le ad s  to  
co n s id e rab le  d e c o m p o s itio n . W o rk  I s  p ro c e e d in g  o n  th e  fu r th e r  e x a m in a ­
t io n  o f  th is  f ra c tio n .

LEONTICE LEONTOPETALUM LINN. PART I

E xperimental

M e ltin g  p o in ts  a re  u n c o rre c te d . R o ta tio n s  w ere  d e te rm in e d  in  95 p e r  
ce n t, e th a n o l, u n le ss  o th e rw ise  s ta te d , in  a  1 d m . tu b e . U ltra -v io le t 
a b s o rp t io n  sp e c tra  w ere  d e te rm in e d  in  a b s o lu te  e th a n o l o n  a  H ilg e r  
U v isp e k  p h o to e le c tr ic  s p e c tro p h o to m e te r . W e a re  in d e b te d  to  M r. 
W . M c C o rk in d a le  a n d  D f . A . C . S ym e fo r  th e  m ic ro an a ly se s  a n d  to  M r. 
W . G a rd in e r  fo r  te ch n ic a l a s s is ta n c e  

M a teria l. T h is  w as  a n  a u th e n tic  sam p le  c o n s is tin g  o f  th e  ro o t- tu b e rs  
o f  L eon tice  leon topeta lum 'lA rm . (B e rb e rid a ce ae ), co llec ted  in  th e  B e k aa  
P la in , L e b a n o n  in  l£ e  sp rin g  o f  1953, sliced  a n d  d ried .

•
Isolation  o f  Leontosaponin

M e th o d  1. T h e  tu b e r  ( l f t g . )  in  N o . 80 p o w d e r  w as ex h a u s te d  by  b o ilin g  
w ith  w a te r  (3 p o r t io n s  ea ch  o f  300 m l.) . T h e  co m b in e d  e x tra c ts  w ere
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e v a p o ra te d  (w a te r  b a th )  to  a  sy ru p , filte red , a n d , w h ils t still h o t,  m ixed , 
w ith  s tirr in g , w ith  th re e  tim es its  v o lu m e  o f  h o t  e th a n o l (60 p e r  c e n t.) ,  
a n d  ag a in  filte red . T h e  f iltra te  p o u re d  d ro p w ise  in to  tw ice  its  volum e* 
o f  e th a n o l (90 p e r  c e n t.)  gave  a  f lo cc u lan t g u m m y  p re c ip ita te  (0-68 g* a f te r  
d ry in g  in vacuo) o f  c ru d e  le o n to sa p o n in . A d d itio n  o f  e th e r  th e  
f iltra te  c a u sed  f u r th e r  p re c ip ita tio n  o f  c ru d e  le o n to sa p o n in  (0-25 g. a f te r  
d ry in g  in vacuo).

M e th o d  2. T h e  tu b e r  (400 g .) in  N o . 80 p o w d e f  w as ex h a u s te d  b y  
b o ilin g  w ith  a b s o lu te  e th a n o l (2 1.). T h e  e th a n o l e x tra c t w as filte red  
w h ils t still h o t,  a n d  d ilu te d  b y  a d d it io n  o f  excess d ry  e th e r , w h en  c ru d e  
le o n to sa p o n in  w as o b ta in e d  as  a  yellow  flo ccu len t p re c ip ita te  (sa p o n in  I ) ,  
m .p t. 2 1 8 -226° C . (d e c o m p .)  (45-7 g .). A  fu r th e r  y ie ld  o f  8-5 g. (sa p o n in  
I I )  w as o b ta in e d  o n  c o n c e n tra tin g  th e  f iltra te , a n d  r e p la t ip g  th e  p re c ip ita ­
t io n  w ith  d ry  e th e r . F u r th e r  c o n c e n tra tio n  a n d  p re c ip ita tio n  gave a  sm a ll 
y ie ld  (3-3 g .) o f  a  d a rk  y e llo w ish -b ro w n  sa p o n in  (sap o n ih  I I I ) ,  m .p t. 188— 
194° C . (d ec o m p .) .

M e th o d  3. T h e  d ru g  (933 g .) in  N o . 80 p o w d e r  w as e x h a u s te d  by  
b o ilin g  w ith  a b s o lu te  e th a n o l. T h e  e th a n o lic  e x tra c t  w as filte red  w h ils t 
still h o t, a n d  o n  co o lin g  d e p o s ite d  c ru d e  le o n to sa p o n in  (70 g .) as a  ye llow  
so lid  m .p t. 21 7 -2 2 1 °  C . (sap o n in  I  A ). T h e  f iltra te  e v a p o ra te d  to  d ry n ess  
gave  a  d a rk  b ro w n  g u m m y  res id u e , w h ich , a f te r  th e  a d d it io n  o f  w a te r  a n d  
s te am  d is tilla tio n , w as  se p a ra te d  as  a  d a rk  yellow  so lid  (20 g .), m .p t. 212— 
222° C . (d e c o m p .)  ( s a p o n in  I I  A ). R e p e a te d  e x tra c tio n  o f  th e  a q u e o u s  
f iltra te  w ith  h o t  am y l a lco h o l (10 x  50 m l.) , a n d  e v a p o ra tio n  o f  th e  
so lv en t gave  a  fu r th e r  y ie ld  o f  d a rk  yello w ish  b ro w n  sa p o n in  (62-6 g .), 
m .p t. 188-220° C . (d e c o m p .)  (sa p o n in  I I I  A ).

Purification  o f  leontosaponin. S a p o n in  I  A  w as re fluxed  w ith  ab so lu te  
e th a n o l (1100 m l.) , th e  so lu tio n  filte red  f ro m  th e  in so lu b le  re s id u e , a n d  
sa p o n in  re p re c ip ita te d  b y  th e  a d d it io n  o f  excess d ry  e th e r . T h e  p ro d u c t  
w as d e c o lo u rise d  b y  tr i tu ra t in g  rep e a te d ly  w ith  c o ld  a b s o lu te  e th a n o l, 
a n d  fina lly  c ry s ta llised  f ro m  a b s o lu te  e th a n o l «to y ie ld  leontosaponin  as  a 
co lo u rle ss  c ry s ta llin e  so lid , m .p t. 2 ?6 -2 3 8 °  C . (d ec o m p .)  a f te r  d ry in g  in 
vacuo [a ]g  +  15-1°. ( F o u n d :  C , 51-9, 51 -5 ; H , 8-1, 8-1 p e r  c e n t.)  T h e  
e th a n o l- in so lu b le  re s id u e , d isso lv ed  in  m e th a n o l, p re c ip ita te d  w ith  e th e r, 
a n d  rec ry s ta llised  f ro m  m e th a n o l-e th e r  (c h a rc o a l)  gave  le o n to sa p o n in , 
m .p t. 2 3 6 -238° C . (d ec o m p .) . R e c ry s ta llis a tio n  o f  sa p o n in s  I I  A  an d  
I I I  A , f ro m  e th a n o l s im ila rly  gave  le o n to sa p o n in .

L eontosaponin  ace ta te . L e o n to sa p o n in  (0-76 g .)  w as h e a te d  u n d e r  
reflux  (w a te r  b a th )  w ith  ace tic  a n h y d r id e  (10 m l.)  a n d  so d iu m  ac e ta te  
(0-56 g .)  u n til so lu tio n  w as c o m p le te  (30 m in .)  S nd  th e re a f te r  fo r  2 h o u rs . 
T h e  re a c tio n  m ix tu re  w as co o led , ^ n d  p o u r e d  o n to  c ru sh e d  ice  (2 g .), 
a n d  m ix tu re  co o led  in  ice  fo r  30 m in u tes . T h e  so lu t io n  w as n e u tra lise d  
w ith  N a O H  (20 p e r  c e n t.) , a n d  th e  g u m m y  cry s ta llin e  p re c ip ita te  e x tra c te d  
w ith  e th e r . T h e  e th e rea l so lu tio n , d r ie d  (N a 2S O J  a n d  e v a p o ra te d , 
y ie ld ed  a  p a le  c re a m  p re c ip ita te  (0-54 g .), w h ich , rec ry s ta llised  fro m , 
e th a n o l (70  p e r  c e n t.) ,  gave  leontosaponin a ce ta te  as a n  a lm o s t co lo u rle ss  
c ry s ta llin e  so lid , m .p t. 155-156° C . (F o u n d  :*C, 55-76, 55-69; H , 6-7, 6-8 
p e r  c e n t.)
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L E O N T I C E  L E O N T O P E T A L U M  LINN. PART I 

H yd ro lysis  o f  Leontosaponin
.  M e th o d  1. L e o n to s a p o n in  (1-0 g .)  w as re flu x ed  w ith  50 p e r  cen t, 
a q u e o u s  e th a n o lic  h y d ro c h lo r ic  a c id  (40 m l., 4 N )  a n d  b en zen e  (16 m l., 
p rev io u sly  e q u ilib ra te d  b y  sh a k in g  w ith  a n  e q u a l v o lu m e  o f  50 p e r  cen t, 
aquecflis e th a n o l) ,  fo r  fo u r  h o u rs . T h e  sa p o g en in , p re c ip ita te d  as  a  p a le  
b u f f  so lid  w as re flu x ed  w ith  b en z en e  (150 m l. in c lu d in g  th e  a b o v e  f ra c tio n )  
a n d  m e th a n o lic  p o ta ss iu m  h y d ro x id e  (50 m l . ; 20  p e r  c e n t.)  f o r  o n e  h o u r. 
T h e  b en zen e  e x tra c t  w as w ash e d  w ith  w a te r , d r ie d  (N a 2S 0 4), a n d  
e v a p o ra te d  to  y ie ld  a  ye llow  so lid  (20 m g .)  m .p t. 112-120° C ,  g iv in g  th e  
ty p ic a l c o lo u r  re a c tio n s  o f  a  p h y to s te ro l. D ilu tio n  o f  th e  m e th a n o lic  
p o ta s s iu m  h y d ro x id e  so lu tio n  w ith  w a te r  (50  m l.)  gav e  a  co lo u rle ss  
c ry s ta llin e  p re c ip ita te  (265 m g . ; 26-5 p e r  c e n t.)  o f  p o ta s s iu m  le o n to -  
sap o g en in . •

M e th o d  2. C ru d e  le o n to sa p o n in  (35 g .)  w as  h e a te d  w ith  a  m ix tu re  o f  
m e th a n o l (900 m l.)  a n d  d ilu te  h y d ro c h lo r ic  a c id  (190 m l., 3 N ) u n d e r  reflux  
o n  a  w a te r  b a th  fo r  five h o u rs . A fte r  d ilu t io n  w ith  w a te r  (200 m l.) , 
m e th a n o l w as re m o v e d  b y  d is t illa tio n , a n d  th e  p re c ip ita te d  sa p o g en in  
(8-64 g . ; 24-7 p e r  cen t.)  se p a ra te d  b y  f iltra t io n . T h e  p ro d u c t,  rec ry s ta llised  
f ro m  80 p e r  c e n t ,  e th a n o l (c h a rc o a l) , gave  leontosapogenin, m .p t. 3 3 2 -  
333° C . (slig h t s in te r in g  a t  319°), e m ax . 2860 a t  210 mp,, [a ]o  +  79-6° 
(c, 0 T 0 , [oc]d  +  80-4 (c, 1-0 in  p y rid in e ). Ja c o b s29 gives m .p t. 3 3 2 -  
334° C ., [aJo  +  81° (c, 2-00 g. in  p y r id in e )  fo r  h ed e rag en in . M ix ed  
m e ltin g  p o in t  o f  le o n to sa p o g e n in  w ith  a u th e n tic  h ed e rag en in  332-333° C . 
(F o u n d :  C , 76-01, 76 -3 ; H , 10-1; 10-5; equ iv . 474-1. C alc , fo r  C 30H 48O 4 : 
C , 76 -2 ; H , 10-2 p e r  c e n t . ; equ iv . 472-7 .) T h e  fo llo w in g  y ie lds o f  sa p o ­
g en in  w ere  o b ta in e d  in  a  series o f  h y d ro y s e s :— 26-35 ; 2 5 -2 ; 2 7 -4 ; 28 -8 ; 
21 -6 ; a n d  24-5 p e r  cen t.

Leontosapogenin  d iaceta te . L e o n to sa p o g e n in  (0-47 g .) re flu x ed  w ith  
ace tic  a n h y d r id e  (5 m l.)  fo r  1 h o u r  gave  le o n to sa p o g e n in  d ia c e ta te  ( fro m  
l : l - a q u e o u s  m e th a n o l) ,  rij.p t. 173-174° C . (s in te rin g  a t  157-158° C .) , 
[<x]g +  66-4° (C , 2-08). J a c o b s20 gives m .p t. 172-174° C , [*]D +  64° (c,
1-0) fo r  h e d e ra g e n in  d ia ce ta te . M ix ed  m .p t. w ith  h ed e rag en in  d ia ce ta te , 
172-172° C . ( F o u n d : C , 7 3 -3 ; H , 9-6 C alc , fo r  C 34H S20 6 : C , 7 3 -3 ; H , 9-4 
p e r  c e n t.)

L eontosapogenin  d ibenzoate. L e o n to sa p o g e n in  (2 g .), re fluxed  w ith  
b en z o y l c h lo rid e  (2 m l.)  in  p y r id in e  (20 m l.)  an*d th e  m ix tu re  p o u re d  in to  
aq u e o u s  so d iu m  b ic a rb o n a te ,  gave  le o n to sa p o g e n in  d ib e n z o a te , m .p t. 2 9 0 -  
291° C ., [a ]o  +  114-5° (c, 0-1 in  C H C 13). J a c o b s29 gives fo r  h ed e rag en in  
d ib e n z o a te , m .p t. 2 9 0 -2 9 1*C . M ix ed  m .p t. w ith  h ed e rag en in  d ib e n zo a te , 
290 -2 9 1 °  C . (F o u n d :  3, 7 7 -4 ; J J , 8#-3. C a lc , fo r  C 44H 560 6, C , 7 7 -6 ; H ,
8-3 p e r  c e n t.)  •

Leontosapogenin  m e th y l ester. L eo n to sa p o g e n in  (1 g .)  w as sh a k e n  w ith  
excess d iazo m eth an ®  in  e th e r . T h e  e th e r  so lu tio n  o n  evaporation*  y ie lded  
a  re s id u e  w h ich  o n  c ry s ta llisa tio n  f ro m  a q u e o u s  m e th a n o l gave  le o n to ­
sa p o g en in  m e th y l e s te r , m .p t. 2 3 6 -2 3 7 °  C ., [ a ]d  +  74-5° (c, 1-018). 
Ja co b s29 gives fo r  h ed e rag en in  m e th y l e s te r , m .p t. 23 8 -2 4 0 °  C ., [a ]D +  75° 
(c, 1-0). M ixed  m e ltin g  p o in t  w ith  h e d e ra g e n in  m e th y l e s te r  (m .p t. 2 3 6 -
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237° C .) , 2 3 6 -237° C . ( F o u n d : C , 76-1, H , 10-3. C alc , fo r  C 31H 50O 4 : C , 
7 6 -5 ; H , 10-4 p e r  c e n t.)

L eontosapogenin  m e th y l es ter  d iaceta te . L eo n to sa p o g e n in  m e th y l e s te f  
(0-177 g .)  re fluxed  w ith  ac e tic  a n h y d r id e  (4 m l.)  fo r  1 h o u r  y ie ld ed  
le o n to sa p o g e n in  m e th y l e s te r  d ia c e ta te  as need les, m .p t. 193-1^4° C ., 
[a ]o  +  63° (c, 0-564). V an  d e r  H a a r27 gives fo r  h ed e rag en in  m e th y l 
e s te r  d ia ce ta te , m .p t. 193° C ., [oc]j5 +  62° (in  a b s o lu te  e th a n o l) . M ix ed  
m .p t. w ith  h ed e rag en in  m e th y l e s te r  d ia c e ta te , 192-1*93° C . ( F o u n d : C , 
73-8; H , 10-0. C alc , fo r  C 35H 540 6 : C , 73-6 H , 9-5 p e r  c e n t.)

A ce to n y l leontosapogen in  m e th y l ester. A  so lu t io n  o f  le o n to sa p o g e n in  
m e th y l e s te r  (74  m g .) in  a c e to n e  (3 m l.)  w ith  3 d ro p s  o f  c o n c e n tra te d  
h y d ro c h lo r ic  a c id  slow ly  d e p o s ite d  p la te le ts  o f  a c e to n y l le o n to sa p o g e n in  
m e th y l e s te r , m .p t.  25 0 -2 5 1 °  C . ( fro m  ab so lu te  e th a f fo l) .a lo n e  o r  m ix ed  
w ith  a c e to n y l h e d e ra g e n in  m e th y l e s te r . ( F o u n d : C , 7 7 -5 ; FI, 10-3 C alc , 
fo r  C 34H 540 4 : C , 77 -5 ; H , 10-3 p e r  c e n t) . *

Isolation  an d  identification o f  sugars fo rm e d  b y  hydro lysis o f  leonto- 
saponin. T h e  aq u e o u s  f iltra te  re m a in in g  a f te r  th e  s e p a ra tio n  o f  le o n to ­
sa p o g en in  (ab o v e )  w as n e u tra lise d  w ith  a m m o n ia  a n d  d ec o lo u rise d  by  
b o ilin g  w ith  ac tiv a te d  c h a rc o a l. T h e  co lo u rle ss  f iltra te  gave  a  p o sitiv e  
re a c tio n  in  M o lisch ’s te s t fo r  c a rb o h y d ra te s , re d u c e d  tfo th  F e h lin g ’s 
so lu tio n  a n d  B a rfo e d ’s re a g en t, gave  a  b lu e -g reen  c o lo u r  in  B ia l’s te s t 
(co n e , h y d ro c h lo r ic  a c id  a n d  e th a n o lic  o rc in o l-fe rr ic  c h lo rid e ) , a n d  a 
c h e rry -re d  c o lo u r  in  th e  an ilin e  te s t (g lac ia l ace tic  a c id  a n d  an ilin e ), b o th  
th e  la t te r  re a c tio n s  b e in g  in d ic a tiv e  o f  p e n to se  sugars .

T h e  so lu tio n  (5 m l.)  h e a te d  w ith  p h e n y lh y d ra z in e  h y d ro c h lo r id e  (4 g .) 
a n d  so d iu m  a c e ta te  (0-6 g .) in  a  b o ilin g  w a te r  b a th  fo r  10 m in u tes  d e p o s ite d  
a  c ry s ta llin e  o sa zo n e  f ro m  h o t  so lu tio n , m .p t. 2 0 1 -204° C ., a n d  c ry s ta llin e  
fo rm  c h a ra c te r is tic  o f  g lu co sazo n e . O n  fu r th e r  h e a tin g  th e  re a c tio n  
m ix tu re  gave  a  c ry s ta llin e  p ro d u c t,  sh o w in g  a  v a r ie ty  o f  c ry s ta llin e  fo rm s , 
so m e c h a ra c te r is tic  o f  a ra b in o sa z o n e .

T h e  so lu tio n  (2 m l.)  w as tre a te d  w ith  a  sm all q u a n ti ty  o f  le ad  a c e ta te  
a n d  b o iled . D ilu te  a m m o n ia  so lu tio n  (5 m l.)  w as a d d e d  a n d  th e  so lu tio n  
b o ile d  ag a in , w hen  a  sa lm o n -p in k  p re c ip ita te  w as o b ta in e d , in d ic a tiv e  o f  
g lucose.

T h e  so lu tio n  w as s p o tte d  o n  W h a tm a n  N o . 1 f ilte r p a p e r  a n d  c h ro m a to ­
g ra p h e d  u s in g  th e  so lv en t sy stem  « -b u ta n o l-e th a n o l-w a te r , a n d  u p w a rd  
d e v e lo p m e n t fo r  15 h o u rs31. A fte r  d ry in g , th e  p a p e r  w as sp ray e d  w i th -3 
p e r  cen t, p -a n is id in e  h y d ro c h lo r id e 32, a n d  sh o w ed  th re e  sp o ts  a g a in s t a  
p in k  b a c k g ro u n d , (a) yellow  R F =  0-434, (b) b ro w n -re d  R F 0-259 a n d
(c) y e llo w ish -b ro w n  R F 0-214. C o n tro l  ex p e rim en ts  w ith  le o n to sa p o n in  
a n d  k n o w n  su g a rs  gave  th e  fo llo w in g  » co m p ara tiv e  R F values, le o n to ­
sa p o n in , 0-434 (yellow ), a ra b in o se , 0-265 (b ro w rv re d ) , a n d  g lucose , 0-213 
(y e llo w ish -b ro w n ). *

T h e  e ru d e  su g a r  re s id u e  (3-3 g .) o b ta in e d  by  e v a p o g itio n  o f  th e  so lu tio n  
f ro m  th e  h y d ro ly s is , w as d isso lv ed  in  50 p e r  cen t, e th a n o l (14  m l.) . 
V -B en z o y l-V -p h en y lh y d ra z in e  (4-09 g .)  in  a b s o lu te  e th a n o l (33 m l.)  w as 
a d d e d , a n d  th e  m ix ed  so lu tio n  le ft fo r  24 hou«s, w h en  a  c ry s ta llin e  p re c ip i­
ta te  w as o b ta in e d  o f  a ra b in o se -A -b e n zy l-V -p h e n y lh y d raz o n e , m .p t. 173-5-

J. McSHEFFERTY AND OTHERS

1124



174° C . ( fro m  75 p e r  cen t, e th a n o l) ,  u n d e p re sse d  o n  a d m ix tu re  w ith  
a u th e n tic  a ra b in o se -N -b e n zy l-A -p h e n y lh y d raz o n e . (F o u n d :  C , 65 -6 ; H , 
T5-8; N , 8-5. C alc , fo r  C lgH 220 4N 2 : C , 65-4 ; H , 6 -7 ; N , 8-5 p e r  c e n t.)  
T h e  m o th e r  l iq u o rs  w ere  re flu x ed  w ith  so lu tio n  o f  fo rm a ld e h y d e  (10 m l . ; 
40  pei* c e n t.)  o n  a  w a te r  b a th  fo r  o n e  h o u r ,  a n d  th e  o ily  fo rm a ld e h y d e  
- 'V -benzy l-iV -pheny lhydrazone e x tra c te d  w ith  e th y l a c e ta te . T h e  a q u e o u s  
so lu tio n , w h ich  gav e  re a c tio n s  fo r  hex o ses, b u t  n o t  p en to se s , w as e v a p o ra ­
te d  to  d ry n ess . TBe re s id u e  in  w a te r  (1 m l.)  w as re fluxed  w ith  NN- 
d if ih e n y lh y d ra z in e  (0-66 g .)  in  e th a n o l (17 m l.)  to  y ie ld  g lucose-A W -di- 
p h e n y lh y d ra z o n e , m .p t. 159-160-5° C ., u n d e p re sse d  o n  a d m ix tu re  w ith  
a u th e n tic  g lu co se-A W -d ip h en y lh y d razo n e . (F o u n d :  C , 62-6 ; H , 6-6; 
N , 8-1. C a lc ., fo r  C 18H 220 5N 2 : C , 62 -4 ; H , 6 -4 ; N , 8-1 p e r  c e n t.)

Isolation o f  the Alkaloids
(a) T h e  d ru g  ^100  g .) in  N o . 60 p o w d e r  w as e x h a u s te d  b y  p e rc o la tio n  

w ith  1 p e r  cen t, h y d ro c h lo r ic  ac id  (1830 m l.) . A  p o r t io n  o f  th e  p e rc o la te  
(610 m l.)  w as m a d e  a lk a lin e  w ith  a m m o n ia , a n d  co m p le te ly  ex tra c te d  w ith  
ch lo ro fo rm . T h e  co m b in e d  c h lo ro fo rm  e x tra c ts  w ere  w ash e d  w ith  w a te r, 
d r ie d  (N a 2S 0 4), a n d  e v a p o ra te d  to  a  d a rk  b ro w n  g u m m y  ex tra c t (0-213 g . ; 
0-64 p e r  c e n t.y  A  fu r th e r  p o r t io n  o f  th e  p e rc o la te  (610 m l.)  w as tre a te d  
w ith  so lu tio n  o f  p o ta ss iu m  m e rc u ri- io d id e  (30 m l.) , w hen  th e  a lk a lo id  
co m p lex  w as p re c ip ita te d  as  a  d a rk -b ro w n  a m o rp h o u s  so lid  (0-614 g .). 
T h e  la tte r  (0-2 g .)  w as h e a te d  o n  a  w a te r  b a th  w ith  s a tu ra te d  a q u e o u s  
so d iu m  c a rb o n a te  (30 m l.) fo r  30 m in u tes . A fte r  filte ring , th e  so lu tio n  w as 
n e u tra lise d  w ith  h y d ro c h lo r ic  ac id , b as ified  w ith  a m m c n ia  a n d  ex tra c te d  
w ith  ch lo ro fo rm . T h e  co m b in ed  c h lo ro fo rm  ex trac ts , w ash e d  w ith  
w a te r , d r ie d  (N a 2S 0 4) a n d  e v a p o ra te d , y ie ld ed  a  tra c e  o f  p a le  b ro w n  
a lk a lo id  (15 m g .). S im ila r t r e a tm e n t w ith  20 p e r  cen t, aq u e o u s  so d iu m  
h y d ro x id e  y ie ld ed  o n ly  traces  o f  a lk a lo id  in su ffic ien t fo r  fu r th e r  in ­
v es tig a tio n .

(b) T h e  d ru g  (5 k g .)  w as m o is ten e d  w ith  d ilu te  so lu tio n  o f  a m m o n ia , 
m a c e ra te d  w ith  e th a n o l fo r  24  h o u r? , a n d  p e rc o la te d  to  ex h a u s tio n  w ith  
e th a n o l (10-5 1.). T h e  p e rc o la te  w as c o n c e n tra te d  to  3 1., co o led , filte red , 
ac id ified  w ith  d ilu te  su lp h u r ic  a c id  to  p H  4-0, filte red , c o n c e n tra te d  to  
rem o v e  e th a n o l a n d  ag a in  filte red . T h e  f iltra te  w as m a d e  a lk a lin e  w ith  
a m m o n ia , a n d  e x tra c te d  co m p le te ly  w ith  ch lo ro fo rm . T h e  co m b in e d  
c h lo ro fo rm  ex tra c ts  w ere w ash ed  w ith  w a te r , d r ie d  (N a 2S 0 4), a n d  e v a p o ra ­
te d  to  a  d a rk  g u m m y  so lid  (22-85 g . ; 0-46 p e r  cen t) .

T h e  c ru d e  b a se  (6-43 g .)  w as d isso lv ed  in  d ilu te  h y d ro c h lo r ic  ac id , 
filte red , th e  so lu tio n  p o u r fd  o n to  a  co lu m n  o f  Z e o -K a rb  225 (30 g .)  a n d  
th e  co lu m n  w ash e d  w ith  w a te r  iB itil J h e  e lu a te  w as  free  f ro m  ac id . D ilu te  
h y d ro c h lo r ic  a c id  f a i le d  to  d isp lac e  th e  a lk a lo id s , b u t  e lu tio n  w ith  c o n ­
c e n tra te d  h y d ro c h lo r ic  a c id  (65 m l.)  gave  a  so lu tio n , w ith o u t re so lu tio n  
o f  th e  co m p o n e n ts^  w h ich  w h en  b as ified  w ith  a m m o n ia  a n d  e x tra c te d  
jv i th  c h lo ro fo rm  gave a  d a fk -b ro w n  g u m m y  re s id u e  o f  a lk a lo id s  (4-79 g .).

T h e  c ru d e  base  (54 m g .)  su sp e n d ed  in  w a te r  (3 m l.)  a n d  tr e a te d  w ith  
s a tu ra te d  a q u e o u s  a m m o n iu m  re in e ck a te , gave  a  p a le  p in k  a m o rp h o u s  
re in e c k a te  m .p t. 180-182° C . (d ec o m p .)  ( fro m  aq u e o u s  ac e to n e ) . T h e
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re in e ck a te , in  a c e to n e  w as s p o tte d  o n  W h a tm a n  N o . 1 filte r p a p e r , a n d  
c h ro m a to g ra p h e d  u s in g  th e  so lv en t sy stem  p y rid in e -w a te r  ( 1 :4 )  a n d  
u p w a rd  d e v e lo p m e n t fo r  16 h o u rs 34. A fte r  d ry in g , th e  p a p e rs  w erif 
sp ray e d  w ith  a  so lu tio n  o f  p o ta s s iu m  b ism u th  io d id e  in  d ilu te  ac id , a n d  
sh o w ed  ev idence  o f  th re e  sp o ts  w ith  R F v a lues a b o u t  0-92, 0-62# 0-50, 
th o u g h  w ith  co n s id e rab le  ta ilin g .

T h e  a m m o n ia c a l so lu tio n  (1 1 .)  rem a in in g  a f te r  th e  iso la tio n  o f  c h lo ro ­
fo rm -so lu b le  a lk a lo id s  w as  ac id ified  to  p H  2-0 w ith  h y d ro c h lo r ic  a c id  a n d  
tr e a te d  w ith  s a tu ra te d  a q u e o u s  m e rc u ric  ch lo rid e  (2 1 .) , w h en  th e  m e rc u tic  
c h lo rid e  co m p lex  o f  th e  q u a te rn a ry  a lk a lo id  w as o b ta in e d  as  a n  a m o rp h o u s  
b ro w n  p re c ip ita te  (39T  g .). T h e  la tte r  w as su sp e n d ed  in  e th a n o l (95 p e r  
c e n t.)  a n d  h y d ro g e n  su lp h id e  p a s sed  in to  th e  so lu tio n . T h e  so lu tio n , 
filte red  f ro m  m e rc u ric  su lp h id e , a n d  e v a p o ra te d  |h v q ,  c ru d e  p e ta lin e  
ch lo rid e  as  a  d a rk -b ro w n  p o w d e ra b le  so lid  (19-85 g . ; 0-4 p e r  ce n t.) .

(c) T h e  d ru g  (14-106 k g .)  in  N o . 80 p o w d e r  w as  co m p le te ly  ex tra c te d  
by  b o ilin g  w ith  in d u s tr ia l sp ir it, a n d  th e  e x tra c t c o n c e n tra te d  to  give a  d a rk  
b ro w n  so ft e x tra c t (5-4 k g .). 3-5 kg. o f  th e  c ru d e  e x tra c t w as tre a te d  w ith  
d ilu te  su lp h u r ic  ac id  (5 1.), filte red  f ro m  p re c ip ita te d  sa p o n in , b as ified  w ith  
a m m o n ia , a n d  e x tra c te d  w ith  ch lo ro fo rm . T h e  co m b in e d  c h lo ro fo rm  
e x tra c ts  w ere  w ash ed  w ith  w a te r , d r ie d  (N a 2S 0 4), a n d  e v a p o ra te d  to  g ive a  
d a rk -b ro w n  c ru d e  a lk a lo id  (66-5 g .).

T h e  am m o n ia c a l so lu tio n  rem a in in g  a f te r  th e  iso la tio n  o f  ch lo ro fo rm - 
so lu b le  a lk a lo id s  w as ac id ified  w ith  d ilu te  su lp h u r ic  ac id  to  C o n g o  red , 
a n d  tr e a te d  w ith  s a tu ra te d  a q u e o u s  a m m o n iu m  re in e ck a te  so lu tio n  to  
p re c ip ita te  c ru d e  p e ta lin e  re in e c k a te  (216 g .). T h e  c ru d e  re in e ck a te  
(137-4 g .) w as d isso lved  in  d ry  a c e to n e  (1 1 .) , filte red  f ro m  th e  p a le  b ro w n  
in so lu b le  re s id u e  (sap o n in , 50 g .) a n d  th e  so lu tio n  c h ro m a to g ra p h e d  o n  a  
c o lu m n  o f  a lu m in a  (1 k g .)  p rev io u sly  w ash ed  w ith  d ry  ac e to n e  (500 m l.) . 
D e v e lo p m e n t o f  th e  c h ro m a to g ra m  w ith  d ry  ac e to n e , y ie lded  a f te r  e lu tio n  
o f  a  sm all yellow  b a n d , a  so lu tio n  o f  th e  p u re  re in eck a te . C a re fu l 
e v a p o ra tio n  o f  th e  ac e to n e  e lu a te  b e lo w  40° C . gave  p e ta lin e  re in e ck a te  
m .p t. 179-181-5° C . as a  p a le  p in k  Solid , (49-95 g .). (F o u n d :  C , 44 -77 ; 
H , 5-2 equ iv . w t., 678-2 ; 679-5. C 20H 22O 3N  [C r(S C N )4(N H 3)2] req u ire s  
C , 4 4 -80 ; H , 4-4 p e r  c e n t . ; equ iv . w t., 642-8.) R F w h en  c h ro m a to g ra p h e d  
o n  p a p e r  u s in g  p y rid in e -w a te r  ( 1 :4 ) ,  as  d esc rib ed  ab o v e , 0-68. T h e  re in ec­
k a te , d isso lv ed  in  acetone# ( l  1.) w as t i t ra te d  w ith  silver su lp h a te  so lu tio n  
(0-6 p e r  cen t, w /v ) u n til  n o  fu r th e r  p re c ip ita te  o f  silver re in e ck a te  w as 
fo rm e d . S u lp h a te  io n s  w ere  d isp laced  by  q u a n tita tiv e  p re c ip ita tio n  w ith  
b a r iu m  c h lo rid e , th e  so lu tio n  filte red , th e  p re c ip ita te  rep e a te d ly  w ash ed  
w ith  ace to n e , a n d  th e  co m b in ed  f iltra te  a n d  w ash ings e v a p o ra te d  (be low  
60°) to  y ie ld  petaline chloride, m .p t. J40-%143° C. (d ec o m p .) , [a Jo +  11-3° 
a s  p a le  g ren ish -ye llow  scales (26-6 g . ; 100 p e r  c a n t) . (F o u n d , C , 63-35 ; 
H , 6 -8 ; N , 3 -8 ; O M e, 16-9. C 20H 22O 3N C l-H 2(5 req u ires  C , 63 -4 ; H , 6 -65 ; 
N , 3 -9?  O M e, 17-2 p e r  c e n t.)  #

Petaline picrate .— P e ta lin e  ch lo rid e  (481 m g .)  in  w a te r, tre a te d  w ith, 
s a tu ra te d  aq u e o u s  so d iu m  p ic ra te  gav e  petaline picrate, m .p t. 165-5-166° C . 
(d ec o m p .)  ( fro m  a b s o lu te  e th a n o l) . (F o u n d  *C , 56-43; H , 4 -4 ; O M e  11-4. 
C 26H 24O 10N  req u ire s  C , 56 -52; H , 4-4 O M e  11-2 p e r  c e n t.)
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P eta lin e  ch loroplatinate. P e ta lin e  c h lo rid e  (100 m g .)  in  w a te r  (10  m l.)  
a c id ified  a n d  tr e a te d  w ith  5 p e r  ce n t, aq u e o u s  p la tin ic  c h lo rid e  gav e  
'petaline ch loroplatinate, m .p t. 197-198° C . (d ec o m p .)  ( fro m  a b s o lu te  
e th a n o l) .  ( F o u n d :  C , 4 4 -3 4 ; H , 4 -1 ; P t, 18-18. (C 2aH 220 3N C l)2P tC l4 
re q u ire s  C , 4 5 -4 2 ; H , 4 -2 ; P t, 18-47 p e r  c e n t.)

L eon tic ine re in ecka te .— T h e  c ru d e  c h lo ro fo rm -s o lu b le  a lk a lo id  (1-8 g .) 
in  e th a n o l (100  m l.)  t r e a te d  w ith  s a tu ra te d  a q u e o u s  a m m o n iu m  re in e ck a te , 
g av e  a  c ry s ta llin e  re in e c k a te  m .p t.  2 1 8 -2 2 1 °  C . (d e c o m p .)  a f te r  r e c ry s ta l­
l is a tio n  a n d  c h ro m a to g ra p h y  f ro m  a c e to n e  o n  a lu m in a . R F w h en  
c h ro m a to g ra p h e d  o n  p a p e r  u s in g  p y r id in e -w a te r  ( 4 :1 )  as  d e sc rib ed  
a b o v e  0-625.

L eon tic ine an d  Igontam ine.— T h e  c ru d e  c h lo ro fo rm -s o lu b le  a lk a lo id  
(10  g .)  w as d isso lv ed  in  d ilu te  su lp h u r ic  a c id  (300 m l.) , e x tra c te d  firs t 
w ith  e th e r  (re je c te d ), a n d  th e n  w ith  c h lo ro fo rm  (re jec ted ), b as ified  w ith  
a m m o n ia  a n d  e x tra c te d  w ith  e th e r . T h e  c o m b in e d  e th e re a l e x tra c ts  w ere  
w a sh e d  w ith  w a te r , d r ie d  (N a 2S 0 4), a n d  e v a p o ra te d  to  y ie ld  a  p a le  b ro w n  
v isc id  o il, w h ich  p a r t ly  c ry s ta llised  to  y ie ld  leonticine as  a  co lo u rle ss  need les, 
m .p t.  118-5—119-5° C . ( fro m  80 p e r  ce n t, m e th a n o l)  [oc]d  +  0°. ( F o u n d :
C , 73 -34 ; H , 7 -5 9 ; N , 4-44, 4-50. C 20H 25O 3N  req u ire s  C , 73, 3 6 ; H , 7 -7 ;
N , 4-27 p e r  c e n t.)  T h e  o ily  re s id u e  w as d is tille d  to  y ie ld  a  co lo u rle ss  
o ily  b ase , b .p t .  155-160° C . (b a th ) /4  m m ., n g  1-5115. ( F o u n d : C , 74 -73 ;
H , 11-4; N , 12-24. C a lc , fo r  C 14H 26N 2 C , 75-61; H , 11-8; N , 12-6 p e r  
c e n t.)  O re k h o v  a n d  K o n o v a lo v a 8 g ive fo r  le o n ta m in e , b .p t .  118-119° C ./4  ,
m m ., n D 1-5113.

B. P relim inary  P harm acological I nvestigations

A  p rev io u s  e x a m in a tio n  b y  D r . G . B ro w n lee  o f  K in g ’s C o llege , L o n d o n , 
o f  c ru d e  b a se  e x tra c ts  o f  L eon tice leontopetalum  in d ic a te d  th e  p re se n ce  o f  
p h a rm a c o lo g ic a lly  ac tiv e  co m p o u n d s , a n d  p ro m p te d  th e  p re se n t p re ­
lim in a ry  in v e s tig a tio n  o f  tlfb q u a te rn a ry  a n d  te r t ia ry  b a se s  su b se q u en tly  
iso la te d .

In travenous A dm in istra tion  o f  P eta lin e C hloride in M ou se

F re sh ly  p re p a re d  so lu tio n s  in  n o rm a l sa lin e  w ere  ad m in is te re d  to  m ice  
o f  25 g. b o d y  w eig h t. A t  d o se s  b e lo w  0-05 mg.* p e r  m o u se  reco v ery  f ro m  
in je c tio n  w as  im m e d ia te  a n d  n o  fu n c tio n a l d is tu rb a n c e  w as o b se rv ed . 
A d m in is tra tio n  o f  0-05 m g . p e r  m o u se  p ro d u c e d  sy m p to m s o f  s e d a tio n  
a n d  s low ed  r e s p ir a t io n ; « recovery  w as co m p le te  in  a p p ro x im a te ly  3 
m in u te s  a n d  th e  an im a ls  sh o w ed  n o  su b se q u e n t d iso rd e r .

