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R e s e a r c h  P a p e r s

Some cyclic hydroxamic acids
R . T. C O U TT S, D . N O B LE  A N D  D . G . W IB B ER L E Y

The p rep ara tio n  o f certain  quinolines, quinazolines, quinoxalines, benzoxazines and 
benzothiazines con tain ing  the  cyclic hydroxam ic grouping is described. In vitro 
an tibacteria l activities show ed th a t no com pound  h ad  a  b ro ad er spectrum  o f activity  
th an  the  know n l,2 -d ihydro-l-hydroxy-2-oxoquino line .

T HE discovery of the high inhibitory in vitro activity of aspergillic 
acid (I) against both Gram-positive and Gram-negative organisms 

(White, 1940; White & Hill, 1943), together with the demonstration of a 
hydroxamic acid grouping in the molecule (Dutcher, 1947; Dunn, 
Gallagher, Newbold & Spring, 1948), stimulated a search for less toxic 
analogues. Despite the fact that over the last 20 years at least twelve 
different aromatic V-heterocyclic systems containing a hydroxamic acid 
grouping have been synthesised, the preparative difficulties have, in most 
instances, precluded the synthesis of more than a few examples of each 
particular system. The preparation of compounds closely related to the 
naturally occurring cyclic hydroxamic acids aspergillic acid (I), pulcherri- 
minic acid (II) and iodinin (III) remains a moderately difficult task. The 
synthesis of bi- and tri-cyclic systems containing a hydroxamic group has, 
however, been facilitated by the discovery (Coutts & Wibberley, 1963) 
that reductive cyclisation of suitable o-nitro-esters with sodium boro- 
hydride and palladised charcoal yielded cyclic hydroxamic acids.

In view of the known superior antibacterial activity of 1,2-dihydro-1- 
hydroxy-2-oxoquinoline (IV; X-Y =  CH =  CH) (see Newbold & Spring,
1948) we have prepared a number of analogues of this compound which 
retain a bicyclic ring system but have other heteroatoms within the 
molecule. The influence of aromaticity on antibacterial activity has also 
been investigated both in the parent quinolines and in aza-analogues.
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Ethyl j8-(o-nitrophenyl)propionate gave a good yield of 1,2,3,4-tetra- 
hydro-l-hydroxy-2-oxoquinoline (IV; X-Y =  CH2—CH2) on treatment 
with sodium borohydride and palladised charcoal, and the precursor of 
this ester, ethyl o-nitrobenzylmalonate gave the related 3-ethoxycarbonyl-
l,2,3,4-tetrahydro-l-hydroxy-2-oxoquinoline. The reduction of ethyl 
di(o-nitrobenzyl)malonate, a by-product in the synthesis of the o-nitro- 
benzylmalonate yielded the first spiro-cyclic hydroxamic acid, 3,3'-spirobi- 
(l,2,3,4-tetrahydro-l-hydroxy-2-oxoquinoline) (V) to be reported.

We have previously described (Coutts & Wibberley, 1963) the prepar
ation of the benzothiazines (IV; X-Y =  S-CH2 and S02-CH2), the 
antibacterial properties of which are recorded in Table 1. The closely 
related 3,4-dihydro-4-hydroxy-3-oxo-2//-l,4-benzoxazine (IV; X-Y =  
0-CH2) was obtained from ethyl o-nitrophenoxyacetate in a higher yield 
than that found by Honkanen & Virtanen (1960), who reduced the ester 
with zinc and ammonium chloride. The isomeric 1,2-dihydro-1-hydroxy-
2-oxo-417-3,1-benzoxazine (IV; X-Y =  CH2-0) was similarly prepared 
from methyl o-nitrobenzyl carbonate.

The synthesis of l,2,3,4-tetrahydro-l-hydroxy-2-oxoquinazoline (IV; 
X-Y =  CH2-NH) was accomplished from either methyl o-nitrobenzyl- 
carbamate or from diethyl o-nitrobenzylidenebiscarbamate in only 
moderate yield, as also was the synthesis of l,2-dihydro-l,4-dihydroxy-
2-oxoquinazoline by the reduction of ethyl o-nitrobenzoylcarbamate. 
Oxidation of the former tetrahydroquinazoline to the fully aromatic
1,2-dihydro- l-hydroxy-2-oxoquinazoline (IV; X-Y =  CH=N) was 
accomplished by passing a solution of the compound through an ion- 
exchange resin containing ferric ions. The isomeric 3,4-dihydro-3- 
hydroxy-4-oxoquinazoline was prepared by the method of Adachi (1957).