I n  a  g ro u p  o f  10 m ic£  rece iv in g  5-075 m g . p e r  m o u se  th e re  w as o n e  
im m e d ia te  d e a th  f ro m  re s p ira to ry  fa ilu re , th e  h e a r t  c o n tin u in g  to  b e a t  fo r  
a b o u t  45 seco n d s  a£ter th e  c e ssa tio n  o f  r e s p ir a t io n ; tw o  m ice  rec o v e red  
a f te r  a  p e r io d  o f  se d a tio n  a n d  re d u c e d  re s p ira to ry  a c tiv ity  la s tin g  4 \  
m in u te s ;  th e  re m a in in g  7 m ice  sh o w ed  a c u te  re sp ira to ry  d is tre ss  w ith  
i r re g u la r  sh a llo w  r e s p ira to r*  m o v e m en ts  to g e th e r  w ith  v a ry in g  deg rees o f  
s t im u la tio n  o f  th e  c e n tra l n e rv o u s  sy stem  f ro m  s lig h t tw itc h in g s  o f  th e

LEONTICE LEONTOPETALUM LINN. PART I

1127



ex trem itie s  to  c o -o rd in a te d  c lo n ic  sp asm s. In  th e  la t te r ,  reco v ery  w as 
slow  b u t  w as co m p le te  in  a ll in s tan c e s  in  9 -1 0  m in u te s  a f te r  w h ich  th e  
a n im a ls  a p p e a re d  n o rm a l. *

A d m in is tra tio n  o f  a  d o se  o f  0-08 m g . p e r  m o u se  in  a  g ro u p  o f  8 m ice  
re su lte d  in  d e a th  f ro m  re sp ira to ry  fa ilu re  w ith in  30 seco n d s o f  in ja r tio n  in  
7 m ice, w ith  n o  co n v u lsiv e  a c tiv i ty ;  th e  re m a in in g  a n im a l re c o v e red  
slow ly  a n d  e x h ib ite d  m ild  co n v u lsiv e  ac tiv ity . I n  a ll g ro u p s  rece iv in g  
d o se s  o f  0-1 m g ./m o u se  a n d  ab o v e , d e a th  f ro m  re sp ira to ry  fa ilu re  im ­
m e d ia te ly  fo llo w ed  in jec tio n .

I t  is co n c lu d e d  th a t  th e  M e a n  L e th a l D o se  o f  p e ta lin e  ch lo rid e  in  m o u se  
is ap p ro x im a te ly  3-1 m g ./k g .

Intravenous A dm in istra tion  o f  P eta line C hloride in R abb i f

F ro m  a  p re lim in a ry  in v e s tig a tio n  i t  w as a p p a re n t  tha t* the  r a b b it  is m u c h  
m o re  to le ra n t o f  p e ta lin e  ch lo rid e  th a n  th e  m o u se . A cco rd in g ly  a  d o se  
o f  20 m g. w as in je c ted  in tra v e n o u s ly  in  a  fem a le  r a b b it  o f  1-802 kg . b o d y  
w eigh t. T h is  a m o u n t  p ro d u c e d  n o  a p p a re n t  effect in  th e  r a b b i t  a n d  
a f te r  a n  in te rv a l o f  5 m in u te s  a  fu r th e r  10 m g . w as  in je c te d ; th e  r a b b it  
im m ed ia te ly  sh o w ed  re sp ira to ry  d ep re ss io n  ac c o m p a n ie d  b y  m ild  c lo n ic  
co n v u lsiv e  m o v e m en ts  o f  th e  lim b s. W ith in  2 m in u te s  b o th  co n v u ls iv e  
a n d  re s p ira to ry  m o v e m en ts  ceased  th o u g h  th e  h e a r t  c o n tin u e d  to  b e a t 
fo r  a  fu r th e r  1 m in u te . T h e  a n im a l d id  n o t  reco v er.

A  seco n d  fem a le  r a b b it  o f  2-725 kg . b o d y  w e ig h t w as in je c ted  slow ly 
u n ti l  sy m p to m s o f  r e s p ira to ry  fa ilu re  w ere  p ro d u c e d  (a f te r  in je c tio n  o f  
40 m g .). T h e  a n im a l sh o w ed  co n v u lsiv e  m o v em en ts  o f  th e  lim b s as  in  
th e  p rev io u s  ca se  a n d  a b o u t  1 m in u te  a f te r  th e  te rm in a tio n  o f  th e  in je c tio n  
re sp ira tio n  ceased , th e  h e a r t  c o n tin u in g  to  b e a t. A fte r  a  p e r io d  o f  
apncea la s tin g  1 m in u te  re sp ira tio n  re c o m m en c ed  sp o n ta n e o u s ly  a n d  th e  
a n im a l re c o v e red  ra p id ly , re su m in g  its  n o rm a l ac tiv ity  in  7 m in u tes . A fte r  
48 h o u rs  th e  a n im a l w as ag a in  in je c ted  w ith  40 m g. p e ta lin e  c h lo r id e ; o n  
th is  o cc a s io n  o n ly  s lig h t r e s p ira to ry  d e p re ss io n  w as  n o te d  a n d  a f te r  a n  
in te rv a l o f  5 m in u te s , a  fu r th e r  5 m g . w as a d m in is te red . T h e  effects 
p rev io u sly  o b se rv e d  w ere  re p e a te d  a n d , as s p o n ta n e o u s  re sp ira to ry  m o v e ­
m e n ts  d id  n o t  rec o m m en c e , a r tific ia l re sp ira tio n  w as a t te m p te d ; by  th is  
m e an s  th e  h e a r t  w as m a in ta in e d  fo r  a  p e r io d  o f  3 m in u te s  a f te r  w h ich  it  
g ra d u a lly  slow ed  a n d  s to p p e d .

I t  is c o n c lu d e d  th a t  th e  effects o f  p e ta lin e  c h lo rid e  a re  s im ila r in  b o th  
m o u se  a n d  ra b b it ,  a n d  th o u g h  in  th e  la t te r  theJV lean  L e th a l D o se  is m u c h  
g re a te r , b e in g  a p p ro x im a te ly  15-6 m g ./k g .

• •

The E ffec t o f  P eta lin e Chloride on the F rog k e c tu s  A bdom inis m uscle  
P reparation

T h e  p re p a re d  m u sc le  w as m o u n te d  in  a n  iso la te d  o rg a n  b a th  o f  5 m l. 
c a p a c ity  a n d  m a in ta in e d  a t  15° C . In  a ll cases th e  sp a sm o g en  u se d  w as 
5 -0 jag. o f  a ce ty lch o lin e  in  o x y g en a te d  f ro g  R i* g e r . B etw een  th e  re c o rd in g  
o f  c o n tra c tio n s  th e  m u sc le  w as w ash e d  w ith  3 ch an g es  o f  R in g e r’s flu id
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Fig . 1. Response of frog rectus abdominis muscle to acetylcholine 5 0 ¡ig.
N. Normal contraction •
PI. Contraction after application of petalinechloride 100 n g .
P2. „ .  „  „ „ „ „ 33 /xg.
P3. „ „ „  „ „ „ 200 ^g. •

F ig . 2. Response of frog rectus abdominis muscle to acetylcholine 5-0 /xg.
‘ N. Normal contraction.

PI. Contraction after application of petaline chloride 25 /xg.
P2. „ „ „ „ „ „ 33 fig .
P3. „  „  • „  „  „  „  50 ftg.
G l. Contraction after applicatio%of gallamine triethiodide 25 /xg.
G2. „  „ .  „ * „ „ 33 /xg.
G3. „ „ •„  „ „ 50/xg.

•
a n d  re s te d  fo r  a  p e r io d  o f#4  m in u te s . T h e  a n ta g o n is t  d ru g s  (p e ta lin e  
cE lo rid e  a n d  g a llam in e  tr ie th io d id e )  w ere  a d d e d  to  th e  b a th  fo r  a  p e r io d  
o f  3 m in u te s  b e fo re  th e  ad c^ tio n  o f  th e  ace ty lch o lin e . C o n tra c tio n  w as 
re c o rd e d  fo r  a  p e r io d  o f  1 m in u te .
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T y p ica l in h ib i to ry  effects o f  p e ta lin e  ch lo rid e  a re  sh o w n  in  F ig u re  1, 
a n d  c o m p a re d  in  F ig u re  2 w ith  g a llam in e  tr ie th io d id e . M e an  d o se  
re sp o n se  va lues to  p e ta lin e  ch lo rid e  a n d  g a llam in e  tr ie th io d id e  p lo tte d  
f ro m  a  n u m b e r  o f  o b se rv - .
a t io n s  o n  th e  fro g  rec tu s  
m u sc le  a re  sh o w n  in  F ig ­
u re  3. T h ey  in d ic a te  th e  
re la tiv e  p o te n c y  o f  p e ta ­
lin e  ch lo rid e  to  g a llam in e  
tr ie th io d id e  to  b e  0 -6 4 3 :1 .

A d d itio n  o f  p h y so stig - 
m in e  (50 /xg.) to  th e  b a th  
a n ta g o n is e d  th e  b lo c k in g  
a c tio n  of. p e ta lin e  c h lo r­
ide .

In travenous A dm in istra­
tion o f  L eon ticine in the 
M ouse

S o lu tio n s  o f  le o n tic in e  
in  0-05 p e r  cen t, a q u e o u s  
ta r ta r ic  ac id  (p H  5-2) 
w ere  ad m in is te re d  to  m ice 
o f  25 g. b o d y  w eigh t.

W ith  do ses o f  0-5 m g ./ 
m o u se  o r  less reco v ery  
f ro m  in je c tio n  w as  im ­
m e d ia te  a n d  n o  sy m p to m s w ere  o b se rv ed . A d m in is tra tio n  o f  0-66 m g ./ 
m o u se  p ro d u c e d  in  a ll cases ev id en ce  o f  re sp ira to ry  a n d  c a rd ia c  e m b a rra s s ­
m e n t;  re s p ira tio n  w as sh a llo w  a n d  slow  a n d  th e  h e a r t  r a te  d ec rea sed  
ap p re c ia b ly . R eco v e ry  w as p ro tra c te d , n cfhna l ac tiv ity  b e in g  re su m e d  
a f te r  a b o u t  15 m in u te s . I n  n o  case  w as th e re  an y  co n v u lsiv e  ac tiv ity  
th o u g h  in  th e  m a jo r ity  o f  in d iv id u a ls  th e re  w as ev id en ce  o f  in c re a se d  
sen s itiv ity  to  s tim u lu s , th e  a n im a l b e in g  ir r i ta b le  to  to u c h .

In  a  g ro u p  o f  8 m ice  w h ich  rece iv ed  0-7 m g ./m o u se , 2  in s tan c e s  o f  c o m ­
p le te  re sp ira to ry  fa ilu rtf  fo llo w ed  im m ed ia te ly  b y  c a rd ia c  fa ilu re  w ere  
r e c o r d e d ; in  4  m ice  th e re  w as s low  reco v ery  a f te r  a n  in it ia l p e r io d  o f  c o m a  
d u r in g  w h ich  th e  a n im a ls  w ere  m a rk e d ly  cy an o sed . I n  th e  re m a in in g  2 
m ice  th e  p e r io d  o f  c o m a  w as p re c e d e d  b y  re la tiv e ly  p o w erfu l c lo n ic  
sp a sm s o f  th e  lim b s w h ich  la s te d  fo r  45 s e c o n d s ; o n e  o f  th e se  an im a ls  
su b se q u en tly  re c o v e red  slow ly  bu t? in  file o th e r  th e  p e r io d  o f  c o m a  w as 
te rm in a te d  b y  re sp ira to ry  a n d  c a rd ia c  fa iluae .*

F ig . 3. Inhibition of response of frog 
abdominis muscle to acetylcholine (5 /xg.). 

— ■ — Gallamine 
-------- Petaline

rectus

A ll*groups rece iv in g  0-8 m g ./m o u se  o r  ab o v e  sh o w ed  a lm o s t im m e d ia te  
r e s p ira to ry  fa ilu re  fo llo w ed  in  a  few  seco n 4 s b y  s to p p a g e  o f  th e  h e a r t. 
I t  is c o n c lu d e d  th a t  th e  M e a n  L e th a l D o se  o f  le o n tic in e  in  m o u se ^ is  
a p p ro x im a te ly  33-0 m g ./k g . a
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Summary

.  1. C e r ta in  o f  th e  ch em ica l co n s titu e n ts  o f  L .  leontopetalum L in n , h av e
b e e n  iso la te d . T h e  sa p o n in , le o n to sa p o n in , y ie lds h e d e rag en in , g lu co se  
a n d  a ra b in o se  o n  ac id  hyd ro ly sis .

2 .  % A  sm all q u a n ti ty  o f  a  c ry s ta llin e  a lk a lo id , leo n tic in e , a n d  o f  a  
co lo u rle ss  o ily  a lk a lo id  (p o ss ib ly  id e n tic a l w ith  le o n ta m in e )  h av e  been  
o b ta in e d  f ro m  th e ,  e th e r-so lu b le  f ra c tio n  o f  th e  to ta l  ch lo ro fo rm -so lu b le  
A lkaloids.

3. P re c ip i ta tio n  o f  th e  a m m o n ia c a l liq u o rs  re m a in in g  a f te r  th e  e x tra c ­
tio n  o f  th e  ch lo ro fo rm -so lu b le  a lk a lo id s  w ith  a m m o n iu m  re in e c k a te  
y ie ld s  a  w a te r-so lu b le  a lk a lo id , p e ta lin e  c h lo rid e , C 20H 22O 3N C l,H 2O .

4. P e ta lin e  ch lo rid e  ac ts  as  a  c e n tra l  n e rv o u s  d e p re s sa n t in  b o th  
m o u se  a n d  ra f tb it. I t  a lso  show s an ti-a ce ty lc h o lin e  a c tiv ity  o n  iso la te d  
sk e le ta l f ro g  m uscle .

5. T h e  effect o f  le o n tic in e  in  th e  m o u se  a p p e a rs  to  b e  s im ila r  to  th a t  
o f  p e ta lin e  c h lo rid e , a l th o u g h  i t  is s ign ifican tly  less p o te n t,  a n d  b u lb a r  
p a ra ly s is  is p re c e d e d  b y  ac tiv e  c lo n ic  spasm s.

W e w ish  to  th a n k  D r . W . M . C u m m in g  a n d  M r. D . J . D u f f  o f  B ritish  
D y ew o o d  t o .  L td . f o r  fac ilities  a n d  h e lp  w ith  th e  la rg e  scale  ex tra c tio n s . 
W e  w ish  a lso  to  th a n k  th e  C ro ss  T ru s t  a n d  th e  M c C a llu m  B eq u est fo r  
f in an c ia l h e lp , a n d  th e  P h a rm a c e u tic a l S ocie ty  o f  G re a t  B r ita in  fo r  a n  
e d u c a t io n a l g ra n t  to  o n e  o f  u s (J. M cS .).
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•
DISCUSSION

T h e  p a p e r  w as p re se n te d  b y  M r . J . M c Shefferty .

D r . W . M itchell  (L o n d o n )  sa id  h e  d id  n o t  th in k  th a t  a lc o h o l w as 
a lw ay s th e  b e s t so lv e n t fo r  d ru g  e x tra c tio n , b ec au se  T>n^ o ften  ex tra c te d  
to o  m u c h  fo re ig n  m a te r ia l. A  g o o d  g en e ra l m e th o d  fo r  a lk a lo id s  w as 
to  d a m p  th e  p o w d e re d  d ru g  w ith  lim e  a n d  w a te r  a n d  tlTen e x tra c t  w ith  a  
w a te r-im m isc ib le  so lv en t, su ch  as b en zen e . H e  w as a w a re  th a t  in  th e  
case  u n d e r  d iscu ss io n  p e ta lin e  w o u ld  b e  lo s t, b u t  o th e r  a lk a lo id s  m ig h t 
h av e  been  e x tra c te d  in  a  p u re r  fo rm . A g a in , th e  o ld  m e th o d  o f  c ry s ta l­
lis ing  a lk a lo id s  as  n e u tra l o r  a c id  c itra te s , ta r t ra te s ,  o r  o x a la te s  m ig h t 
h av e  b een  w o rth  w h ile , a n d  f ra c tio n a l e x tra c tio n  o f  th e  h ^ c tro b ro m id es  
w ith  c h lo ro fo rm  m ig h t h av e  p ro d u c e d  re su lts . I n  p u rify in g  th e  sa p o n in  
h e  w o n d e re d  w h e th e r  th e  in it ia l p u r if ic a tio n  b y  a lco h o l w as rea lly  
n ecessary , a n d  w h e th e r  i t  c o u ld  h av e  b een  o m itte d .

M r . J . J . L ew is (G la sg o w ) a sk e d  w h e th e r  th e  a u th o rs  h a d  te s te d  th e  
a lk a lo id s  fo r  c a rd ia c  ac tiv ity . H e  a lso  w o n d e re d  w h a t m e th o d  th e y  h a d  
u se d  fo r  te s tin g  fo r  o x y to c ic  a c tiv ity , a n d  w h e th e r  th e y  h a d  c o m p a re d  
c o m p o u n d s  a n d  e x tra c ts  fo r  an ti-co n v u ls iv e  ac tiv ity  a g a in s t e lec trica lly  
in d u c e d  co n v u ls io n s  u s in g  k n o w n  an ti-co n v u ls iv e  d ru g s . I t  w o u ld  a lso  
b e  in te re s tin g  to  k n o w  o n  w h a t p a r t  o f  th e  n e rv o u s  sy stem  th e  d ru g s  w ere  
ac tin g . A g a in , w h y  d id  th e  a u th o rs  u se  g a llam in e  as  a  c o m p a r iso n  su b ­
s ta n c e  a n d  n o t  tu b o c u ra r in e ?  Whe^i petaline*w as in je c ted  in to  th e  r a b b it  
i t  w o u ld  b e  u se fu l to  k n o w  w h e th e r  th e re  w as a n y  ev idence  o f  c u ra re fo rm  
ac tiv ity .

M r . N . J . van  A bbe (L o u g h b o ro u g h )  sa id  it  w o u ld  b e  in te re s tin g  to  
k n o w  w h a t s o r t  o f  c u re  w as c la im ed  fo r  th e  m a te r ia l.

D r . F .  H artley (L o n d o n )  re fe rre d  to  th e  h y d ro ly s is  o f  le o n to sa p o n in  
a n d  sa id  th a t  th e  ch o ice  o f  a  w e a k e r  ac id  th a n  w as o f te n  u se d  w ith  s te ro id a l 
sa p o n in s  seem ed  to  re q u ire  a  lo n g e r  tim e  fo r  h y d ro ly s is  th a n  fo u r  h o u rs  in  
m e th o d  1, a n d  five h o u rs  in  m e th o d  2. A s  & e  sap o g en in  y ie ld  w as in  
p a r t  u se d  as  s u p p o r t  fo r  th e  an a ly tic a l d a j£  fo r  th e  c a rb o h y d ra te  s ide  ch a in  
i t  w o u ld  b e  w o rth  ch eck in g  th a t  eigfit h o u rs  gav£  n o  sig n ifican t a d d it io n  
to  th e  y ie ld . *

M r . J. M c Shefferty , in  rep ly , sa id  th a t  th e y  h a d jx ie d  m o is ten in g  th e  
d ru g  w ith  lim e a n d  e x tra c tin g  w ith  so lv en ts  su ch  as  b en zen e , b u t  th is  d id  
n o t  e x tra c t  th e  a lk a lo id . A lco h o l w as th e  b e s t so lv en t fo r  th e  e x tra c tio n  
o f  th e  a lk a lo id a l f ra c tio n . H e  h a d  e n d e a v o # re d  to  se p a ra te  th e  te r t ia ry  
b a s ic  f ra c tio n  b y  fo rm a tio n  o f  ta r t ra te s ,  b u t  it  w as n o t  as successfu l as
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th e  m e th o d  a d o p te d . T h e  sa p o n in  w as n o t very  so lu b le  in  b o ilin g  
a lc o h o l, a n d  a  la rg e  v o lu m e  h a d  to  be  u sed . N o  te s t h a d  b een  m a d e  fo r  
c a rd ia c  ac tiv ity . T h e  m e th o d  u sed  fo r  te s tin g  o x y to c ic  ac tiv ity  em p lo y ed  
th e  iso la te d  u te ru s  o f  th e  g u in ea -p ig . H e  h a d  n o  d e ta iled  in fo rm a tio n  
o f  th*  p a r t  o f  th e  c e n tra l  n e rv o u s  sy stem  o n  w h ich  th e  a lk a lo id s  ac ted . 
B o th  g a llam in e  a n d  tu b o c u ra r in e  w ere  u sed , a n d  i t  w as fo u n d  th a t  th e  
fo rm e r  gave  th e  b e s t c o m p a ra b le  re su lts  w ith  p e ta lin e . A  n u m b e r  o f  
h y d ro ly ses  h a d  b een  ca rr ie d  o u t  u s in g  d iffe ren t c o n d itio n s  a n d  p e r io d s  o f  
tim e , a n d  th e  y ie ld s q u o te d  fo r  th e  p a r tic u la r  tim e  w ere  ap p ro x im a te ly  
th e  m a x im u m  y ie lds o b ta in a b le . T h e  y ie ld  w as n o t  s ign ifican tly  ra ise d  
by  c o n tin u in g  h y d ro ly s is  fo r  a n o th e r  e ig h t h o u rs .

M r . P . F . N elson , in  reply, said th a t trea tm e n t w ith  the  drug  was 
regarded  as a  lflll o r cure.

D r . J . B. Stentare , in  rep ly , sa id  th a t  c a rd ia c  ac tiv ity  h a d  n o t b een  
in v es tig a ted . O x y to c ic  a c tiv ity  w as m e asu red  o n  th e  iso la te d  o rg a n  a n d  
c o m p a re d  w ith  e rg o m e tr in e .

LEONTICE LEONTOPETALUM LINN. PART I
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STUDIES ON L E O N T IC E  L E O N T O P E T A L U M  LINN.
P art I I . H istory , Sources and  M acroscopical C haracters 

of the P lant  L .  leontopetalum
0

By P. F. N elson and  F . F ish

F ro m  th e  S c h o o l  o f  P h a rm a c y , T h e  R o y a l  C o lle g e  o f  S c ie n c e  a n d  T e c h n o lo g y , G la sg o w

Received June 28, 1956 •

In a  p rev io u s  c o m m u n ic a tio n 1 a t te n t io n  w as d raw n  to  th e  u se  in  th e  
M id d le  E a s t o f  Leontice leontopetalum L in n . (B erb e rid a ce ae )  as a  d ru g  
a n d  a  re p o r t  o f  th e  chem ica l co n s titu e n ts  o f  th e  d ried  r o o t  a n d  th e ir  
p h a rm a c o lo g ic a l a c tio n  w as given. A  n u m b e r  o f  in a d e q u a te  descrip tions, 
o f  th e  p la n t, o r  p a r ts  o f  th e  p la n t, a p p e a r  in  th e  lite ra tu re , p a r tic u la r ly  
in  o ld e r  w o rk s2-15, b u t th e re  is n o  co m p le te  a c c u ra te  d e sc r ip tio n  o f  th e  
e n tire  p la n t. T h e  p re se n t co m m u n ic a tio n  gives a  d e ta iled  d e sc r ip tio n  o f  
th e  m a c ro sco p ica l a p p e a ra n c e  o f  th e  p la n t, i l lu s tra te d  by  m ean s  o f  
p h o to g ra p h s  a n d  line  d raw in g s. B rie f  n o te s  o n  th e  h is to ry  o f  th e  d ru g , 
a n d  th e  g eo g ra p h ica l d is tr ib u t io n  o f  th e  p la n t  a re  given. T<h# m a te ria ls  
u sed  co n s is te d  o f  sam p les g iven  by  D r. W . M . F o rd -R o b e r ts o n  a n d  his 
co lleag u es in 1951, 1952 a n d  1953 a n d  o f  specim ens co llec ted  by  o n e  o f  
u s  (P . F . N .)  in  L e b a n o n  in  1954.

H istory

In  h is  w o rk  The Greek Herbal o f  Dioscorides, G u n th e r16 m e n tio n s  tw o  
d ru g s , L e o n to p e ta lo n  a n d  C h ru so g o n o n . T h e  fo rm e r  is th e re  id en tified  
as  Leontice chrysogonum a n d  th e  la t te r  as  L . leontopetalum, b u t  th is  la t te r  
id e n tif ic a tio n  c a n n o t  b e  d e fin ite  since  th e  in n e r  p a r t  o f  th e  r o o t  o f  C h ru s o ­
g o n o n  is sa id  to  b e  s tro n g ly  red , w h e rea s  th a t  o f  g en u in e  L .  leontopetalum 
is yellow . L ovell17 in  h is Compleat Herball o f  1665 m a k es  s im ila r  m e n tio n  
o f  th e se  p la n ts . L in n a eu s2’3 a n d  Ju & ieu 4 gave b r ie f  d e s c rip tio n s  o f  th e  
p la n t  L .  leontopetalum a n d  i t  w as fu r th e r  d esc rib ed  b y  v a r io u s  la te r  
a u th o rs 5-15, o f  w h o m  L o u d o n 5 m e n tio n s  its  in tro d u c tio n  in to  B rita in  in  
1597. I t  h a s  b een  u se d  as  a  so a p  su b s titu te 11’18’19, a  sn a k eb ite  a n t id o te 11, a  
c o rrec tiv e  fo r  o v e rd o se s  o f  o p iu m 18 a n d  as  a  rem e d y  fo r  ep ilep sy11’13*15. 
A s in d ic a te d  in  a  p rev ious"  c o m m u n ic a tio n 1 th e  p re se n t s tu d y  w as co m -’ 
m en ced  as a  re su lt o f  th e  c u r re n t  u se  o f  th e  ro o t  in  th e  M id d le  E as t as a  
n a tiv e  rem ed y  fo r  th e  tr e a tm e n t o f  ep ilepsy .

G eographical  D ist«ribution

T h e  p la n t  h a s  b een  r e p o r te d  to  in h a b it  a n  a r e ^ in c lu d in g  th o se  co u n tr ie s  
b o rd e r in g  th e  e a s te rn  p a r t  o f  th e  M e d ite rra n e a n 5 f ro m  I ta ly 3’7’15, G re ec e3-7 
a n d  T u rk e y 3’6’7’15’18, th ro u g h  L e b a n o n 13, S y ria7’11’13, Is ra e l7’11’13, J o rd a n 13 
a n d  I r a q 7 to  n o r th -e a s te rn  p a r ts  o f  E g y p t13. I t  "lias a lso  b een  seen o n  th e *  
is la n d  o f  C y p ru s7’20.

A ll th e  sp ec im en s w h ich  w e h av e  s tu d ie d  i ^ r e  co llec ted  in  th e  B ek aa  
P la in  in  L e b a n o n , a l th o u g h  in  a  b r ie f  v is it to  S y ria  th e  p la n t w as a lso
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o b se rv ed  g ro w in g  in  a  p ass  th ro u g h  th e  A n ti-L e b a n o n  M o u n ta in s . T h e  •  
§ e k a a  P la in  lies a t  a n  a l t i tu d e  o f  500 to  1000 m e tre s  b e tw een  th e  L e b a n o n  
a n d  A n ti-L e b a n o n  m o u n ta in  r a n g e s ; i t  is a b o u t  12 k ilo m e tre s  f ro m  w est 
to  e a s t a n d  so m e  48 k ilo m e tre s  f ro m  n o r th  to  so u th . T h e  p la n t  w as 
fo u n d  ft) g ro w  a b u n d a n tly  in  w h e a t fields a t  a n  a l t i tu d e  a b o v e  650 m e tre s  
a n d  specim ens w ere  o b se rv ed  g ro w in g  in  fields o n  th e  sides o f  th e  s u r ­
ro u n d in g  m o u n ta in s  u p  to  1050 m e tres . P o s t13 r e p o r te d  th a t  i t  w as to  be 
fo ijp d  n e a r  S id o n  w h ich  is a t  sea  level, b u t  n o n e  w as o b se rv e d  b y  u s in  th is  
a re a . H o w ev er, i t  w as r e p o r te d  th a t  in  C y p ru s  i t  h a d  b een  seen  g ro w in g  
a t  a b o u t  sea  level20.

E x trem es o f  c lim a te  a re  ex p e rien c ed  in  th e  B ek aa  P la in , th e  fields b e ing  
u n d e r  sn o w  fo r  m u c h  o f  th e  w in te r  w h ile  th e  su m m er is very  h o t  w ith  lit tle  
o r  n o  ra in fa ll.  T h e  la n d  is ex tensively  cu ltiv a ted  b o th  in  th e  h ea v y  re d  
lo a m  w h ich  is fo u n d  in  m o s t a re a s  a n d  in  th e  d en se r  c lay  w h ich  a lso  occu rs . 
A c c o rd in g  to  th e  lo c a l fa rm ers , th e  p la n t  w ill n o t  g ro w  in  fields w h ere  
w a te r  lies fo r  a n y  le n g th  o f  tim e . T h e re  w ere  m a n y  o th e r  fields w h ere  th e  
p la n t d id  n o t  g ro w , b u t  a ll o f  th e se  a p p e a re d  to  h av e  a  sh a llo w  to p  so il 
a n d  to  b e  v ery  s to n y , w h erea s  th e  sw ollen  ro o ts  u su a lly  g ro w  a t  a  d e p th  o f  
20  to  30 cm .¿3« T h e  m a jo r ity  o f  p la n ts  in  a n y  p a r t ic u la r  field  w ere  fo u n d  
to  b e  ro u g h ly  a t  th e  sam e  stag e  o f  d e v e lo p m e n t, a l th o u g h  so m etim es b o th  
flo w erin g  a n d  f ru it in g  p la n ts  w ere  o b se rv e d  g ro w in g  side  b y  side . In  
a d d i t io n  a  few  p la n ts  b e a r in g  leaves o n ly  w ere  fo u n d . I t  w as o b se rv ed  
th a t  th e  p la n ts  g ro w in g  a t  lo w er a ltitu d e s  w ere  m o re  a d v a n ce d , p re su m a b ly  
b ecau se  o f  th e  so m e w h a t h ig h e r  te m p e ra tu re .

M acroscopical C haracters

T h e  p la n t  is a  p e re n n ia l h e rb  w ith  la rg e  c o m p o u n d  leaves, a  c o m p o u n d  
in flo rescen ce  o f  ye llow  flow ers a n d  a  la rg e  in te rc a la ry  r o o t  tu b e r . T h e  
in flo rescen ce  g ro w s to  a  h e ig h t o f  a b o u t  29 to  45 cm . w h ile  th e  fo liage  
leaves u su a lly  lie  c lo se  to  th e  su rfa ce  o f  th e  g ro u n d  b o th  in  p la n ts  w ith , 
a n d  w ith o u t a n  in flo rescence . #

Inflorescence. (F ig s . 1, 2 , 3 .)  T h e  c o m p o u n d  in flo rescen ce  is a  p an ic le  
c o m p o se d  o f  a b o u t  8 to  18 racem es. T h e  m a tu re  p a n ic le  h a s  a  m a x im u m  
d ia m e te r  o f  a b o u t  22 to  28 cm . a n d  o ccu p ie s  a b o u t  o n e -h a lf  o f  th e  to ta l  
h e ig h t o f  th e  a e r ia l p a r t  o f  th e  p la n t. T h e  la te ra l  racem es a r ise  f ro m  th e  
ax ils  o f  sm a ll fo liag e  leaves w h ich  v a ry  g rea tly  i»  sh a p e  a n d  size a n d  h av e  
a  p h y llo tax is  o f  3 /8 . T h e  la te ra l  racem es v a ry  co n s id e rab ly  in  le n g th  o n  
a n y  o n e  p la n t,  b ec o m in g  sm a lle r  to w a rd s  th e  ap e x  o f  th e  in flo rescen ce  
a n d  th e y  a lso  b e a r  v a ry in g  n u m b e rs  o f  flow ers. A  ty p ic a l p la n t  ex a m in e d  
h a d  17 la te ra l  racem es v a ry in g  in  le n g th  f ro m  7 to  18 cm . e a ch  b ea rin g  
b e tw een  9 a n d  30 flow ers. The*api<sal ra c e m e  a lso  v a rie s  f ro m  p la n t  to  
p la n t, a n d  as  a  ru le  b ea&  m o re  flow ers th a n  a n y  o f  th e  la te ra l  racem es, 
u su a lly  f ro m  a b o u t  28 to  48.

Stem. (F ig . 4 .)  *The u p r ig h t s tem  is cy lin d rica l in  sh a p e  a n d  a b o u t  
(F6 to  1-2 cm . in  d ia m e te r , th e  u n d e rg ro u n d  p o r t io n  b e in g  w h ite  to  very  
p a le  g ree n  in  c o lo u r , w h ile  th e  a e r ia l s tem  is p a le  g reen  w ith  a  p u rp lish  
z o n e  a t  g ro u n d  level. T h e  su rfa ce  o f  th e  s tem  h a s  v ery  fa in t  lo n g i­
tu d in a l  s tr ia tio n s . T h e  c u t tra n sv e rse  su rfa ce  o f  th e  s tem  sh o w s a  th in
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»  ep id e rm is , a  n a r ro w  co rte x  a n d  a  zo n e  o f  lign ified  pericyc le  su rro u n d in g  
a  la rg e  c e n tra l a re a  co n ta in in g  severa l ir re g u la r  rin g s o f  co lla te ra l v a scu la r  
b u n d le s , w h ich  lie m o re  o r  less ra d ia lly  a n d  su r ro u n d  a  c e n tra l p ith .^  E ac h  
o f  th e  in n e r  v a scu la r  b u n d le s  h a s  a  s e p a ra te  w ell defined  pericycle , a n d  
h e re , as  in  th e  o u te r  zo n e  o f  pericyc le , very  la rg e  spaces o c fu r .  In

Fig. 1. Leontice leontopetalum flower­
ing top (pressed specimen) x 116.

Fig. 2. Leontice leontopetalum fruit­
ing top (fresh specimen) x 1/6.

lo n g itu d in a l sec tio n  th e se  a p p e a r  as  w ide  ti^bes. T h e  p ith  m ay  b eco m e  
slig h tly  lign ified , a n d  a c c o rd in g  t o  S o le rec e r10 i t  re tra c ts  in  o ld e r  stem s 
to  leave  a  c e n tra l cav ity .

Leaves. (F ig . 3, E  &  F .)  T h e  leaves m ay  be  co n v en ien tly  d iv id ed  
in to  ty p es , la rg e  a n d  sm all, th e  la t te r  b e in g  th o se  leaves w h ich  su b te n d  
th e  racem es.

M o s t p la n ts  h av e  twcn to  fo u r  la rg e  leaves, b u t so m e tim es  five o r  six 
su ch  leaves a re  fo u n d . S evera l o f  th e se  u su a lly  a r ise  a ro u n d  th e  b a se  o f  
th e  s tem , th e  re m a in d e r  a r is in g  ju s t  b e lo w  o r  ab o v e  g ro u n d  level. T h e  
le a f  is b ite rn a tis e c t, o f te n  tr ite rn a tis e c t a n d  so m e tim es  sh o w in g  a n  even  
g re a te r  d eg ree  o f  d issec tio n  in  th e  a p ica l g ro u p  o f  leaflets, espec ia lly  in  
th o se  a r is in g  a t  th e  b ase  o f  th e  stern . T h e  leaves a re  a b o u t  12 to  60 cm . 
lo n g  by  ') to  25 cm . b ro a d  a n d  th e  leafle ts  a re  aT o u t T 5  to  8 cm . lo n g  by  
0-8 to^ 4-2 cm . b ro a d . T h e  lon g , s to u t ra c h is  is so m e w h a t f la tten e d  
d o rs iv e n tra lly  a n d  is v a g in a te  a t  th e  base , th e  sh ea tff  b e a r in g  w ell m a rk e d  
lo n g itu d in a l s tr ia tio n s . M o s t o f  th e  leafle ts a re  a sy m m e trica l a n d  v ary  
f ro m  o v a te  to  ov a l to  o b o v a te  a n d  a re  o cca s io n a lly  su b c o rd a te . T h e  
ap e x  o f  th e  leafle t is o f ten  so m e w h a t recurvecl a n d  is u su a lly  re tu se  w ith  a  
sm a ll m u c ro n a te  p ro je c tio n  o f  th e  la m in a  a t  th e  e n d  o f  th e  m a in  vein .
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Leontice leontopetalum

F ig . 3. L e o n t ic e  le o n to p e ta lu m  aerial parts:—A , lateral raceme x  -}; 
B , flower x f : 1, unexpanded *2, e*panded, side view, 3, expanded, from 
above; C, fruit x  i : 1 en tire , 2, with part of pericarp removed; D , seed x 2: 
1, entire, side view, 2, erftire, from below, 3, longitudinal section, 4, trans­
verse section through lower th ird ; E , large foliage leaf x  J : l ,  entire, upper 
surface, 2, apicaljeaflets, under surface; F , small foliage leaves x ¿Tl-5, 
series showing variation in degree of dissection.
b ., bract; c., chalaza; e ., endosperm; e m ., embryo; e .s ., extra sepal; 
h .m ., hilum and micropyle; i . f . ,  immature fruit; i .s . , immature seed; 
infolding of testa; /., lac«nose region of endosperm; m .s ., mature seed; 
n .p . , nectariform petal; p . ,  pericarp; p e d ., pedicel; p .s . ,  petaloid sepal; r., 
raphe in shallow groove; s . , stem; s n ., stamen; s t . ,  stigma; t . , testa; v., 
detailed venation.
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% T h e  m a rg in  o f  th e  leafle t is u su a lly  e n tire  b u t  m ay  b e a r  o n e  o r  tw o  sm all 
in d e n ta tio n s . T h e  leafle ts  a re  sessile o n  th e  b ra n c h e s  o f  th e  ra c h is  a n d  .  
th e  la m in a  is a sy m m e tric a l a t  th e  base . T h e  v en a tio n  is p inna te^  b u t 
so m e tim es  th e re  is a  vein  ly ing  p a ra lle l to  th e  m id rib  w ith o u t a p p a re n tly  
jo in in g  it  a t  th e  base . T h e  la te ra l veins leave  th e  m id rib  a t  a n  *acute 
an g le  a n d  o f te n  a n a s to m o se  c lose  to  i t ; th e re  a re  m a n y  sm a lle r  v e in le ts  
fo rm in g  a  n e tw o rk , th o se  to w a rd s  th e  o u ts id e  a n a s to m o s in g  a b o u t  2 to  3 
m m . f ro m  th e  m a rg in . T h e  m a in  veins a re  s ligh tly  d ep re ssed  o n  tljp 
u p p e r  su rfa ce  a n d  ra ise d  o n  th e  u n d e r  su rface . B o th  su rfaces o f  th e  
leafle ts  a re  sm o o th , o f  a  so m e w h a t w axy  te x tu re  a n d  b lu ish -g reen  co lo u r. 
I f  a n y  p a r t  o f  th e  ra c h is  lies b e lo w  th e  g ro u n d  i t  is u su a lly  w h ite  to  p a le  
g reen  in  c o lo u r  w ith  a  p u rp lish  zo n e  a t  g ro u n d  level. •

T h e  sm all leaves o c c u r  o n  th e  u p p e r  p a r t  o f  th e  s tem  afld  b e a r  in  th e ir  
ax ils th e  racem es w h ich  fo rm  th e  leafy  p an ic le . T h e >  v a ry  g rea tly  in 
size, sh a p e  a n d  d eg ree  o f  d issec tio n , th o se  n e a re s t th e  ap ex  o f  th e  p an ic le  
b e in g  sm a lle r  a n d  w ith o u t an y  d issec tio n . T h e  la rg e s t o f  th e se  leaves, 
th o se  su b te n d in g  th e  firs t o f  th e  racem es, a re  fro m  a b o u t  6-1 to  8-2 cm . 
lo n g  by  a b o u t  7-0 to  9-3 cm . w ide, w h ile  th e  sm a lle s t a re  o n ly  a b o u t  1-5 
to  2-5 cm . lo n g  b y  a b o u t  0-3 to  T 2  cm . w ide. T h e  la rg e s t, leaves a re  
te rn a tise c t w ith  th e  leafle ts  so m etim es fu r th e r  d issec ted  a n d  th e  d eg ree  o f  
d issec tio n  d ec reases  in  th e  sm a lle r  leaves as il lu s tra te d  in  F ig u re  3, F  1-5.

Racemes. (F ig . 3, A .)  T h e  racem es a re  b o rn e  o n  s len d er  cy lin d rica l
,  s tem s a r is in g  in  th e  ax ils o f  th e  sm a ll fo liag e  leaves. T h ese  stem s b e a r  

n u m e ro u s  b ra c ts  w h ich  a re  ov a l, o v a te  o r  o b lo n g  w ith  a  ro u n d e d  apex , 
e n tire  m a rg in  a n d  a  w ide  sessile base . T h ey  a re  f ro m  a b o u t 0-4 to  2-8 cm . 
lo n g  b y  a b o u t  0-3 to  0-9 cm . w ide. In  th e  ax ils o f  th e se  b ra c ts  th e  yellow  
flow ers a re  b o rn e .

Flowers. (F ig . 3, B .) T h e  flow ers a re  b o rn e  o n  g reen , cy lin d rica l 
ped ice ls w h ich  w iden  s ligh tly  a t  th e  b a se  a n d  a t  th e  recep tac le . T h e  
len g th  o f  th e  ped ice l v a rie s  g rea tly , in c re a s in g #as  th e  flow er a n d  th e  f ru it  
d ev e lo p , b ec o m in g  u p  to  6 cm . an d * m o re  in  th e  m a tu re  f ru it. T h e  fla t 
recep tac le  b e a rin g  th e  flow ering  p a r ts  is c irc u la r  in  su rface  view .

T h e  flow ers a re  h e rm a p h ro d ite , cyclic a n d  tr im e ro u s . A c c o rd in g  to  
B ailey15 flow ers o f  th e  genus Leontice  m ay  h av e  3 to  9 p e ta lo id  sepals w ith  
6 p e ta ls  w h ich  a re  o ften  re d u c ed  to  n ec ta rie s  a n d  B e n th a m  a n d  H o o k e r6 
s ta te  th a t  th e  sepals m a y  t ie  f ro m  6 to  9 a n d  p e ta lo id , th e  o u te r  b e in g  
sm a lle r, a n d  th e  6 p e ta ls  a re  very  sm a ll a n d  n e c ta r ifo rm  w ith  a  tru n c a te d  
apex . T h e  p e r ia n th  o f  Leontice leontopetalum co n s is ts  o f  six yellow , 
o b o v a te , p e ta lo id  sep a ls , a b o u t  8 to  10 m m . lo n g , a r ra n g e d  in  tw o  w h o rls  
o f  th ree , w ith  a  sm all, yellow  n e c ta r ifo rm  p e ta l a t ta c h e d  to  th e  b a se  o f  
e ach  sepal. In  a d d itio n  th e re  is ofteft a S m a lle r  sev en th  sep a l to  th e  o u t­
side. T h is  e x tra  sep a l is a b o u t  6 to  7 m m . lon g , £ n d  is y e llow ish  g reen  in  
c o lo u r  v jjth  a  d a rk e r  g reen  c e n tra l vein . I t  lies im m ed ia te ly  ex te rn a l to  o n e  
o f  th e  o u te r  w h o rl o f  sepa ls  a n d  is o f ten  re c u rle d  in  th e  # p e n  flow er. T h e re  
a re  six free  s tam en s  w ith  filam en ts  w h ich  o ften  b ro a d e n  o u t b e lo w  the* 
a n th e r . T h e  o v a ry  is so lita ry  a n d  b u lb o u s  w ith  a  sh o r t  c u rv e d  sty le 
a n d  a n  in c o n sp ic u o u s  s tig m a  w ith  a  f la tten e d  t o p ; i t  is u n ilo c u la r  c o n ta in ­
ing  2 to  4 ovu les a tta c h e d  a t  th e  base.

P. F. NELSON AND F. FISH

1138



LEONTICE LEONTOPETALUM LINN. PART II

Fruits. (F ig . 3, C .)  A fte r  th e  fa ll o f  th e  p e r ia n th  a n d  s ta m e n s  th e  #  
f ru i t  d ev e lo p s  q u ick ly , th e  m a tu re  f ru i t  co n s is tin g  o f  a n  o v o id  b la d d e ry  
c a p su le  a b o u t  4  cm . lo n g  b y  2-8 cm . in  d ia m e te r . T h e  th in  p e r ic a rp  d rie s  
o n  r ip en in g , b e c o m in g  m e m b ra n e o u s , a n d  o f te n  b eco m es co m p le te ly  
d e ta c h e d  f ro m  th e  p ed ice l le av in g  th e  seed  n ak e d . T h e  sty le  p ers is ts  to

F ig . 4. L e o n t ic e  le o n to p e ta lu m  stem in T.S. F ig. 5. L e o n tic e  le o n to p e ta lu m  root tuber in
x 20. c., cortex; c a w , cavities in pericycle; T.S. x 2 \ .  c k . ,  cork; l .p a r . , lignified paren-

c m ., cambium; e ., epidermis; l .p . , lignified chyma; p . ,  protuberance; p a r . ,  parenchyma; 
pericycle; m .x . ,  metaxylem; p . x . ,  protoxylem; s e t . . group# of sclereids; v .b ., vascular 
p . ,  pith; p h . ,  phloem. bundles.

fo rm  a n  a c u te  p ro je c tio n , o f jp n  s ligh tly  to  o n e  s ide  a t  th e  apex . T h e  b a se  
o f  th e  c a p su le  is ro u n d e d  a n d  jo in e d  to  th e  p ed ice l b y  a  s h o r t  tu b e -lik e  
ex ten s io n . O n  th e  a d a x ia l s ide  flf* th e  p e r ic a rp  th e re  is  o n e  w id e  vein  
ru n n in g  lo n g itu d in a lly  frc ftn jbase  to  a p e x ;  th e  re m a in in g  veins a re  m u c h  
fin e r a n d  a n a s to m o se  to  fo rm  a  n e tw o rk  o v e r  th e  e n t ire  p e r ic a rp . T h e  
lo w er p a r t  o f  th e  ca p su le  is g reen  a n d  th e  u p p e r  p a r t  v a rie s  f ro m  a  very  
lig h t b ro w n ish -p u rp le  to  a  fd lrly  d eep  p u rp le . T h e  f ru i t  u su a lly  co n ta in s  
o n ly  o n e  r ip e  seed , w ith  1 to  3 im m a tu re  seeds, b u t  o cca s io n a lly  2 o r  3 
seeds m ay  d ev e lo p  fu lly . *

Seeds. (F ig . 3, D .)  T h e  s u b g lo b u la r  seed  is b o rn e  o n  a  s h o r t  fu n ic le
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a n d  is fo rm e d  f ro m  a n  a n a tro p o u s  ovu le . T h e  g rea te s t d ia m e te r  o f  th e  
seed  v a rie s  f ro m  a b o u t  0 4  to  0-7 cm . T h e  ro u g h  te s ta  is o f  a  d a rk  
p u rp lish -b ro w n  c o lo u r  w ith  a  w h itish -v io le t b lo o m , espec ia lly  ev id en t a t  
th e  b a se  a n d  in  th e  sh a llo w  g ro o v e  in  w h ich  th e  r a p h e  occu rs?  T h e  
h ilu m  a n d  m ic ro p y le  lie  in  a  lig h t b ro w n  ra ise d  a re a  a t  th e  b a se  o f  «he seed  
a n d  th e  c h a la z a  o cc u rs  as  a  s lig h t p ro tu b e ra n c e  a t  th e  apex . I n  lo n g itu d i­
n a l sec tio n  th e  seed  sh o w s a  n a r ro w  b ro w n  te s ta  w ith  a  c u p -sh a p e d  
in fo ld in g  a t  th e  b a se  in to  th e  w h ite , p ro te in o u s  a n d  o ily  e n d o sp e rm  
w h ich  is la c u n o se  cen tra lly . T h e  e m b ry o  is sm all w ith  a  te re te  rad ic le

a n d  tw o  sm all th ic k  in c u rv e d  co ty led o n s . 
I t  lies in  th e  la c u n o se  re g io n  o f  th e  
e n d o sp e rm  w ith  tlj^  rad ic le  in  th e  c u p ­
sh a p e d  in fo ld in g  o f  th e  te s ta .

Root Tuber. (Fig§. 5 ,6 .)  T h e  tu b e r  
v a rie s  g rea tly  in  size a n d  sh a p e  b u t is 
u su a lly  ir re g u la rly  c irc u la r  to  oval in  
o u tlin e  a n d  so m e w h a t f la tten e d  d o rs i-  
v en tra lly . T h e  m a x im u m  size o f  tu b e rs  
o f  flow ering  p la n ts  is a jp^ut 23 cm . in  
d ia m e te r  b y  a b o u t  10 cm . in  th ick n ess , 
w h ile  th e  sm a lle st tu b e rs  f ro m  su ch  

p la n ts  a re  a b o u t  7 cm . in  d ia m e te r  b y  a b o u t  5 cm . th ic k . E x te rn a lly  
i t  is co v e red  w ith  a  th ic k  b ro w n  c o rk  w ith  sm a ll p ro tu b e ra n c e s  
f ro m  w h ich  fine w h ite  ro o tle ts  a rise . T h e  m a in  s tem  is a t ta c h e d  m o re  o r 
less c e n tra lly  to  th e  u p p e r  s ide  o f  th e  tu b e r  a n d  so m e  o f  th e  fo liag e  leaves 
a r ise  a ro u n d  th e  s tem  a t  th is  p o in t. I n  th e  d o rm a n t  tu b e r  th is  p o in t  is 
o f te n  d ifficu lt to  d e te rm in e  th o u g h  i t  m a y  b e  seen  as  a  p ro tu b e ra n c e  w ith  
so m e  s lig h t re m a in s  o f  th e  a e r ia l p a r ts .  S im ila rly  th e  p o s it io n  o f  th e  
ro o tle ts  is m a rk e d  b y  sm a lle r  p ro tu b e ra n c e s  in  th e  c o rk  w h ich  b eco m es 
sca ly  a n d  ex fo lia te s  in  p laces. T h e  c u t  su rfa ce  o f  th e  f re sh  tu b e r  is b r ig h t 
c ream y -y e llo w  in  c o lo u r . T h e  co$k  is th ie f ,  lign ified  a n d  ir re g u la r  d u e  
to  th e  p re se n ce  o f  th e  m a n y  p ro tu b e ra n c e s . T h ese  a re  co m p o sed  o f  la rg e  
lign ified  cells a n d  g ro u p s  o f  su ch  cells a lso  o cc u r  in  so m e p laces in te rn a l 
to  th e  co rk . T h e  b u lk  o f  th e  tis su e  is co m p o sed  o f  s ta rc h y  p a re n c h y m a  
w ith  g ro u p s  o f  la rg e  yellow  sc lere ids a n d  w ith  v a scu la r  b u n d le s  in  t r a n s ­
verse , o b liq u e  a n d  lo n g itu d in a l v iew , s c a tte re d  th ro u g h o u t.  I n  th e  g ro w in g  
tu b e r  th e re  is a  la y e r  o f  ac tiv e ly  d iv id in g  m e ris te m a tic  tis su e  a b o u t  T 5  to  3 
cm . in te rn a l to  th e  co rk , b u t  th is  la y e r  is n o t  d isc e rn ib le  in  th e  d o rm a n t 
tu b e r . #

I n  L e b a n o n  th e  tu b e rs  a re  d u g  u p  fo r  u se  as  a  d ru g  a f te r  th e  a e r ia l 
p a r ts  h av e  d ie d  d o w n  a n d  o n ly  as  c e q iflred  fo r  im m ed ia te  c o m p o u n d in g , 
th e re fo re  th e  d ru g  u se d  is th e  f re sh  d o r m a n t  ttfber. S om e o f  th e  e a r lie r  
sp ec im en s rece iv ed  b y  u s  h a d  b ee n  p a r tia l ly  d r ie d  a n d  w ere  c o n s id e rab ly  
a t ta c k e d  by  m o u ld  d u r in g  tra n s i t,  th e re fo re  a rra n g e m e n ts  w ere  m a d e  to  h av e  
th e  fre sh ly  co llec ted  tu b e rs  w ash ed , c u t  in to  slices a n d  d r ie d  ra p id ly  in  th e  
su n . T h is  p ro v e d  sa tis fac to ry  fo r  th e  p re v e n tio n  o f  o b v io u s  d e te r io ra tio n .

T h e  d r ie d  d ru g , o b ta in e d  in  th is  w ay , co n s is ts  o f  ir re g u la r  slices a b o u t  
0-5 cm . th ic k . E x te rn a lly  th e re  is a  th ic k  b ro w n  c o rk  a n d  th e  re m a in d e r

F ig . 6. Leontice leontopetalum 
root tuber x 1/3.



LEONTICE LEONTOPETALUM LINN. PART II

o f  th e  d ru g  is lig h t b ro w n  in  c o lo u r  a n d  co n s is ts  o f  s ta rc h y  p a re n c h y m a  
w ith  th e  v a s c u la r  b u n d le s  a p p e a r in g  as p o in ts  o r  s tr ia tio n s  a n d  th e  g ro u p s  
* f  sc le re id s  a s  p ro tu b e ra n c e s . O fte n  th e re  a re  d a rk  b ro w n  a re a s  ly in g  
in te rn a l  to  th e  c o rk  a n d  th e se  co n s is t o f  lign ified  p a re n c h y m a . T h e  te x tu re  
is h a rd # a n d  b r i t t l e ;  th e  o d o u r  is q u ite  p le a sa n t b u t  th e  fre sh ly  f ra c tu re d  
d ru g  a n d  th e  p o ty d e r  a r e  s te rn u ta to ry  ; th e  ta s te  is b itte r .

,  Summary

1. N o te s  o n  th e  h is to ry  a n d  g e o g ra p h ic a l d is tr ib u t io n  o f  th e  p la n t  
Leontice leontopetalum L in n , h av e  b ee n  rec o rd e d .

2. T h e  m a c ro sc o p ic a l c h a ra c te rs  o f  th e  e n tire  p la n t  in  th e  f lo w erin g  
a n d  f ru it in g  c o n d itio n  h av e  b ee n  d esc rib ed  a n d  illu s tra te d .

3. A  d e s c r ip t io n  o f  th e  co lle c tio n  a n d  d ry in g  o f  th e  r o o t  tu b e rs  in  
L e b a n o n  h a s  b ee n  given.

4. T h e  m a c ro s to p ic a l  c h a ra c te rs  o f  th e  d r ie d  d ru g  h a v e  b e e n  d esc rib ed .

T h e  a u th o rs  g ra te fu lly  ac k n o w led g e  th e  h e lp  o f  M r. W . T . S te a rn  o f  
th e  B ritish  M u se u m  ( N a tu ra l  H is to ry )  fo r  h e lp  a n d  a d v ice  o n  th e  co lle c tio n  
a n d  id e n tif ic a tio n  o f  spec im en s, o f  D r . W . M . F o rd -R o b e r ts o n  o f  th e  
L e b a n o n  H o s p ita l  f o r  M e n ta l  a n d  N e rv o u s  D iso rd e rs , A sfu riy eh , B e iru t, 
h is  w ife  a n d  co lleag u es fo r  h o sp ita li ty  a n d  m u c h  ass is ta n ce  in  th e  co llec tio n  
a n d  su p p ly  o f  spec im en s, o f  th e  C ro ss  T ru s t  th ro u g h  w h o se  g en e ro s ity  
o n e  o f  u s (P . F . N .)  w as ab le  to  v is it L e b a n o n , a n d  o f  P ro fe sso r  J . P . T o d d ,  
D r. B lo d w en  L lo y d  a n d  M r. G . R a ttr a y  o f  th e  S ch o o l o f  P h a rm a c y , T h e  
R o y a l T ec h n ica l C o llege , G lasg o w , fo r  en c o u ra g e m e n t a n d  adv ice .
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DISCUSSION

T h e  p a p e r  w as p re se n te d  by  M r . P . F . N elson .
D r . T . E . W allis (L o n d o n )  sa id  w ith  re fe ren ce  to  th e  s tru c tu re  o f  th e  

s te m , it  w as ty p ic a l o f  B e rb e rid ac ea e  to  f in d  th e  p ec u lia r  a r ra n g e m e n t 
o f  th e  v a s c u la r  tissues. I t  m ig h t be  m is tak e n  fo r  th a t  o f*  m o n o c o ty le d o n . 
A s to  th e  q u es tio n  o f  p rec ise  id e n tity  o f  th e  sc le ren ch y m a a s so c ia te d  w ith  
th e  iso la te d  b u n d le s , i t  seem ed  a  lit tle  u n lik e ly  th a t  it  sh o u ld  be  pericyclic . 
So f a r  as  th e  sh a p e  o f  th e  leafle ts w as co n c e rn ed , h e  to o k  it  th a t  tS o se  
w h ich  w ere  n o t  a sy m m e tric a l w ere te rm in a l ones. T h e re  w as no  defin ite  
s ta te m e n t o n  th e  n u m b e r  o f  ca rp e ls  p re se n t in  th e  ov ary . T h e  s ta te m e n t 
w as m a d e  th a t  th e  o v a ry  w as “ so li ta ry ”  a n d  i t  w as ¿difficult to  be  c e r ta in  
w h a t th a t  m e a n t ; i t  d id  n o t  s ta te  w h e th e r  th e re  w as o n e  c a rp e l o r  m o re .

D r . J .  M . R ow son  (L o n d o n )  a sk e d  th e  a u th o rs  to  say  a  little  m o re  a b o u t  
th e  sm all p ro tu b e ra n c e s  o n  th e  r o o t  tu b e r . T h e  em ergence  o f  sc leren - 
c h y m a to u s  m a tte r  in  th e  c o rk  w as re fe rre d  to , a n d  w h en  th e  a u th o rs  s tu d ie d  
th e  d e ta iled  a n a to m y  n o  d o u b t  th ey  w o u ld  ag a in  reflec t on  th e  m o rp h o lo g y .

M r . P . F . N elson , in  rep ly , sa id  o n  th e  q u es tio n  o f  th e  pericycle , he  
h a d  co n su lte d  som e o f  h is b o ta n ic a l co lleagues a b o u t  th e  Tn fitte r  a n d  they  
suggested  th a t  it  w as th e  c o rre c t te rm . T h e  te rm  “ so li ta ry ”  sh o u ld  be 
“ sing le” , w ith  re fe ren ce  to  ca rp e l. T h e  sy m m etry  o f  th e  leaflets w as 
d ifficu lt to  d e te rm in e  b ecau se  th e y  w ere sh rive lled  u p , a n d  b eg an  to  
sh riv e l a lm o s t as  so o n  as th ey  w ere p ick ed . T h e  p ro tu b e ra n c e s  o ccu rred  
w h ere  th e  ro o tle ts  a ro se  in  th e  fo llo w in g  sp rin g  w h en  th e  p la n t s ta r te d  
t o  g row .
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THE INFLUENCE OF SOAPS ON THE BACTERICIDAL

ACTIVITY OF A SPARINGLY WATER-SOLUBLE PHENOL

V By  H . Berry  a n d  A . Briggs

F r o m  th e  D e p a r tm e n t  o f  P h a r m a c e u tic s , S c h o o l  o f  P h a r m a c y , U n iv e r s ity  o f  L o n d o n  

•  , Received March 15, 1956

T he  fac t th a t soaps m odify  the  bacteric idal activity  o f  phenols has been 
know n fo r m any  years, b u t i t  is only  com paratively  recently  th a t a ttem p ts  
have been m ade t#  determ ine the  exact ex ten t o f  th is  m odification  an d  
the  m an n er by  w hich it is effected.

A s th e  p u b lish e d  re su lts  o f  th e  e a r lie r  w o rk e rs  a p p e a re d  to  b e  c o n t ra ­
d ic to ry , B ean  a n d  B erry1-4 in v e s tig a ted  th e  m e c h a n ism  o f  th e  re a c tio n . 
T a k in g  in to  a c c o u n t th e  p re se n t th e o rie s  o f  th e  m ic e lla r  s tru c tu re  a n d  
p ro p e r tie s  o f  aq u e o u s  so lu tio n s  o f  so a p s5 th e y  d e te rm in e d  th e  b a c te r i­
c id a l a c tiv ity  o f  b e n z y lc h lo ro p h e n o l a n d  ch lo ro x y len o l in  aq u e o u s  
so lu tio n s  o£ «po tassium  la u ra te ,  u s in g  so lu tio n s  c o n ta in in g  a  c o n s ta n t 
b e n z y lc h lo ro p h e n o l o r  ch lo ro x y le n o l to  p o ta s s iu m  la u ra te  m o la r  ra tio .  
T h is  ac tiv ity  w as sh o w n  to  b e  re la te d  to  th e  c o n c e n tra tio n  o f  th e  p h e n o l 
in  th e  so a p  m icelles a n d  in d e p e n d e n t o f  th e  to ta l  c o n c e n tra tio n  in  th e  
so lu tio n s .

A le x a n d e r  a n d  T o m lin so n 6 in v e s tig a ted  th e  effect o f  so a p s  o n  th e  
b a c te r ic id a l ac tiv ity  o f  p h e n o l. A t  so a p  c o n c e n tra tio n s  ab o v e  th e  c ritica l, 
th e y  w ere  ab le  to  sh o w  a  re la tio n  b e tw een  th e  tim e  fo r  c o m p le te  d is ­
in fec tio n  a n d  th e  c o n c e n tra tio n  o f  p h e n o l in  th e  a q u e o u s  p h ase . T h ey  
d id  n o t  o b se rv e  a n y  in c re a se  in  ac tiv ity  a t  th e  h ig h e r  so a p  co n c e n tra tio n s , 
as  d id  B ean  a n d  B e rry 3, th o u g h  i t  m u s t b e  n o te d  th a t  A le x a n d e r  a n d  
T o m lin so n  u se d  so lu tio n s  c o n ta in in g  a  c o n s ta n t c o n c e n tra tio n  o f  p h en o l. 
S im ila rly  A lla w a la  a n d  R ie g e lm a n 7 « found  th a t  th e  L T 99  o f  io d in e  d is ­
so lved  in  so lu tio n s  o f  a  n o n - io n ic  d e te rg e n t w as re la te d  to  th e  c o n c e n tra tio n  
o f  io d in e  free ly  d isp e rsed  in  th e  aq u e o u s  p h a se  a n d  w as n o t  n ecessarily  
d e p e n d e n t u p o n  th e  to ta l  a m o u n t  o f  io d in e  p resen t.

T h is  p a p e r  is a  c o n tin u a t io n  o f  th e  w o rk  o r ig in a te d  by  B ean  a n d  B erry  
g n d  is a n  in v e s tig a tio n  in to  th e  effec t o f  d iffereflt so ap s  on  th e  b a c te ric id a l 
ac tiv ity  o f  a  sp a rin g ly  w a te r-so lu b le  p h e n o l (b e n z y lch lo ro p h e n o l) . O f  th e  
few  so a p s  m o re  th a n  s ligh tly  so lu b le  a t  20° C ., th re e  w ere  ch o sen , n a m e ly : 
p o ta s s iu m  la u ra te ,  a  s tra ig h t c h a in  s a tu ra te d  so ap , p o ta s s iu m  o lea te , a  
m o n o e th e n o id  so a p , a n d  p o ta s s iu m  ric in o lea te , a  h y d ro x y m o n o e th e n o id  
so a p . I t  w as a lso  in te n d e d  to  Stiffly th e  effect o f  p o ta s s iu m  e la id a te , 
th e  tra n s - iso m e r  c o r re sp o n d in g  to  p o ta s s iu m  o lea te , b u t  i t  w as fo u n d  
to  b e  o n ly  slig h tly  so lu b le  a t  ro o m  te m p e ra tu re , th u s  p rec lu d in g ; its  use .

T h e  so lu tio n s  in v f s t ig a t jd  w ere  th o se  c o n ta in in g  (a) a  c o n s ta n t b en zy l­
c h lo ro p h e n o l to  so a p  m o la r  r a tio  a n d  v a ry in g  c o n c e n tra tio n s  o f  so a p  
a n d  (b), a  fixed so a p  c o n c e n tra tio n  a n d  v a ry in g  b en z y lc h lo ro p h e n o l to  
so a p  m o la r  ra tio s .
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E xperimental

M aterials
The phenol. T h e  p h e n o l u se d  w as b e n z y lc h lo ro p h e n o l (5 -ch lo ro -2 -*  

h y d ro x y -d ip h e n y l m e th a n e ) , m .p t. 48-5° C . w a te r  so lu b ility  1 in  8650 a t  
20° C .

The Soap Solutions. Potassium laurate and potassium jtleate solutions. 
T h ese  w ere  p re p a re d  by  n e u tra lis a tio n  o f  la u r ic  a c id  (ac id  v a lu e  278-8, 
io d in e  v a lu e  0-04, m .p t. 39-2° C .)  a n d  o le ic  a c id  » (ac id  v a lu e  198-3, 
io d in e  v a lu e  88-10, n™ 1-4610). T h e  re su lt in g  s to c k  so lu tio n s  .o f  0 -1M  
p o ta s s iu m  la u ra te  a n d  0 -2M  p o ta s s iu m  o le a te  w ere  s to re d  u n d e r  n itro g e n  
in  g la ss -s to p p e re d  b o ttle s , a n d  d ilu te d  w ith  c a rb o n  d io x id e  f re e  w a te r  
a s  re q u ire d . T h e  fo rm e r  s to c k  so lu tio n  h a d  a  p H  o f  9-9 a n d  th e  la t te r  
a  p H  o f  10-0 (g lass e le c tro d e ) . •

Potassium ricinoleate solution. A  sa m p le  ric in o le ic  a c id  o f  h ig h  a c id  
v a lu e  (179, th e o re tic a l v a lu e  188) w as p re p a re d  f ro m  fcastor o il b y  th e  
m e th o d  re c o m m e n d e d  b y  B e rry  a n d  C o o k 8. T h is  sam p le  w as  u se d  fo r  
th e  p re p a ra t io n  o f  a  0 -0307M  s to c k  so lu tio n  o f  p o ta s s iu m  ric in o le a te  
w h ich  h a d  a  p H  o f  8-6 (g lass e le c tro d e )  a n d  w as s to re d  u n d e r  n itro g e n . 
T h e  p h e n o l a n d  so a p  m ix tu re s  w ere  p re p a re d  as  re q u ire d  w ith  c a rb o n  
d io x id e  free  w a te r  a n d  s to re d  u n d e r  n itro g e n . •  •

Culture media. T h e  p e p to n e  w a te r  c o n ta in e d  2  p e r  ce n t. O x o id  p e p to n e  
a n d  0-5 p e r  cen t, so d iu m  c h lo rid e , th e  p H  a f te r  th e  f in a l au to c la v in g  b e in g  
b e tw een  7-1 a n d  7-3.

T h e  p e p to n e  w a te r  a g a r  u se d  fo r  th e  c u ltiv a tio n  o f  th e  te s t o rg a n ism  
c o n ta in e d  1 p e r  cen t. O x o id  p e p to n e , 0-5 p e r  cen t, so d iu m  c h lo rid e  a n d  
2 p e r  ce n t. N e w  Z e a la n d  ag a r.

Test organism. A  24  h o u r  c u ltu re  o f  Escherichia coli, T y p e  I  (fo rm e rly  
L is te r  In s ti tu te  N o . 5933) in  try p tic  d ig e s t b r o th  w as fre ez e -d rie d  in  
s te rile  tu b e s  a n d  s to re d  a t  4° C . T u b es  o f  fre eze -d ried  c u l tu re  w ere  
re c o n s ti tu te d  a t  a p p ro x im a te ly  m o n th ly  in te rv a ls  a n d  cu ltiv a te d  o n  
p e p to n e  w a te r  a g a r  s lopes. F o u r  s lopes w ere  p re p a re d  f ro m  ea ch  
freeze -d ried  c u l tu re  a n d  in c u b a te d  fit 37° C . fo r  24  h o u rs . A fte rw a rd s  
th re e  o f  th e m  w ere  sea led  w ith  p a ra ff in  w ax  a n d  th e  fo u r th  u sed  to  s ta r t  a  
se ries o f  su b c u ltu re s , fo u r  s lopes b e in g  p re p a re d  ea ch  day . T h e  d a ily  
s lo p es w ere  in c u b a te d  a t  37° C . fo r  24 h o u rs  a n d  o n ly  s lopes f ro m  th e  
4 th  to  th e  14th  su b c u ltu re  w ere  u se d  in  th e  ex p e rim en ts .

The Solubility o f  Benzylchlorophenol in Water and Aqueous Solutions o f  
Potassium Laurate, Potassium Oleate and Potassium Ricinoleate, at 
20° C . •

Solubility in aqueous solutions o f  potassium laurate. T h e  m e th o d  
c o n s is te d  o f  p re p a r in g  a  series o f  ^ o fu t io n s  o f  b en z y lc h lo ro p h e n o l in  
p o ta s s iu m  la u ra te , su ch  th a t  e a ch  so lu tio n  c o n fa in e d  a  sm a lle r  p r o p o r t io n  
o f  b e n z y lc h lo ro p h e n o l to  p o ta s s iu m  la u ra te  th a n  th e  p rec ed in g  on e . 
E a c h  so lu tio n  w as  th e n  d ilu te d  w ith  fre sh ly  f o i le d  ̂ n d  co o led  d is tilled  
w a te r  u n ti l  p re c ip ita tio n  o f  th e  b en z y lc h lo ro p h e n o l o ccu rred .

F ig u re  1 show s th e  re la tio n  b e tw een  th e  w eig h t o f  b e n z y lc h lo ro p h e n o l 
so lu b ilise d  p e r  m l. o f  so lu tio n  a n d  th e  c o n c e n tra tio n  o f  th e  p o ta ss iu m
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Molar concentration of potassium laurate
Fig. 1. The solubility of benzylchlorophenol 
in solutions of potassium laurate.

la u ra te  so lu tio n s , w h ils t in  F ig u re  3 th e  so lu b ility , ex p re ssed  a s  n u m b e r  
o f  m o le cu les  o f  b e n z y lc h lo ro p h e n o l so lu b ilised  p e r  m o lecu le  o f  so a p , is  
p lo t te d  a g a in s t p o ta s s iu m  la u ra te  c o n c e n tra tio n .

Solubility in aqueous solutions o f  potassium oleate. T h e  c r it ic a l c o n ­
c e n tra tio n  o f  p o ta s s iu m  o le a te  h a s  b ee n  re c o rd e d 9 as  7 -1 2  x  1Q~4M  a n d  
th e  re su lts  o f  h^pB ain  a n d  M e rrill10 in d ic a te  th a t  th e  m icelles a re  fu lly  
fo rm e d  a t  0 -016M . T h e  
r a n g e  o v e r  w h i o h  t h e  
m icelles a je  in c re a s in g  in  size 
o ccu rs , th e re fo re , a t  a  very  
lo w  s o a p  c o n c e n t r a t i o n .
A tte m p ts  to  d e te rm in e  th e  
so lu b ility  o f  b e jiz jfc h lo ro -  
p h e n o l in  th e  w ay  u se d  fo r  
p o ta s s iu m  la u ra te ,’fa iled  b e ­
ca u se  o f  th e  sm a ll q u a n ti ty  
o f  b e n z y l c h l o r o p h e n o l  
c r y s t a l l i s i n g  o u t .  T h e  
m e th o d  u se d  c o n s is te d  o f  
a c c u ra te ly  w eigh ing  a  fixed 
q u a n ti ty  o f  b e n z y lc h lo ro ­
p h e n o l in to  a  series o f  w id e ­
m o u th e d , sc re w -c ap p ed  b o ttle s  a n d  a d d in g  g ra d u a lly  in c re a s in g  v o lu m e s  
o f  th e  a p p ro p r ia te  s tre n g th  o f  p o ta s s iu m  o le a te  so lu tio n  to  e ach  one . T h e  
b o ttle s  w ere  th e n  h e a te d  to  a b o u t  60° C . a n d  sh a k e n  to  d isso lve  th e

b en z y lc h lo ro p h e n o l. W h e n  
c o o l ,  e a c h  s o l u t i o n  w a s  
s e e d e d  w i t h  a  d r y s t a l  o f  
b e n z y lc h lo ro p h e n o l a n d , 
a f te r  b e in g  m a in ta in e d  a t  
20° C . fo r  five days , e x a m ­
in e d  fo r  c ry sta ls .

T h e  re la tio n  b e tw een  th e  
s o l u b i l i t y ,  e x p r e s s e d  a s  
n u m b e r  o f  m o l e c u l e s  o f  
b e n z y lc h lo ro p h e n o l so lu b il­
ised  p e r  m o lecu le  o f  so ap , 
a n d  th e  c o n c e n tra tio n  o f  
p o ta s s iu m  o le a te  is show n  
in  F ig u re  3.

Solubility in water and 
aqueous solutions o f  potas­
sium ricinoleate. A s a  sp ec­
tro p h o to m e te r  b e c a m e  av a il­
ab le  fo r  u se  th e  so lu b ility  o f  

a q u e o u s  so lu tio n s  o f  p o ta s s iu m

CL Co o
O =

Fig. 2. The solubility of benzylchlorophenol 
in solutions of potassium ricinoleate.

b e n z y lc h lo ro p h e n o l in  w a te r  a n d  
r ic in o le a te  w as d e te rm in e d  « p ec tro p h o to m e tr ic a lly .

Water solubility. T h e  E  (1 p e r  cen t. 1 c m .)  o f  b en z y lc h lo ro p h e n o l,
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a t  283 m y, w as 104-3. T h e  so lv en t u se d  to  p re p a re d  th e  s ta n d a rd  so lu ­
tio n s  a n d  th e  fina l d ilu tio n  fo r  te s tin g  c o n ta in e d  4 p e r  cen t, v /v  e th a n o l 
a n d  0-05 N  h y d ro c h lo r ic  ac id . T h e  so lu b ility  w as fo u n d  to  b e  1 in  865(5.

Solubility in aqueous solutions o f  potassium ricinoleate. T h e  i?* (l p e r  
cen t. 1 c m .)  o f  b en z y lc h lo ro p h e n o l a t  283 m y, in  th e  p resen ce  o f #v ary in g

c o n c e n tra tio n s  o f  p o ta s s iu m  
ric in o lea te , 50 p e r  c e n t v /v  
e th a n o t  a n d  0-05 N  h y d ro ­
ch lo ric  a c id  w as 113-4. T h e  « 
la rg e  a m o u n t  o f  e th a n o l w as 
n ecessa ry  to  d isso lve  th e  
p re c ip ita te d  ric in o le ic  ac id .

S a t u r a t e d  s o l u t i o n s  in  
v a ry in g  s tren g th s  o f  p o ta s -  g 
s iu m  ric in o le a te  w ere  p re ­
p a r e d ,  t h e  s u p e r n a t a n t  
liq u id  filte red  a n d  a  p o r tio n  
o f  th e  f iltra te  d ilu te d  to  g ive 
a  c o n c e n tra tio n  su itab le  fo r  
m e asu rem en t. * T h e  d ilu e n t 
c o n ta in e d  50 p e r  cen t, v /v  
e th a n o l a n d  0-05 N  h y d ro ­
ch lo ric  ac id .

F ig u re  2 show s th e  re la tio n  b e tw een  th e  w e ig h t o f  b en z y lc h lo ro p h e n o l 
so lu b ilised  a n d  th e  c o n c e n tra tio n  o f  p o ta ss iu m  r ic in o lea te , w h ils t in  
F ig u re  3 th e  so lu b ility , ex p ressed  as  n u m b e r  o f  m o lecu les  o f  b en z y l­
c h lo ro p h e n o l so lu b ilised  p e r  m o lecu le  o f  so ap , is p lo tte d  a g a in s t p o ta s s iu m  
r ic in o le a tê  c o n c e n tra tio n .

The Determination o f  Bactericidal Activity  
T h e  m e th o d  u se d  w as s im ila r to  th a t  o f  tiie rry  a n d  B ean 11. F iv e  m l. 

q u a n ti t ie s  o f  th e  p h e n o l a n d  so a p  so lu tio n  w ere  u se d  a n d  th e  in o c u lu m  
co n s is te d  o f  five d ro p s  o f  a  su sp e n s io n  o f  E .  coli. T h e  su sp e n s io n  w as 
p re v io u s ly  a d ju s te d  to  c o n ta in  2 x  109 o rg an ism s  p e r  m l., a n d  w as 
d e liv e red  by  m e an s  o f  a  s ta n d a rd  d ro p p in g  p ip e tte  m a d e  b y  th e  m e th o d  
d e s c r ib e d  b y  W ith e ll12. #

W ith  an y  p h e n o l a n d  so a p  so lu t io n  each  ex p e rim en t w as re p e a te d  s ix  
tim es , w h ere  p o ss ib le , s im u lta n eo u sly , o r  fa ilin g  th a t  o n  th e  sam e  d ay , 
w ith  a s  sh o r t  a  tim e  in te rv a l as p o ss ib le  b e tw een  each . T h e  m e a n  d e a th ­
tim e  w as ca lc u la ted  f ro m  th e  in d iv id u a l o ‘ se rved  tim es, a d o p tin g  th e  
c o n v e n tio n  th a t  i f  n o  g ro w th  w as o b ta in e d  a f te r  a  g iven  p e r io d  o f  e x p o su re  
in  a ll rep lica te s , th e n  a n y  g ro w th  th e re a f te r  w as neg lec ted .

The Bactericidal Activity o f  the Soap Solutions 
T h e  c o n tr ib u t io n  m a d e  by  th e  so a p  so lu tio n s  th em se lv es  to w a rd s  th e  

b a c te r ic id a l ac tiv ity  o f  th e  b e n z y lc h lo ro p h e n o l a n d  so a p  so lu tio n s  w as 
a ssessed  b y  d e te rm in in g  th e  d e a th - tim e  o f  EPco li in  v a r io u s  c o n c e n tra tio n s  
o f  th e  so ap s . T h e  re su lts  o b ta in e d  a re  sh o w n  in  T a b le  I.

H. BERRY AND A. BRIGGS

Fig. 3. The solubility of benzylchlorophenol in 
solutions of: A, potassium ricinoleate prepared 
from acid having an acid value of 179; B, 
potassium oleate and C, potassium laurate.
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IN F L U E N C E  O F  SO APS O N  B A C T E R IC ID A L  A C TIV ITY  

T A B LE I
T h e  m ea n  d ea t h -tim e  o f  E . c o li in  a q u eo u s  so l u t io n s  of po tassiu m  l a u r a t e , 

•  po tassiu m  o lea te  a n d  po ta ssiu m  r ic in o le a t e

•

•  Soap ^

Concentration 
of soap 
(Molar)

Mean death-time 
(Minutes) Time of determination

Potassium laurate 006 41-6 During work
008 25-7
010 17-7
0-15 8-3

• 0-20 4-8

Potassium oleate 0-20 300+ At beginning of work
0-20 300+ At end of work

Potassium ricinoleate 0-307 240 At beginning of work
0-307 300+ At end of work

______________________j „

B o th  p o ta s s iu m  o le a te  a n d  p o ta s s iu m  ric in o le a te  m a d e  n o  c o n tr ib u tio n  
to  th e  b a c te r ic id a l ac tiv ity  o f  th e  b e n z y lc h lo ro p h e n o l a n d  so a p  m ix tu re s  
u se d  b u t  p o ta s s iu m  la u ra te  w as to x ic . A n  e x p o n e n tia l re la tio n  w as 
o b ta in e d  w h en  th e  c o n c e n tra tio n  o f  th is  so a p  w as p lo tte d  a g a in s t th e  
m e an  d e a th - tim e s  a n d  e x tra p o la t io n  o f  th e  cu rv e  sh o w ed  th a t  th e  d e a th ­
tim e  o f  E . goU w o u ld  b e  a b o u t  100 m in u te s  in  0-04 M  p o ta s s iu m  la u ra te . 
T h u s  th e  c o n tr ib u tio n  m a d e  b y  p o ta s s iu m  la u ra te  to  th e  m ix tu re s  is  sm all 
.at th e  so a p  c o n c e n tra tio n s  used .