Ethyl V-o-nitrophenylglycine was best prepared by the interaction of 
glycine and 1,2-dinitrobenzene (cf Crowther, Curd, Davey & Stacey, 1949, 
for the synthesis of the 5-chloro-analogue). On reduction it gave the 
expected l,2,3,4-tetrahydro-l-hydroxy-2-oxoquinoxaline (IV; X-Y = 
NH-CH2), but when the nitrogen atmosphere maintained during reduction 
was removed and the reaction mixture stirred for several hours, atmos
pheric oxidation occurred to yield the corresponding 1,2-dihydroquinoxa- 
line (IV; X-Y =  N=CH). The latter was identical with the product 
obtained by the action of acetic anhydride on quinoxaline 1,4-dioxide 
(cf Elina, 1962). 1,2-Dihydro-l,3-dihydroxy-2-oxoquinoxaline was only
obtained in very low yield by the reductive cyclisation of V-ethoxalyl- 
u-nitroaniline and was therefore prepared by the method of Tennant (1963).

Two examples of triazanaphthalenes containing the cyclic hydroxamic 
acid grouping were prepared. Reduction of 2-ethoxycarbonylmethyl- 
amino-3-nitropyridine yielded l,2,3,4-tetrahydro-l-hydroxy-2-oxo-l ,4,5- 
triazanaphthalene (VI; R=H, X-Y =  NH-CH2), and reduction of
2-ethoxalylamino-6-methyl-3-nitropyridine yielded 1,2-dihydro-1,3-
dihydroxy-6-methyl-2-oxo-l,4,5-triazanaphthalene (VI; R=Me, X-Y =  
N=C(OH)).

All the cyclic hydroxamic acids gave wine-red or blue colours with 
aqueous ferric chloride solution and were soluble in sodium hydrogen

R. T. COUTTS, D. NOBLE AND D. G. WIBBERLEY
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carbonate solution. Their infra-red spectra showed carbonyl and hydroxyl 
absorption.

A N TIB A C TER IA L A CTIV ITIES

The results of antibacterial screening tests are in Table 1. Previous 
reported figures for minimal inhibitory concentration of 1,2-dihydro-
l-hydroxy-2-oxoquinoline (Newbold & Spring, 1948) were 2-0 and 1-0 mg/ 
100 ml against Staphylococcus aureus and Escherichia coli respectively. 
None of the new compounds has an activity surpassing this although 
several compounds show more specific activity against Staph, aureus.

T A B L E  1. mic (mg/100 ml) of cyclic hydroxamic acids

SOME CYCLIC HYDROXAMIC ACIDS

Test organisms

Compound
S ta p h .
aureus

B .
su b tilis E . co li S .  ty p h i

P .
vulgaris

1,2,3,4-Tetrahy dro-1 -h y droxy-2-oxoq uinol i ne 
3-Ethoxycarbonyl-1,2,3,4-tetrahydro-1 -hydroxy-2-

40 2 0 40 >40 >40
oxoquinoline

3,3'-Spirobi-( 1,2,3,4-tetrahydro-1 -hydroxy-2-
40 >40 >40 >40 >40

oxoquinoline)* >40 >40 >40 >40 >40
3.4- Dihydro-4-hydroxy-3-oxo-l,4-benzothiazine1
3.4- Dihydro-4-hydroxy-3-oxo-1,4-benzothiazine

>40 >40 >40 >40 >40
1 ,1-dioxide1 >40 >40 >40 >40 >40

3,4-Dihydro-4-hydroxy-3-oxo-2/i-l,4-benzoxazine 10 40 >40 >40 >40
1,2-Dihydro-1 -hydroxy-2-oxo-4//-3,1 -benzoxazine 40 >40 >40 >40 >40
1,2,3,4-T etrahydro-1 -hy droxy-2-oxoquinazoline 5 40 >40 >40 >40
1,2-Di hydro-1,4-dihydroxy-2-oxoquinazoIine >40 >40 >40 >40 >40
1,2-Dihydro-l-hydroxy-2-oxoquinazoline 2 0 40 >40 >40 >40
3,4-Dihydro-3-hydroxy-4-oxoquinazoline2 >40 >40 >40 >40 >40
l,2,3,4-Tetrahydro~l-hydroxy-2-oxoquinoxaline .. 2 0 >40 >40 >40 >40
1,2-Dihydro-l-hydroxy-2-oxoquinoxaline .. 2 0 >40 >40 >40 >40
1,2-Dihydro-1,3-dihydroxy-2-oxoquinoxaline3 
1,2,3,4-Tetrahydro-l-hydroxy-2-oxo-l,4,5-

>40 >40 >40 >40 >40
triazanaphthalene ..

l,2-Dihydro-l,3~dihydroxy-methyl-2-oxo-l,4,5-
5 40 >40 >40 >40

triazanaphthalene . . 40 40 >40 >40 >40
1,2-Dihydro-1-hydroxy-2-oxoquinoline4 10 5 5 5 10

1 Coutts and Wibberley, 1963.
2 Adachi, 1957.
3 Tennant, 1963.
4 Ohta and Ochiai, 1962.
* Tested as a suspension in ethanol.

Experimental
General method of reductive cyclisation. A solution of the nitro-ester 

(0-1 mole) in dioxan was added over 5 min to a suspension of palladised 
charcoal (0-2 g) in 2% sodium hydroxide solution (20 ml) containing 
sodium borohydride (0-025 mole). A stream of nitrogen was passed 
through the stirred mixture for the stated time, the catalyst was removed 
by filtration, and the product isolated by suitable means from the acidified 
filtrate.