The Bactericidal Activity o f  a Saturated Aqueous Solution o f  Benzyl­
chlorophenol

A  sa tu ra te d  so lu tio n  o f  b e n z y lc h lo ro p h e n o l w as p re p a re d  in  s te rile  
d is tilled  w a te r  a n d  th e  m e a n  d e a th - tim e  a t  20° C . fo u n d  to  b e  75 m in u tes .

The Bactericidal Activity o f  Benzylchlorophenol in Aqueous “Solutions o f  
Soap

T h ese  ex p e rim en ts  w ere  a rra n g e d  to  sh o w  th e  in flu en ce  o n  th e  b a c te r ic i­
d a l  ac tiv ity  o f  th e  fo llo w in g  ch an g es  in  th e  c o m p o s itio n  o f  th e  so lu tio n s ,
( i)  M a in ta in in g  a  c o n s ta n t b en z y lc ff lo ro p h en o l/so ap  m o la r  r a tio  w h ils t 
in c re a s in g  th e  c o n c e n tra tio n  o f  so a p  f ro m  b e lo w  to  w ell a b o v e  th e  c r it ic a l 
c o n c e n tra tio n , ( ii)  M a in ta in in g  a  c o n s ta n t  c o n c e n tra tio n  o f  so a p  a n d  
v a ry in g  th e  b en z y lc h lo ro p h e n o l/s o a p  m o la r  ra tio s .

(■a) The Bactericidal Activ ity o f  Benzylchlorophenol in Aqueous Solutions 
o f  Potassium Laurate

T h e  resu lts  o b ta in e d  w h en  so lu tio n s  c o n ta in in g  0-0653 m o lecu les  o f  
b e n z y lc h lo ro p h e n o l p e r  A o le c u le  o f  p o ta ss iu m  la u ra te  w ere  u se d  a re  
sh o w n  in  F ig u re  4 w h ere  th e  ippgn  d e a th - tim e s  a re  p lo tte d  a g a in s t so a p  
■ concentration , th e  p o irg s  b e in g  su p e rim p o sed  o n  th e  so lu b ility  cu rve . 
T h e  c o n c e n tra tio n  o f  p o ta s s iu m  la u ra te  w as v a rie d  f ro m  0-0065 to  0-12 M , 
th a t  is, f ro m  ju s t  b e lo w  to  w ell in  excess o f  th e  c r it ic a l c o n c e n tra tio n . 
m T h e  effec t o n  th e  b a c te r i t id a l  ac tiv ity  o f  k ee p in g  c o n s ta n t th e  p o ta ss iu m  
la u ra te  c o n c e n tra tio n  a n d  v a ry in g  th e  b en z y lc h lo ro p h e n o l/p o ta ss iu m  
la u ra te  m o la r  r a tio  is sh * w n  in  F ig u re  5. C o n c e n tra tio n s  o f  0-025, 
•0-04 a n d  0-075 M  p o ta ss iu m  la u ra te  w ere  used .
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(b) The Bactericidal Activ ity o f  Benzylchlorophenol in Aqueous Solutions 
o f  Potassium Oleate

I t  w as im p o ss ib le  to  c a r ry  o u t ex p e rim en ts  u s in g  b e n z y lc h lo ro p h e n o l/ • 
p o ta ss iu m  o le a te  so lu tio n s  o f  c o n s ta n t m o la r  r a tio  ow in g  to  th e  te rg e  
ch an g es in  d e a th - tim e  th a t  o c c u rre d  w ith  ch an g e  in  so a p  c o n c e n tra tio n .

T h e  i n s t i g a t i o n  w as  
re s tr ic te d  to  th e  effect 
o n . t h e  b a c t e r i c i d a l  
a c t i v i t y  o f  p e e p i n g  
c o n s ta n t th e  c o n c e n ­
tr a t io n  o f  th e  so a p  a n d  
v a r y i n g  t h e  b e n z y l -  
ch l< froghenol to  p o ta s ­
s i u m  o l e a t e  m o l a r  
ra tio .*  T h e  re su lts  a re  
sh o w n  in  F ig u re  6.

(c) The Bactericidal 
A c t i v i t y  o f  B e n z y l -  
c h  I o  r o p k e n o l  i n  

Aqueous Solutions o f  
Potassium Ricinoleate 

T w o  series o f  so lu ­
tio n s  w ere  u se d  c o n ­
ta in in g  b e n z y lc h lo ro ­
p h e n o l in  th e  r a t io  o f  

0-383 a n d  0-331 m o lecu les  p e r  m o lecu le  o f  p o ta s s iu m  ric in o lea te . T h e  
la t te r  m o la r  r a t io  w as u se d  to  sh o w  th e  effec t o n  b a c te ric id a l a c tiv ity  
o f  so lu tio n s  h a v in g  a  p o ta s s iu m  r ic in o le a te  c o n c e n tra tio n  b e lo w  
th e  c r it ic a l v a lu e  (0-005 M ). H a d  th is  b een  a t te m p te d  w ith  th e  fo rm e r  
r a tio  i t  w o u ld  h av e  n ec e ss ita ted  th e  u se  of« u n s ta b le  so lu tio n s  in  th e  
re g io n  o f  0-005 M  p o ta s s iu m  ricinoffeate c o n c e n tra tio n . T h e  re su lts  a re  
sh o w n  in  F ig u re  7.

T h e  effec t o f  v a ry in g  th e  b en z y lc h lo ro p h e n o l/p o ta ss iu m  ric in o le a te  
m o la r  r a tio  a t  so a p  c o n c e n tra tio n s  o f  0-025, 0-04 a n d  0-075 M  p o ta s s iu m  
ric in o le a te  w as a lso  in v es tig a ted . T h e  re su lts  a re  sh o w n  in  F ig u re  8.

D is c u s s io n

The Solubility o f  Benzylchlorophenol
T h e  w e ig h t o f  b e n z y lc h lo ro p h e n o l so lu b ilised  p e r  m l. o f  p o ta ss iu m  

la u ra te  a n d  p o ta s s iu m  ric in o le a te  so lu tiq p  h a s  b een  p lo tte d  a g a in s t so a p  
c o n c e n tra tio n  in  F ig u re s  1 a n d  2 respective ly , p i e  cu rves a re  o f  sim ilar 
shape . A s th e  so a p  c o n c e n tra tio n  is in c reased Y ro m  ze ro  to  ap p ro x im a te ly  
0-005 M  p o ta s s iu m  ric in o le a te  a n d  0-01 M  p o ta ss iu m  la u ra te  th e re  is b u t  
lit tle  in c rease  in  th e  so lu b ility  o f  b e n z y lc h lo ro p h e n o l. A b o v e  th e se  
c o n c e n tra tio n s  th e  w e ig h t o f  b e n z y lc h lo ro p h e n o l so lu b ilised  in c rease s  
sh a rp ly  w ith  in c re a se  in  so a p  co ncen tra tion*  d u e  to  th e  fo rm a tio n  o f  
m icelles.

H. BERRY AND A. BRIGGS

Molar concentration of potassium laurate
Fig. 4. The bactericidal activity against E . 
coli of solutions with constant benzylchloro­
phenol/potassium laurate molar ratio (0-0653) 
and increasing potassium laurate concentration, 
and the relation of the activity to the solubility 
of benzylchlorophenol.
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INFLUENCE OF SOAPS ON BACTERICIDAL ACTIVITY

2-65
Log

Figure 3 shows the solubility of benzylchlorophenol expressed as the 
number of molecules solubilised per molecule of soap, plotted against 
soap concentration. The benzylchlorophenol/potassium oleate curve 
could not be completed as the method used was not sufficiently sensitive 
to datermine solubilities at very low soap concentrations. The critical 
concentration T>f potassium 
oleate has been recorded as
7-12 X 10_4M. llie  curves 
plotted In Figure 3 indicate 
that the critical concentra­
tion of potassium ricinoleate 
is 0-005 M and potassium 
laurate 0-01 M»

The curves (pig. 3) des­
cribing the solubility of ben­
zylchlorophenol in solutions 
of potassium laurate and 
potassium ricinoleate are, 
except for ^ in i t ia l  decrease 
at low soap concentrations, 
of the same general shape as 
those described by Hartley13,
McBain, Merrill and Vino- 
grad14, and McBain and 
Johnson16 for the solubilis­
ation of water insoluble sub­
stances—usually dyes—by aqueous soap or synthetic detergent solutions. 
Only occasionally has this initial decrease been noted16-17 and then it has 
usually been attributed to the suspending action of the soap solution. One 
exception is the work of Heller and Klevens18 who determined the solu­
bility of ethylbenzene in potassium laurate solutions and obtained a curve 
very similar in shape to those in Figure 3 for the solubility of benzyl­
chlorophenol in potassium laurate and potassium ricinoleate. Both 
ethylbenzene and benzylchlorophenol have approximately the same water 
solubility. Failure to demonstrate this initial fall in the solubility curve 
is probably due to the fact that water-insoluWe substances were used or 
that the method was not sufficiently sensitive to detect solubilisation at 
concentrations below the critical.

2-75 2-85 2-95 1-05
mois, benzylchlorophenol/mol. 

potassium laurate
F ig . 5. The effect on the death time of E . co li 
o f varying the benzylchlorophenol/potassium- 
laurate molar ratio in solutions with constant 
potassium laurate concentration.
x ------x , 0-025 M potassium laurate.
O------0 ,0 -04  M
• ------• ,  0-075 M

The Bactericidal Activity o f  Solutions containing a Constant Benzylchloro- 
phenoljSoap Molar Ratio and Varying Concentrations o f  Soap 

It is seen from FigureS 4«nd 7 that when solutions containing a constant 
molar ratio of benzylchlorophenol to potassium laurate or potassium 
ricinoleate are used? changes in the death-time curve and changes in the 
Slope of the solubility curve can be correlated.

Over the first part of the curves, where the death-time decreases rapidly 
as the soap concentration ?s increased up to the critical, the saturation of 
the solution increases whilst the interfacial tension decreases, reaching



H. BERRY AND A. BRIGGS

Log mols. benzylchlorophenol/mol. potassium oleate • •
F ig . 6. The effect on the death-time of E . c o li of varying the benzylchloro- 
phenol/potassium oleate molar ratio in solutions with constant potassium 
oleate concentration of A, OYOM; B, 0 075 M ; C, 0-05 M; D, 0 025 M;
E, 0 01 M ; F, 0 0075 M ; G, 0-005 M ; H, 0 0025 M and I, 0-001 M.

a minimum at the critical concentration. This decrease in interfacial 
tension will favour an increase in the adsorption of potassium laurate 
and benzylchlorophenol causing the concentration of benzylchlorophenol 
at the bacterial surface to be much higher than in the bulk solution, 
thus leading to a decrease in the death-time. This surface active effect 
of soap solutions has been noted by previous workers3-6’19, and put 
forward as the cause of the increase in bactericidal activity of soap- 
phenol solutions in the pre-micellar range of soap concentrations. A 
phenomenon which has not previously been reported is that, over the 
pre-micellar range of soap concentration, the saturation of the solution is 
actually increasing. Thus the decrease in death-time will be due to both 
these factors. .

The second part of the curve commences at approximately the critical 
micellar concentration and both the solubility and death-times increase 
rapidly. The interfacial tension remains approximately constant at all 
concentrations above the critical and therefore changes in bactericidal 
activity can no longer be ascribed to (Jiasges in interfacial tension. It is at 
the critical concentration that the micelles begyt 1» form and they increase 
rapidly in size over the range of soap concentration now under considera­
tion. The rate of increase in size is much more ra$id than the rate of 
increase of benzylchlorophenol concentration and therefore the total 
saturation of the solutions will decrease. Bean and Berry3 related the 
activity of the solutions in this range of soaf concentration to the per­
centage saturation of the micelles. It has been shown6, however, that



the activity of phenol-soap solutions is related to the concentration of 
phenol in the aqueous phase rather than that in the micelles. These two 
Views are not at variance as in any given solution an equilibrium will be 
set up between the concentration of benzylchlorophenol in the micelles 
and that in the surrounding water. Variation of the concentration of 
jihenol in one\phase 
will be accompanied 
by a similar variati«n 
irPthe o th e r  p h ase .
Thus the decrease in 
saturation of the solu­
tions over the second 
part of the curge 'Vi 11 
cause a decrease in the 
c o n c e n tra tio n *  of 
benzylchlorophenol in 
the aqueous phase and 
will explain  the in ­
crease in the death- 
times that aft obtained.

The d e a th - tim e  
curve reaches a peak 
at a point which coin­
cides approximately 
with the change of 
slope of the solubility 
curve—the point at 
which the rapid in­
crease in the number 
o f  m o le c u le s  o f  
benzylchlorophenol 
solubilised per mole­
cules of soap ceases, 
and becomes but a 
relatively slight increase with increasing soap concentration. Above this 
concentrations the death-times commence to decrease rapidly, finally reach­
ing an approximately constant value at the higher soap concentrations. 
Thus, over the third part of the curve, the percentage saturation of the solu­
tion is decreasing slightly with increasing soap concentration, whilst the 
death-time falls rapidly before attaining a constant value.

The reason for this rapid deorgase in death-time is not apparent. If 
one accepts that it is th# benzylchlorophenol in the aqueous phase that 
determines the bactericidal activity, then as the solution is becoming less 
saturated with respe^f to benzylchlorophenol, it would be expected 4hat the 
death-time would continue* to increase. Results in accordance with this 
expectation were obtained by Alexander and Tomlinson8 who investigated 
the effect of various concentrations of Aerosol MA on the bactericidal 
activity of a 0-5 per cent, solution of phenol. They stated that, where the

INFLUENCE OF SOAPS ON BACTERICIDAL ACTIVITY

- 1-2

0-8

0-6
Q-O

0-4 2

0-2

0-0
o
£

Molar concentration cf potassium 
ricinoleate

Fig . 7. The bactericidal activity against E . c o li of 
solutions with constant benzylchlcropheifol/potassium 
ricinoleate molar ratio and increasing potassium 
ricinoleate concentration, and Lie relation of the 
activity to the solubility of benzylchlorophenol.

-----•  0-383 Mol. benzylchlorophenol/mol. potas­
sium ricinolftte.
x ------x 0-331 Mol. benzylchlorophenol/mol. potas­
sium ricinoleate.
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soap is not bactericidal, then the death-time will continue to increase until 
activity is abolished. These workers were, however, using a constant 
percentage of phenol, whereas in this work the amount of benzylchloro5 
phenol was increased in proportion to the increase in soap concen­
tration.

The rapid decrease in death-times cannot be due to t^k toxicity of th^ 
soaps as it has been shown that they possess little or no activity at the

concentrations concerned. 
It is significant thai the per­
centage saturation of the 
so lu tion  decreases only 
slightly with increasing soap 
concentfatipn. The amount 
of micellar material per 
unit volume will, however, 
increase in ratio to the in­
crease in soap concentration. 
Thus as the soap concentra­
tion is increased, there will 
be an increasing number of 
micelles, of approximately 
the same degree of satura­
tion, available to replace the 
benzylchlorophenol adsorb­
ed from the water by the 
bacteria. This might be ex­
pected to lead to a more 
rapid replenishment of the 
water with benzylchloro­
phenol and hence to shorter 
«death-times.

The death-time falls to an 
approx im ately  co n stan t 
value at the higher soap 
concentrations. This would 
seem to indicate a limiting 

factor in the reaction between the soap-phenol solution and the bacteria, 
this being in all probability the rate of diffusion of the benzylchloro­
phenol from the micelle to the bacterial cell via the water.

It has already been stated that it was impossible to carry out experiments 
using benzylchlorophenol/potassium qjsate solutions of constant molar 
ratio owing to the large changes in death-time tjpat occurred with change 
in soap concentration. Some indication of the effect can, however, be 
obtain«d from the results shown in Figure 6. F^ir a constant molar 
ratio of benzylchlorophenol to potassium oleate, for example 0-2, tjje 
death-time increases as the soap concentration is decreased from 0 T 0  to 
0-025 M, as it does with the corresponding «lecrease in soap concentra­
tion for benzylchlorophenol/potassium laurate and benzychlorophenol/
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INFLUENCE OF SOAPS ON BACTERICIDAL ACTIVITY

potassium ricinoleate solutions (Figs. 4 and 7), over soap concentration 
ranges of 0-12 to 0-04 M and 0-14 to 0-03 M respectively. *

The Bactericial Activity o f  Solutions Containing a Fixed Soap Concentration 
and Varying Benzylchlorophenol! Soap Molar Ratios 

The resultskobtained by using solutions where the soap concentration 
was kept constant whilst the proportion of benzylchlorophenol to soap 
was increased are*shown in Figures 5, 6 and 8 where the logarithms of the 

‘mean «ieath-times are plotted against the logarithms of mois, benzyl- 
chlorophenol/mol. soap. A linear relation was obtained in every case, 
although the slope of these lines varied with soap concentration. Thus, 
once the soap concentration has been fixed, the mean death-time becomes 
a function of the concentration of benzylchlorophenol. It is to be expected 
that the slopes of the lines would not be similar as each soap concentration 
would affect tie  mechanism of the bactericidal reaction in a different 
manner. In the pre-micellar range the composition c f  the interfacial film 
would be changing, whilst above the critical concentration the partition 
coefficient for benzylchlorophenol between micelles and water probably 
changes with increasing soap concentration, as also will the structure 
of the micellar material and the interfacial film.

Comparison o f  the Effect o f  Different Soaps 
The percentage saturation of the three soaps by benzylchlorophenol 

required to kill a standardised suspension of E. coli in ten minutes, has 
been calculated from the experimental results for three different soap 
concentrations and tabulated in Table II.

TABLE II •
T h e  pe r c e n t a g e  sa t u r a t io n  o f  po t a ssiu m  l a u r a t e , po ta ssiu m  olea te  a n d
POTASSIUM RICINOLEATE BY BENZYLCHLOROPHENOL REQUIRED TO KILL THE 

STANDARDISED SUSPENSION OF E . Coli IN TEN MINUTES

Soap • Percentage saturation

At 0-025 M At 0-04 M At 0-075 M

Potassium laurate 25 22 10
Potassium oleate 30 25 22
Potassium ricinoleate 56 51 44

It is realised that had a different death-time been used at which to make 
the comparison, different values for the percentage saturation of the 
solutions would have bien obtained. A similar difference between the 
soaps would still have been »iUu^rated.

From the above figuçps it is evident that each soap influences the 
bactericidal activity of benzylchlorophenol to a different degree. The 
amount of benzj^chlorophenol needed to bring about a given effect 

• increases in the order potassium laurate, potassium oleate, potassium 
ricinoleate. Conversely, equally saturated solutions of these soaps would 
show differing bactericidal activity. This variation between soaps is 
attributed to the difference in the structure of the soap molecules and its
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influence on the structure of the micelles formed in aqueous solutions.
It also indicates that the affinity of these micelles for benzylchlorophenol 
varies from soap to soap, thus influencing the degree of saturation of * 
the aqueous phase and hence the bactericidal activity of the solution.

Summary /  *
9  .•

1. The solubility of benzylchlorophenol in solutions of potassium 
laurate and potassium ricinoleate, when expressed as molecules of benzyl­
chlorophenol solubilised per molecule of soap, decreases as the soajf 
concentration is increased up to the critical. Thereafter the shape of the 
solubility curve is similar to those previously reported for the solubility 
of water-insoluble dyes in aqueous solutions of soaps.

2. When mixtures containing a constant benzylchlo*rojihenol to soap 
molar ratio and varying soap concentration are used, changes in the 
bactericidal activity can be correlated with changes in the slope of the 
solubility curve.

3. The effect of varying the benzylchlorophenol to soap molar rtftio 
has been determined at various constant soap concentrations.

4. It has been shown that the three soaps used each influence the 
bactericidal activity of benzylchlorophenol to a different degree. For a 
given weight of benzylchlorophenol the highest level of activity is obtained 
when it is dissolved in potassium laurate solution, the lowest in potassium 
ricinoleate solution.
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I he use of Centella asiatica (L.) Urban in the treatment of leprosy has 
been reported, and from plants growing in Madagascar, Bontems1 isolated 
the crystalline glycoside, asiaticoside. Its aglycone is the monobasic 
triterpene asiatic acid, which belongs to the a-amyrin series2 and is 
therefore closely related to other triterpenoid saponin aglycones. Despite 
this close affinity asiaticoside appeared to have no haemolytic properties3.

The investigations of Lythgoe and Trippet4 have shown that plants of
C. asiatica occurring in Ceylon contained a glycoside that was not 
identical with asiaticoside. The centelloside they isolated from the fresh 
Ceylonese plant differed from asiaticoside not only in its aglycone moiety, 
but also in its sugar components.

The investigations carried out by these authors into the exclusively 
tropical C. asiatica prompted research on how far Hydrocotyle vulgaris, 
occurring exclusively in Europe, might possess corresponding glycosides. 
Both genera belong to the tribe Hydrocotyleae, sub-family Hydrocoty- 
loideae of the family Umbelliferae, and are, therefore, botanically closely 
related. The aims of the work were to ascertain whether asiaticoside is 
present or not in H. vulgaris, applying the method of Bontems; should a 
glycoside other than asiaticoside be present, to investigate the most 
suitable method of extraction, isolation and chromatographkal examina­
tion together with an estimation of haemolytic activity.

T he  E xam ination  eg7 Hydrocotyle vulgaris for  A siaticoside 
AND FOR H aEMPLYTIC ACTIVITY

Commencing with 1500 g. of the entire fresh plant, including sub­
terranean organs, of H. vulgaris, the extraction method of Bontems1 was 
followed. About 600 mg. of a white amorphous solid was isolated which 
on ignition yielded a residue of about 20 per cent.; the isolate was slightly 
•soluble in water, less so in acid and, on shaking, the aqueous solution 
gave much persistent froth; it possessed haemolytic activity and, after 
hydrolysis, glucuronic acid was split off. These facts led to the assumption 
that acid saponins are present. 'Subsequent investigations yielded no 
evidence of the presence of asgiticoside in this mixture of saponins.

Throughout the rem inder of t*he\vork to be described in this paper the 
whole plant, including subterranean organs, of H. vulgaris, dried in vacuo 
over P20 5 and reduced to coarse powder (No. 20 U.S.P.), has heen used 
jo r  extractions. * .

The haemolytic index (HI) of the material was determined by the method 
of Runge5, using dilutionsin geometric gradation. Digitonin was initially

* Department of Pharmacognosy, Director Professor Dr. O. F. Uffelie.

CONTRIBUTION TO THE KNOWLEDGE OF THE HAEMOLYTIC
ACTIVITY OF H Y D R O C O T Y L E  V U L G A R I S  L
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used as a standard but this was later replaced by a purified saponin 
% preparation from the plant itself. Two extraction methods were used: t 

(i) One g. of powdered drug was mixed with 0-4 g. of washed sand, 
triturated with ethanol 60 per cent, v/v, transferred to a percolator, covered 
with more solvent, allowed to stand 15 to 20 hours and Jhen percolated 
with further solvent until, in about 2 hours, 50 ml. of percolate was/ 
obtained. Ten ml. of percolate was evaporated to dryness at 70 to 80° C.
(it has been shown that this temperature has no influence on the haemo­
lytic action), the dry residue was taken up in 10 ml. of phosphate buffer • 
pH 7-4, warming to 70° C. if necessary, and centrifuging off any un­
dissolved material. The haemolytic index of this solution was then 
estimated according to Runge’s method, (ii) One of powder was 
continuously extracted for 6 hours with chloroform, tlie extract being 
rejected. The powder was then extracted with methano] for 7 to 8 hours • 
and the extract adjusted to 50 ml., 10 ml. of which was then evaporated 
to dryness at 70 to 80° C. and treated as in (i) above. Both methods of 
extraction yielded practically equal haemolytic index values, and the second 
method is regarded as more suitable.

This second method of extraction was applied to sam^le^ of senega 
root and sarsaparilla root as well as to H. vulgaris. The haemolytic index 
values for the three drugs are shown in Table I, and it will be seen that 
the activity of H. vulgaris is greater than that of sarsaparilla, and is 
approximately equal to that of senega and for this reason a more detailed 

• study of the saponins present in the plant was undertaken.
T A B LE I

H aem o ly tic  in d ex  fo r  3 d r u g s

D r u g H a e m o ly t i c  i n d e x

S e n e g a  r o o t 1 925
S a r s a p a r i l l a  r o o t 1 117
H ydrocotyle vulgaris h e r b 1811

•

I solation of Sa ponin  F ractions

The isolation of saponins from vegetable material using barium 
hydroxide, magnesium oxide or lead acetate has been shown to result in 
considerable losses6. The.method used by Bontems1 employs lead sub­
acetate and it was rejected on this account. To effect the isolation, a 
method of continuous extraction with different organic solvents was 
investigated using successively light. petroleum (40° to 60° C.), ether, 
chloroform, ethyl acetate and methanol, the introduction of ethyl acetate 
being based on the observation of ^Rc^snthaler7 that prosapogenins in 
aqueous medium are easily extracted by shaking *vith this solvent.

A preliminary experiment was set up with 1 g. of the drug, and con- 
tinuous»extraction, successively using the different solvents for varying 
times, was applied. The weight of material extracted by each solvent wa* 
determined after drying at 80° C. to constant weight and the whole was 
taken up in 10 ml. phosphate buffer pH 7-4 fif necessary by heating to 
70° C ), after which its haemolytic index was determined according to the
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method described above. The index was calculated on the basis of the 
weight of solid (HIS) and also in relation to the original weight of drug 

• (HIDr). The His values give some indication of the purity of the extracted 
haemolytically active substances, the higher the value the more pure the 
extract.

The results ^ e  shown in Table II where it will be seen that repeated 
extractions were made by both ethyl acetate and methanol. Extraction 
with chloroform, light petroleum and ether produced very little or no loss 
c*f haemolytic activity and since chloroform gave a better extraction of 
colouring materials it is preferable as a decolourising solvent. Ethyl 
acetate appeared to extract one group of haemolytically active con­
stituents during the first two or three hours of continuous extraction; 
more prolonged extraction yielded only a slow and incomplete further 
extraction. Methanol rapidly extracted the haemolytic activity remaining 
after ethyl acetate treatment.

The above investigation shows that powdered Hydrocotyle vulgaris may 
be etecolourised by the action of chloroform practically without loss of 
haemolytic activity; from this material one fraction of saponins may be 
isolated by continuous extraction with ethyl acetate; subsequent treatment 
of this parfiaTly exhausted powder with methanol yields further saponin 
fractions. This method of isolation was next applied on a larger scale 
and the two fractions were examined chromatographically on paper 
both before and after electrodialysis as follows: 250 g. dry powdered drug 
was mixed with an equal weight of washed sand, made into a paste with 
chloroform, divided amongst five Soxhlet extractors (Quickfit EX/83/200) 
and extracted with chloroform for 20 hours, the extract being rejected. 
The powdered drug was re-dried and extracted with ethyl acetate for 5 
to 6 hours, the ethyl acetate extract being reserved. The diug was re­
dried and extracted with methanol for 14 hours, the extract being reserved.

The ethyl acetate extract, on standing, deposited a precipitate on the 
walls of the flask; the solution was decanted, the solvent evaporated almost 
to dryness under reduced pressure ancfthe residue dissolved in the minimum 
quantity of methanol 90-98 per cent. The precipitate in the first flask 
was dissolved in about 50 ml. of warm methanol 80 per cent, v/v and the 
two solutions were then combined and evaporated at 60° C. to a volume 
of 30-40 ml. This was allowed to stand for 24 hours in a closed vessel 
at room temperature, after which it was decanted from any precipitate 
which formed. The clear solution thus obtained was slowly diluted with 
200 ml. ether with continuous mechanical stirring, was allowed to stand 
at 0° C. for 24 hours, afte? which the ether layer was decanted leaving a 
viscous residue. This saponin «¡^id^ie was diluted to about 20 ml. with 
water and precipitated jpy Ridding 4 ml. of 4N sulphuric acid dropwise. 
After standing at 0° C. for 24 hours the precipitate was centrifuged and 
washed twice with ̂ a little water. It was again centrifuged a'nd was 
‘¿impure ethyl acetate *saponin” ; 40 mg. (corresponding to 20 mg. dry 
substance) was dissolved in 0-4 ml. of methanol and used for paper 
chromatographic investiga#on.

The remainder of the impure ethyl acetate sapcnin fraction was

HAEMOLYTIC ACTIVITY OF HYDROCOTYLE VULGARIS L.
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TA B LE II
R esults o f  su b je c t in g  th e  d r u g  to  ex tra c tio n  w it h  solvents

%

Solvent No.

Experimental series I Experimental series 11̂

a b c d a b c d

Extd.,
hrs.

Residue 
on drying 
per cent, 
at 80° C. HIDr Hlg Extd.,

hrs.

R « d u e  
onÄrying 
per cent, 
at 80° C. HIDr HIS

Light petroleum .. 1 2 1-68 0 0 2 9 n.d.* n.d. ! n.d^
Ether 2 — -— —- — 2 0-91 ák o 9
Chloroform . .  (1st) 3 — -— — — 4 3-14 20 ! 637

. . (2nd) 4 _ — — — — — --  ! --
Ethyl acetate . . (1st) 5 2 616 312 5077 3 8-51 316 3714

„ „ ..  (2nd) 6 — — — — 1 1-6? • 50 3106
„ „ ..  (3rd) 7 — — — — 1 0-72 35 4862

.. (4th) 8 — — — — — — — . —
„ „ ■■ (5th) 9 — — — — — i —•

Methanol ..  . . (1st) 10 4 17-79 650 3654 3i ft-12 648 4285
........................(2nd) 11 — — —- — 1 3-50 149 4257

.. (3rd) 12 — — — — 2 • 1-91 60 3141

.. (4th) 13 — — —• — 3 103 50 4913

.. (5th) 14 — ■ ■ — 4 0-82 0 0

S o lv e n t N o .

E x p e r im e n ta l e r ie s  I I I E>c p e r im e n ta l  s e r ie s  IV

a b c d a b *  • C i d

E x td . ,
h r s .

R e s i d u e  
o n  d r y in g  
p e r  c e n t ,  
a t  8 0 °  C . H I D r H I S E x t d . ,

h r s .

R e s id u e  
o n  d r y in g  
p e r  c e n t ,  
a t  8 0 °  C . H I D r H r s

L i g h t  p e t r o l e u m  . 1 — — — — — — — —
E t h e r 2 — — — — — — — —
C h l o r o f o r m (1 s t) 3 6 6 0 6 20 331 6 5-55 20 3 6 0

( 2 n d ) 4 1 0 -2 9 0 0 — — — —
E th y l  a c e t a te (1 s t) 5 6 11-08 4 5 3 4 0 9 0 — — — —

( 2 n d ) 6 i i 1 -56 60 3 8 4 7 — — -— —
( 3 r d ) 7 2i 1-24 34 2 7 4 3 — — — —
( 4 th ) 8 2 1-05 29 2 7 6 2 — — -— —
( 5 th ) 9 3 1 6 6 60 3 6 1 5 — — — —

M e th a n o l  . . (1 s t ) 10 6 13 68 64 8 4 7 3 5 6 3 1 -5 2 1944 6 1 7 2
( 2 n d ) 11 i i 0 -6 0 0 0 2 0 -7 9 29 367 1
(3 rd ) 12 -— — — — — -— •---
( 4 th ) 13 — — — — — — — —

” ( 5 th ) 14

....................• -
•

“
'

* n.d. =  not determined.

dissolved as completely as possible with very little 0-5N NaOH until just 
alkaline to phenolphthalein. This solution was filtered through an 
IG4-crucible and dialyse^ by means of electrodialysis, using “Ultra- 

■ cellafilter, allerfeinst” membranes, a platinum gauze electrode as anode 
and a silver gauze electrode as cathode. Electrodialysis was continued 
until the current at 200 volts amounted to only 6-8 milliamp. The con­
tents of the middle chamber were then evapoPated in an oven at 70° C. 
The residue on drying was dissolved^in, i  ml. methanol; after storing at 
0° C. for 24 hours it was filtered through an JG4-crucible and, after 
washing the filter with 2-3 ml. methanol, the Altered solution was slowly- 
diluted tinder mechanical stirring with 120 ml. ether# when the saponins 
were precipitated. After storing for 20 hours 4he*precipitate was filtered 
off, washed with ether and dried at 70° C. for 25 minutes. This dried 
precipitate, yield 250-300 mg., is the saponin ̂ fraction provisionally indi­
cated as “dialysed ethyl acetate saponin.” Twenty mg. of this fraction
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was dissolved in 0-4 ml. methanol and used for paper chromatographic 
examination. #

The methanol extract may contain precipitated material, but this can 
be fejected if the volume is more than 175 ml. in each flask. The filtered 
metili noi extract was evaporated under reduced pressure (15 mm. Hg.) 
to 80 ml. whic\ was then slowly diluted with 650 ml. ether with mechanical 
stirring, and was stored for 24 hours at 0° C. The viscous residue left 
after decanting thft ether layer was diluted to 300-350 ml. with water at 
%0° C. • After cooling, 25 ml. of 4N sulphuric acid was added dropwise 
with mechanical stirring. On standing at 0° C. for at least 24 hours the 
saponin» precipitated was separated by centrifuging and was washed 
twice with 150 ml. of 1 per cent, sulphuric acid. About 40 mg. (corres­
ponding to 20«ig. dry substance) of this “impure methanol saponin'’ was 
dissolved in 0-4 ml. methanol and used for paper chromatographic 
investigation.

The remainder of the impure methanol saponin was dissolved in a small 
quantity of N or 2N caustic soda until the resulting solution was just 
alkaline to phenolphthalein. Undissolved residue was separated by 
centrifugiijg^ind the clear supernatant liquid was again acidified with 4N 
sulphuric acid to Congo red, and the above treatment was repeated. This 
alkaline solution was filtered through a IG4-crucible and the filtrate, diluted 
with water to 70 ml., was subjected to electrodialysis until the current at 
200 volts amounted finally to only 8-10 milliamp. The contents of the 
middle chamber were evaporated at 70° C. and the residue on drying 
dissolved in 30 ml. methanol, stored at 0° C., filtered and diluted with 
300 ml. ether with mechanical stirring. After standing for 24 hours the 
precipitate was collected, washed with ether and dried for £5 minutes at 
70° C. The white-yellow powder, “dialysed methanol saponin,” was 
obtained in a yield of 3-3-5 g. A solution of 20 mg. of this dialysed 
methanol saponin in 0-4 ml. methanol was used for paper chromatographic 
investigation. s

The Paper Chromatographic Investigation of Saponin Fractions

Heftmann and Heyden8 have demonstrated that steroid sapogenins 
and their acetates were specifically detectable after paper chromatography 
.by spraying the chromatogram with a 2-10 per cent, suspension of rat or 
guinea-pig blood cells. In 1954 Fiedler0 made use of citrated ox blood 
which had been diluted with physiological sodium chloride solution :n the 
ratio 1:8. •

Method. Whatman No. 1. filter paper was used, spots containing 
75-450 /xg. being appligd at intervals of 2-5 cm. The ascending method 
of paper chromatography according to Williams and Kirby10 was 
employed, the development taking place at 20° C. in an airtight container. 
.When the solvent hatl travelled about 28 cm. the chromatogram was 
removed and the solvent front marked.

After investigating the fclvents applied by Fiedler, some introduced by 
Partridge11 and Jermyn and Isherwood12 for the paper chromatography of

HAEMOLYTIC ACTIVITY OF HYDROCOTYLE VULGARIS L.
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sugars were found to give a maximal separation of the saponin fractions. 
% These were:

(/;) benzene/n-butanol/pyridine/water.. 
(,q) ethyl acetate/pyridine/water 
(/■) phenol/ammonia solution 10 per 

cent./water (trace HCN)..

-1 :5 :3 :3  (upper layer)
- 2 :1 :2  ( „ „  )

/
-75:10:15 (homogeneous layer) *

Solvent p appeared to be suitable for routine investigation, while solvent 
;• gave fine chromatograms but was not suitable for the examination of the 
“impure ethyl acetate saponin,” as two components (Component-S4 and 
Hydrocotyle-saponin A2, see below) could not be separated.

The chromatograms obtained with the solvents p and q were dried for 
40 minutes at 70-80° C. and then sprayed with citrated o£ blood diluted 
with the phosphate buffer pH 7-4 according to Runge i» the ratio 1:7. 
The chromatograms obtained with solvent r were first dried at 70° C. for 
one hour; after that they were exposed to the air for 20 hours be£pre 
spraying.

F ig . 1. Chromatograms obtained, using solvent p , with the ethyl acetate and 
methanol fractions of H . vu lg a ris .

a . Impure ethyl acetate saponin.
b. Impure ethyl acetate saponin (high concentration).
c. Dialysed ethyl acetate saponin.
d. Impure methanol saponin. 
c. Dialysed methanol saponin.

The chromatograms obtained using solvent ̂ ^vith the ethyl acetate and 
methanol fractions of H. vulgaris are s(jo\^»in Figure 1, a- e. It was found 
that the impure ethyl acetate saponin normally »hows 3 haemolytically 
active substances, which are believed to be saponins. These were there­
fore provisionally called as follows: #

• *
with Rf =  0-54, Hydrocotyle-saponin A2 *
with Rf =  0-39, „ m „ A,:
with Rf =  0-26, „ „ B
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If high concentrations were used it was sometimes possible to distinguish 
a fourth substance with R F =  0-72, which was provisionally called Com- 

•ponent-S4. After spraying with the reagent, the spots of Hydrocotyle- 
saponin A2 and Component-S4 appeared first.

After electrodialysis of the impure ethyl acetate saponin, only Hydro­
cotyle-saponin» A4 and B were observed. Hydrocotyle-saponin A2 and 

\lomponent-S4 passed through the membrane but it seems probable that

Hydrocotyle 
Sapogin A t 

B

Fig. 2. Chromatographical comparison, using solvent p ,  of :
a . Methanol total extract of H . vu lg a ris .
b . Methanol total extract of senega root.
c. Saponin fraction obtained according to Bontems’ isolation method.
d . Quillaia saponin.
e. Digitonin.

•
they are saponins, since the aglycone of Hydrocotyle-saponin B and of some 
commercial saponins were found again in the solvent front of the solvent 
p  ; they may be crystalline#saponins, which pass through the membranes 
more quickly than amorphous saponins.

Both the impure and the dialysed methanol saponin fractions behaved 
in the same manner and appeared to consist of Hydrocotyle-saponin B 
with a small amount of Hydrocotyle-saponin A v  The comparatively 
large yield (3-3-5 g.) of dialysed methanol saponin means that from a 
quantitative point of view Hydrocotyle-saponih B forms the most impor­
tant haemolytically active component of H . v u lg a r is .

Using solvent p ,  the haemolytically active substances of H . v u lg a r is ,  
obtained by continuous extraction‘with methanol of 1 g. of drug for 8 
hours after a 6-hour extraction with chloroform, were compared chroma- 
tographically with (i), a methanoT etftract of a senega root prepared as for
H . v u lg a r is  ; (ii) a solution iTi methanol of the saponin preparation obtained 
according to the isolation method of Bontems (50 mg./ml.) ; (iii) a^olution 
of quillaia-saponin m Xvatçr (50 mg./ml.) ; (iv) a solution of digitonin in 
methanol (50 mg./ml.). These chromatograms are shown in Figure 
2, a - e ,  from which it will^be seen that the methanol total extract of H .  
v u lg a r is  gave, in high concentrations, only 2 components, namely :
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Hydrocotyle-saponin Ax and B with the regular RF values 0-39 and 0-26. 
The methanol total extract of senega root yielded one spot, senegin, with 
Rf =  0T5. The saponin preparation obtained according to Bontems’* 
isolation method showed one spot with RF value =  0-26 which appeared 
to be identical with Hydrocotyle-saponin B. The quillaia-saponin 
appeared as a fine, nearly round spot and had a R„ valu^=  0-05. * Digi- 
tonin in low concentrations gave less fine, elongated spots with RF .values* 
that ranged between 0-25 and 0-30. It thus appears ¿hat other saponins 
may be distinguished from those occurring in H. vulgaris when ^taminari 
by paper chromatography using solvent p.