1,2,3,4-Tetrahydro-1-hydroxy-2-oxoquinoline (IV; X-Y =  CH2-CH2). 
Reduction of ethyl /3-(o-nitrophenyl)propionate (15 min) yielded, by 
extraction with chloroform, the quinoline (75%) as colourless plates (from 
ethanol), m.p. 117-118°. Found: C, 66-2; H, 5-7; N, 8-8. C9H9N 02 
requires C, 66-25; H, 5-5; N, 8-6%. vmax 2,700-3,200 w (O-H), 
1,690 s cm-1 (C=0).
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3-Ethoxy carbonyl-1,2,3,4-tetrahydro-1 -hydroxy-2-oxoquinoline. Reduc
tion of ethyl o-nitrobenzylmalonate (30 min) yielded, by extraction with 
ether, the ethoxycarbonylquinoline (39%) as colourless needles (from 
ethanol), m.p. 137-139°. Found: C, 61-7; H, 5-8; N, 6-0. C12H1;:NC)4 
requires C, 61-3; H, 5-5; N, 6-0%. vmax 3,000-3,200 w (O-H) 1,715 s 
(ester C =0) 1,665 s cm-1 (ring C=0).

3,3'-Spirobi-{\,2,3,4-tetrahydro-\-hydroxy-2-oxoquinoline) (V). Reduc
tion of ethyl di(o-nitrobenzyl)malonate (15 min) yielded, by filtration, the 
spiro hydroxamic acid (V) (76%). The solubility of this compound in 
organic solvents was extremely low, and purification was effected by 
repeated dissolution in alkali and precipitation with acid to constant m.p., 
followed by washing with hot acetic acid. Found : C, 65-45 ; H, 4-8 ; 
N, 8-7. Ci7H14N20 4 requires C, 65-8: H, 4-5 ; N, 9-0%. vmax3,050- 
3,250 m (O-H), 1,650 s, 1,670 sh cm-1 (C=0).

3,4-Dihydro-4-hydroxy-3-oxo-2H-\,4-benzoxaz ine (IV ; X-Y =  0-CH2). 
Reduction of ethyl o-nitrophenoxyacetate (15 min) yielded, on filtration, 
the benzoxazine (84%) as colourless needles (from aqueous ethanol), 
m.p. 156° with prior sublimation. Found: C, 58-5: H, 4-2; N, 8-5. 
Calc for C8H,N03 : C, 58-2 ; H, 4-2 ; N, 8-5%. vmax 2,550-3,250 m (O-H)
1,650 s, 1,680 s cm'1 split (C=0), Honkanen & Virtar.en (1960) obtained 
the same product in 60% yield in a reduction with zinc and ammonium 
chloride.

Methyl o-nitrobenzyl carbonate. A solution of o-nitrobenzyl alcohol 
(7-3 g), methyl chloroformate (7-3 ml) and pyridine (3-8 ml) in chloroform 
(40 ml) was stirred at room temperature for 14 hr. The solution was 
washed with water, dried (Na2S04) and distilled to yield the carbonate 
(64%), b.p. 132-134°/0-9 mm as colourless prisms (from ethanol), m.p.
46-47°. Found: C, 51-3; H, 4-35; N, 7-1. C9H9N 06 requires C, 51-2;
H, 4-3 ;N , 6-6%.

1.2-Dihydro-1 -hydroxy-2-oxo-4H-3,\-benzoxazine (IV; X-Y =  CH.-O). 
Reduction of methyl o-nitrobenzyl carbonate (25 min) yielded, by ex
traction with chloroform, the benzoxazine (33%) as colourless prisms 
(from benzene), m.p. 127-128°. Found: C, 57-8: H, 4-2; N, 8-0. 
C8H7N 03 requires C, 58-2 ; H, 4-2 ; N, 8-5%. vmax 3,000-3,200 n  (O-H),
I, 690 s cm-1 (C=0).

Diethyl o-nitrobenzylidenebiscarbamate. o-Nitrobenzaldehyde (3-0 g) 
and ethyl carbamate (3-6 g) were melted together on a water-bath. 
Concentrated hydrochloric acid (0-2 ml) was added and the mixture 
heated for 30 min. The residue was washed with water and ethanol to 
leave the carbamate (5-1 g) as colourless needles (from 2-ethoxyethanol), 
m.p. 179-181°. Found: C, 50-6; H, 5-6; N, 13-7. C13H17N30 6 requires 
C, 50-2; H, 5-5; N, 13-5%.