Summary

1. A systematic investigation of Hydrocotyle vitigaps using small 
quantities of the dried herb has shown the presence of two different 
saponin fractions, which were isolated by continuous extraction with 
ethyl acetate and with methanol.

2. Using paper chromatography four haemolytically active substances
can be detected. A dilution of citrated ox blood with the phosphate 
buffer pH 7-4 according to Runge in the ratio 1:7 serves as a specific 
detection of the saponins on the paper. * •

3. The herb possesses haemolytic activity equal to that of senega root.
4. Two methods of extraction are given for determining the haemo­

lytic index of the dried herb.
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^Chloramphenicol, Colorimetric Determination of. F. M. F re e m a n . (A n a ­
l y s t , 1956| 81, 299.) The m ethod depends upon the formation of a stable red 
colour resulting from  interaction of the nitro group with a dimethylformamide- 
acetone solution in the presence of tetraethylammonium hydroxide. To 10 ml. 
o f dimethylformamide is added 0-2 ml. of 0T per cent, solution of acetone in 
difhethylformamjjle Snd 0T ml. of a 25 per cent, solution of tetraethylammonium 
hydroxide in water. After mixing, 01  to 0T5 mg. o f chloramphenicol in di­
methylformamide Is added, the tube shaken and the absorption at 520 m ¡ jl , 

measured after 10 minutes using a 1-cm. cell and a reagent blank. d . b . c .

Chlorinated Organic Pesticides, Separation and Identification of. L. C.
M itc h e ll .  ( /. A s s .  o f f .  a g r ic .  C h e m . ,  W a s h . , 1956, 39, 484.) A  procedure is 
described by which the following chlorinated pesticides may be identified and 
separated ' paper chrom atography: Aramite (2(p-?m.-butylphenoxy)i.s0- 
propyl-2-chloroethylsulphite), captan (A-trichloromethylmercapto-4-cj'c/ohex- 
ene-1 : 2-dicarboximide), d ie ld rin (l: 2 :3  :4 :1 0 :10-hexachloro-6: 7-epoxy-l: 4:
4 a : 5 :6 :7 :8 :  8a-octahydro-l: 4-endo, exo-5: 8-dimethanonaphthalene), Gamma 
benzene hexachloride, Spergon (ch lo ran il:2 :3 :5 :6 -te trach lo ro -l :4-benzo- .  
quinone), and tritisan (pentachloronitrobenzene). The solvent systems recom­
mended are acetic anhydride 20 per cent, in ether as immobile solvent and 
«-heptane as mobile solvent, o r refined soyabean oil 5 per cent, in ether as im­
mobile solvent and 95 per cent, ethanol as mobile solvent. The two systems 
did not separate the 6 pesticides in the same order. W ith acetic ̂ fnhydride-«- 
heptane the ascending order was captan, Spergon, Aramite, gamma benzene 
hexachloride, dieldrin and tritisan; with oil-ethanol it was tritisan, Spergon, 
dieldrin-gamma benzene hexachloride, Aramite and captan. Several chromo- 
genic agents were used and the relative*merits of each are discussed. The R F 
values for the pesticides in either of the solvent systems are given and it is shown 
tha t the 6 compounds can be identified in mixtures by the order o f separation 
and  the distances from one another. b . a . w .

Lobeline, Determination of. E. S te in e g g e r  and F. O c h sn e r. (P h a r m .
A c t a  H e l v e t . ,  1956, 31, 65.) Lobelia herb may contain up to 20 bases, and 
chrom atographic separation of the lobeline is essential. The total alkaloids 
are first determined, and this operation may be carried out with 1-2 g. o f the 
drug if 0-01N solutions are used. F or the chromatography 9 ml. of formamide 
is shaken with anhydrous ammonium formate and treated with 20 ml. o f acetone.
The excess o f formate is filtered oil? aifd 1 ml. o f concentrated formic acid is 
added. The paper is satflraftd with this mixture, and hung up to  drip and 
evaporate. The mobile phase is composed of 9 volumes o f chloroform and 
1 volume of benzene* test is run with pure lobeline, followed by a little 
o f the mixture, as the presence of other compounds modifies the R (. value.
This spot is made visible with D ragendorff’s reagent. The lobeline to be deter­
mined is extracted, using tlft m ethod of the authors { P h a r m . A c t a  H e l v e t . ,  
1955; 30, 345) and the extinction is determined at 245 m/x. A  blank is done
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from a strip o f the chromatogram cut out at the same height. Examples of 
results obtained are given below:

L. salicifolia L. inflata t

Total alkaloids per cent. .. 
Lobeline per cent. ..

1-388
0-17

0-342
0-03 f  #

N u x V om ica Tincture, Simplified A ssay for. M . Scf>tt, A. T a u b  and C. 
P ia n ta d o s i .  (J . A m e r .  p h a r m .  S c i .  E d . ,  1956, 45, 232.) The method 
depends upon the treatment of a sample of tincture with aluminium oxide 
which absorbs pigments, followed by absorption of the alkak)ids»on an ion 
exchange resin, subsequent elution and estimation of strychnine and brucine 
by ultra-violet spectrophotometry. 10 g. of aluminium oxftle stirred with 5 Ini. 
of tincture and 5 ml. o f ethanol (70 per cent.) for 5 minutes, allowed to stand and 
filtered. The aluminium hydroxide is washed with quantitias of ethanol (70 per 
cent.) and the washings mixed with the filtrate and made up to 50 ml. 10 ml. of 
this solution is adjusted to pH 9-10 with ammonia solution, mixed with ¿0 ml. 
of specially prepared and purified resin (Amberlite IRC-50(H)), the liquid 
filtered off and the resin washed. The alkaloids are extracted from the resin 
by heating a t 80° C. with successive quantities of 25 ml. of 0-yNi hydrochloric 
acid in ethanol (70 per cent.) and the extracts diluted to 100 ml. Trhis solution, 
after suitable dilution with water is clarified by filtration through a porous crucible 
and the absorbance determined at 255 and 264 m/r, using a blank prepared as 
above, taking 5 ml. of ethanol (70 per cent.) instead of the tincture. The 
quantity o f strychnine and brucine present is calculated by means of simultaneous 
equations. The method is rapid and gives results in agreement with the U.S. 
National Formulary assay. g . b.

R a u w o l f i a  s e r p e n t i n a  Preparations, The Chem ical Evaluation of. J. C a ro l, 
D. B a n e s , W o l f f  and H. O. F a l ls c h e e r .  ( J .  A m e r .  p h a r m .  A s s . ,  S c i .  E d . ,  
1956, 45, 200.) The following method is recommended for the determination 
of reserpine and rescinnamine, the constituents of R a u w o l f ia  s e r p e n t in a  which are 
chiefly responsible for the hypotensive and sedativ^ effects of the drug. Prepara­
tions of powdered root, extracts and tablets are extracted and the fraction con­
taining reserpine and rescinnamine is separated by partition chromatography 
on a Celite column using an ethanolic citrate buffer solution as the immobile 
solvent and a mixture of iso-octane, chloroform, water and ethanol as the 
mobile solvent. The solution containing reserpine and rescinnamine is 
evaporated and hydrolysed.in alcoholic sodium hydroxide solution by heating 
on a water bath for 20 minutes. Trimethoxybenzoic and trimethoxycinnarrric 
acids are extracted from the solution by acidifying and shaking with chloroform, 
and the light absorption of the chloroform solution is determined at 270 and 
300 m p .  The quantities of trimethoxybenzoic and trimethoxycinnamic acids, 
and hence of reserpine and rescinnamine are calculated after determination of 
the absorbancies of solutions of the p u rt "acids in chloroform. The method 
appears to be satisfactory for commercial preparations, although in one case 
interference was caused by the dye from the coating of a tablet and in another 
by an 'emulsifying agent present in the preparation  #F or the identification 
of R a u w o l f ia  s e r p e n t in a  preparations, two m ethod? of ascending paper chrom ato­
graphy are proposed. One requires the use of a mixture of heptane, carbon 
tetrachloride and formamide as mobile solvent m  an atmosphere of ammonia. 
The other, which permits the separation of alkaloids of relatively high R f ,
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value, depends on the use of a mixture of benzene, iso-octane and formamide.
» A large num ber o f  fluorescent spots are obtained in these tests, and n o  other * 

Sp ecies o f  R a u w o l f ia  produces all o f  them . g . b .
•

Tyrothricin, Nephelometry in Assay of. S. L e c le rc q . ( J .  P h a r m .  B e lg . ,  
1956, M, 33.) S t r e p to c o c c u s  f a e c a l i s  M19 or S ta p h y lo c o c c u s  a u r e u s  209P or 

^Oxford may be i»ed as the test organism, special precautions being necessary 
to ensure that the culture employed is in the logarithmic growth phase. Solutions 
of a standard preparation of tyrothricin are prepared to contain 0 033, 0 05 and 

i oT)75 /xg.#ml. in a mixture of propylene glycol 43-75 ml., water 43-75 ml. and 
ethanol (95 per cent.) 12-5 ml. Similar dilutions are prepared from the sample 
under examination, and tubes of the test culture are inoculated with 1 ml. of the 
tyrothricin solutions. 8 tubes are inoculated for each concentration of the stan­
dard, and 6 for each* concentration of the unknown. The tubes are incubated 
a t 37° C., 2 tubes of each concentration of the standard being used as pilot 

' tubes, the turbidity being measured a t intervals until the change in turbidity is 
proportional to the logarithm of the concentration and the slope of the turbidity/ 
log. concentration graph is sufficient to give a high precision. Growth in all 
tubes is stopped by adding 2 drops of formaldehyde solution. The turbidities 
in the tubes are measured, and the concentration of tyrothricin calculated. The 
assay is sensitive and good precision may be achieved. It is not affected by the 
usual quantities of quaternary ammonium compounds such as cetrimide which 
may be present in pharmaceutical preparations of tyrothricin. g . b .

ORGANIC CHEMISTRY
Cephalosporin C, Degradation of. E. P. A b ra h a m  and G. G. F. N e w to n . * 

( B io c h e m . / . ,  1956, 62, 658.) Cephalosporin C was rapidly hydrolysed a t pH  12 
with loss of activity and of the absorption maximum at 260 m/x. Back titration 
after 2 hours at pH  12 showed that two new acidic groups had been formed.
The solution gave a positive nitroprusside test, but titration failed%) reveal the 
presence of a new group with a pK  indicative of a simple thiol. Alkaline hydro­
lysis with barium hydroxide (0-3N; 100° C .; 2 hours) followed by paper iono- 
phoresis, showed the formation of glycine and a-aminoadipic acid. Cephalo­
sporin C treated with cephalosporinase gave an acid, with loss of the absorption 
maximum at 260 m/x. Hydrolysis in N  hydrochloric acid at 105° C. gave 
carbon dioxide, a volatile base (2 equivalents), D-a-aminoadipic acid, and traces 
of glycine, whilst hydrolysis of dinitrophenylcephalosporin C gave dinitrophenyl 
a-aminoadipic acid, indicating the presence of a D-a-aminoadipic acid residue 
with a free amino group. The pK  (9-8) o f the amino group in cephalosporin C 
was very close to that o f the amino group of a-aminoadipic acid, suggesting that 
the a-carboxyl group of this residue is also free in cephalosporin C. H ydro­
genation of cephalosporin C at a palladium-charcoal catalyst gave a product 
which retained the ultra-viol^ absorption a t 260 m/x, but only 10 per cent, of the 
antibacterial activity of cephalosgorin C. Hydrolysis of this material with 
dilute acid a t 105° C. gave a-aminoSdiflic acid and glycine. Treatment o f the 
hydrolysate with bromine*yiflded a small quantity o f substance, which when 
chromatographed on paper behaved as penicillaminic acid. Hydrogenolysis 
with Raney nickel_anc#acyl hydrolysis of the product gave D-a-aminoadipic acid, 
valine, L-alanine and glycine* and in this respect cephalosporin C resembles the 
penicillins. The dinitrophenyl and benzyl derivatives of cephalosporin C are 
more active against S ta p h ,  d h r e u s  and less active against S a l m .  t y p h i  than the 
parent compounds. J. b . s.
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Chlorpromazine, Colorimetric Estimation of. H. L e a c h  and W. R. C.
C rim m in . ( /. c l in .  P a th . ,  1956, 9, 164.) A rapid and sensitive method is 
described for the estimation of chlorpromazine in blood fnd  urine? F or 
extraction from urine, add 1 ml. of N  sodium hydroxide to*20 ml. o£ urine,*  
extract four times with 20 ml. portions of ether and wash the pooled extracts 
with 10 ml. 0-2N sodium hydroxide followed by 10 ml. o f  water. Remove fijp 
wash water completely and shake the extract vigorously with OTN Sulphuric 
acid. Stand for five minutes, remove the acid extract, warm slightly and 
aerate to remove traces of ether. Take duplicate 4 ml. quantities*for Rie estima­
tion. F or free chlorpromazine in blood, heat 5 ml. of oxalated blood with 5 ml. 
o f 50 per cent, potassium hydroxide for two minutes on i  b a lin g  water bafh. 
Cool, add 10 ml. o f water, shake with 20 ml. ether and remove the ether layer. 
Repeat the extraction three times. Wash the pooled ethereal extracts with 
sodium hydroxide and water, extract with 6 ml. of OTN sulphuric acid and take 
4 ml. o f the acid extract for colour development. F or extraction of ¿o tal 
chlorpromazine in blood, heat 5 ml. of blood and 5 ml. of concentrated hydro­
chloric acid in a boiling water bath for five minutes. Cool, make alkaline and 
extract with ether as for chlorpromazine. F or the estimation treai ^m l. samples 
with 2 ml. o f 50 per cent, sulphuric acid and mix well. Add 0-2 ml. of a solution 
of 2 per cent, ferric nitrate in 1-0N sulphuric acid and read the colour at 530 f i  
(Ilford spectrum green filter 604) against a water blank. Obtain the result from 
a standard calibration curve. A t least 90 per cent, of chlorpromazine added to

•  urine could be recovered down to 1-0 mg. per litre. g . f . s.

Mercury in Biological Materials, Microdetermination of. F. R. B a r r e t t .  
{ A n a ly s t ,  1956, 81, 294.) A method is described suitable for quantities up to 
20 jag. with a sensitivity of 0-5 jag. of mercury, and for handling quantities up to 
20 g. of b le tti or tissue. A modified digestion procedure is described which 
ensures complete destruction of organic matter with moderate heating so that 
no mercury is lost. The tissue is digested with an appropriate am ount o f a 
mixture of equal parts of concentrated sulphuric %nd nitric acids under a cold- 
finger condenser for 2 hours after form ing has ceased. The bulk of fatty 
material is then filtered off through glass wool. Potassium permanganate is 
added in the form of 0-5 g. tablets and the mixture heated until a precipitate of 
manganese dioxide persists after boiling. I t is then diluted with water and 
further tablets added while boiling until a pink colour persists and any fatty 
material has been oxidised. .A fte r  decolorisation with hydroxylamine hydro­
chloride, the solution or an aliquot of it is extracted with a solution of dithizoné 
in chloroform (6 mg. per litre) and the chloroform extracts washed with 0-25N 
sulphuric acid and then extracted with admixture containing 10 ml. of a 40 per 
cent, solution of potassium bromide and 50 ml. oR0-25N sulphuric acid. This 
latter extract, containing mercury as K 2HgBr4, is brought to  a pH  of about 6 
with a buffer containing disodium hydrtDg^n phosphate and sodium carbonate 
and extracted with exactly 10 ml. of dithizoné rtftgeîit which is separated and 
filtered through a plug of absorbant cotton wool. The absorption of the 
solution*at 490 mja is measured. A  blank must be c^rrftd through the whole 
process. Practical results are given which show that good recoveries of mercury 
added to blood and liver samples are obtained. The preliminary extraction 
of the metal is claimed to minimise interference Horn copper and other heavy 
metals. d . b.*c.
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* NOTES AND FORMULAE•
Digitalis Leaf, Stability of. R. A. S ach s , J. D. H ig h s tr e te  and M. L.

'  Pa bst. ( J .  A m e r .  p h a r m .  A s s . ,  S c i .  E d . , 1956, 45, 250.) The potency of a 
^sam ple  of digitdlis was determined by the U.S.P. XIV pigeon method, and re­

determined at intervals of 12, 18 and 24 months. The initial potency was 17-4 
^nits/g., and there vAs a significant loss during the first 12 m onths’ storage, the 
potency*hen averaging 13-5 units/g. N o further loss in potency was observed 
during the following 12 months. The samples were stored in the form of whole 
leaf and in pwwder, in metal containers at room and refrigerator temperatures, 
and in paper sacks and cardboard containers at room temperature. There was 
rfct significant difJerAice in stability between whole and powdered leaf, but samples 
stored in sealed metal containers retained their potency better than those stored 
in paper sacks o f  cardboard containers. There appeared to be no advantage 
in storing the metal containers in a refrigerator. g . b .

•
Erythrocyte-Glycerol Mixtures; Preparation for Transfusion. H. A. S lo v i te r  

and R. M. T ie tz e . ( A m e r .  J .  m e d .  S c i . ,  1956, 2 3 1 , 437.) Erythrocyte- 
glycerol mixtures which have been thawed after prolonged storage at low tem­
peratures cannot be transfused directly because of the osmotic lysis of the 
hypertonic erythrocytes which would occur. A simple method is described 
whereby the osmotic lysis is prevented and the erythrocytes are relatively rapidly 
prepared for transfusion. To the thawed erythrocyte-glycerol mixture is added 
concentrated glucose solution (50 g. of glucose and 0-9 g. of sodium chloride per m 
100 ml.) in the proportion of 50 ml. of glucose solution per 100 ml. of thawed 
mixture. After standing for 10 minutes at room temperature the mixture is 
quickly diluted with twice its volume of 0-9 per cent, sodium chloride solution. 
The resulting suspension of erythrocytes contains approximately 4-5 per cent, 
glycerol and 5-5 per cent, glucose in addition to the electrolyte, aftE has a total 
osmotic pressure about 4 times that of blood plasma. I n  v i t r o  experiments 
simulating the osmotic forces which occur during transfusion showed the 
feasibility of the method fr»m the osmotic point o f view. It was shown that 
85 per cent, of the original numbers ctf erythrocytes remained intact after pro­
longed storage, processing and simulated transfusion. Transfusion studies in 
man are now in progress. t s. L. w.

Oil-in-water Emulsions, The Formation of, with Ultrasonic Vibrations. J.
M o u n ie r ,  P. B la n q u e t,  G. P i f f a u l t  and G .« D allie s . (B u l l .  S o c .  P h a r m .  

'B o r d e a u x ,  1955, 94, 161.) Experiments were carried ou: with an ultrasonic 
generator tuned to 958, 576, 320 and 288 kc/s. With radiation of constant 
strength, an oil-in-water emulsion was formed which fairly rapidly became 
richer in oil until a constaiflt value was reached. Emulsions formed at any of 
the above frequencies were very#stable and were not destroyed by another o f 
those frequencies. The rapidity with vftuch the oil was emulsified was dependent 
on the viscosity of the oil,*castor oil and liquid paraffin being less rapidly 
emulsified than olive and sweet-almond oils, but was independent o f the chemical 
nature of the oi^. R irjcles of oil in the emulsions appeared to be spherical,
0-5 to 4 /x in diameter, buf larger particles appeared when high intensities of 
radiation were used and foaming was allowed to  occur. Of the oils examined, 
only sweet-almond showed* any chemical change during the treatment with 
ultrasonic radiation. In this case the iodine value fell from 75 to 51. G. b .
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t
Carbutamide in the Treatment of Diabetes. A. S. R  i d o 1 f  o and W .R .K ir t le y .#

(7. A m e r . m e d . A s s . ,  1956, 160, 1285.) This is a report on the compound 
carbutamide, l-butyl-3-sulphanilylurea (BZ-55). Carbutamide is rapidly 
absorbed when administered by m outh; within 30 minutes a f t#  a single 2-5 g. /  
dose there is an appreciable concentration in the blood. Maximum values^ 
(10-15 mg. of free sulphonamide per 1 0 0  ml. o f whole blood) are reachecf within 
3 to  6  hours, and the blood level falls slowly after 6  to 7* hours. W ithin 2 to 
3 hours after ingestion of a  dose of 2-5 g. a definite lowering of bluod sugar- 
level occurs. Excretion is relatively slow; the drug is found in the urine with 
approximately 6 6  per cent, as the free form and 33 per cent. as»the ^cetylated 
form. The substance does not have an action equivalent to injected insulin; 
to be effective, some insulin must be present, either endc^en^ous or inject«!. 
Carbutamide was administered to 31 diabetic patients. Satisfactory responses 
were achieved with an average loading dose of 2-5 g. the first day, 1-5 g. the 
second day, and 1 g. daily thereafter; attempts were m ade to maintain a level 
o f at least 10 m g ./100 ml. o f blood. This trial showed that carbutamide 
will effectively lower the blood sugar level in many patients with mild or m oder­
ately severe diabetes, and in some cases may enable them to dispense with insulin. 
Carbutamide cannot be used in the emergency treatm ent o f â  diabetic with 
acidosis, nor is it satisfactory in young persons with unstable diabetes; in this 
respect it is not an insulin substitute. Those responding favourably to the 
drug are those who become diabetic in maturity, are obese or overweight and 
have not required an excessive dose of insulin. Only one patient out o f 31 
showed any toxic effects, a skin rash and leucopenia, which developed after 
3 months on a dose of 1 g. daily; these conditions cleared up on discontinuation 
of therapy. The toxicity of the drag appears to be low, but since the mechanism 
of action is not yet known it should be used with caution. s. l . w .

Methylseifllbnins as Potent Antimetabolites of Serotonin. E. N. S h aw  and
D. W. W o o lley . (J . P h a rm a c o l., 1956, 116, 164.) The serotonin-like and 
anti-serotonin activities of several alkyl-substituted serotonins were estimated 
in  v itro  on sheep carotid artery segments and on ̂ oestrogenic ra t uteri, and in  
vivo  on the blood pressure of anaesthetized dogs. Anti-serotonin activity was 
expressed as an inhibition index, being the am ount o f analogue required to 
prevent the effect o f a unit weight of serotonin, usually measured after one 
minute exposure to  the analogue. The inhibition indices for 2 :5-dimethyl- 
serotonin were 1 0  for arterial segments, and 1 0 0  to 1 0 0 0  for the uterus, the latter 
becoming 10 to 20 after 20 minutes exposure to the antagonist. The antagonist 
had no serotonin-like activity on the arterial segments and little on the uterus." 
O n the blood pressure, however, about 1 mg./kg. i.v. o f the dimethylserotonin 
caused a rise, the response to subsequent^ doses of serotonin being considerably 
modified: the pressure rise was abolished and the iftitial fall in pressure became 
very prominent and persistent, even where previously the initial fall had been 
absent. Large intravenous doses of sefotomn protected against a subsequent 
injection of the unit dose, through tachyphylaxis, •buf compared with the anti­
serotonin activity of 2 :5-dimethylserotonin, the effect was short-lived, recovery 
being fufl after one hour. Orally 2 :5-dimethylserotc^n# wa,s about 10 times 
less effective than by injection. 1 :5-Dimethylserotonin had marked serotonin* 
like activity, being 1/10 to 1/5 as active as serotonin on the uterus and 1/10 on 
blood pressure: anti-serotonin activity was less thSn that o f 2 :5-dimethylsero- 
tonin. The inhibition indices of other serotonin derivatives on the ra t uterus
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were: 1-benzyl-2:5 :-dimethylserotonin, 30; l-benzyl-5-methylserotonin, 40;

\  1:2:5-trimethylserotonin, 200 ; 2 :5-dimethylserotonin on this tissue having an # 
index of 300. The increase in potency with the benzyl compounds was asso­
ciated with irreversible inhibition by the compounds, which may explain the 
high activity. The l-benzyl-2:5-dimethyl derivative was also the most effective 

Morally Ih antagonizing the serotonin pressor response in the dog. Toxicity of 
%ie compounds i# mice was low. g . p .

Morpholinoethylmwyethidine, Analgesic and other Properties of. A. F. Green 
amd N. B. Ward. (Brit. J. Pharmacol., 1956, 11, 32.) Determination of the 
analgesic Action of this compound in the rat by heat and tail pressure methods 
have shown it to have an activity intermediate between morphine and pethidine. 
The compfmncf was capable of giving as great an elevation of the pain threshold 
as#morphine. The ¿2D50 by the intravenous route in mice was 45 mg./kg., 
and the main toMc action was respiratory depression, which paralleled analgesic 
activity. The action of the compound on the cough reflex in cats, on rectal 
temperature in rabbits and on heart rate and pupil diameter in dogs also re­
sembled those of morphine. It abolished the peristaltic reflex of the isolated 
guinfe-pig ileum and caused defaecation in dogs. Like morphine it produced 
excitement in cats. The effects of the compound were antagonised by nalor­
phine. g . f . s.

Motion Si?kness, Evaluation of Drugs for Protection Against. (J. Amer. med. 
Ass., 1956, 160, 755.) The results are recorded of a trial of a number of drugs 
against motion sickness. These included diphenhydramine, meclizine, 1-diethyl- 
amino-2-(2,-benzyl-4'-chlorophenoxy) ethane (BL-717), dimenhydrinate, cycli- 
zine, ethopropazine, promethazine, pyrathiazine, scopolamine hydrobromide 
and pheniramine. Other compounds given preliminary screening included 
calcium pantothenate, nicotinamide, pyridoxine and thiamine, and the 
antihistamines ./V-benzhydryl-,V-w-methylbenzyl-piperazine, buclizine (Viba- 
zine) hydrochloride, /3-diethylaminoethylphenothiazine-10-carboxylate (Trans- 
ergan), phenyltoloxamine (Bristamin), and l-methyl-4-amino-#*-phenyl-Ar - 
(2'-thenyl)-piperidine tartrate (Sandostene); antispasmodics such as benztropine 
(Cogentin) methanesulphonate, scopolamine methobromide (Pamine bromide); 
and tranquilizers such as chl®rpromazine (Thorazine), reserpine (Serpasil), and 
the alseroxylon fraction of Rauwolfm serpentina (Rauwiloid). The drugs 
were tested on service personnel in transport ships of the same type on the 
Atlantic crossing during the autumn and winter months. All medicaments 
and a placebo were supplied in pink capsules to ensure identical appearance, 
and the capsules were swallowed under observation. Vomiting was the sole 
criterion of effectiveness, and the level of significance of each drugs’ effectiveness 
compared with the placebo was determined by a chi-square test. Four regimens, 
namely, meclizine 50 mg. 3 times daily and once daily, cychzine 50 mg. 3 times 
daily, and promethazine 3 times daily,#by statistical analysis were more effective 
than the other treatments tested. Diphenhydramine and dimenhydrinate were 
identical with the placebo. Reserpine, alseroxylon, and scopolamine hydro­
bromide, especially the latter when* rnflre than a single dose was given, were 
responsible for numerous Sislfessing side effects. Cyclizine gave significant but 
not impressive protection when given twice daily and promethazine twice daily 
was inferior to mgclizfht^once daily; there was no statistical difference between 
the results of giving meclizine once daily and three times daily. None of the 
vitamins nor chlorpromazine was of any value. For long sea voyages meclizine 
is the drug of choice. For shorter voyages, a single dose of meclizine, cyclizine 
or promethazine should be equally effective. h . t . b .
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Noradrenaline in the Adrenals of Young Dogs. T. O za k i. (T o h o k u  J .

% e x p .  M e d . ,  1956, 63, 241.) Extracts of the adrenal glands of young dogs were /  
made in 4 per cent, trichloroacetic acid and the adrenaline and noradrenaline* 
content estimated by the permanganate method. It was found that in dogs # f 2-7, 
days there was a mean of 64 per cent, noradrenaline, in dogs of 20-30 days 42 p er 
cent, noradrenaline, while in adult dogs a value of 18-5 per cent, iftradrenafcnewas *  
found. This is similar to results obtained in guinea-pigs, rabbitsfrmd cats. kM. m. *

Novobiocin, Laboratory and Clinical Evaluation. F. Lyi and L. L. C o r ie l l .
( A n t ib io t i c  M e d . ,  1956, 2, 268.) D ata are presented that show that novobiooin: 
is bacteriostatic in low concentration (0T9 to 50 /zg./ml.), and bactericidal in 
higher concentration (200 to 400 /xg./ml.), being intermediate in this respect 
between penicillin and erythromycin. Very high blood level? ar? obtained 
promptly following oral dosage, adequate levels persistin^for at least 8 hoiys. 
Every one of 22 strains of M .  p y o g e n e s  var. a u r e u s  isolated from patients was 
found sensitive to  novobiocin; 19 out of the 22 were resistant to penicillin, 12 
were resistant to chloramphenicol and 5 to erythromycin. Resistance to novo­
biocin developed in a step-like manner similar to that with erythromycin and 
chloramphenicol. Of 11 strains o f micrococci isolated from patients, all b ^ a m e  
resistant to novobiocin following 12 serial transfers in a sublethal concentration 
of the drug. The occurrence of cross-resistance with erythromycin, chloram­
phenicol and penicillin was not dem onstrated; several strains actually became 
more sensitive to penicillin after they became resistant to novobiocin. N ovo­
biocin was used in 12 staphylococcal infections of the skin, respiratory tract, 
and bone, 3 cases of scarlet fever, and 1 case of cutaneous anthrax. All patients 
recovered promptly, both clinically and bacteriologically, with the exception 

•  of a  case of fibrocystic disease o f the pancreas with extensive bronchopneumonia.
In most cases of pyodermia, abscesses, pneumonia, and osteomyelitis dramatic 
clinical improvement appeared after 24 hours of therapy. A  dose of 5 mg./kg. 
repeated every 6 to  8 hours was found sufficient in most cases to maintain con­
tinuous thegpeutic  blood levels. The only side-effects noted were an urticarial 
rash in one patient and diarrhoea in another. s. l . w .

Novobiocin; Plasma and Spinal Fluid Concentrations in Man. G. M. B ay n e ,
S. C. S tr ic k la n d ,  J. M. G ly fe  and W. P. B ogey. (A n t i b i o t i c  M e d . ,  1956, 2, 
166.) Novobiocin (previously called* streptonivicin or cathomycin) is an 
antibiotic with activity against most of the commonly pathogenic Gram-positive 
organisms and several Gram-negative organisms. M ic r o c o c c u s  p y o g e n e s  var. 
a u r e u s , C o r y n e b a c te r iu m  d ip h th e r ia e ,  S t r e p to c o c c u s  p y o g e n e s ,  D ip lo c o c c u s  
p n e u m o n ia e ,  and S t r e p to c o c c u s  a g a la c t ia e  are all inhibitied by concentrations less 
than 5 /xg./ml. and S t r e p to c o c c u s  f a e c a l i s  by 12-5 /xg./ml. O f the Gram-negative 
organisms H a e m o p h i lu s  p e r tu s s i s ,  P a s te u r e l la  m u l to c id a , and P r o te u s  v u lg a r is  are 
all sensitive at concentrations less than 10/xg./ml. F rom  a study o f 41 individuals 
given either single or multiple doses of novobiocin, data are presented which 
indicate that an initial oral dose o f 2 g. o f novobiocfti sodium promptly produced 
a plasma level averaging 126-8 /xg./ml.,‘ and subsequent doses of 500 mg. at
12-hourly intervals tended to m aintain levels in the range o f 20 /xg./ml. or 
greater. Such levels are four or more times grd&te? than those necessary for 
the in  v i t r o  inhibition o f the common Gram-positive pathogens. In 24 indivi­
duals wfto received single oral doses of novobiocin up^tcfr2 gknone of the anti­
biotic was assayable in the spinal fluid despite plasma levels up to  90 /xg./mf. 
The samples of cerebrospinal fluid were obtained within 2-7 hours after adminis­
tration of the dose. None o f the patients studied  showed any evidence of un­
toward side-effects with the exception of vomiting in one case. s. l . w .
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Novobiocin, Studies on. H. J. S im o n , R. M. M cC u n e , P. A. P. D in e e n  

\  and D. E. R o g e rs . (A n tib io t ic  M e d . ,  1956, 2, 205.) The studies reported in 
♦this paper indicate that novobiocin possesses a high degree of in  v itro  activity 
.against the Gram-positive cocci. Most strains o f staphylococci were found 
sensitive to low concentrations of novobiocin regardless of their sensitivity o r 

\  resistance to otfter antibiotics. M ost strains of proteus isolated directly from 
^>atientj appeared moderately sensitive to  novobiocin but all other G ram ­
negative micro-organisms studied proved resistant. The in  v itro  studies indicated 
iGiigh degree of serurfi binding with 90 to 95 per cent, loss of novobiocin activity 
in the presence of 20 per cent, serum. Such binding is rapidly reversible on 
simple dilution, and prom pt urinary excretion in high concentrations suggests 
that the n®vob»ocin-protein complex is readily dissociated in  v ivo . Novobiocin 
at dietary levels of 1 0 0  mg./kg. was effective in the treatment of an experimental 
staphylococcal qjfecSion in mice; an experimental proteus infection in mice 
also responded to treatment. Studies in man indicated that novobiocin is 
rapidly absorbed from the gastrointestinal tract. High serum concentrations 
were frequently attained after oral ingestion of the drug, peak concentrations of 
25—5̂ ) f i g .  occurring 1 to 6  hours after ingestion of 500 mg., with detectable 
serum concentrations remaining at 8 hours. M arked variation in serum con­
centrations and 24-hour urinary excretion was noted, suggesting variation in the 
degree of intestinal absorption. Ingestion of the drug on an empty stomach 
produced significant serum concentrations more rapidly than ingestion after 
meals. Novobiocin did not appear in the cerebrospinal fluid but was found 
in significant concentrations in pleural and ascitic fluid after an initial time lag. 
High urine concentrations were achieved following oral administration though 
only a small fraction of the dose was recovered from the urine in the first 24 hours. 
N o evidence of hepatic, renal, or haemopoietic system toxicity was observed fol­
lowing administration of novobiocin to a small num ber of patients, s. l . w .

Oxytocin as Stimulator for the Release of Prolactin from the Anterior Pituitary.
G. K. B e n so n  and S. J. F o lle y . (N a tu r e , L o n d ., 1956, 1 7 ^ 7 0 0 .)  The 
suckling stimulus influences the mammary gland in two ways. First, suckling 
or other conditioned stimuli can cause the release from the neurohypophysis of 
oxytocin, which in turn cause* the contraction of the myoepithelial cells associated 
with the alveoli, resulting in ejection # f stored milk. Secondly, the suckling 
stimulus causes the release from the anterior lobe of the pituitary of prolactin 
which participates in the maintenance of secretion and of the functional in­
tegrity o f the mammary alveolar tissue. These facts suggest that the primary 
effect of such impulses is to activate the neurohypophysis, thus causing a release 
of oxytocin which stimulates the anterior pituitary to release prolactin. In 
order to test this hypothesis use was made of the fact that the involution of 
mammae in the lactating rat, the suckling of which is prevented by the surgical 
removal o f the nipples, is retarded provided that suckling of the intact nipples 
is continued. Studying the*effect of injections of oxytocin on the course of 
mammary involution in lactating j-ats'from  which the litters were removed on 
the fourth day of lactation, it was found that the oxytocin treatm ent caused 
marked retardation of mammary involution. Such results indicate that the 
release of prolactin (and perhaps other anterior-pituitary hormones concerned 
in lactation) canjpe ^n*ulated  by treatm ent with oxytocin I t is unlikely that 
fire results are due to a direct effect o f oxytocin on the mammary gland, m . m .

Penicillin-Triple Sulphonafliide Mixture in Urinary Tract Infections. A. W.
B o h n e  and W. E. C h a se . (A m e r . J .  m e d . S c i . , 1956, 231, 389.) A clinical



ABSTRACTS
and bacteriological study was conducted in 148 out-patients, of whom 98 per 

% cent, were adult females, to compare the effectiveness of two oral preparations, /  
a triple sulphonamide mixture and a penicillin-triple sulphonamide mixture, in ♦ 
uncomplicated acute and chronic infections of the urinary tract. The trip le , 
sulphonamide mixture contained sulphadiazine, sulphamerazine and sulpha- 
dimidine, 0167 g. of each, or a total of 0-5 g./5 ml. in an alum fta gel bate ; the t  
second mixture contained the same am ounts of the three sulfihonamid^s plus# 
150 mg. of benzathine-penicillin G  in 5 ml. Microscopic examination and cul­
ture of urine specimens before medication demonstrated a "variety of organism ^ 
with E . co li present in 65 per cent. A n initial dose of one or other o ith e  mix­
tures of 2 g., followed by 0-5 g. 4 times a day was given for 7 days. There was 
no significant difference in the effectiveness of the two mixtures. »Of 11 patients 
treated with the triple sulphonamides 79 per cent, were freed of urinary infection; 
o f 77 who received the penicillin-sulphonamide mixture 75*per,ccnt. were freed 
of infection. Both preparations were active against the coccal infections. The 
triple sulphonamide agent eradicated P ro te u s  vu lg a ris  in 6  oift o f 7 cases. The 

, penicillin-sulphonamide mixture was more effective in preventing secondary 
growth of organisms not present in pre-treatment cultures. R eaction^  in­
cluding headache, chills, rash, swelling and redness of the tongue occurred in 
only 3 cases and subsided promptly on withdrawal of medication. There was 
no evidence of crystalluria and no gastrointestinal disturbances^ s. l . w .