Methyl o-nitrobenzylcarbamate. o-Nitrobenzylamine (0-7 g), methyl 
chloroformate (0-47 g), potassium carbonate (0-7 g) and ether (30 ml) 
were refluxed for 7 hr. Evaporation of the ethereal layer, after filtering 
off the inorganic material, gave the carbamate (0-76 g) as colourless 
needles (from ethanol), m.p. 84-85°. Found: C, 51-5; H, 4-75; N, 13-3. 
C9H10N2O4 requires C, 51-4; H, 4-8; N, 13-3%.
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1,2,3,4-Tetrahydro-1 -hydroxy-2-oxoquinazoline (IV; X-Y =  CH2-NH). 
Reduction of diethyl o-nitrobenzylidenebiscarbamate (2 hr) yielded, on 
concentration to low volume, the quinazoline (30%), m.p. 167-169° (from 
ethanol). Found : C, 58-7 ; H, 4-7 ; N, 16-3. C8H8N20 2 requires C, 58-5 ;
H, 4-9; N, 17-1%. vmax 3,350 w (free N-H), 3,050-3,300 w (bonded) 
O-H and/or NH), 1,665 s cm-1 (C=0). Reduction of methyl o-nitro- 
benzylcarbamate in the absence of dioxan, followed by extraction with 
ether, yielded the same quinazoline (m.p. and mixed m.p. 167-169°) (39%).

Ethyl o-nitrobenzoylcarbamate. o-Nitrobenzoyl chloride (70 g) was 
added over 15m:n to ethyl carbamate (140 g) at 160° (oil-bath). The 
mixture was heated for a further 15 min at 160°, cooled, dissolved in 
ether, and the solution extracted with 5n sodium hydroxide. Acidification 
of the extract yielded the carbamate (15 g) as colourless needles (from 
aqueous acetic acid), m.p. 128-129°. Found: C, 50-55; H, 4-3; N, 11-9. 
C10H10N2O5 requires C, 50-4; H, 4-2; N, 11-8%.

1.2- Dihydro-l ,4-dihydroxy-2-oxoquinazoline. Reduction of ethyl o- 
nitrobenzoylcarbamate in 10% sodium hydroxide solution (15 min) 
yielded, by filtration, the quinazoline (33%) as colourless needles (from 
acetic acid), m.p. 282° (decomp.). Found: C, 53-4; H, 3-2; N, 16-15. 
C8H6N20 3 requires C, 53-9; H, 3-4; N, 15-7%. vmax 3,000-3,150w 
(O-H), 1,690 s cm-1 (C=0).

1.2- Dihydro-1 -Iiydroxy-2-oxoquinazoline (IV ;X-Y =  CH =  N). Aqueous
ferric chloride solution was passed through a strongly acidic cation- 
exchange resin until no more ferric ion was adsorbed. The column was 
washed thoroughly with water, and a solution of 1,2,3,4-tetrahydro-l- 
hydroxy-2-oxoquinazoline (0-8 g) in 2% sodium hydroxide solution 
(20 ml) passed through. The eluate was neutralised, evaporated to 
dryness and extracted into absolute ethanol. Evaporation of the extract 
yielded the quinazoline (0-15 g) as cream needles (from water), m.p. 
212-213°. Found: C, 59-05; H, 3; N, 17-4. C8H6N20 2 requires
C, 59-3; H, 3-7; N, 17-3%. vmax 2,350-2,700 w (O-H), 1,665 s cm'1 
(C=0).

\,2,3,4-Tetrahydro-[-hydroxy-2-oxoquinoxaline (IV; X-Y =  NH-CH2). 
Reduction of ethyl A-o-nitrophenylglycine (prepared in 80% yield from
I, 2-dinitrobenzene by the method of Crowther, Curd, Davey & Stacey, 
1949, for the 5-chloro analogue) in 5% sodium hydroxide solution yielded, 
by extraction with ether, the quinoxaline (66%) as colourless prisms (from 
ethanol), m.p. 156° (decomp.). Found: C, 58-35; H, 5-0; N, 17-0. 
C8H8N20 2 requires C, 58-5; H, 4-9; N, 17-1%. vmax 3,200 m (N-H) 
2,350-2,700 w (O-H), 1,685 s cm-1 (C=0).

\,2-Dihydro-\-hydroxy-2-oxoquinoxaline (IV; X-Y =  N=CH). When 
the preceding reduction of ethyl V-o-nitrophenylglycine was carried out 
in the absence of nitrogen and the reaction mixture was stirred vigorously 
for a further 6 hr, atmospheric oxidation took place to yield, on acidifi
cation, the 1,2-dihydroquinoxaline (49%). Sublimation followed by 
crystallisation from ethanol gave cream needles, m.p. 210-211°. Found: 
C, 59-45 ;H, 3-9 ; N, 17-3. Calc for C8H6N20 3: C, 59-3 ; H, 3-7; N, 17-3%. 
vmax 2,350-2,700 w (O-H), 1,645 s cm“1 (C=0). The action of acetic
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anhydride on quinoxaline 1,4-dioxide gave the same hydroxamic acid, 
m.p., and mixed m.p. 210-211° in 18% yield. (Elina, 1962, states 23% 
yield, m.p. 208-209°).