Prednisone and Prednisolone in Rheumatoid Arthritis. E. W. B o la n d . 
(J .  A m e r .  m e d . A s s ., 1956, 160, 613.) The effects o f prednisone, prednisolone 
and hydrocortisone were compared in 141 arthritic patients over periods of 
from  6  to  9 months. None of the cases was mild and the average duration had 
been 126 months. The drugs were discontinued in 12 cases because improve­
ment was insignificant and/or serious complications intervened. In  the m oder­
ately severe cases the maintenance doses o f prednisone and prednisolone were 
found to to  15 mg./day by m outh, indicating that these drugs are about 
four times as potent as hydrocortisone. Prednisone and prednisolone were 
found to  be interchangeable. The patients were divided into three active 
groups: (1 ) those who had never or not recently begn on hydrocortisone therapy 
(32 patien ts); (2) those whose conditio* had previously been adequately con­
trolled on hydrocortisone (39 patients); and (3) those whose condition had not 
been adequately controlled on hydrocortisone (70 patients). In (1), satis­
factory levels o f improvement were maintained in 19 (59 per cent.); in (2), 38 
of the 39 patients maintained adequate improvement; in (3), adequate improve­
ment was maintained in 34 (40 per cent.). Compared with hydrocortisone the 
advantages of the new drugs are their lack of salt and water retention and' 
absence of potassium loss, their lesser tendency to  raise blood pressure, and 
their ability to restore adequate levels o f improvement in a significant number 
o f patients whose arthritis has not been controlled *>y prolonged administration 
of hydrocortisone. Their disadvantage? consist o f a greater proclivity for 
gastric irritation and demonstrable pepfic (fleers, ecchymotic skin lesions, and 
vasomotor symptoms. Qualitatively they prod8 ce*the same antirheumatic 
response but their milligram potency is multiplied. Prednisone or prednisolone 
are to  be^preferred when salt and water retention is an a e r a to r  tjotential problem, 
and in patients who do not respond adequately to the older steroids or wha 
escape control after their prolonged use. On the other hand, hydrocortisone 
should be preferred in patients with a  history of peptic ulcer and gastric irritation 
from the new steroids. s. l . w .
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Sarin and Tabun, Contributions to the Pharmacology of. C. H ey  m an s , 

^  A. P o c h e t  and H. v a n  H o u tte .  (A rc h . in t. P h a rm a c o d y n ., 1956, 104, 293.) 
y  In the anaesthetized dog the anticholinesterases Sarin and Tabun induced bron- 
( cho^pasm, laryngospasm, bradycardia and other manifestations of parasympa­

thetic activity, convulsions and muscular fasciculation. D eath resulted from 
\  broncjjospasm I r  laryngospasm or from cardiac arrest. Sarin depressed respira­

t i o n ,  whereas Tajpun caused transient hyperpnoea. Either hypotension or hyper- 
tensio l was produced by both drugs, depending upon whether the main effect 
was peripheral and «hypotensive or central and excitatory on the vasomotor 
Centres. # Section of the vagus nerves had no effect on bradycardia or broncho- 
spasm induced by the drugs. Injection of either drug into the circulation of the 
perfused ¿solaced head, connected to its trunk only by the vagus nerves, did not 
cause bradycardia; so that, unlike acetylcholine, Sarin and Tabun have no 
stimulant action on»the cardioinhibitory centre. Similarly the two anticholine­
sterases had no Sction on carotid chemoreceptors, other than to cause a fleeting 
hyperpnoea, caused by the cyanide in the Tabun molecule. Ganglion-blocking 
agents such as tetraethylammonium, hexamethonium and Pendiomid diminished 
or depressed transitorily the bradycardia induced by Sarin or Tabun. Residual 
bradycardia was blocked by atropine. The convulsions and muscular fascicula- 
tions were also blocked by the ganglion-blocking agents and atropine. Most 
of the parasympathomimetic actions of Tabun or Sarin were blocked by atrop ine; 
the miosis (hcfuced by large doses of the anticholinesterases was only influenced 
slightly, however, by atropine. Death in atropinized dogs was brought about 
by central or peripheral respiratory collapse. g . p .

Spermine and Spermidine, Pharmacology of. C. W. T a b o r  and S. M. 
R o s e n th a l .  (J . P h a r m a c o l ,  1956, 116, 139.) The toxicity of spermine, 
spermidine, their enzymatic oxidation products and some related aliphatic 
mono- and diamines was studied in mice and rats. Injected intravenously into 
unanaesthetized rats, spermine and spermidine in a dose of 0T 5 mM/kg. pro­
duced a transient histamine-like fall in blood pressure. The dose given 
intraperitoneally to rats and mice caused gasping and laboured abdominal 
respiration (suggestive of bronchoconstriction). In these animals renal in­
sufficiency developed within three to eight days. Like other nephrotoxic agents 
spermine exerted a diuretic Action in mice. Among the other amines examined, 
nephrotoxic activity was shown by etRyleneimine, bromoethylamine, ethylene- 
diamine and propylenediamine. The results suggested that spermine, spermidine 
and the above amines owe their nephrotoxic action to formation of reactive and 
unstable amino-aldehydes. Enzymatic degradation of spermine by beef plasma 
amine oxidase gave intermediately, spermidine, and finally N H 3, H 20 2, putrescine, 

. and an amino-aldehyde. The degradation products had no nephrotoxic action 
in mice. Also, if spermine and amine oxidase were injected separately no 
significant renal injury resulted. However, injection o f the degradation products 
o f spermine directly into thg renal artery of a rabbit caused renal damage which 
indicates that damage after i.v. injection may be the result of degradation of 
spermine in the high concentratiwrkin^vhich it accumulated in the renal tubular 
epithelium; destruction #lsq>vhere may be the basis for the protection with 
amine oxidase described above. Amine oxidase had no protective action in 
renal damage causedJty chloroform, mercuric chloride, polymyxin B and alloxan. 

.Spermine or sp ^ n ic lin i had no toxic action in  v itro  on spermatozoa, but amine 
oxidase added with, or incubated previously with, spermine or spermidine 
increased toxicity greatly. J3actericidal action and to a less degree trypanocidal

• (ABSTRACTS con tinued  on p . 1175.)
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R E M I N G T O N ’S  P R A C T I C E  O F  P H A R M A C Y , Eleventh Edition, »19564 
Edited by Eric W. M artin and E. Fullerton Cook. Pp. xii +^1707 (including 
over 1000 illustrations and Index). Interscience Publishers, Ltd., Ifcindon, /  
135s. The Mack Publishing Company, Easton, Pa., U.S.A. •  SI8.00. [  . *

This is an astonishing publication. It is described as a ‘,‘treatise on the manu­
facturing, standardising and dispensing of pharmaceutical products #with bio­
logical and chemical properties, tests for purity, assays, uses and doses: also a 
guide to the legal obligations of the pharmacist and the professional services 
rendered in helping to maintain community health. A textbook an3 reference 
guide for pharmacists, physicians and other medical scientists” . Even tjjis 
description is too modest. It does not refer to veterinary Snedicines, horti­
cultural products including insecticides, or first aid. It dogs not suggest that 
here is to be found detailed information on how to run the pharmaceutical side 
of a drug store from the pricing of prescriptions to a list of items that should be 
kept in the Baby Department, neither does it indicate that the book contains a 
fascinating account of American hospital pharmacy and of the organisation and 
administration of the hospital service in that country. But all this and more is 
contained in the 1700 large pages and 100 chapters of this encyclopaedic work 
with an index comprising some 20,000 entries.

There is no doubt that individually the editors, Dr. E. W. M artin, of the 
University of Pennsylvania, and D r. E. Fullerton Cook, formerly chairman of the
U.S.P. Revision Committee, the four associate editors and more than 200 
assistant editors and contributors have done a first-class job and produced a 
book which contains a vast am ount of information likely to be needed by all 
who practise or hope to practise pharmacy. But that is not to say that all 
pharmacists need the whole of this massive compilation.

Remingtapis “Practice” , which first appeared in 1885, was originally com­
piled by a teacher as a  comprehensive single-volume textbook for students of 
pharmacy, and 70 years ago the student’s needs could be covered in a single 
volume of reasonable size. In spite of the vast increase that has taken place 
in the intervening period in the range o fjh e  various subjects included in the term 
pharmacy the original plan has been followed and even extended in this eleventh 
edition.

Obviously a  book on pharmaCy for students must deal comprehensively with 
what we know as “pharmaceutics” and this the new Remington does adequately, 
in quality as well as quantity.# On the other hand there are several subjects, for 
example organic, inorganic and analytical chemistry, biological assays and legal 
matters, still coming within the broad ambit of “pharmacy” , which the student 
could probably learn better from one of the many available textbooks in each 
of these subjects rather than from a “p itte d ” version of all, however well the 
potting is done. In any event the student does not want to pay for information 
he will not need until he is actually in pr«ctit5.

F or the practising pharmacist the comprehensivenesf and “reference” character 
of Remington will be attractive, although the appeal to British pharmacists will, 
of course, be diminished by the fact that the book is based*>n American practice.
In  some respects the book overlaps the standard reference bofeks which he wiH 
already possess, and there is much that no pharmacist, whatever his nationality 
o r the branch of the profession in which he is engaged, will need when once his 
student days are over. ,

s
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However, the defects of the book are those of its qualities, particularly its 

* comprehensiveness. Too much has been attem pted and unfortunately the 
^ ttem p t Jias succeeded. It is impossible to  meet the needs of widely differing 
xinds^of reader and still give full value to each. So large and heavy a publication 
Is not really a practical proposition from the user’s point of view and it seems 

^esscntiid in futute to  issue the book in more than one volume. If  the contents 
g f eacll volume §ould be selected with the main kinds of user in mind, the 

. student*would certainly welcome something more portable and the pharmacist 
would not have to p a y  for information he does not require. Yet for those who 
Htve the gioney to spare and want a single reference work on all the subjects 
that go to make up modern pharmacy, Remington is probably the book of choice.

,  .  H .  T r ev es  B r o w n .

(ABSTRACTS c o n tin u e d  f r o m  p .  1173.)

action of these amines followed a similar pattern. Some related amines showed 
no such toxicity. Some sulphhydryl compounds inhibited the toxic action. 
Spermine had an anti-heparin action and an effect on blood coagulation similar 
to  that of protam ine. g . p .

A P P L I E D  B A C T E R I O L O G Y

Mercury Salts, Value of, as Disinfectants and Fungicides for Inanimate Sur­
faces. L. F. O r te n z io ,  L. S. S tu a r t  and J. L. F r ie d l .  (/. A s s . o f f .  a g r ic . 
C h e m ., W a sh ., 1956, 39, 476.) The authors report results obtained when six 
mercury salts were tested for bactericidal and fungicidal activity. «#he bacteri­
cidal tests were made in accordance with the Association of Official Agricultural 
Chemists use-dilution method, using S a lrn . c h o le ra esu is  and M . p y o g e n e s  var. 
a u re u s  as the test organisms and using U.S.P. thioglycollate broth as the sub­
culture medium. Tests for fungicidal a^iv ity  employed the A.O.A.C. fungicide 
test method, using T r ic h o p h y to n  in te rd ig ita le  and S tr e p to m y c e s  sc a b ie s  as test 
organisms. The mercurials were found to have much greater fungicidal than 
bactericidal activities. Thus 1-20 dilutions of Tnercuric chloride and mercuric 
potassium iodide were required to kill the two bacteria whereas dilutions of
1-4500 and 1-3500 respectively were effective againsj the spores of T. in te rd ig ita le .  
Bhenylmercuric salts were also found to be fungicidal in high dilution. The 
mercury salts were used in aqueous solutions containing low but unspecified 
concentrations of acetic acid. Investigations with S tr e p to m y c e s  sca b ie s  were 
made in order to determine ¿he behaviour of organisms intermediary between 
bacteria and fungi. A  standardised conidiospore suspension was killed within 
10 minutes by 1-80 phenol and fy» 1-5000 mercuric chloride, indicating that 
S tr e p to m y c e s  are similar t» f*ngi in their sensitivity to mercurials. It is con­
cluded that mercurials might possess value in decontaminating premises or 
articles carrying caustgive agents o f fungal infections. Although the Bacterio­
static and fungistfflic activities of mercurials are well-established, the authors 
point out that, where pyogenic and enteric bacteria are concerned, claims of 
disinfecting benefits cannot l̂ p justified unless the formulation contains bacteri- 
cidaljy active chemicals other than mercury salts. b . a . w .
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• L E T T E R  T O  T H E  E D IT O R  ,
f

Statistics of Therapeutic Trials • j

Sir,—I regret to have to draw your attention to  certain nisrepresentations^ 
and distortions of facts in Dr. M. W eatherall’s review of iyy book S t a t i s t i c s w  
o f  T h e r a p e u t ic  T r ia ls  in the J o u r n a l  o f  P h a r m a c y  a n d  P h a r m a c o lo g y ,  *9?6, 8, ,
223. After having carefully considered the matter, I myst ask you to publish 
this letter in your Journal as correction of the above-mentioned misrepresenta­
tions.

The reviewer makes the following statements: # #
“ Most of the chapters deal with trials in specific diseases. . . .”
“This sort of difficulty seems to arise from trying to avwidjgeneral treatm*nt

of the logic and mathematics of therapeutic trials. . . .”
“ . . . general principles are discarded in favour of a serins of examples. . . .”

I submit that these statements are untrue, and that it is very difficult to under­
stand how a responsible reviewer could arrive a t such views. A glance « t the 
Table of Contents must have shown him that he was in error.

As regards the first of these statements: contrary to what the reviewer says,
16 chapters comprising over 200 pages deal with the general principles of 
significance testing and with the logic and methodology of therapeutic trials, 
as against 13 chapters comprising 150 pages which deal with specfic diseases.
As the reviewer’s second and third statements show, he has turned a completely 
blind eye to the content and im port of 200 pages out of 350, and all his arguments 

’ are affected by that inexplicable omission.
As regards the second statement: what I say in the Preface about an alternative 

approach to medical statistics, viz. to start with the medical situation and try to 
allocate to certain typical situations the appropriate statistical methods, does 
not mean «feat general treatment has been avoided. On the contrary. H ad 
the reviewer only read as far as p. 8 he would have seen that the medical concepts 
of “outcome,” “duration” and “course” of disease are introduced in such a 
way as to enable the general principles of qualitative, quantitative and bi-variate 
statistics to be developed in their legitimate order*and in such detail as required 
for their sensible application in medical statistics.

The third of the reviewer’s statements is the premiss for certain obvious 
conclusions. Since the p rem ia is not true, it would seem futile to go into 
greater detail about the conclusions. Only in so far as the reviewer complains 
here about being quite bewijdered, it must be pointed out that somebody who 
misses over 200 pages of general theory w o u ld  find the application confusing. 
Otherwise he would not, since it is one of the characteristic features of my book 
that it is just the painstaking development of the methodology of therapeutic 
trials in the general part which has enabled me ¿ o  define clearly the position, 
with regard to these principles, of any* of the multifarious statistical methods 
encountered in the special part, and immedffcal literature in general.

Canynge Hall,
W hatle^ Road, Bristol.

% •  G. H erdan. 

•
October 28, 1956.

* % i

1176



JOURNAL OF PHARMACY , 
AND PHARMACOLOGY

VOLUME vni, 1956

SUBJECT INDEX

/ftetafcoljmide in * the Treatment of 
Epilepsy (Ansell and Clarke), 681.

Acetazolamide, Mechanism of the Anti-
•  convulsant Action of (Millichap, 

Woodoury and Goodman), 454.
Acetyl Digitoxin, Clinical Experience 

with (Geldfarb, Thorner and Griffi­
th), 809.

Aci^-fast Bacilli, Ragid Method for 
Cultivation oftC hu), 362.

Acridine Analogues of Basic Di- and 
Triphenylmetharte Dyes, Relation 
Between Bacteriostatic Activity and 
Chemical Constitution (Fischer, 
SShbö and Genselovich), 191.

ACTH and Cortisone in the Treatment 
of Blood Disorders, 152.

Actinomycin C in Hodgkin’s Disease 
(Trounce,* tVayte and Robson), 
354.

Addendum 1955 to the British Pharma­
copoeia 1953, Review of, 67.

Adrenal Cortical Hormones, Synthetic 
Analogues of, Derivatives of Fluor- 
ene and Indane (Askam, Linnell, 
Vora and D’Arcy), 318.

Adrenal Gland, Possible Mechanism of 
Adrenaline Stabilisation in (Humm, 
Roeder, Landew and Clark), 62.

Adrenaline, Activity Ratio of, to Nor­
adrenaline, in various Colour Re­
actions (Ozaki), 987.

Adrenaline and Noradrenaline Content 
of Cat Organs, Effect of# Amine 
Oxidase Inhibitons on (von Euler 
and Hellner-Björkman), 218.

Adrenaline and Noradrenaline Content 
of Cat Organs, Effect of Increased 
Adrenergic Nerve Activity on (von 
Euler and Hellner-Björkman), 156.

Adrenaline and Noradrenaline, Elimina­
tion of, from the Circulating Blood 
(Celander and Mellander), 354.

Adrenaline and Noradrenaline, Free 
and Conjugated, in Urine, Diurnal 
Variations in (von Euler, Hellner- 
Björkman and Orwen), 58:

Adrenaline and Noradrenaline, Fluqji- 
metric Micromethod for Differential 
Estimation of (von E ul«  and 
Floding), 58.

Adrenaline and Noradrenaline in Plas­
ma, Fluorim etr^ Denomination of

• (Richardson, Richardson a*nd Bro- 
die), 991.

Adrenaline and Noradrenaline ¡¡¿Tissues 
(Montagu), 150.

(—)-Adrenaline and (—)-Noradrenaline, 
Polarographic Measurement of 
(Henderson and Stone Freedberg), 
145.

Adrenaline and Noradrenaline Solutions, 
Analysis of (Welsh), 280.

Adrenaline and Noradrenaline, Urinary 
Excretion during Recumbency and 
Standing (von Euler, Luft and 
Sundin), 219.

Adrenaline, Estimation of 5-Hydroxy- 
tryptamine in the Presence of 
(Garven), 812.

Adrenaline, Modification by Drugs of 
the Response of the Rat’s Uterus to 
(Holzbauer and Vogt), 62.

Adrenaline, Noradrenaline and Hydro- 
xytyramine in Urine Fluorimetric 
Estimation of (Weil-Malherbe), 991.

Adrenaline Overdosage, Piperoxan in 
the Treatment of (Freedman), 65.

Adrenaline Stabilisation in the Adrenal 
Gland, a Possible Mechanism of 
(Humm, Roeder, Landew and 
Clark), 62.

Adrenals of Young Dogs, Noradrenaline 
in (Ozaki), 1170.

A e r o b a c te r  a e r o g e n e s  and Nitrofurazone, 
Methods using, To Study Reactions 
of Antibacterial Substances with 
Bacteria (Beckett and Robinson), 
1072. ^

Aerosols, Silicone, Control of Pulmon­
ary Oedema with (Nickerson and 
Curry), 72.

Afroside B, Pharmacology of (Rand
w and Stafford), 682.
Agars, Determination of the Grade of 

Strength of (Jones), 808.
Albamy^in (Novobiocin) se e  Strepto- 

nivicin.
Albomycin, Recent Studies on (Gause), 

285.
Alkaline Carminatives and Magnesia in 

Infancy (Creery), 154.
Alkaloid, A New, from D a tu r a  in n o x a  

(Steinegger and Gessler), 55.
» Alkaloids, Atropa, Colorimetric Deter-
.  mination of (Freeman), 56.

Alkaloids of Belladonna, Colorimetric
• Assay for (Saski), 676.
Alkaloids of Curare (Karrer), 161.
Alkaloids of Ergot, Determination of, 

in Individual Sclerotia (Hecjit and 
Rumpel), 61.

Alkaloids of L o b e lia  s a lic i fo l ia  (Stein­
egger and Ochsner), 805.

Alkaloids of Opium, Paper Chromato­
graphy of (Reichelt), 57.

1177



S U BJ ECT  I N D E X

Alkaloids of two Brazilian Apocynaceae 
(Mors, Zaltzman, Beereboom, Pak- 
rashi and Djerassi), 676.

Alkaloids, Rauwolfia (Lewis), 465.
Alkoxy-l-phenylethylamines, Character­

istics of Carbamate Formation by, 
in Relation to Development of 
Analgesic Activity within the Series 
(McCoubrey and Lynch), 495.

1 -(Alkyloxyphenyl)ethylamines, Synthe­
sis of Alkyl Substituted (McCou­
brey), 648.

Alkyloxy-1 -phenylethylamines, Structur­
al Requirements for Analgesic 
Activity in, and Some Views on 
Analgesic Mechanism (McCoubrey), 
800.

Alphaprodine and Levallorphan in 
Anaesthesia (Foldes, Lipschitz, 
Weber and Swerdlow), 621.

Alphaprodine Hydrochloride and Leval­
lorphan Tartrate; Effects on Res­
piration (Swerdlow, Foldes and 
Siker), 215.

Aluminium Hydroxide and Antibiotics, 
Incompatibility of (Albert and Rees) 
287.

Amine Oxidase Inhibitors, Effect of, on 
Adrenaline and Noradrenaline Con­
tent of Cat Organs (von Euler 
and Hellner-Bjorkman), 218.

Amine Oxidase in the Inactivation of 
Catechol Amines Injected in Man 
(von Euler and Zetterstrom), 152.

6 -Aminonicotinamide, a Potent Nico­
tinamide Antagonist (Johnson and 
McColl), 283.

^-Aminosalicylic Acid, Determination of 
Small^^iantities of (Ostrovskii), 615.

2-Amino-1 : 3 :4-thiadiazoles, Carcino-
static Activity of (Oleson, Sloboda, 
Troy, Halliday, Landes, Angier, 
Semb, Cyr and Williams), 552.

Amiphenazole and Morphine in Intract^ 
able Pain (McKeogh and Shaw), 
357.

Amiphenazole, Possible Mode of Action 
of (Shulman), 682.

Anaesthesia, Levallorphan and Alpha­
prodine in (Foldes, Lipschitz, 
Weber and Swerdlow), 821.

Anaesthesia, Steroid, in Sugery (Mur­
phy, Guadagni and DeBon), 157.

Anaesthetic Agent, Steroid (Lambach, 
P’an and Rudel), 72. •

Anaesthetic Drugs, Local, Microchem­
ical Identification of (Clarke), 202.*

Anaesthetics, Local, Characterisation 0 8  

(Hanning and Karau), 988.
Analgesic Action of TV-Substituted Ethyl

4-JPhenyIpiperidine- 4 - carboxylates 
(Millar and Stephenson), 812.

Analgesic Activity in Alkyloxy-1-phenyl­
ethylamines, Structural Require­
ments and some Views on Analgesic 
Mechanism (McCoubrey), 800.

I
Analgesic Activity, Development of, in 

Relation to Characteristics of Car­
bamate Formation by( Alkoxy-1- 1 

phenylethylamines (McCaubrey andX  
Lynch), 495. I #

Analgesic Activity of Propoxypheni, 
Bioassay of (Gruber, King, Best, 
Schieve, Elkus afld Zmolek), 559^

Analgesic and Antipyretic Proferties o r  
HydroxyAophtfralic Acid* ((Eollifr 
and Chesher), 812. *

Analgesics and «Nalorphine, Action of, 
on the Cough Reflex (Green iHid 
Ward), 454. *

Analgesics and their Antagonists: Some 
Steric and Chemical Considerations. 
Part I. The Dissociation Constants 
of some "Jertiary Amines #nd 
Synthetic Analgesics; The Con­
formations of Methadone-type Com­
pounds (Beckeit), 848.
Part II. The Influence of the Basic 
Groups on Physico-chemical Pro­
perties and the Activity of Metha- 
done-and Thiambutene-type Com­
pounds (Beckett, Casy, Harper and 
Phillips), 860.
Part III. The InfluSn# 3  of the Basic 
Group on Biological Response 
(Beckett, Casy and Harper), 874.

Analgesics, Separation of (Wagner), 544.
Analytical Chemistry, Ion Exchangers in 

(Schultz), 382.
Aneurine and Riboflavine, Estimation 

of (Giri and Balakrishnan), 55.
Aneurine Hydrochloride, Effect of, on 

the Stability of Solutions of Cry­
stalline Vitamin B1 2  (Feller and 
Macek), 453.

Aneurine, Microbiological Assay of 
(Villanueva), 207.

Angiotonin and (—)-Noradrenaline,
Relation of, to Essential Hyperten­
sion (Greisman), 809.

Antacids, Comparative Evaluation by 
Various Methods (Booth and Dale), 
453.

Anthranols, Determination of, in R h a m -  
n u s f r a n g u la  (Muhlemann), 209.

Anti-acetylcholine and Antihistamine 
Actions of the Total Alkaloids of 
R a u w o lfia  s e r p e n tin a  (Chatterjee 
and Hausler), 219.

Antibacterial Activity and Preparation 
of 4-Hydroxybenzazoles (Beckett 
an*Kerridge), 661.

Antibacterial Activity of Streptonivicin
•  and Cathomycin (Jones, Nichols

and Finland), 993.
Antibacterials, Polyvinylpyrrolidone as 

an Adjunct to (Sheinaus and 
SperandjoJ* 2y^

Antibacterial Substances, Reaction »of, 
with Bacteria. Methods using Nitro- 
furazone and A e r o b a c te r  a e r o g e n e s  
(Beckett and Robinson), 1072.

1178



S U BJ ECT  I N D E X !

Antibiotics and Aluminium Hydroxide, 
Incorrlpatibility of (Albert and 
Reerf, 287.

ntibiotrcs, Sensitivity of Four Species 
of B a c te r o id e s  to (Garrod), 463.

Anricholinestera^ Activity, Estimation 
^  of .sm all Quantities of Drugs

•  P ° 4 essin8 (Buckles and Bullock),

* Anticholinesterase Intoxication, Atro­
pine in the Treatment of (Gordon

•  and Ffye), 554.
Anticholinesterases, Influence of, in 

the Neuromuscular Block Pro­
duced »by Suxamethonium (Kohn 
and Bovet), 309.

Anticholinesterases, Reversal by Oximes 
of Neuromuscular Block Produced 
by (Holmes and Robins), 360.

Anticoagulant Activity of Dextran Sul­
phate I. An In  V itro  Comparison 
between the Actions of Dextran 
iftlphate and Heparin on the Various 
Stages of Blood Coagulation (For- 
well and Ingram), 530.
II. The Effgct of Dextran Sulphate 
on the Offe-stage Prothrombin Time 
(Ingram and Forwell), 589.

Anticoagulant New, 3-(a-Naphthyl)-4- 
hydroxycoumarin (Moraux), 998.

Anticonvulsant Activity of Uracils and 
Related Compounds (Wenzel), 362.

Anticonvulsants, Uracils as (Burck- 
halter and Scarborough), 361.

Antifungal Activities of Bis-/soquinolin- 
ium and Bis-quinolinium Salts 
(Collier, Potter and Taylor), 212.

Antihistamine and Anti-acetylcholine 
Actions of the Total Alkaloids of 
R a u w o lfia  s e r p e n tin a  (Chatterjee 
and Hausler), 219.

Antihistamine Combination, .Spectro- 
photometric Assay of (Blaug and 
Zopf), 676.

Antihistamine Drugs, Bronchoconstric- 
tor and Bronchodilator Actions of 
(Hawkins), 62.

Antihistaminic Agents, Identification of 
(Osol and Sideri), 544.

4ntimetabolites from Vitamin B12 
(Lester Smith, Parker and Grant), 
451.

Antimicrobial Agent, Dequadin, A 
New (Babbs, Collier, Austin, Potter* 
and Taylor), 110. ,

Antipyretic and Analgesic Properties of 
Hydroxyriophthalic Acids (Collier 
and Chesher), 812. •  9

Antituberculosis Activity in the Phena- 
zine Series Isomeric Pigments ob­
tained by O p a llo r*  of #o-Pheny-

•  lenediamine Derivatives (Barry, 
Conalty and Gaffney), 1089.

Antituberculous Activity of (¿'anacetic 
Acid Hydrazide (Barnett, Bushby, 
Goulding, Knox and Robson), 63.

Antivitamin B12 Activity of Com­
pounds Related to Cobalamin 
(Cuthbertson, Gregory, O’Sullivan 
and Pegler), 451.

Antoxidants, Stabilisation of Essential 
Oils with (Fryklof), 60.

Antrycide, Action upon Trypanosomes 
I n  V itro  (Hawking and Thurston), 
455.

ANTU s e e  a-Naphthylthiourea.
Apocynaceae, Alkaloids of two Brazil­

ian (Mors, Zaltzman, Beereboom, 
Pakrashi and Djerassi), 676.

Arsenical Poisoning; Studies on some 
Cases of (Griffon), 349.

A r te m is ia  a b s in th u m , Bitter Principles 
of (Schenck and Schuster), 618.

Artemisia, Assay of (Kussner, Johnson 
and Terry), 71.

Arylalkylamines, Primary, An Assay 
for (McCoubrey), 442.

Aryloxypropane Derivatives Part II. 
The Synthesis of some Aryloxy- 
propanolamines for Study as Local 
Anaesthetics (Petrow, Stephenson 
and Thomas), 666.

Ascorbic Acid, Decomposition of Sol­
utions (Jensen), 150.

Aspidosperma Barks of British Guiana, 
Pharmacognosy of Part IV. Quanti­
tative Numerical Studies of the 
Lignified Elements in Cascara and 
in A s p id o s p e r m a  Species (Kulkarni, 
Rowson and Trease), 937.

Aspirin and Cortisone in the Treatment 
of Rheumatoid Arthritis, 153.

Association Colloid Solutions, Effect 
of Decanol-1 on the Viscosities of 
some (Passinen and Ekwall), 993.

Atropa Alkaloids, Colorimetric Deter­
mination of (Freeman), 56.

Atropine and Certain Atropine-like
i C om po u n d s, P h a rm ac o lo g ic a l 

Blocking Actions of (Garven), 256.
Atropine in Mixtures, Polarographic 

Determination of (Novotny), 447.
Atropine in the Treatment of Anti­

cholinesterase Intoxication (Gordon 
and grye), 554.

Aureomycin (Chlortetracycline) in Bio­
logical Materials, Colorimetric 
Determination of (Sakaguchi and 
Taguchi), 351.

Azovan Blue, Determination of in 
Blood and Tissues (Clausen and 
Lifson), 618.

B
Bacilli, Acid-fast, Rapid Method for 

Cultivation of (Chu), 362.
Bacitracin and Neomycin in Admixture, 

Determination of (Lingnau and 
Machek), 448.

Bacteria-excluding Filters for Oils (Avis 
and Gershenfeld), 463.



I S U BJ ECT  I N D E X

Bacterial Pyrogens, Relation of Pyrexin 
to (Menkin), 66.

Bacteria, Viable, in a Culture, Method for 
Determining the Proportion of 
(Powell), 624.

Bactericidal Activities of Soap-Phenol 
Mixtures (Berry, Cook and Wills), 
425.

Bactericidal Activity and Soap Solution 
Structure (Brudney), 999.

Bactericidal Activity of a Sparingly 
Water-soluble Phenol, Influence of 
Soaps on (Berry and Briggs), 1143.

Bacteria Reactions of Antibacterials 
with Methods Using Nitrofurazone 
and A e r o b a c te r  a e r o g e n e s  (Beckett 
and Robinson), 1072.

Bacteriological Peptone, Examination of 
(Habeeb and Shotton), 197.

Bacteriostatic Activity and Chemical 
Constitution, Relations of, Between 
Certain Acridine Analogues of 
Basic Di- and Triphenylmethane 
Dyes (Fischer, Szabo and Genselo- 
vich), 191.

B a c te ro id e s , Sensitivity of Four Species 
of, to Antibiotics (Garrod), 463.

Barbiturate Anaesthesia and Thiambu- 
tene in the Dog (Correction) 
(Owen), 160.

Barbiturate Anaesthesia, Potentiation 
of, by Dinitro-o-cresol (Edson and 
Carey), 63.

Barbiturate Poisoning, Acute (Brough­
ton, Higgins and O’Brien), 617.

Barbiturates, Chromatography of (Hjelt, 
Leppanen and Taminen), 280.

Barbiturate*#» Pharmaceuticals, Deter­
mination of (Rotondaro), 144.

Barbiturates, Interference to the Ultra­
violet Spectrophotometry of (Cur­
ry), 207.

Barbiturates, Toxicological Detection 
of, by Paper Chromatography 
(Ledvina, Chundela, Vecerek and 
Kacl), 617.

Barbituric Acids and Some Commercial 
Products, New Non-aqueous 
Method of Assay for (Chatten), 504.

Belladonna Alkaloids, Cofbrimetric 
Assay for (Saski), 676.

Belladonna Herb, Evaluation of Part I. 
The Quantitative Determination of 
Seed in Powdered Herb (Atkinson 
and Melville), 927.

Benactyzine (Suavitil).
Benactyzine, Determination of (Jefferies 

and Phillips), 907.
Benactyzine, General Pharmacology of 

(La^en), 455.
Benactyzine Hydrochloride in the Relief 

of Anxiety (Davies), 683.
Benactyzine Hydrochloride as a Physical 

Relaxant (Coadyand Jewesbury)683.
Benactyzine in Psychoneurosis (Ray­

mond and Lucas), 995.

Benzene Hexachloride, Separation of 
Isomers of (Bridges, Harrison and j  
Winteringham), 448. \  J *

Benzenesulphonanilides, Substituted, as! 
Synergists for Dicophane (NewnanJ 
Modiano, Mer and Cwilich), 995.

Benzoic Acid Ester of^Dialkyl Amino- f  
alkanol, Ortho Substituted! in Ex­
perimental Cardiac Arrt^thSnia? 
(Arora, Sharma and Madan), 323. *
Addendum, 446.

Benzylchlorophenol, Influence of S oa$  
on the Bactericidal Activity of 
(Berry and Briggs), 1143.

B enzy lpen ic illin , C o m p ariso n  w ith 
Phenoxymethylpenicillin on Oral 
Administration (Wright, Kirshbaujn, 
Arret, Putnam anti Welch), 292.

Berberine and Hydrastine in Fluid 
Extract of H>tlrastis, Chromato­
graphic Purification and Ultra­
violet Spectrophotometric Estima­
tion of (El Ridi, Khalifa* and 
Mamoon), 602.

B e t la  sp le n d e n s , Effect of Ergot Drugs on 
(Evans, Geronimus, Kometsky and 
Abramson), 556. * •

Bilirubin in Plasma, Determination of 
(Graham), 284.

Binary Mixtures, A Method of Deter­
mining, by Distribution Measure­
ments, and its Application to the 
Assay of Strychinine in the Presence 
of Quinine (Morton and Tinley),
967.

Biochemical Principles in Pharmacy 
(Bullock), 689.

Bis-Quaternary Series, New, Including 
Chlorisondamine Dimethylchloride, 
Ganglionic Blockade by (Plummer, 
Traphold, Schneider, Maxwell and 
Earl}, 359.

i  Bis-woqumolinium and Bis-quinolinium 
Salts, Antifungal Activities of (Col­
lier, Potter and Taylor), 212.

Blood and Tissues, Determination of 
Azovan Blue in (Clausen and 
Lifson), 618.

Blood Clotting Mechanism (Jorpes), 73.
Blood Coagulation, In  V itro  Comparison 

Between the Actions of Dextran 
Sulphate and Heparin on (Forwell 
and Ingram), 530.

•Blood, Determination of Urea in (Rosen-
.  thal)*452.

Blood Disorders, Cortisone and ACTH
1 * in the Treatment of, 152.

Blood, Sffett of Cortisone on (Nicol 
and Bilbey), 810.

Blood, Elimination of Adrenaline and 
Noradre rMilifle to m  (Celander and 
MellcfndeD, 354. •

Blood, Extracts of Adrenal Vein, and 
Pure#Corticoids, Bioassay of Sod­
ium-retaining Activity of (Galal),
510.

1180



S U BJ ECT  I ND E X

Blood, Human, Products of (Revol), 84.
Blood, itl Products and Substitutes, 

Phaunacy of (F.I.P. report), 73.
ffilood Strum, Application of an Assay
I for * Esterified Fatty Acids to
» (Jarrier and Polonovski), 211.
Blood, Simultaneous Determination of 

Phjnobarbitone and Diphenylhy-
•  fialtoin in (Haa and Hine), 992.
Body ffuids, Determination of Bromide 

in (Hunter), 59.
%)ok Reviews, 70, IS), 222, 366, 464, 

815, M74.
Bradykinin and Substance P, Compara­

tive Study (Pernow and Rocha e 
Silva),*215

British Pharmaceutical Conference 1956.
Chairman’s Ai^drefs (Bullock), 689.
Science Papers and Discussions, 709- 

804, 848-986, J019-1142.
Symposium on “Water.”

Papers 817-838. 
piscussion 839-847.

Proceedings of Conference, In s e t .
British Pharmacopoeia 1953, Addendum 

1955 to, Review of, 67.
Bromide in §ody Fluids, Determination 

of (Hunter), 59.
Bronchoconstrictor and Bronchodilator 

Action of Antihistamine Drugs 
(Hawkins), 62.

Busulphan se e  a lso  Myleran.
4-fi-Butoxy jS-(l-piperidyl) Propiophen- 

one Hydrochloride and /3-Diethyl- 
aminoethyl p-n-Hexyloxybenzilate 
Hydrochloride, Local Anaesthetic 
and Pharmacological Properites of 
(Arora and Sharma), 554.

Butylamine, a Substituted (LI935), Re­
lease of Histamine b y : Comparison 
with compound 48/80 (Feldberg 
and Lecomte), 151.

B Vitamins in Pharmaceutical»Products, 
Stability of (Wokes and Norris),« 
895.

B Vitamins, Quantitative Separation of, 
by Electrophoresis on Agar Plates 
(Marten), 348.

c
Calciferol, Colorimetric Determination 

of (Büchi and Schneider), 144.
Calcium in Serum, Determination of 

(Harrison and Harrison), 352. •
Calcium Methionate, Pharmacolagical# 

Study of (Rossi, Miya ^ id  Jdwards),

Camphor, Estimation in Pharmaceutical 
Preparations (Mi|pl and Gaind), 37.

C a n d id a  a lb ic a n s p A .ctio#o f ^-Hydroxy- 
benzoic Esters Against (Sabalit- 
schka, Marx and Scholz), 154.

C a n d id a  a lb ic a n s , Effect of Mystatin on 
,the Growth of (Childs), 813.

Canescine, Isolation and Structure of 
(Klohs, Keller, Williams and Kus- 
serow), 55.

Capsaicin and Analogues, Pharmacologi­
cal Actions of (Toh, Lee and 
Kiang), 151.

Carbamate Formation by Alkoxy-1- 
phenylethylamines in Relation to 
Development of Analgesic Activity 
within the Series, Characteristics of 
(McCoubrey and Lynch), 495.

Carboline Unsymetrical Bis-quaternary 
Hypotensive Agents, Pharmacology 
of (O’Dell, Luna and Napoli), 151.

Carbopol 934, Pharmaceutical Uses of 
(Misek, Powers, Ruggiero and 
Skauen), 619.

Carboxymethylcellulose, Inhibition of 
Microbial Growth by (Swintosky 
and Kaufman), 362.

Carbutamide in the Treatment of 
Diabetes (Ridolfo and Kirtley), 
1168.

Carcinostatic Activity of 2-Amino-l :3:
4-thiadiazoles (Oleson, Sloboda, 
Troy, Halliday, Landes, Angier, 
Semb, Cyr and Williams), 552.

Cardenolides, Dinitrobenzoic Acid Re­
action of (Smithuis), 987.

Cardiac Glycosides and Other Com­
pounds, Effects of, on Cation 
Transfer in Fiuman Erythrocytes 
(Kahn and Achesor), 456.

Cardiac Glycosides Containing Desoxy 
Sugars, Assay for (Dequeker), 987.

Cardiac Glycosides, Determination of 
the Duration of Action of (Rand 
and Stafford), 620. _

Cascara, Chemical Assf^* of (Fluck, 
Mitchell and V/ood), 781.

Catechol Amines Injected into Man, 
Amine Oxidase in the Inactivation of 
(von Euler and Zetterstrom), 152.

Cathomycin se e  a lso  Novobiocin and 
Streptonivicin.

Cathomycin and Streptonivicin, Anti- 
b»cterial Activity of (Jones, Nichols 
and Finland), 993.

Cellulose, Oxidized, in Ion Exchange, 
A IJfeliminary Note (Freeman), 42.

Cephalosporin C, Degradation of (Abra­
ham and Newton), 1165.

Cephalosporin C, isolation of (Newton 
and Abraham), 990.

Cerebral Tissue Extracts, Spasmolytic 
Effects of (Forbes), 809.

Chairman’s Address at British Pharma­
ceutical Conference 1956 (Bullock), 
689.

Chemotherapeutic Agents, Determina­
tion of Bacterial Sensitivity to 
(Czerkinsky, Diding and Ouchter- 
lony), 351.

Chloral Flydrate and Dichloralphena- 
zone, Comparison of (Rice and 
McColl), 811.

i
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Chloramphenicol, Colorimetric Deter­

mination of (Freeman), 1163.
Chloramphenicol in Pharmaceutical Pre­

parations, Assay of by means of a 
Simple Counter Current Technique 
(Brunzell), 329.

Chloramphenicol Periodate Oxidation in 
the Analysis of (Valselth and Wick- 
strom), 448.

Chlordane : Report to the Council on 
Pharmacy and Chemistry, 354.

Chlorinated Organic Pesticides, Separa­
tion and Identification of (Mitchell), 
1163.

Chlorisondam ine Dim ethylchloride, 
Ganglionic Blockade by (Plummer, 
Trapold, Schneider, Maxwell and 
Earl), 359.