1.2- Dihydro-l,3-dihydroxy-2-oxoquinoxaline. Reduction of A-ethox- 
alyl-o-nitroaniline (prepared by method of Reindel & Rosendahl, 1962, 
for 2-ethoxalylaminopyridine) (10 min) yielded the quinoxaline (15%), 
m.p. and mixed m.p. 292° (decomp.) with a sample prepared from
3-hvdroxyquinoxaline 1-oxide by the method of Tennant, 1963. vmax 
2,500-3,200 w (O-H), 1,670 and 1,705 s c m 1 (C=0).

l,2,3,4-Tetrahydro-l-hydroxy-2-oxo-l,4,5-triazanaphthalene (VI; R =  H, 
X-Y =  NH-CH2). Reduction of 2-ethoxycarbonylmethylamino-3- 
nitropyridine (Albert & Barlin, 1963) in 2% sodium hydroxide solution 
yielded directly the triazanaphthalene (46%) as colourless needles (from 
ethanol), m.p. 192° (decomp.). Found: C, 51-05; H, 4-45; N, 25-1. 
C7H7N30 2 requires C, 50-9; H, 4-2; N, 25-45%. vmax 3,300 m (N-H), 
2,300-2,700 w (O-H), 1,665 s cm-1 (C=0).

2-Ethoxalylamino-6-methyl-3-nitropyridine. 2-Amino-3-nitro-6-methyl- 
pyridine (11-25 g), pyridine (25 ml) and ethoxalyl chloride (10 g) were 
stirred together for 15 min. The mixture was poured into dilute hydro
chloric acid and extracted with ether. The extract was evaporated to 
yield the ester (9-7 g) as orange needles (from ethanol), m.p. 106-107°. 
Found : C, 47-4 ; H, 4-3 ; N, 17-5. C10HnN3O5 requires C, 47-4 ; H, 4-35 : 
N, 16-6%.

1.2- Dihydro-\,3-dihydroxy-6-methyl-2-oxo-\,4,5-triazanaphthalene (VI; 
R=Me, X-Y =  N=C(OH)). Reduction of 2-ethoxalylamino-6- 
methyl-3-nitropyridine in sodium hydroxide solution (30 min) yielded, 
on concentration, the triazanaphthalene (38%) as colourless needles (from 
ethanol), m.p. 252-253° (decomp.). Found : C, 50-25; H, 3-7; N, 22-0. 
C8H7N30 3 requires C, 49-7; H, 3-6: N, 21-8%. vmax 2,500-3,200 w 
(O-H), 1,680 s and 1,720 s cm-1 (C=0).
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Eserine and autonomic nervous control of 
guinea-pig vas deferens
D . D E L L A  B ELLA , G . B E N E L L I A N D  A. G A N D IN I

In  the presence o f eserine, the  isolated p rep ara tio n  o f guinea-pig vas deferens responds 
to  electrical stim ulation  o f  the hypogastric  nerve with enhanced contractions, 
w hich are  no  longer antagonised  by adrenergic blocking agents bu t a re  strongly 
inhib ited  by a trop ine. Sim ilarly, in p repara tions from  reserpine-pretreated  anim als 
w hich have becom e unresponsive to  the  hypogastric  stim ulation , eserine elicits full- 
size responses w hich are  alm ost com pletely abolished by a trop ine  and  no t affected 
by adrenergic blocking drugs. D irect stim ulation  w ith acetylcholine con tracts the  
vas deferens b o th  o f norm al and  reserpinised an im a ls : the  responses a re  an tagonised  
by a trop ine  and  enhanced  by  eserine. I t  is concluded th a t there  are  grounds fo r 
inferring th a t eserine acts n o t by enhancing an  adrenergic m echanism , bu t by 
uncovering a parasym pathetic  cholinergic com ponent in  the  au tonom ic  nervous 
con tro l o f  th e  p repara tion .

I N agreement with previous observations (Boyd, Chang & Rand, 1960), 
Burn & Weetman (1963) advanced the hypothesis that the enhancing 

effect of eserine on the responses of the guinea-pig vas deferens to 
electrical stimulation of the hypogastric nerve is due to a reinforcement 
of a non-synaptic action of acetylcholine promoting a greater release of 
adrenergic transmitter.

In line with this assumption we made experiments to establish whether an 
analogous effect was exerted by eserine in vivo at the level of the peripheral 
sympathetic structures and which could thus account for its hypertensive 
action in the urethanised rat (Della Bella, Gandini & Preti, 1964). 
Whilst doing this work, some observations made on the isolated vas 
deferens aroused our interest and seemed worthwhile investigating more 
thoroughly so that the mechanism whereby eserine potentiates the 
responses of the preparation to electrical stimulation might be better 
understood, and additional information about the autonomic nervous 
control of the vas deferens could be collected.

Methods and materials
HYPOGASTRIC NERVE— VAS DEFERENS PREPARATION

Guinea-pigs weighing 400-500 g were used. The preparation was set 
up according to Hukovic (1961) in a 100 ml organ bath, containing Krebs 
solution gassed with 5% carbon dioxide and 95% oxygen, at 32°. The 
hypogastric nerve, about 3 cm, was placed on shielded platinum elec
trodes submerged in the bath, 2 cm from the vas deferens and connected 
to an electronic stimulator. Rectangular pulses, 200 of 1 msec duration, 
were applied at 2 min intervals, at the alternate frequency of 10 and 
50 shocks/sec, from a constant voltage source at 2-3 V. Contractions 
were recorded by an isotonic writing lever (load 2 g) with a magnification 
of four times.