Chloroethylamine in the Treatment of 
Hodgkin’s Disease (Larionov), 620.

Chlorophyll, Bacteriostatic action of 
(Ammon and Wolff), 60.

Chlorpromazine and Reserpine, Effects 
of, on Gastric Secretion (Haver- 
back, Stevenson, Sjoerdsma and 
Terry), 462.

Chlorpromazine, Antagonism of 5- 
Hydroxytryptamine by (Benditt and 
Rowley), 555.

Chlorpromazine, Colorimetric Estima­
tion of (Leach and Crimmin), 1166.

Chlorpromazine, Complications of Ther­
apy (Lomas, Boardman and Mar- 
kowe), 62.

Chlorpromazine Hydrochloride in the 
Treatment of Tetanus (Cole and 
Robertson), 288.

Chlorpromazine Hydrochloride, Side 
Effects ^^G laser and Newling), 456.

Chlorpromazine, Identification and Phar­
macological Properties of a Major 
Metabolite of (Salzman, Moran and 
Brodie), 355.

Chlorpromazine in the Treatment of 
Tetanus Convulsions (Kelly and 
Laurence), 555.

Chlorpromazine, Reserpine and I*onia- 
zid in Mental Disorder (Hewat, 
Leach and Simpson), 288.

Chlorpromazine, Reversibility o y  nduced 
Psychosis with (Schwarz, Bickford 
and Rome), 215.

Chlortetracycline see Aureomycin.
Cholic, Desoxycholic and Dehydro- 

cholic Acids, Determination of 
(Crisafio and Chatten), 346.

Cholinesterase Activity, Plasma and 
Red Blood Cell, Determination of 
(Augustinsson), 619.

Cholinesterase Inhibited by Organo- 
phosphorus Compounds, Reactiva­
tion of, by Oximes and Hydroxamic 
Acids (Childs, Davies, Green and 
Rutland), 350.

Cholinesterase, Inhibition of, by 1 :2 :4- 
Triazoles (Polya), 350.

Cholinesterase Standards (Fleisher, Spear 
and Pope), 58. i j

Choline Esters of Monobasic Carbonic J  
Acids, Syntheses of (T a n m e lin )^  
990. * .  1

Chronic Toxity Studies on Food Colour# 
Part II (Allmark, ^3rice and Man- 
nell), 417. |  /

Cinchophen, Probenecid and GËctycin» 
in Gout (Gjorup and PoulsSi), 462. «

Clinical Medicin^ Ion Exchange Resins 
in (Payne), T97. •

Clotting Mechanism of Blood (Jorpes),
73.

Cobalamin, Antivitamin#B12 Activity of 
Some Compounds Relatea to (Cuth- 
bertson, Gregory, O’Sullivan and 
Pegler), 451. * .  •

Cobalt in Animal Tissues, Estimation of 
Trace Quantités (Keenan and 
Kopp), 807.

a-Cocaine (Foster, Ing and Varagic),
457. #

Colchicine, Cinchophen and Probencid 
in Gout (Gjorup and Poulsen), 462. 

Colitis Ulcerative, Cortisone in (True- 
love and Witts), 288. p  

Collagen, Polypeptide Cham Configura­
tion of (Cowan, McGavin and 
North), 282.

Compound 48/80, Comparison of Hista­
mine release by, with a substituted 
Butylamine (Feldberg and Lecomte),
151.

Compound 48/80, Effect of, on Mam­
malian Skeletal Muscle (Somjen 
and Uyldert), 457.

Congo Red Injections, Sterilisation, 
Stability and Toxicity of (Somers 
and Whittet). 1019.

Copper in Plant Materials, Determina­
tion of (Andrus), 56.

Corticoid*, Biologically Active, A New 
»  Class of (Agnello, Bloom and 

Laubach), 210.
Corticoids, Pure, and Extracts of Adrenal 

Vein Blood, Bioassay of Sodium- 
retaining Activity of (Galal), 510. 

a-Corticotrophin, Amino-acid Sequence 
of (Li, Geschwind, Cole, Raacke, 
Harris and Dixon), 283.

Corticotrophin, Chromatographic Stud­
ies on (Dixon and Stack-Dunne),
207.

Cortisone ̂ n d  ACTH in the Treatment 
• of Blood Disorders, 152.

#Cojt«6one and Aspirin in the Treatment 
of Rheumatoid Arthritis, 153. 

Cortisone^ Effect of, on Blood (Nicol 
and Bilbey), 810.

Cortisone, Effect^of, on the Reticulo- 
endotUeliaiSyste^(Nicol and Snell)
810.

Cortisone, Effect of, on the Serum 
Gamma-Globulin (Snell and Nicol),
810.
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Cortisone, Influence on Connective Tis­
sue, Epithelial Relations in Wound

I H aling , Hair Regeneration and the 
Pafhogenesis of Experimental Skin 

•Cancers (Gillman, Penn, Bronks 
and Roux), 289.

Cortisone in Vlcerative Colitis (True- 
lA e and Witts), 289.

•Coftislne Treattient of the Low-salt 
Syndrome (Graber, Beaconsfield 
and Daniel), 6 8 i

•Cough Reflex, Action of Analgesics 
and* Nalorphine on (Green and 
Ward), 454.

Coumarin G .. 23.350 (Sinthrome, Sin- 
trom) Properties of (Leroux and 
Jamain), 998. ,

Crystalline Substances, Resistance of, 
to Gas Sterilisation (Abbott, Cock- 
ton and Jones), 709.

Curare, Alkaloids of (Karrer), 161. 
Cyanacetic Acid Hydrazide, Antituber­

cu lous Activity of (Barnett, Bushby, 
Goulding Knox and Robson), 
63.

Cyanide, Thiocyanate and a-Hydroxy- 
nitrilesji Determination of (Bruce, 
Howard and Hanzal), 144. 

Cyclobarbitone, Stability of (Ahlander), 
994.

Cycloserine, Colorimetric Determination 
of (Jones), 615.

Cycloserine in Urinary Infections (Her- 
rold, Boand and Kamp), 457.

D
D a tu r a  in n o x a , New Alkaloid From 

(Steinegger and Gessler), 55.
D a tu r a  ta tu la , Note on the X-Irradiation 

of the Seeds of, with Special Refer­
ence to Alkaloid Production (E van^ 
and Menéndez), 277. 

Decamethylene-bis-4-amino q ui n a 1 d i n - 
ium (Dequadin), a New Anti­
microbial Agent (Babbs, Collier, 
Austin, Potter and Taylor), 110. 

Decanol-1, Effect of, on Some Associa- 
1 tion Colloid Solutions (Passinen 

and Ekwall), 993.
Decanol-1, Soap Concentration where 

Interaction with begins, and tf|£ 
Dependence on Chain Cength of 
the Soap (Ekwall, Söderberg and 
Danielson), 994. • •  •

Dehydrocholic, Desoxychcÿc ^ id  Cholic 
Acids, Determination of (Crisafio 
and Chatten), 346.

Delirium Tremens;, RBserpine in (Avol 
% and Vogel), 9  •
Demecolcine (Desacetylmethylcolchi- 

cine) Intravenously in Acute Gout 
(Kurzell, Schaffarzick arfl Naugler), 

.153.

Dequadin (Decamethylene-bis-4-amino- 
quinaldinium), a New Antimicrobial 
Agent (Babbs, Collier, Austin, 
Potter and Taylor), 110.

11 -D esm ethoxyreserpine (Harrisson, 
Packman, Smith, Hosansky and 
Salkin), 346.

Desoxycholic, Cholic and Dehydrocholic 
Acids, Determination of (Crisafio 
and Chatten), 346.

Deuterisation of Steroids and their use 
in Isotope Dilution Analysis (Jones, 
Robinson, Arison and Trenner), 
805.

Dextran-Iron Complex in Hypochromic 
Anaemia (Grunberg and Blair),
458.

Dextran-Iron Intramuscular Haematinic, 
Pharmaoclogy of (Martin, Bates, 
Beresford, Donaldson, McDonald, 
Dunlop, Sheard, London and 
Twigg), 217.

Dextran Sulphate, Anticoagulant Acti­
vity of I. An I n  V itr o  Comparison 
between the Actions of Dextran 
Sulphate and Heparin on the Various 
stages of Blocd Coagulation (For- 
well and Ingram), 530.
II. The Effect of Dextran Sulphate 
on the One-stage Prothrombin 
Time (Ingram and Forwell), 589.

Diabetes, Carbutamide in the Treat­
ment of (Ridolfo and Kirtley), •  
1168.

Dialkyl Aminoalkanol, Ortho Sub­
stituted Benzoic Acid Ester of, in 
Experimental Cardiac Arrhythmias 
(Arora, Sharma an^^iadan), 323. 
Addendum, 446.

Diaminodiphenoxyalkanes, Symmet­
rical, Schistosomicidal Activity of 
(Raison and Standen), 60.

1 :2 -  Diamino - 4 - nitrobenzene as a 
Reagent for a-Keto-acids (Taylor 
and Smith), 148.

2 :4-Diamino-5-phenylthiazole Photo­
metric Determination of (Lundgren), 
185.

Di- and Triphenylmethane Dyes, Basic, 
Acftdine Analogues of, Relations 
Between Bacteriostatic Activity and 
Chemical Constitution (Fischer, 
Szabö and Genselovich), 191.

Dichloralphenazone and Chloral Hy­
drate, Comparison of (Rice and 
McColl), 811.

DL-p-Di(2-chloroethyl)am inophenyl- 
alanine se e  Sarcolysine.

p -(D i-2 -ch lo ro e th y lam in o )-p h en y l- 
butyric Acid (CB 1348) in Malignant 
Lymphoma (Galton, Israels, Nab- 
arro and Till), 289.

2 :4-D ichloro-6-phenylphenoxyethyl 
Diethylamide, A Potentiating Agent, 
Inhibition of Drug Metabolic Path­
ways by (Fouts and Brodie), 216.
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Dicophane, Substituted Benzenesulph- 
o n an ilid e s  as S ynerg ists  fo r

1 (N eem an , M o d ian i, M er and 
Cwilich), 995.

2-D iethano lam ino-5-n itropyrid ine , 
Amoebicidal Action of, (Neal and 
Vincent), 458.

D iethylam inoethoxyethylphenyl-1- 
cydopentane Carboxylate, Anti­
tussive Activity of (Levis, Preat and 
Moyersoons), 216.

fi-D iethylam inoethyl p-n-Hexyloxy- 
benzoate Hydrochloride and 4-n- 
Butoxy j3-(l-piperidyl) propiophen- 
one Hydrochloride, Local Anaesthe­
tic and Pharmacological Properties 
of (Arora and Sharma), 554.

3 :3-Diethyl-2:4-dioxotetrahydropyri- 
dine (Persedon), Isolation and Detec­
tion of, for Forensic Purposes 
(Dybing), 350.

Diethyltin Dichloride and Triethyltin 
Sulphate, Biochemistry of (Aldridge 
and Cremer), 210.

Diginatin, New Cardioactive Glycoside 
from D ig ita lis  la n a ta  (Murphy), 616.

Digitalis Glycosides in Chemical Assay 
(van Os and Tattje), 615.

D ig ita lis  la n a ta , New Cardioactive Gly­
coside from (Murphy), 616.

D ig ita lis  la n a ta , Paper Chromatographic 
Detection of New Constituents of 
(Aldrich, Frith and Wright), 1042.

Digitalis Leaf, Stability of (Sachs, 
Highstrete and Pabst), 1167.

D ig ita lis  p u rp u r e a , Chromatographic Ex- 
aminationof(Gunzeland Weiss), 989.

D ig ita l is  p u r y m f a ,  Detection of New 
Components in the Glycoside Com­
plex of (Jensen), 989.

D ig ita lis  p u r p u r e a , Determination of 
Digitoxin Content of (Sellwood), 
1061.

D ig ita lis  p u r p u r e a  Leaf, Fermentative 
Degradation of (Rowson and Simic), 
1050.

D ig ita lis  p u r p u r e a , Paper Chromato­
graphic and Fluorimetric Method 
for Cardiac Glycosides and Agly- 
cones of (Jensen), 989. •

Digitalis, Seasonal Variation in Res­
ponse of the Pigeon to (Sachs, 
Highstrete and Pabst), 995.

Digitalis, Studies in the Genus, Part V. 
Fermentative Degradation of D . 
p u r p u r e a  Leaf (Rowson and Simic), 
1050.

Digitoxin and Digoxin, Identification 
from their Acetyl Compounds by 
Paper Chromatography (Rohatgi), 
280. *

Digitoxin Content of D . p u rp u r e a ,  
Determination of (Sellwood), 1061.

Digitoxin, Radioactive, Metabolic Fate 
of, in Human Subjects (Okita, 
Talso, Curry, Smith and Geiling), 560.

Digoxin and Digitoxin, Identification 
from their Acetyl Compounds by 
Paper Chromatography (Rfchatgi), 
280. |  |

Dihydrostreptomycin, Structure of a I 
Naturally Occurring Antagonist of 1 
(Cornforth and Jamfs), 990.

Diiodofluorescein 131I, PercutAieous 
Absorption Using ̂ HadgraftlSdfcn-•  
ers and Williams), 1027. Adden­
dum, /.,  1957*9, No. 1, inset.

D im ethy lam inobenzoy lhyd rox im ic*  
Acids, Methiodides of, ArSagonists 
of Dyflos (Funke, Benoit and 
Jacob), 155. • •

Dimethylaminoethanol, Synthetic Esters 
of, Exhibiting, Positive Inotropic 
Cardiac Activity (Uhle, Mitman and 
Krayer), 811.

i8 -D im e th y lam in o £ th y l-2 -m eth y l-  
benzhydryl Hydrochloride (B.S. 
5930) in the Treatment of Parkin­
sonism (Gillhespy and Ratcliffe), 
153.

Dinitrobenzoic Acid Reaction for Card- 
enolides (Smithuis), 987.

3 :5-Dinitro-o-cresol, Detferiiiination of 
(Fenwick and Parker), 281.

Dinitro-o-cresol, Potentiation of Barbit­
urate Anaesthesia by (Edson and 
Carey), 63.

Diphenylhydantoin and Phenobarbitone, 
Chromatography of (Curry), 450.

Diphenylhydantoin and Phenobarbitone 
in Blood, Simultaneous Determina­
tion of (Plaa and Hine), 992.

Diphtheria Toxin: Production in Sub­
merged Culture (Linggood, Mat­
thews, Pinfield, Pope and Sharland), 
353.

Disinfectants and Fungicides for Inani­
mate Surfaces, Value of Mercury 
Salts *as (Ortenzio, Stuart and

•  Friedl), 1175.
Dissociation Constants of some Tertiary 

Amines and Synthetic Analgesics 
(Beckett), 848.

Disulfiram, Colorimetric Determination 
of (Salvesen and Domange), 449.

Disulfiram-like Activity and Acute Toxi­
city of Thiuram Disulphides and ' 
Related Compounds (Barnes and 
Fox), 560.

Qoriden se e  Glutethimide.
Drug Antagonisms, Estimation of, on
* the Isolated Guinea-pig Vas Defer-

• »As (Leach), 501.
Drug Metabolism, Pathways of (Brodie),

1.
Drug Potentiation, by Iproniazid, Mech­

anism of (Fo*s mid Brodie), 813.
Drugs, Deterrmnatiom of Water in» 

(Mulder and van Pinxteren), 679.
Drugs, Sustained Release of, from Ion 

Exchange Resins (Chaudhry and 
Saunders), 975. •
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\

Dyflos, Methiodides of Dimethylamino- 
benAylhydroxamic Acids, Anta­
gonists of (Funke, Benoit and Jacob),

* E
^Ecqfidl Action at', in Man (Smirk and 

Hamilton), 684.
Ecolid: A New H^potertsivc Agent

•  (Maxwell and Howie), 290.
Electromttric Titrations (Anastasi, Gallo, 

Mecarelli and Novacic), 241.
Elorine s e f  Trjpyclamol.
Emulsification with Ultrasonic Waves 

(Beal and Skau^ji), 287.
Emulsion, Oil-in»Water, Formation of, 

with Ultrasonic Vibrations (Moun- 
ier, Blanquet,»Piffault and Dallies), 
1167.

Emulsions, Oil-in-Water, Rheology of, 
•I. The Effect of Concentration of 
Constituents on Emulsion Con­
sistency (Axon), 762.

Enteric Coated Tablets, Disintegration 
of (Bristdtftnour and DeKay), 213.

Enteric Coated Tablets, Disintegration 
of, in Simulated Digestive Juices 
(Crisafio, Taylor and Chatten), 213.

Enterotoxin, Staphylococcus, Detection 
of (Levi, Matheson and Thatcher), 
551.

Enzyme Inhibition, The Application of, 
to the Estimation of Small Quanti­
ties of Drugs Possessing Anti­
cholinesterase Activity. The Assay 
of Injection of Neostigmine Methyl- 
sulphate (Buckles and Bullock), 946.

Epilepsy, Acetazolamide in the Treat­
ment of (Ansell and Clarke), 681.

Ergometrine, Decomposition of Un­
stabilised Solutions of« (Reichelt 
and Safarik), 553. •

Ergot, Determination of Alkaloids in 
Individual Sclerotia of (Hecht and 
Rumpel), 61.

Ergot Drugs, Effect of, on B e t ta  sp le n -  
d e n s  (Evans, Geronimus, Kornetsky 
and Abramson), 556.

‘ Ergot, Preparation and Stabilisation of 
Extracts (Gstirner and Muller), 286.

Erythrocyte-Glycerol Mixtures, Prepara­
tion for Transfusion (Sloviter al¥i 
Tietze), 1167. •

Erythrocytes, Effect of Cardiac Gly­
cosides and Other Compound» or* 
Cation Transfer inf  il^ihn and 
Acheson), 456.

Erythromycin, Colorimetric Determina­
tion of (Pesez), -W9.

Essential Oils, Sfirolisatftn vwth Antoxi- 
dants (Fryklof), 60.

Ethinamate (Valmid, Valamine), Phar­
macology and Toxicolo£v of (Swan- 

• son, Anderson and Gibson), 556.

Ethylmethyl-úooctenylamine A New 
Parasympathetic Ganglionic-block­
ing Agent (Pardo, Méndez, Vargas, *  
Cato and Laguna), 811.

Ethyl 4-Phenylpiperidine-4-carboxylates, 
A-Substituted, Analgesic Action of 
(Millar and Stephenson), 812. 

Exchange Resins, Determination of 
Morphine with (Brochmann-Hans- 
sen), 209.

Extinction Time Estimates Reproduci­
bility of, Part I. Variations in 
Resistance of Test Organisms and 
Viability of Test Suspensions (Cook 
and Wills), 266.
Part II se e  J .  A p p lie d  B a c t . , 1956, 
19, No. 2.
Part III. Studies on Suspensions 
of Test Organisms (Cook, Steel and 
Wills), 721.

F
Fatty Acids, Esterified, Assay of, and 

its Applications to Blood Serum 
(Jarrier and Pclonovski), 211.

Ferrous Gluconate, Toxicity of (Hoppe, 
Marcelli and Tainter), 355.

Fibrin, Determination of, in Plasma 
(Christensen), 211.

Filipin, an Antifungal Antibiotic: 
Isolation and Properties (Whitfield, 
Brock, Ammann, Gottlieb and •  
Carter), 285.

Filters for Oils, Bacteria-excluding (Avis 
and Gerschenfeld), 463.

Filter, Water-soluble, for Trapping Air­
borne Micro-crganisms (Richards), 
158.

Flexin se e  Zoxazolamine.
Fluorene and Indane, Derivatives of, 

Synthetic Analogues of Adrenal 
Cortical Hormones (Askam, Lin- 
nell, Vora and D’Arcy), 318.

Food Colours, Chronic Toxicity Studies 
on. Part II (Allmark, Grice and 
Wanned), 417.

Fungicides and Disinfectants for Inani­
mate Surfaces, Value of Mercury 
Salts as (Ortenzio, Stuart and 
Friedl), 1175.

G
Galenical Preparations, Chromatogra­

phic Examination of (Lundgren), 
208.

Ganglionic-blocking Agent, A New 
Parasympathetic (Pardo, Méndez, 
Vargas, Cato and Laguna), £11.

Ganglion-blocking Agents, New Series 
of (Adamson, Billinghurst and 
Green), 684.

Gas-Liquid Chromatography, A Method 
of Separation and Identification of 
Volatile Materials (James), 232.

1185



S U B JE C T I N D E X

G lin u s  o p p o s i t i fo l iu s  L. Root, A Sub­
stitute for Senega (Ridgway and 
Rowson), 915.

Glucose in Invert Sugar, Iodimetric 
Determination of (Ericksson), 145.

Glutethimide (Doriden), Clinical Trial 
of (Rushbrooke, Wilson, Acland 
and Wilson), 458.

Glycerol-Erythrocyte Mixtures, Pre­
paration for Transfusion (Slovjter 
and Tietze), 1167.

Glyceryl Trinitrate Tablets Analysis of 
(Schwartzman), 805.

Glyceryl Trinitrate, Unreliability of the 
Official Assay for Tablets of (Stock 
and Hinson), 134.

Glycine in Plasma, Determination of 
(Schwartz, Robertson and Holmes), 
352.

Glycoside, Cardioactive, New, from 
D ig ita lis  la n a ta  (Murphy), 616.

Glycoside Complex of D . p u r p u r e a ,  
New Components in (Jensen), 989.

Glycosides and Aglycones of D . p u r p u r e a ,  
Paper Chromatographic and Fluori- 
metric Method for (Jensen), 989.

Glycosides, Cardiac, Containing Desoxy 
Sugars, Assay for (Dequeker), 987.

Glycyrrhetinic Acid, Effects of, on 
Sait and Water Metabolism (Galal), 
216.

Glycyrrhetinic Acid, Estimation in 
Urine (van Katwijk and Huis in 
’T Veld), 148.

Glycyrrhizic Acid in Succus Liquiritae, 
Determination of (Onrust, Jansen 
and Wostmann), 449.

GlvcvrrhizinR^cid. Preparation of, and 
Effects m TVIan (Louis and Conn), 
556.

Griseofulvin in Fermentation Samples, 
Determination of (Ashton and 
Brown), 805.

\

Haemoglobin in Plasma, Spectrophoto- 
metric Determination of Total 
(McCall), 808. .

Haemolytic Activity of H y d r o c o ty le  
vu lg a r is , Contribution to the Know­
ledge of (Mink), 1155.

Haemostatic Drug, A New (Poller), 
359.

“Hemicholiniums,” a New Group of 
Respiratory Paralysants (Schueier), 
356.

Heparin and Dextran Sulphate; In  
V itro  Comparison between the 
actions of, on the various Stages of 
Blood Coagulation (Forwell and 
Ingram), 530.

Heparin, Assay of (Pritchard), 523.
Heparin, Function of (Riley, Shepherd, 

West and Stroud), 459.

Heparin in Plasma, Determination of 
(Engelberg, Dudley and freeman),
352. V

Heparin Preparations, Assay of llorpes),
459.

Heroin and Quinine, Spectrophotometric 
Determination of {Pro, Butler and m  
Mathers), 677. |  w

High Frequency Titrations in Imanna* 
ceutical Analysis (Allen, Ceddes # 
and Stdckey), 956.

Histamine Liberation in the Rat an #  
Mouse (Riley and West), ̂ 54.

Histamine Release by Polymixin B and 
E (Bushby and Gre^i), 66.

Histamine, Release of, by a Substituted 
Butylamine (LI935): Comparison 
with Compound «48/80 (Feldbefg 
and Lecomte), 151.

Hodgkin’s Disease Ghloroethylamine in 
the Treatment of (Larionov), 620.

Hydrastine and Berberine in Fluid 
Extract of Hydrastis, Chromato­
graphic Purification and Ultra­
violet Spectrophotometric Estima­
tion of (El Ridi, Khalifa and 
Mamoon), 602. • •

Hydrocortisone, Determination of (Szal- 
kowski, O’Brien and Mader), 56.

Hydrocortisones, 2-Methyl, New Series 
of Steroids (Liddle and Richard),
622.

H y d r o c o ty le  vu lg a r is , Contribution to 
the Knowledge of the Haemolytic 
Activity of (Mink), 1155.

Hydroxamic Acids and Oximes Reacti­
vation by, of Cholinesterase In­
hibited by Organo-phosphorus 
Compounds (Childs, Davies, Green 
and Rutland), 350.

4- Hydroxybenzazoles: Preparation and
Antibacterial Activities (Beckett and 
KerrMge), 661.

•p-Hydroxybenzoic Esters, Action of, 
Against C a n d id a  a lb ic a n s  (Sabalit- 
schka, Marx and Scholz), 154.

5- Hydroxyindoleacetic Acid and 5-
Hydroxytryptamine in Urine, Test 
for (Curzon), 549.

5-Hydroxyindoleacetic Acid in Urine, 
Determination of (Hanson and' 
Serin), 451.

a-Hydroxynitriles, Cyanide and Thio-
.  cyanate, Determination of (Bruce, 

Howard and Hanzal), 144.
Uydroxyiiophthalic Acids, Antipyretic 

• •  tn d  Analgesic Properties of (Collier
and^/h^her), 812.

21-Hydroxypregnanedione Sodium Suc­
cinate, Pharmacological Properties 
of (P’an, «Baidocki. Hutcheon, 
Rudel* Ko%et anmLaubach), 460. .

17a-Hydroxyprogesterone and Proges­
terone, Comparative Anti-oestro­
genic •  Potencies of (Mardones, 
Jadrijevic and Lipshutz), 686. •
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5-Hydroxytryptamine se e  a lso  Serotonin.
5-Hydrofytryptamine and 5-Hydroxy- 

indAleacetic Acid in Urine, Test for 
(Clrzon), 549.

5-Hydroxytryptamine and Tryptophan 
in Patients with Malignant Carcin- 

'  oid (Udemriend, Weissbach and 
Sjlerdsma), 816.

?5-PVycjJoxytryptafcine, Antagonism of, 
by Chlorpromazine (ßenditt and 
Rowley), 555. •

m-Hydroxytryptamine, Estimation of, 
in the Presence of Adrenaline 
(Garven), 812.

5-Hydroxytryprtamine, Evidence of Role 
in Brain Function (Brodie, Pletscher

•  and Shore), 356»
5-HydroxytryptaThine in Mental Dis­

eases and its Antagonism to Lysergic 
Acid Derivatives (Cerletti and Roth- 
lin), 217.

5-Hydroxytryptamine in Serum (Shar- 
%ian and Sullivan), 548.

Hydroxytyramine, Noradrenaline and 
Adrenaline in Urine, Fluorimetric 
Estimation of (Weil-Malherbe), 991.

Hypaque Sodium and Related Com­
pounds, Toxicity of (Hoppe, Larsen 
and Coulston), 814.

Hyperglycaemic Factor in Urine, Identi­
fication of (Moya, Szerb and 
Macintosh), 991.

Hypertension, Essential, Relation of 
Angiotonin and (—)-Noradrenaline 
to (Greisman), 809.

Hypertension Peptide, Composition of 
(Peart), 617.

Hypertension, Rauwolfia in (Moyer, 
Dennis and Ford), 294.

Indane and Fluorene, Derivatives of, 
Synthetic Analogues of Adrenal 
Cortical Hormones (Askam, Linnell, 
Vora and D’Arcy), 318.

Indoles in Urine, Paper Chromato­
graphy of (Jepson), 284.

.Influenza Virus Vaccines: Effects of 
Saline and Oil Adjuvants, 296.

Infra-red Spectroscopy (Canback), 225.
Insecticides, Organic Phosphate, Paper 

Chromatography of (Cook), 209.
Insulin, Disulphide Bonds ana Structurg 

of (Ryle, Sanger, Smith and Kitai), 
147. * •

Insulin, Paper ChromtKog^phy of 
(Grodsky and Tarver; Light and 
Simpson), 550.

Insulins of Pig Sfll^p, Structure of
* (Brown, Sanger and KitSi), 147.
International Pharmacopoeia, First Edi­

tion Volume II, R e v i e w 220.
Invert Sugar, Iodimetric Determination 

•o f  Glucose in (Ericksson), 145.

Iodine, Radioactive in Thyrotoxicosis 
(Blomfield, Jones, Macgregor, 
Miller, Wayne and Weetch), 294.

Ion Exchange (F.I.P. report), 369.
Ion Exchange, Oxidised Cellulose in,

A Preliminary Note (Freeman), 42.
Ion Exchange Resins in Clinical Medi­

cine (Payne), 397.
Ion Exchange Resins on Pyrogens, 

Action of (Whittet), 1034.
Ion Exchange Resins, Sustained Rel­

ease of Drugs from (Chaudhry 
and Saunders), 975.

Ion Exchangers in Analytical Chemistry: 
Applications and Problems (Sch­
ultz), 382.

Ion Exchange, Technical Applications of 
(Buchi), 369.

Iproniazid, Mechanism of Drug Pot­
entiation by (Fouts and Brodie), 813.

Iron by Intramuscular Injection in 
Infancy (Gaisford and Jennison), 
154.

Iron-Dextran Complex in Hypochromic 
Anaemia (Grunberg and Blair), 458.

Iron-Dextran Intramuscular Haematinic, 
Pharmacology of (Martin, Bates, 
Beresford, Dcnaldson, McDonald, 
Dunlop, Sheard, London and 
Twigg), 217.

Isoniazid, Chlorpromazine and Reser- 
pine in Mental Disorder (Hewat, 
Leach and Simpson), 288. •

Isoniazid, Microdetermination of (Wag­
ner, Kraus and Vecerek), 551.

Isoniazid, Mode of Action of (Albert), 
679.

Isoniazid, PAS Salt o i*£lin ical Trial 
in Pulmonary Tuberculosis (Clegg), 
292.

Isoniazid, Streptomyin anc PAS; Com­
bined use in Tuberculous Menin­
gitis (Maggi, Diaz and Pfister), 557.

Isoprenaline, Dilator Responses to, 
in Cutaneous and Skeletal Muscle 
^ascular Beds; Effects of Adrener­
gic Blocking Drugs (Walters, Coop­
er, Denison and Green), 357.

Isotope Dilution—Ampoule Combustion 
Technique for Organic Nitrogen 
(Jones and Trenner), 806.

Isotope Dilution Analysis, Deuterisation 
of Steroids and their use in (Jones, 
Robinson, Arison and Trenner), 805.

K
a-Keto-acids, 1 :2-Diamino-4-nitroben- 

zene as a Reagent for (Taylor and 
Smith), 148.

L
Lanatoside ABC, Separation and Deter­

mination of Individual Lanatosides 
and Desacetyllanatosides in (Hrdy, 
Jung and Slouf), 616.
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Lead, Determination of, in Urine 
(McCord and Zemp), 149.

*  Lecithins, Physical Chemistry of (El-
worthy and Saunders), 1001.

L e o n tic e  le o n to p e ta lu m , Linn. Studies 
on: Part I. The Isolation of the 
Chemical Constituents of L e o n tic e  
le o n to p e ta lu m  and some prelimin­
ary Observations on the Pharma­
cology of Leonticine and Petaline 
Chloride (McShefferty, Nelson, 
Paterson, Stenlake and Todd), 1117. 
Part II. History, Sources and 
Macroscopical Characters of the 
plant L .  le o n to p e ta lu m  (Nelson and 
Fish), 1134.

Leonticine and Petaline Chloride, Pre­
liminary Observations on the Phar­
macology of (McShefferty, Nelson, 
Paterson, Stenlake and Todd), 1117.

Letters to the Editor, 71, 160, 999, 
1176.

Leukaemia, Acute, 6-Mercaptopurine 
in (Hayhoe), 217.

Leukaemia and Allied Disorders, 6- 
Mercaptopurine in the Treatment of 
(Fountain), 64.

Leukaemia, Chronic Myelocytic, Myler- 
an in (Haut, Altman, Cartwright 
and Wintrobe), 358.

Levallorphan and Alphaprodine in An­
aesthesia (Foldes, Lipschitz, Weber

* and Swerdlow), 621.
Levallorphan Tartrate and Alphaprodine

Hydrochloride: Effects on Respira­
tion (Swerdlow, Foldes and Siker), 
215.

Levallorphajj^3#rtrate, Effects on Res­
piration of Rabbits given Morphine 
(Miller, Gilfoil and Shideman),
460.

Lignocaine, Titrimetric Assay with 
Reinecke’s Salt (Hanqu’in and Lap- 
iere), 208.

Liver Extracts, Microbiological Assay 
of Vitamin B1S in (Robinson, 
Fitzgerald and Grimshaw), 6?5.

Liver Injections, A Chemical Method 
for Vitamin B12 in (Van Melle), 616.

L o b e l ia  s a l ic ifo lia , Alkaloids of (Steineg- 
ger and Ochsner), 805.

Lobeline, Determination of (Steinegger 
and Ochsner), 1163.

Local Anaesthetic and Pharmacological 
Properties of 4-n-Butoxy jS(l-piperi- 
dyl) propiophenone Hydrochloride 
and /3-Diethylaminoethyl Hexyloxy- 
benzoate Hydrochloride (Arora and 
Sharma), 554.

Local Anaesthetic Drugs, Microchemical 
Identification of (Clarke), 202.

Local Anaesthetics, Characterisation of 
(Hannig and Karau), 988.

Low-salt Syndrome, Cortisone Treat­
ment of (Graber, Beaconsfield and 
Daniel), 683.

Lupus Erythematosus, Prednisone and 
Predisolone in (Bollet, Segal and J 
Bunim), 462. I  f

Lysergic Acid Derivatives, Antagonism j  
of 5-Hydroxytryptamine to, i n |  
Mental Diseases (Cerletti and 
Rothlin), 217. •  '  f

Lysergic Acid Diethylamide, R^erpine * 
and Serotonin, Interaction lo f i  i#  
Brain (Shore, Silver and Bronte), 70. *

Lysergic Acid Digthylamide, Tolerance 
to the Pyretogenic Action of (Gog* 
erty and Dille), 813. *

#
• •

M
•  •Macromolecules in Pittsma Expanders,

Size and Shape of (Campbell), 93.
Magnesia and Alkaline Carminatives in 

Infancy (Creery), 154.
Magnesium, Estimation in Serum 

(Smith), 149. •
Magnesium Salts, I n  V itro  Potentiation 

by, of the Uterine Response to 
Posterior Pituitary Extracts in the 
Bovine (Fitzpatrick)* 4*3.

Malignant Effusions, Mustine in (Weis- 
berger, Levine and Storaasli), 557.

D-Mannuronolactone and D-Mannur- 
ionic Acid, AoNicotinyl Hydrazones 
from (Brown, Bond, Peoples and 
Sah), 552.

Marcoumar: Anticoagulant Action
(Toohey), 360.

Marcoumar, Colorimetric Determination 
of (Bednar), 677.

Megaloblastic Anaemia due to Pheny- 
toin Sodium (Ryan and Forshaw),
65.

Megaloblastic Anaemia during Primi­
done Therapy (Girdwood and Len- 
man),*685.

nMeprobamate (Miltown).
Meprobamate, Central Depressant and 

Anticonvulsant Activity of Com­
pounds Isomeric with (Berger, 
Hendley, Ludwig and Lynes), 995.

Meratran, Clinical Trials with (Begg 
and Reid), 996.

Meratran in the Treatment of Schizo-' 
phrenics (Houston), 997.

Mercaptomerin, Systemic Reactions to 
.  (Smallwood and Matthews), 557.

6-Mercapt#purine in Acute Leukaemia
* (Hayhoe), 217.

•6-h*Jfcaptopurine in the Treatment of 
Leuhgerri»a and Allied Disorders 
(Fountain), 64.

Mercury Compounds, Organic, Bacterio­
static and Ifctctericidal Effect of 
(ClausSn), 7 ) 6 . *  *

Mercury in Biological Materials, Deter­
mination of (Polley and Miller), 211.

Mercury inTiiological Materials, Micro­
determination of (Barrett), 1166?
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Mercury in Urine, Determination of 
(Rolfe, Russell and Wilkinson),

X  21 2 /
I Mercurf Salts, Value of, as Disinfectants 
I  an" Fungicides for Inanimate Sur-
•  faces (Ortenzio, Stuart and Friedl),

\ > 1175. *
Mesorfcen, Clinical Evaluation of 

% «(draney andi Maronde), 461. 
Mtesthfon Bromide in the Treatment of 

Myasthenia Gratis (Tether), 685. 
«Metal Cations, Avidity of Tetracyclines 

for (fMbert and Rees), 681. 
Methadone- and Thiambutene-type Com­

pounds, influence of the Basic 
Groups on Physico-chemical Pro­
perties and the Activity of (Beckett, 

* Casy, H arp«  and Phillips), 860. 
Methadone-type Compounds Confor­

mation of (Backett), 848. 
Methiodides of Dimethyiaminobenzoyl- 

hydroxamic Acids, Antagonists of 
rfjyflos (Funke, Benoit and Jacob), 
155.

Methitural, New Intravenous Anaesthe­
tic; Comparison with Thiopentone 
(Irwin,«Stügg, Dunbar and Govier), 
997.

2-Methyl Hydrocortisones, New Series 
of Steroids (Liddle and Richard), 
622.

Methylserotonins as Potent Antimeta­
bolites of Serotonin (Shaw and 
Woolley), 1168.

Methyl Sulphate in the Colorimetric 
Determination of Erythromycin 
(Pesez), 449.

7-Methyltocol (rj-Tocopherol) A New 
Tocopherol in Rice (Green and 
Marcinkeiwicz), 617.

Microbial Growth, Inhibition of, by 
Carboxymethylcellulose (Swintosky 
and Kaufman), 362. •

Miltown se e  Meprobamate. •
Morphine and Amiphenazole in Intrac­

table Pain (McKeogh and Shaw), 
357.

Morphine, Determination of, by Ex­
change Resins (Brochmann-Hans- 
sen), 209.

• Morphine, Effect of Levallorphan Tar­
trate on Respiration of Rabbits given 
(Miller, Gilfoil and Shideman), 460. 

Morphine Injection, Stability of (Gup- 
dersen and Morch), 150»

Morphine in Opium, Improvement )h 
U.S.P. Method for Determining 
(Brickley and Whipjjle),^47. 

Morphine in P a p a v e r  s o n m ife r u m , Ion 
Exchange Separation of (van Etten, 
Earle, McGime « id  Senti), 806.

»Morphine in  F^ppy (fepsuies, Estima­
tion of (Pfeifer and Keller), 988. 

Morphine, Mechanism of Pituitary- 
Adrenal Activation by fGeorge and 

.  Way), 155.

Morphine, Polarographie Determination 
of (Holubek), 245.

Morpholinoethylnorpethidine, Analges- 0  
ic and other Properties of (Green 
and Ward), 1169.

Motion Sickness, Evaluation of Drugs 
for Protection Against, 1169.

Mumps Virus, Reproduction in the 
Chorio-allantoic Membrane (Wolff), 
158.

Mustard Oils, Bacteriostatic Action of 
(Klesse and Lukoschek), 158.

Mustine in the Treatment of Malignant 
Effusions (Wetsberger, Levine and 
Storaasli), 557.

Myasthenia Gravis, Mestinon Bromide 
in the Treatment of (Tether), 685.

M y c o b a c te r iu m  tu b e rc u lo s is , Effect of 
Purine and Pyrimidine Analogues 
on Enzyme Induction in (Ottey), 
362.

M y c o b a c te r iu m  tu b e r c u lo s is  var. b o v is  
B.C.G., Effect of Nicotinyl Hydra- 
zide on the Oxidative Metabolism of 
(Meadow and Knox), 688.

Mycotic Infections, Nystatin in (Stew­
art), 1000.

Myleran (Busulphan) in Chronic Myelo­
cytic Leukaemia (Haut, Altman, 
Cartwright and Wintrobe), 358.