F ro m  the  D ep artm en t o f Pharm acological R esearch , Z A M B O N  S.p.A ., Bresso- 
M ilan, Italy.
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For the experiments using direct chemical stimulation, the vas deferens 
was removed from the body without the hypogastric nerve, and the 
mesenteric investment was carefully stripped away so as to give a more 
sensitive preparation (Bentley & Sabine, 1963). In this work a 20-ml 
organ bath was used. Some preparations were made from reserpine- 
pretreated animals, which had received reserpine, 0-5 and 1 mg/kg 
intraperitoneally, for the 2 days previously as described by Hukovic (1961).

The following drugs were used: acetylcholine chloride, carbachol, 
acetyl-/3-methylcholine chloride, noradrenaline, atropine sulphate, di
hydroergotamine methansulphonate, dibenamine chloride, phenoxy- 
benzamine chloride, phentolamine methansulphonate, veratrine, hexa
méthonium bromide, propantheline bromide, diphemanil methylsulphate. 
With the exception of noradrenaline and veratrine the concentrations in 
the text refer to the salts.

D. DELLA BELLA, G. BENELLI AND A. GANDINI

Results
IN TER A C TIO N  BETW EEN ESERINE A N D  ATROPINE

In agreement with Boyd & others (1960) and Burn & Weetman (1963), 
we found that the addition of eserine to the bath at doses ranging from

F i g . 1. C ontrac tions o f  guinea-pig isolated vas deferens in response to  hypo
gastric  nerve electrical stim ulation. E ach stim ulation  consisted of 200 shocks, 
app lied  alternately  a t the  frequency o f 50 and 10 shocks/sec (at dots), every 2 min. 
A. A ddition  o f eserine to  the  perfusion b a th  (at E , 2-5 ¿¿g/ml) evokes an  im m ediate 
a n d  progressive increase in the responses o f the  p repara tion , m ore evident a t the 
low  frequency stim ulation . B. T he responses appear scarcely affected by a trop ine 
(a t A tr, 1 /xg/ml) : a  slight reduction , m ore m arked for the con tractions a : the  low 
ra te  o f stim ulation , is observable.

0-5 to 5 jug/ml significantly enhanced the responses of the vas deferens 
to the electrical stimulation of the hypogastric nerve in 11 out of 14 
preparations (Fig. 1A). Potentiation was most consistently seen with 
the 5 p,g/'ml dose and was more pronounced for responses to 10 than to 
50 shocks/sec. Doses of eserine of 0-5-2 p-g/ml elicited fewer potentiated 
responses. In contrast to the observations by Burn & Weetman (1963), 
only in two of the eleven experiments did we note a progressive decline 
of the contractions at high frequency.
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The results obtained with atropine agreed with the previous findings: 
0-05 to 2 /xg/'ml concentrations only slightly reduced the responses of the 
electrically-stimulated preparation, the inhibition concerning mainly the 
contractions at the low rate of stimulation (Fig. IB).

When eserine was added to the bath in high doses, the presence of 
atropine slightly inhibited, but did not abolish, the typical potentiation

ESERINE AND GUINEA-PIG VAS DEFERENS

F i g . 2. P repara tions an d  param eters as in Fig. 1. A. A t C 6, hexam éthonium , 
10 fig/ml. A t E, eserine, 3 fig/ml. A dd ition  o f eserine to  a  p rep ara tio n  
p a rtia lly  blocked by hexam éthonium  does no t exert the  typical enhancing 
effect a t the  low frequency stim ulation . T he po ten tia tio n  by eserine develops as 
usual fo r the  responses a t h igh frequency. B. A t E, eserine, 5 /xg/ml. A t A tr, 
a trop ine, 0-25 /ig/m l. U nlike th e  experim ent in Fig. IB , a  sm all dose o f  a trop ine, 
given after the  enhancing effect o f  eserine has developed, causes an  im m ediate 
s trong  reduction  o f the responses. T he inh ib ito ry  effect becom es progressively 
m ore intense, bu t even 30 m in  la te r the responses are no t abolished. C. Eserine 
has been added  to  the  b a th  a t the concen tra tion  o f  5 /¿g/ml 20 m in  previously. A t 1, 
phen to lam ine, 0-5 fig/ml. A t 2, veratrine , 1 jug/ml. Phento lam ine leaves the  
height o f con tractions un im paired  while veratrine alm ost im m ediately abolishes the  
responses.

induced by eserine. On the contrary, doses as low as 05-2-5 /¿g/ml 
in the presence of atropine occasionally failed to exert any potentiating 
effect; at this dose level we obtained contrasting results from different 
experiments and enhancement, when present, varied from one preparation 
to another.

When the preparation was pretreated with hexaméthonium, the eserine- 
potentiating effect appeared only at the higher frequency of stimulation 
(Fig. 2A).

When atropine was added to the bath after the enhancing effect of 
eserine had developed, different results were obtained : concentrations of
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atropine as low as 0-05 0-5 fxg/ml strongly reduced the potentiated 
responses of the preparation in all instances (Fig. 2B). Atropine mainly 
reduced the responses to the low-frequency stimulation. These were 
almost completely abolished; the high frequency responses declined to 
10-25% of their previous height. Further addition of atropine, even up 
to 1-2 /rg/ml did not abolish them.

Flexamethonium (10 pg/ml), given after the potentiating effect of eserine 
had developed, was responsible for a progressive reduction of the 
responses ranging between 20 and 50% ; a partial block, more pronounced 
than that by atropine, was obtained with 0-2-0-5 ¡xg/ml of diphemanil 
and propantheline, which are parasympatholytic drugs endowed with both 
atropine-like and ganglion blocking properties (Margolin, Doyle, Giblin, 
Makovsky, Spoerlein, Stephens, Berchtold, Belloff & Tislow, 1951; 
Johnson & Wood, 1954). Similarly, as already reported for normal 
preparations (Della Bella & Benelli, 1964), 1-2 /xg/ml veratrine abolished 
the responses potentiated by eserine (Fig. 2C).

IN TER A C TIO N  BETW EEN  ESERINE A N D  ADRENERGIC B LO C K IN G  DRUGS

The reported effects of pretreatment with adrenergic blocking drugs on 
the responses of the vas deferens to the electrical stimulation of the hypo
gastric nerve are not in agreement. Ohlin & Stromblad (1963) showed 
that the effect of the hypogastric stimulation is enhanced by dihydro
ergotamine and phenoxybenzamine ; they excluded sensitisation due to the 
anticholinesterase activity of the drugs, as suggested by Boyd & others 
(1960), who described the inhibitory properties of other adrenergic block
ing agents. Inhibitory effects by dihydroergotamine and phentolamine on 
the transmurally-stimulated preparation were clearly demonstrated by 
Birmingham & Wilson (1963). In our experience, dibenamine, phentol
amine, phenoxybenzamine and dihydroergotamine, given at the concen
trations of 005-0T /xg/ml, reduced the responses of the preparation by 
50-90%. The effect of higher doses was investigated only for dihydro
ergotamine and phenoxybenzamine : paradoxically, lower responses were 
sometimes obtained.

The addition of eserine, 2-5-5 /xg/ml, to preparations blocked by an 
adrenergic blocking agent, evoked normally potentiated responses in 
seven of nine preparations. The responses were particularly evident at 
the lower rate of stimulation (Fig. 3A & B). Further addition of the 
adrenergic blocking agent at this point left the height of contractions 
unaffected (Fig. 3A) : occasionally some enhancement was observed.

Analogous results were obtained when eserinised preparations were 
treated with adrenergic blocking agents : no modifications of the eserine- 
enhanced contractions were observed (Fig. 2C).

EFFECTS OF ESERINE ON VAS DEFERENS PREPARATIONS FROM RESERPINE-PRE
TR EA TED  G UIN EA-PIGS

Our findings on preparations from reserpine-pretreated animals v/ere 
consistent with those of Hukovic (1961): after a few normal responses 
to electrical stimulation, the responsiveness of the preparation became

D. DELLA BELLA, G. BENELLI AND A. GANDINI
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progressively less, without becoming completely abolished; 15-30min 
after beginning stimulation, the height of contractions varied from 8 to 
19% of the initial responses. In line with previous suggestions by 
Hukovic (1961), the phenomenon has been ascribed by Birmingham & 
Wilson (1963) to a progressive reduction of noradrenaline tissue stores.

Addition of eserine after the preparation had become almost unres
ponsive to the electrical stimulation, evoked immediately increasing

ESERINE AND GUINEA-PIG VAS DEFERENS

Fig. 3. P repara tions an d  param eters as fo r Fig. 1. A. A t D H E , d ihydroergo t
am ine, 0-5 ng/m l initially, then  10 ¿tg/ml. A t E , eserine, 2-5 ftg/ml. A dd ition  o f  
eserine to  a  p rep ara tio n  partially  b locked by d ihydroergotam ine evokes norm ally  
po ten tia ted  responses. A  fu rth er h igher dose o f d ihydroergo tam ine is com pletely 
ineffective o n  the eserine-potentiated  con tractions. B. A t 1, dibenam ine, 0-25 
/ig/ml. A t E , eserine, 5 fig/ml. A ddition  o f eserine to  a  p rep ara tio n  under p ro 
longed block by dibenam ine, evokes the typical enhanced responses.

contractions at both rates of stimulation (Fig. 4A & B) : the enhancing 
effect of the drug developed progressively and lasted throughout the 
experiment, in the same manner observed in normal preparations.