Myxoedema, 3 :5 :3'-Tribromo-DL-thy- 
ronine in (Compston and Pitt- 
Rivers), 560. m

/

N
Nalorphine and Analgesics, Action of 

on the Cough Reflex (Green and 
Ward), 454.

Naphthionin, a New Haemostatic Drug 
(Poller), 359.

3-(a-N aphthyl)-4-hydroxycoum arin, 
New Synthetic Anticoagulant (Mor­
aux), 998.

a-Naphthylthiourea (ANTU), Detection 
of, for Forensic Purposes (Dybing), 
?50.

National Formulary of U.S.A. 10th 
Edition, 1955, Review of, 363.

Neomycin and Bacitracin in Admixture, 
Determination of (Lingnau and 
Machek), 448.

Neomycin in Urinary Tract Infections 
(Roantree and Rantz), 558.

Neomycin, Release of, from Selected 
Ointment Bases (Hill, Bester and 
Miller), 213.

Neostigmine Methylsulphate Injection, 
Assay of (Buckles and Bullock), 946.

Nephelometry in the Assay of Tyro- 
thrycin (Leclercq), 1165. *

Nicotine in Urine, Nephelometric Deter­
mination of (Mokranjac, Radmic 
and Galijan), 808.

Nicotine Monomethiodide, Pharmaco­
logy of (Gillis and Lewis), 46.
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Nicotinyl Hydrazide, Effect of, on the 
Oxidative Metabolism of M y c o -  

% b a c te r iu m  tu b e r c u lo s is  var. b o v is  
B.C.G. (Meadow and Knox), 688.

/.wNicotinyl Hydrazide, Mode of Action 
of (Rubbo, Cymerman-Craig, Edgar 
Vaughan and Willis), 680.

woNicotinyl Hydrazones from D-Man- 
nuronolactone and D-Mannuronic 
Acid (Brown, Bond, Peoples and 
Sah), 552.

Nitrofurantoin; Clinical and Laboratory 
Investigation (Waisbren and Crow­
ley), 155.

Nitrofurantoin in Urinary Tract Infec­
tions (Richards, Riss, Kars and 
Finland), 461.

Nitrofurazone and A e r o b a c te r  a ero -  
g e n e s , Methods Using, to Study 
Reactions of Antibacterial Sub­
stances with Bacteria (Beckett and 
Robinson), 1072.

Nitrogen Mustard and Tetramine, Hae- 
mopoietic Depression from (Mrazek 
and Wachowski), 218.

Nitrogen, Organic, Ampoule Combus­
tion—Isotope Dilution Technique 
for (Jones and Trenner), 806.

3 - [oc-(4-Nitrophenyl)- jS-acetylethyl] - 4- 
hydroxycoumarin (Sinthrome, Sin- 
trom Coumarin G. 23.350) Proper­
ties of (Leroux and Jamain), 998. 

»Non-aqueous Method of Assay for the 
Barbituric Acids and some Com­
mercial Products (Chatten), 504.

Non-ionic Surface-active Agents. Part I. 
The Solubility of Chloroxylenol in 
Aqueous Solutions of Polyethylene 
Glycol "^OoO Monocetyl Ether 
(Mulley and Metcalf), 774.

Noradrenaline, Activity Ratio of, to 
Adrenaline in Various Colour Re­
actions (Ozaki), 987.

Noradrenaline, Adrenaline and Hydr- 
oxytyramine in Urine, Fluorimetric 
Estimation of (Weil-Malherbe), 
991. •

Noradrenaline and Adrenaline Content 
of Cat Organs, Effect of Amine 
Oxidase Inhibitions on (vo* Euler 
and Hellner-Bjorkman), 218.

Noradrenaline and Adrenaline Content 
of Cat Organs, Effect of Increased 
Adrenergic Nerve Activity on (von 
Euler and Hellner-Bjorkman), 156.

Noradrenaline and Adrenaline, Elimina­
tion of, from the Circulating Blood 
(Celander and Mellander), 354.

Noradrenaline and Adrenaline, Fluori­
metric Micromethod for Differential 
Estimation of (von Euler and 
Floding), 58.

Noradrenaline and Adrenaline, Free 
and Conjugated, in Urine, Diurnal 
Variations in (von Euler, Hellner- 
Bjorkman and Orwen), 58.

Noradrenaline and Adrenaline in Plasma, 
F lu o rim e tric  D e te rm in a tio n  of 
(Richardson, Richardson and Bro- 
die), 991. V  I

Noradrenaline and Adrenaline inTissues I 
(Montagu), 150. *

(—)-Noradrenaline and (f—)-Adrenaline, 
Polarographie Measuremeift of
(Henderson and Slone Freelbe*g)^» 
145. *  '

Noradrenalirte and^kdrenaline Solutions, 
Analysis of (Welsh), 280. •

Noradrenaline and Adrenaline* Urinary 
Excretion during Recumbency and 
standing (von Eul^r, £,uft and 
Sundin), 219.

(—)-Noradrenaline gnd Angiotonin, R ^  
Iation of, to Essential Hypertension 
(Greisman), 809. .

Noradrenaline in tiie Adrenals of 
Young Dogs (Ozaki), 1170.

Noradrenaline in the Treatment of 
Acute Cor Pulmonale (de Sv*it), 
291.

Noradrenaline in the Treatment of 
Severe Shock (Gilmour), 219.

Noradrenaline, Skin Nccrbsi* Following 
Intravenous (Humphreys, Johnston 
and Richardson), 291.

Novobiocin se e  a lso  Streptonivicin and 
Cathomycin.

Novobiocin, Clinical and Laboratory 
Evaluation (Lin and Coriell), 1170.

Novobiocin : Laboratory Investigation 
(Lubash, van der Meulen, Berntsen 
and Tompsett), 998.

Novobiocin; Plasma and Spinal Fluid 
Concentrations in Man (Bayne, 
Strickland, Glyfe and Boger), 1170.

Novobiocin, Studies on (Simon, McCune 
Dineen and Rogers), 1171.

Nux Vomica, Colorimetric Assay of 
(Karnftzin and Böswart), 677.

Wux Vomica Tincture, Simplified Assay 
for (Scott, Taub and Piantadosi), 
1164.

Nystatin ; Effects on Growth of C a n d id a  
a lb ic a n s  (Childs), 813.

Nystatin in Mycotic Infections (Stewart),
1000.

o
Ogstradiol, Oestriol and Oestrone in 

Urine, Determination of (Brown), 59.
Ofestriol, Oestrone and Oestradiol in
• iftine, Determination of (Brown), 

59. *  ,
Oestrogen Preparations, Analysis of 

(Sanders, Banes and Carol), 544.
Oestrone, Oestrioë arjd Oestradiol in 

Urine, DeteAiinanOT oî (Brown), 59.»
Oils, Bacteria-excluding Filters for (Avis 

and Gershenfeld), 463.
Ophthalmic* Solutions, Evaluation of 

Preservatives for (Lawrence), 287«
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Opium Alkaloids, Paper Chromato­
graphy of (Reichelt), 57.

^  Opium, f‘Assay by Paper Chromato­
graphy (Svendsen, Aarnes and 
Paulsen), 146.

Opium, Improvement in U.S.P. Method 
• for Determining Morphine in (Brick- 

•  le i and Whipple), 347.
«Organrc MercuryilCompounds, Bacterio-
• ’ slStic and Bactericidal Effect of 

(Clausen), 296. .  *
•Organic Phosphate Insectides, Paper 

Chrcfhiatography of (Cook), 209.
Organic Phosphates, Pharmacological 

Effect of ¿Bagdon and Dubios), 291.
Organo-phosphorus Compounds, Re- 

activation of CfyolinesterSse Inhibi- 
hibited by, v*th Oximes and Hydro- 
xamic Acids (Childs, Davies, Green 
and Rutland),*350.

Oxamides, Bis-Quaternary Salts of 
Basically Substituted (Lands, Karcz- 

■nar, Howard and Arnold), 359.
Oxamycin, Clinical Observations on 

(Robinson, Morgan, Richard, Frost 
and Alpert), 65.

Oximes an# "Hydroxamic Acids, Re­
activation by, of Cholinesterase 
Inhibited by Organo-phosphorus 
Compounds (Childs, Davies, Green 
and Rutland), 350.

Oximes, Reversal by, of Neuromuscular 
Block Produced by Anticholines­
terases (Holmes and Robins), 360.

Oxytetracycline and Tetracycline, Paren­
teral (Katz, Klioze and P’an), 553.

Oxytocin and Vasopressin, Partition 
Chromatography of (Condliffe), 284.

Oxytocin and Vasopressin, Separation 
of (Hausmann), 549.

Oxytocin as Stimulator for the Release 
of Prolactin from the Anterior 
Pituitary (Benson and Foley), 1171.

Oxytocin, Clinical Trial of (Francis* 
and Francis), 814.

Oxytocin, Synthetic (Bainbridge, Nixon, 
Schild and Smyth), 814.

P
pA2 at Two Minutes, Method for the 

Determination of (Lockett and 
Bartlet), 18. #

Papaverine and its Salts, CMorimetric 
Determination of (Soboleva), 545?

P a p a v e r  s o m n ife r u m , Ion Exclt<#ige • 
Separation of Morphine fjbm (van 
Etten, Earle, McGuire and Senti), 
806.

PAS Salt of Isonif^id# Clinical Trial in
,  Pulmonaiy ^uibcrA losii (Clegg), 

292.- '
PAS, Streptomycin and Isoniazid: Com­

bined use in Tuberculoid Meningi­
t i s  (Maggi, Diaz and Pfister), 557.

P a s tin a c a  sa tiv a , Pharmacognostical 
Study of the Fruit of (Falimy, 
Saber and Kadir), 653. 0

Penicillin Levels in Plasma after Phen­
oxymethylpenicillin (Nichols, Jones 
and Finland), 559.

Penicillin V (Phenoxymethylpenicillin),
A Note on the Pharmacology of 
(Helmy and El Borolossy), 33.

Penicillin-Triple Sulphonamide Mixture 
in Urinary Tract Infections (Bohne 
and Chase), 1171.

Pennyroyal Poisoning (Vallance), 219.
Pentamidine in the Treatment of Monili­

asis (Stenderup, Bichel and Kissme- 
yer-Nielson), 461.

Peptide, Hypertension, Compositicn of 
(Peart), 617.

Peptides, Naturally-Occurring, Structure 
and Synthesis of (Robinson), 297.

Peptone, Bacteriological, Examination 
of (Habeeb and Shotton), 197.

Percutaneous Absorption (Hadgraft and 
Somers), 625.

Percutaneous Absorption using Diiodo- 
fluorescein 131I (Hadgraft, Somers 
and Williams), 1027. Addendum,
J .  1957, 9, No. 1, inset.

Persedon, Isolation and Detection of, 
for Forensic Purposes (Dybing), 
350.

Pertussis Vaccines: Effect of Added 
Toxoids on Antigenicity (Ungar), •  
680.

Pesticides, Chlorinated Organic, Separa­
tion and Identification of (Mitchell), 
1163.

Petaline Chloride, P relir^n^^ Observa­
tions on the Pharmacology of 
(McShefferty, Nelson, Paterson, 
Stenlake and Todd), 1117.

Pethidine; Controlled Analgesia with 
Continuous Drip (Ausherman, No­
will and Stephen), 622.

Pharmaceuticals, Determination of Bar­
biturates in (Rotondaro), 144.

Pharmacopoeias and Formularies. 67, 
220, 363.

Phenazine Series, Antituberculosis Acti­
vity in. Isomeric Pigments obtained 
by Oxidation of o-Phenylenedia- 
mine Derivatives (Barry, Conalty 
and Gaffney), 1089.

Phenindione, Effect of Intravenous Vit­
amin K x on the Action of (Dawson), 
295.

Phenobarbitone and Diphenylhydan- 
toin, Chromatography of (Curry), 
450.

Phenobarbitone and Diphenylhydan- 
toin in Blood, Simultaneous Deter­
mination of (Plaa and Hine), 992.

Phenobarbitone, Argentimetric Titration 
of (Bodin), 806.

Phenobarbitone, Metabolite of, in Hu­
man Urine (Algeri and McBay), 551.
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Phenol, A Sparingly Water-soluble, 
Influence of Soaps on the Bacterici- 

% dal Activity of (Berry and Briggs), 
1143.

Phenol-Soap Mixtures, Bactericidal 
Activities of (Berry, Cook and 
Wills), 425.

Phenoxymethylpenicillin (Martin, Nich­
ols, and Heilman), 452.

Phenoxymethylpenicillin, Comparison 
with Benzylpenicillin on Oral Ad­
ministration (Wright, Kirshbaum, 
Arret, Putnam and Welch), 292.

Phenoxymethylpenicillin: Plasma Peni­
cillin Levels (Nichols, Jones and 
Finland), 559.

Phenoxymethylpenicillin (Penicillin V), 
A Note on the Pharmacology of 
(Helmy and El Borolossy), 33.

P h e n y lp ro p y lh y d ro x y c o u m a r in  : 
(Marcoumar): Anticoagulant Action 
(Toohey), 360.

Phenytoin Sodium, Megaloblastic Anae­
mia due to (Ryan and Forshaw), 
65.

Pholcodine, Paper Chromatography of 
(Sabon and Monnet), 988.

Phosphate Insecticides, Organic, Paper 
Chromatography of (Cook), 209.

Phosphates, Organic, Pharmacological 
Effects of (Bagdon and Dubois), 291.

Piperoxan in the Treatment of Adrena- 
•  line Overdosage (Freedman), 65.

Pituitary, Anterior, Oxytocin as Stimula­
tor for the Release of Prolactin 
from (Benson and Folley), 1171.

Plant Materials, Determination of Cop­
per ir^ n ^ j-u s) , 56.

Plasma and Tied Blood Cell Cholines­
terase Activity, Determination of 
(Augustinsson), 619.

Plasma and Spinal Fluid Concentrations 
of Novobiocin in Man (Bayne, 
Strickland, Glyfe and Boger), 1170.

Plasma Bilirubin, Determination of 
(Graham), 284.

Plasma, Determination of Fibrm in 
(Christensen), 211.

Plasma, Determination of Heparin in 
(Engleberg, Dudley and Freeman), 
352.

Piasma Expanders, Size and Shape of 
Macromolecules in (Campbell), 93.

Plasma, Fluorimetric Determination of 
Adrenaline and Noradrenaline in 
(Richardson, Richardson and Bro- 
die), 991.

Plasma Glycine, Determination of 
(Schwartz, Robertson and Holmes), 
352.

Plasma haemoglobin, Spectrophoto- 
metric Determination of Total 
(McCall), 808.

Plasma Penicillin Levels after Phenoxy­
methylpenicillin (Nichols, Jones and 
Finland), 559.

Podophyllum Resin, Quantitative Esti­
mation of Active Substances in i  
(Potesilovä), 545. •

Polarography of Some Purine Derivatives T  
(Luthy and Lamb), 410. *1

Poliomyelitis Vaccine, Preservation of, •  
with Stabilised Thiomersal (Davis- 0 
son, Powell, MacFarlane, Hofigson, 0  
Stone and Culbertson), 620. * • 0

Polymixin B and E, Release of hist&j> #  
mine b^ (Busjiby and Green), 66.

Polyoxyethylene or Polyoxypropylene* 
Group, Detection of Surffbe-active 
Agents Containing (Ros|u), 57.

Polypeptide Chain Cogfigujation of 
Collagen (Cowan, McGavin and 
North?, 282. ,

Polyvinylpyrrolidone a 9  an Adjunct to 
Antibacterials (Sheinaus and Sper- 
andio), 214. •

Posterior Pituitary Extracts, In  V ivo  
Potentiation by Magnesium Salts 
of the Uterine Response to, ii»the 
Bovine (Fitzpatrick), 403.

Powders, An Investigation into the 
Compaction of (Train), 745.

Prednisolone and Predniftjife in Rheu­
matoid Arthritis (Hart, Clark and 
Golding), 293.

Prednisolone and Prednisone in Rheu­
matoid Arthritis (Boland), 1172.

Prednisone and Prednisolone in Lupus 
Erythematosus (Bollet, Segal and 
Bunim), 462.

Prednisone and Prednisolone in Rheu­
matoid Arthritis (Boland), 1172.

Prednisone and Predisolone in Rheu­
matoid Arthritis (Hart, Clark and 
Golding), 293.

Prednisone, Clinical and Metabolic 
Effects of (Nabarro, Stewart and 
Walker), 293.

Preservations for Ophthalmic Solutions,
•  An Evaluation of (Lawrence), 287.
Preservatives in Pharmaceutical Pro­

ducts, Efficacy of (Rdzok, Grundy, 
Kirchmeyer and Sylvester), 353.

Primidone; Megaloblastic Anaemia 
during Therapy (Girdwood and 
Lenman), 685.

Probenecid, Cinchophen and Colchicine ‘ 
in Gout (Gjorup and Poulsen), 462.

Progesterone and 17a-Hydroxyproges- 
.  terone, Comparative Anti-oestro­

genic 0 Potencies of (Mardones,
• Jadrijevic and Lipshutz), 686.

•Profcttin, Oxytocin as Stimulator for 
the «.elejse of, from the Anterior 
Pituitary (Benson and Folley), 1171.

Propoxyphene, Bioassay of Analgesic 
Activity of ♦Guiber. King, Best, 
Schievt, Elftrs anWZnsolek), 559. ,

Protoveratrine, Determination of (Lev­
ine and Fischbach), 545.

PsychoneuAses, Rauwolfia and Reser- 
pine in (Folkson and May), 295*
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Purine and Pyrimidine Analogues: 
Effect of, on Enzyme induction in

^ M y c o .  tu b e r c u lo s is  (Ottey), 362.
.  Purine f  Derivatives, Polarography of
* Some (Luthy and Lamb), 410.

Pyrexin, Relation to some Bacterial
1 •  Pyrogens (Menkin), 66.
•  Pyrim dine and Purine Analogues: 

'  Effect of, o* Enzyme Induction in
' M y c o .  tu b e r c u lo s is  (Ot^ey), 362.
Pyrogens, Action e f  Ion Exchange 

*  Resins on (Whittet), 1034.
Pyrogen? in Injection Solutions (Kess­

ler), 61.
PyrogensJkin «he Production of Fever 

(Atkins and Wood), 69.
gyrogen Tests, Effects o f ’ Drugs on 

(Frey,»HoltS and Soehring), 620.
%

Q
Qu^ernary Ammonium Compounds, 

H3acteriostatic and Bactericidal 
Effect of (Clausen), 368.

Quaternary Ammonium Compounds, 
Deternjia*tion of (Lincoln and 
Chinnick), 988.

Quaternary Ammonium Compounds, 
Determination of (Reiss), 678.

Quaternary Ammonium Salts, Relation­
ship of Charge Density, Antibacter­
ial Activity and Micelle Formation 
of (Cella, Harriman, Eggenberger 
and Harwood), 214.

Quinine and Heroin, Spectrophoto- 
metric Determination of (Pro, Butler 
and Mathers), 677.

LoQuinoline Unsymetrical Bis-quater- 
nary Hypotensive Agents, Pharma­
cology of (O’Dell, Luna and 
Napoli), 156.

R
Radioactive Digitoxin, Metabolic Fate 

of, in Human Subjects (Okita, 
Talso, Curry, Smith and Geiling), 
560.

Radioactive Iodine in Thyrotoxicosis 
(Blomfield, Jones, Macgregor, Mil­
ler, Wayne and Weetch), 294.

Raunescine and fsoRaunescine from 
R a u w o tfia  ca n e s c e n s  L. (Hosansliy 
and Smith), 447. •

Rauwolfia Alkaloids (Lewis), 465. *
Rauwolfia and Reserpine in PfjRho« 

neuroses (Folkson an^ M ^ ), 295.
R a u w o lfia  c a n e s c e n s  Linn. Recanescine, 

A New Sedative Principle (Neuss, 
Boaz and Fqiise^. 55.

J ia u w o lfia \ cm nescens, ilaurffescine and 
¿re Raunescine from (Hosansky and 
Smith), 447.

Rauwolfia in Hypertension (Moyer, 
• Dennis and Ford), 294.

Rauwolfia Preparations and Reserpine 
in the Treatment of Hypertension 
(Achor, Hanson and Gifford). 360.^

R a u w o lfia  se rp e n tin a , Anti-acetylcholine 
and Antihistamine Actions of the 
Total Alkaloids (Chatterjee and 
Hausler), 219.

R a u w o lfia  se rp e n tin a , Differentiation of 
(Banes and Carol), 546.

R a u w o l f i a  s e r p e n t i n a  Preparations, 
Chemical Evaluation of (Carol, 
Banes, Wolff and Fallscheer), 1164.

R a u w o lfia  v e r tic i l  la ta , S-Yohimbine from 
the Bark of (Arthur), 447.

R a u w o lfia  v o m ito r ia  AFZ, Structure of 
Root, Rootstock and Stem-base of 
(Evans), 120.

Recanescine, a New Sedative Principle 
of R a u w o lfia  c a n e s c e n s  Linn. (Neuss, 
Boaz and Forbes), 55.

Recent Advances in Pharmaceutical 
Analysis (F.I.P. report), 225.

Red Blood Cell and Plasma Cholinester­
ase Activity, Determination of 
(Augustinssoni, 619.

Rescinnamine, Isolation from R a u w o lfia  
v o m ito r ia  Afz., (Kidd), 346.

Reserpine Action, Serotonin Release as a 
Possible Mechanism of (Pletscher, 
Shore and Brodie), 157.

Reserpine, Analytical Methods for 
(McMullen, Pazerda, Missan, Ciac- 
cio and Grenfell), 281. *

Reserpine and Chlorpromazine, Effects 
of, on Gastric Secretion (Haver- 
back, Stevenson, Sjoerdsma and 
Terry), 462.

Reserpine and Rauw(^fi%^» -Psycho- 
neuroses (Folkson ancl May), 295.

Reserpine and Rauwolfia Preparations 
in the Treatment of Hypertension 
(Achor, Hanson and Gifford), 360.

Reserpine and Related Compounds, 
Paper Chromatographic and Bio­
logical Properties of (Boscott and 
£ ar), 347.

Reserpine, Chlorpromazine and Isonia- 
zid in Mental Disorder (Hewat, 
Leach and Simpson), 288.

Reserpfne, Fluorimetric Assay of 
(Dechene), 450.

Reserpine in Delirium Tremens (Avol 
and Vogel), 623.

Reserpine in Pharmaceutical Prepara­
tions, Determination of (Booth), 
347.

Reserpine in Pharmaceutical Products, 
Determination of (Bartelt and 
Hamlow), 546.

Reserpine in Tablets, Identification and 
Determination of (Banes), 282.

Reserpine, Note on the Pharmacology 
of (Gillis and Lewis), 606.

Reserpine Preparations, Chromatogra­
phic Analysis of (Banes, Carol and 
Wolff), 546.

1193



S U BJ ECT  I N D E X

Resypine, Psychosis Caused by (Sch- 
roeder and Perry), 361.

^Reserpine, Serotonin and Lysergic Acid 
Diethylamide, Interaction of, in 
Brain (Shore, Silver and Brodie), 70.

Reserpine, Total Synthesis of (Wood­
ward, Bader, Bickel, Frey and 
Kierstead), 547.

Respiratory Paralysants “Hemicholin- 
iums,” a New Group of (Schueler), 
356.

Reticulo-endothelial System, Effect of 
Cortisone on (Nicol and Snell), 

* 810.
R h a m n u s  fr a n g u la , Determination of 

Anthranols in (Miihlemann), 209.
R h a m n u s  fr a n g u la , Glycoside Content of 

(Miihlemann and Schmid), 146.
Rheology of Oil-in-Water Emulsions 

I. The Effect of Concentration of 
Constituents on Emulsion Con­
sistency (Axon), 762.

Rheumatic Diseases, Zoxazolamine in 
(Smith, Kron, Peak and Hermann), 
687.

Rheumatoid Arthritis, Cortisone and 
Aspirin in the Treatment of, 153.‘

Rheumatoid Arthritis, Prednisolone and 
Prednisone in (Hart, Clark and 
Golding), 293.

Riboflavine and Aneurine, Estimation of 
(Giri and Balakrishnan), 55.

•Riboflavine Excretion Technique, Rel­
iability in Determining Availability 
of Coated Tablets (Chapman and 
Campbell), 224.

Riboflavine in Pharmaceutical Products, 
De?ei««»atipn of (Brealey and 
Elvidge), 885.

Roter Tablets in the Treatment of 
Peptic Ulcer (Hamilton), 156.

Rubber Used as a Closure for Contain­
ers of Injectable Solutions, An 
Examination of Part II. The Absorp­
tion of Chlorocresol (Wing), 734. 
Part III. The Effect of Chemical 
Composition of the Rubber Mix 
on Phenol and Chlorocresol Absorp­
tion (Wing), 738.

R u b u s , Anatomical Studies in theljenus, 
Part I. The Anatomy of the Leaf of 
R u b u s  id a eu s  L. (Fell and Rowson) 
334.

s

Salt and Water Metabolism, Effects of 
Glycyrrhetinic Acid on (Galal), 216.

Santonin, Further Note on the Gravi­
metric Determination of (Qazil- 
bash), 27.

Santonin, Chemistry of. Part II. Pre­
paration of some Derivatives with 
Possible Anthelmintic Activity 
(Cocker and McMurray), 1097.

Sarcolysine (DL-p-Di(2-chloroethyl)am-
inophenylalanine), A n titu m o u r  /
Activity of (Larionov, Khokhlov, f  
Shkodinskaja, Vasina, Troo^heikina. y 
and Novikova), 286. #

Sarin and Tabun, Contributions to the 
Pharamcology of (Heymans,,PoA- * 
et and van Houtte), 1173. *

Sarin, Enzymatic Hydrolysis o f.(i-k js^  
kin), 54g. * *

S c h is to so m ic id e l A c tiv ity  of
Symmetrical Diaminodmhenoxy- ( 
alkanes (Raison and Stanaen), 60.

Senega, A Substitute for (Ricjcway and 
Rowson), 915. • •

Serotonin sg e  a lso  5-Hydroxytryptamine.
Serotonin, Methyls»rotonins as Poteqt 

A n tim e tab o lite s* o f (Shaw and 
Woolley), 1168. *

Serotonin Release as a Possible Mechan­
ism of Reserpine Action (Plet- 
scher, Shore and Brodie), 157.

Serotonin, Reserpine and Lysergip “Reid 
Diethylamide, Interaction of in 
Brain (Shore, Silver and Brodie), 70.

Serum Albumin, Human, ¿rom Placental 
Extracts, Procedure for ftie Prepara­
tion of (Taylor, Bloom, McCall 
and Hyndman), 991.

Serum and other Proteins, Chromato­
graphy of (Bowman), 59.

Serum  C alc ium , D e te rm in a tio n  of 
(Harrison and Harrison), 352.

Serum, Estimation of Magnesium in 
(Smith), 149.

Serum Gamma-Globulin, Effect of Cor­
tisone on the (Snell and Nicol), 810.

Serum, 5-Hydroxytryptamine in (Shar- 
man and Sullivan), 548.

Sickness, Motion, Evaluation of Drugs 
for Protection Against, 1169.

Silicon, Colorimetric Determination of 
(King*and Stacy), 146. 

ilicone Aerosols, Control of Pulmonary 
Oedema with (Nickerson and Curry),

I

72.
Sinthrome, Sintrom, 998.
Soap Concentration where Interaction 

with Decanol-1 begins and its 
Dependence on the Chain Length of 
the Soap (Ekwall, Soderberg and 
Danielson), 994.

Soap-Phenol Mixtures, Bactericidal 
• Activities of (Berry, Cook and 

Wills),*425.
Soaps# Influence of, on the Bactericidal
• “Activity of a Sparingly Water- 

soluiie Phenol (Berry and Briggs), 
1143.

Soap Solutions Structure and Bacterici­
dal Activity^S rdrtqgy), 9 9 9 .

Sodium Cuprate Concemfhtian where* 
Interaction with Long-chafh Alco­
hols Begins and its Dependence on 
the Chain Length of Alcohol 
(Ekwall and Aminoff), 994. *
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Sodium Carboxymethylcellulose, Det­
ermination of (Szalkowski and 
MaiJer), 347.

Sodiuin Carboxymethylcellulose, Non-
* aqueous Titration Assay for (Sideri
* and Osol), 547.

S*dium 3 : 5-Diacetamido-2:4 :6-triiodo- 
' benzoate (Hypaque Sodium), a 

% .  New Urogrqphic Contrast Medium,
• * aftd Related Compounds, Toxicity of 

(Hoppe, Larsen ^nd Cifulston), 814. 
•Sodium-retaining Activity of Pure Corti- 

coidt and of Extracts of Adrenal 
VeimBlood, Bioassay of (Galal), 510. 

Sodium ^ulpjjate , A Note on the 
Determination of (Butler and Ingle), 
264. # •

Spermidine^md Spermine, Pharmacology 
of (Tabo%and Rosenthal), 1173. 

Spermine and Spemiidine Pharmacology 
of (Tabor and Rosenthal), 1173. 

Spinal Fluid and Plasma Concentration 
*ef Novobiocin in Man (Bayne, 
Sflrickland, Glyfe and Boger), 1170. 

Spiramycin : Clinical and Laboratory 
Studies (Hudson, Yoshihara and 
Kirby),*5 « .

Spiramycin I n  V itr o  Study of (Pinnert- 
Sindico and Pellerat), 993. 

Staphylococcus Enterotoxin, Detection 
of (Levi, Matheson and Thatcher), 
551.

Sterculic Acid, Structure of (Verma, 
Nath and Aggarwal), 348. 

Sterilisation by Gas, Resistance of 
Crystalline Substances to (Abbott, 
Cockton and Jones), 709.

Sterility of Pharmaceutical Preparations, 
Tests for, (F.I.P. report), 561. 

Sterility Testing, Technique of (Sykes), 
573.

Sterility Tests, Design and Interpretation 
of (Bryce), 561. •

Steroid Anaesthesia in Surgery (Murphy* 
Guadagni and De Bon), 157.

Steroid Anaesthetic Agent (Laubach, 
P’an and Rudel), 72.

Steroids, Deuterisation of, and their 
Use in Isotope Dilution Analysis 
(Jones, Robinson, Arison and 
Trenner), 805.

S tr e p to c o c c u s  fa e c a l i s , Tetrazolium Re­
duction as a means of Differentia­
ting S tr e p to c o c c u s  f a e c iu m  from 
(Barnes), 624. •

Streptomycin, Isoniazid and PAS ; Con»- 
bined Use in Tuberculous Mtwng-j 
itis (Maggi, Diaz and Pfj#ter), 557. 

Streptonivicin se e  a lso  Novobiocin and 
Cathomycin.

Streptonivicin (Alb«mycin) (Martin, 
% H eilm an  «S ho lsf Wullman and 

Ge»3f!), 453.
Streptonivicin and Cathomycin, Anti­

bacterial Activity of (Jdhes, Nichols 
• and Finland), 993.

Strychnine in the Presence of Quinine, 
Assay of (Morton and Tinley),*967.

Strychnine Salts and Preparations Con-* 
taining Strychnine, Source of Error 
in the Assay of (Caws and Foster), 
790.

Suavitil se e  Benactyzine.
Substance P and Bradykirin, Compara­

tive Study (Pernow and Rocha e 
Silva), 215.

Succus Liquiritae, Determination of 
Glycyrrhizic Acid in (Onrust, Jan­
sen and Wostmann), 449.

Sugars and Related Substances, Colori­
metric Method for (Dubois, Gilles, 
Hamilton, Rebers and Smith), 807.

Sulphafurazole, Colorimetric Determina­
tion of (Blazek and Stejskal), 678.

Sulphonamide-Penicillin Mixtures in 
Urinary Tract Infections (Bohne 
and Chase), 1171.

Surface-active Agents, Analysis of (Reid, 
Alston and Young), 282.

Surface-active Agents Containing Poly­
oxyethylene or Polyoxypropylene 
Group, Detection of (Rosen), 57.

Surface-active Agents, Non-ionic. Part 
I. The Solubility of Chloroxylenol 
in Aqueous Solutions of Polye­
thylene Glycol 1000 Monocetyl 
Ether (Mulley and Metcalf), 774.

Suxamethonium, Influence of Anti­
cholinesterases on the Neuromus-« 
cular Block Produced by (Kohn 
and Bovet), 309.

Synthalin A as a Selective Mitotic 
Poison Acting on Alpha-Cells of 
Islets of Langerhans jTjerjjer and 
Runge), 157. *

T
Tablet Lubricants, Water-Soluble (Smi- 

lek, Cosgrove and Guth), 214.
Tablets, Coated, Reliability of Ribo­

flavine Excretion Technique in 
ftetermining Availability of (Chap­
man and Campbell), 224.

Tablets, Enteric Coated, Disintegration 
of»(Brindamour and DeKay), 213.

Tablets, Enteric Coated, Disintegration 
of, in Simulated Digestive Juices 
(Crisafio, Taylor and Chatten), 213.

Tablets, Some Statistical Aspects of 
the Analytical Control and Stand­
ardisation of 'Rogers), 1103.

Tabun and Sarin, Contributions to the 
Pharmacology of (Heymans, Pochet 
and van Houtte), 1173.

Testing for Sterility, Technique of 
(Sykes), 573. •

Tests for Sterility, Design and Inter­
pretation of (Bryce), 561.

Tetanus, Chlorpromazine Hydrochlor­
ide in the Treatment of (Cole and 
Robertson), 288.
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Tetanus Convulsions, Chlorpromazine 
Tin the Treatment of (Kelly and 

% Laurence), 555.
Tetracycline and Oxytetracycline, Par­

enteral (Katz, Klioze and P’an), 553.
Tetracycline Antibiotics, Separation of 

(Minieri and Mistretta), 678.
Tetracyclines,* Avidity of, for the Cations 

of Metals (Albert and Rees), 681.
N N N N '-Tetraethyl-N '  IV'-dimethyl-3- 

o x ap en tan e-1  : 5 -d iam m on ium  
Di-monohydrogen Tartrate, a New 
Ganglionic-blocking Agent, Pharm- 

• acology of (Fakstorp, Poulsen, 
Richter and Schilling), 463.

Tetramine (Triethylene Melamine) and 
Nitrogen Mustard, Haemopoietic 
Depression from (Mrazek and 
Wachowski), 218.

Tetrazolium Reduction as a means of 
Differentiating S tr e p to c o c c u s  fa e c a l is  
from S tr e p to c o c c u s  fa e c iu m  (Barnes) 
624.

Thiambutene and Barbiturate Anaesth­
esia in the Dog (Correction) 
(Owen), 160.

Thiambutene-type Compounds, Influ­
ence of the Basic Groups on 
Physico-chemical Properties and the 
Activity of (Beckett, Casy, Harper 
and Phillips), 860.

Thiocaine and Related Compounds, 
•  Alkoxy Analogues of, Corneal 

Anaesthetic Activity and Toxicity 
of (Luduena and Hoppe), 224.

Thiocyanate, Cyanide and a-Hydroxy- 
nitriles, Determination of (Bruce, 
H c^v a^m d  Hanzal), 144.

Thiornersa^^taoilised, Preservation of 
Poliomyelitis Vaccine with (Davis­
son, Powell, MacFarlane, Hodgson, 
Stone and Culbertson), 620.

Thiopentone, Comparison of Methitural 
with (Irwin, Stagg, Dunbar and 
Govier), 997.

Thiuram Disulphides and Related Com­
pounds, Acute Toxicity and ftisul- 
firam-like Activity (Barnes and 
Fox), 560.

Thyrotoxicosis, Radioactive Iodine in 
(Blomfield, Jones, Macgregor, Mil­
ler, Wayne and Weetch), 294.

Tissues and Blood, Determination of 
Azovan Blue in (Clausen and 
Lifson), 618.

ij-Tocopherol (7-Methyltocol) : A New 
Tocopherol in Rice (Green and 
Marcinkiewicz), 617.

Toxoids, Effect of added, on Anti­
genicity of Pertussis Vaccines 
(UngSr), 680.

Tri and Diphenylmethane Dyes, Basic, 
Acridine Analogues of, Relations 
Between Bacteriostatic Activity and 
Chemical Constitution (Fischer, 
Szabó and Genselovich), 191.

1 :2 :4-Triazoles, Inhibition of Cholin­
esterase by (Polya), 350. f

3 :5 :3  '-Tribromo-DL-Thyronini in Myx- f  
oedem a (C o m p sto n  an d  P itt-  
Rivers), 560. * .

Tricyclamol (Elorine), studies on (Bach- * 
rach and Schapir-o), 686. •  0

Triethyltin Sulphate and Diethyltih $  
Dichloride, Biochemistry of (A ld^ ' 
ridge and Cremer), 210. •  * • 0

Triidothyroifine; fyletabolic and Thera­
peutic Effects (Frawley, McClintock,*
Beebe and Marthy), 686. •  *•

Tryptophan and 5-Hydroxyywptamine 
in Patients with Malignajl Carcin­
oid (Udenfriend, Weissbach and 
SjoerdSma), 816.

Tubercle Baccilli, AntiPtubeeiulous In f  
munity Induced fey Methanol 
Extracts of (Wei*, and Dubos), 681. •

Tuberculous Meningitis, Combined use 
of Isoniazid, Streptomycin and PAS 
in (Maggi, Diaz and Pfister), 5Sff. 

Tuberculosis, Pulmonary, Clinical Trial 
of PAS Salt of Isoniazid (Clegg),
292.

Turbidity, Limit Test fo^Ulver, Jack- 
erott and Reimers), 454.

Tyrothrycin, Nephelometry in the Assay 
of (Leclercq), 1165.

u
Ultrasonic Vibrations, Formation of 

Oil-in-Water Emulsions with (Mou- 
nier, Blanquet, Piffault and Dallies),
1167.

Ultrasonic Waves, Emulsification with 
(Beal and Skauen), 287.

Ultra-violet Spectrophotometry of Bar­
biturates, Interference to (Curry),
207.

United States Dispensatory 25th Edition 
•  1955, Review of, 365.
Uracils and Related Compounds, Anti­

convulsant Activity of (Wenzel),
362.

Uracils as Anticonvulsants (Burckhalter 
and Scarborough), 361.

Urea in Blood and Urine, Determination 
of (Rosenthal), 452.

Urinary Indoles, Paper Chromatogra­
phy of (Jepson), 284. 

l^rinary Infections, Cycloserine in (Her- 
rold, Soand and Kamp), 457.

Srinary Tract Infections, Neomycin in 
,  «(Rountree and Rantz), 558.
Urinary %racLinfections, Nitrofurantoin 

in (Ricnards, Riss, Kass and 
Finland), 461.

Urinary Tract infections, Penicillin- 
Triple» Sulpionanflkli^ Mixture i|j 
(Bohne and Chase), 117^«

Urine, Determination of 5-Hydroxy- 
indoletfcetic Acid in (Hanson and 
Serin), 451. •
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Urine, Determination of Lead in 
^  (McCord and Zemp), 149.

v  Urine, extermination of Mercury in 
(Rolfe, Russell and Wilkinson), 212. 

.  ’tlrine, Betermination of Oestriol Oest-
•  - rone and Oestradiol in (Brown),

% * •  59. ,
•Urine, Determination of Urea in (Rosen-
> ,  ,thal), 452. •  ».

% Urfne,•Diurnal Variations of Free and 
Conjugated Adrenaline‘and Nora-

•  drenaline in (von Euler, Hellner-
* BjorWnan and Orwén), 58.

Urine, Etfimation of Glycyrrhetinic 
Acid f l  (vqp Katwijk and Huis in ’T 
Veld), 148.

Urine, Fluorimetric f  stimati(Jn of Ad- 
* renalin^Nomdrenaline and Hydro-

xytyramin%in (Weil-Malherbe), 991.
Urine, Identificatisifl of Hyperglycaemic 

Factor in (Moya, Szerb and Mac­
intosh), 991.
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