Treatment with an adrenergic blocking drug did not impair the eserine 
enhancement but this was diminished by hexaméthonium and abolished 
promptly by atropine (Fig. 4A & B).

PH AR M A CO LO G ICAL ANALYSIS OF TH E  RESPONSES OF TH E  VAS DEFERENS T O  
N O RADRENALINE A N D  A C ETY LC H O LIN E

We had observed previously that the responsiveness of the vas deferens 
to the chemical stimulation is greatly increased when the organ is carefully
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isolated from the mesenteric investment without the hypogastric nerve. 
Similar observations were made by Bentley & Sabine (1963).

With this preparation, direct chemical stimulation was applied at 
3 -5 min intervals using noradrenaline and acetylcholine at concentrations 
ranging from 0-1—0-5 /zg/'ml. In all instances the preparation responded 
immediately with regular contractions, which reached a peak in a few sec 
and then rapidly declined.

D. DELLA BELLA, G. BENELLI AND A. GANDINI

F i g . a .  P repara tions and  param eters as fo r Fig. 1. P repara tion  m ade from  a  
reserpine-pretreated  anim al. A. A t E , eserine, 2-5 /ig/m l. A t I ,  phenoxybenz- 
am ine, 0-25 /ig/m l. A t A tr, a trop ine, 0-01 /ig/m l. N o te  the  initial spontaneous 
progressive reduction  of th e  responses to  the  electrical stim ulation . A ddition  of 
eserine then  elicits enhanced responses w hich are  unaffected by phenoxybenzam ine 
and , on  the  con trary , a re  alm ost com pletely abolished by a trop ine. B. A t E, 
eserine, 2-5 /ig/m l. A t D H E , d ihydroergotam ine, 1 /ig/m l. The add ition  o f eserine 
when m axim al spontaneous reduction  o f the  responses to  the electrical stim ulation  
has occurred, evokes strongly p o ten tia ted  responses. N o  m odification appears 
upo n  addition  o f dihydroergotam ine. N o te  also the  inh ib ito ry  effect o f  hexa
m éthonium  (at C 6, 5 /ig/m l) and subsequently  th a t o f  a trop ine  (at A tr, 0-01 /ig/ml).

Responses to noradrenaline. Noradrenaline-evoked contractions 
appeared to be abolished completely by the adrenergic blocking drugs 
tested. Fig. 5A illustrates the antagonistic effect of dihydroergotamine 
at the dose of 0-2 /ug/ml. No modification was observed with atropine, 
eserine, hexaméthonium and bretylium. Veratrine and occasionally 
bretyiium caused some enhancement.

Responses to acetylcholine. Contractions in response to acetylcholine 
were effectively antagonised by atropine at 0-01 /ig/ml: the inhibitory
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effect was immediate and was slowly reversible (Fig. 5B). Some 
enhancement, which progressively disappeared over 3-4 responses, 
occurred upon addition of 0-25 jug/ml of eserine (Fig. 5C).

F i g . 5. Iso lated , stripped  vas deferens p rep ara tion . R ecording o f con tractions 
in response to  (A) noradrenaline , (B, C) acetylcholine ( 1 /jg/m l at arrow s). Tim e o f  
con tact, 45 sec. In terval betw een stim ulations, 5 m in. N o te  the  p ronounced  and  
long-lasting inh ib ito ry  effect o f d ihydroergotam ine (at D H E , 0-2 ng/m l) and  the  
m arked and slowly reversible inh ib ito ry  effect o f a trop ine  (at A tr, 0 01 ng/m l). 
A ddition  o f  eserine (a t E, 0-25 ¿¿g/ml) is responsible fo r a  strong  and long-lasting 
po ten tia tio n  o f the responses.

F i g . 6. Iso la ted , stripped vas deferens p repara tion . A. R ecording o f con trac tio n s 
in response to  direct stim ulation  w ith tw o successive doses (0 05 and 0T  ng/m l) o f 
acetyl-/?-m ethylcholine (a t 1), carbachol (at 2) and  acetylcholine (at 3). T im e o f  
con tact fo r each drug, 45 sec. T hen , th o ro u g h  w ashing ou t o f the  p rep ara tio n . 
In terva l betw een stim ulations, 5 m in. B. R ecord ing  o f con tractions in response 
to  acetylcholine (1 /xg/ml a t  arrow s). T im e o f con tact, 45 sec. In terval betw een 
stim ulations, 5 m in. A t 1, d ihydroergotam ine, a t 2, phentolarr.ine, a t 3, d ibenam ine, 
a t 4, phenoxybenzam ine, all 2-5 /ig/m l. N o te  the different influence o f the  sam e 
dose o f  fo u r adrenergic blocking agen ts: phen to lam ine and dibenam ine leave th e  
responses o f  the  p rep ara tio n  un im paired , d ihydroergo tam ine induces a  clear bu t 
im m ediately reversible p o ten tia tion , phenoxybenzam ine is responsible fo r a  s trong  
and  prolonged reduction  o f the  responses, sim ilar to  th a t induced by a tropine.

Acetyl-j8-methylcholine and carbachol were also tested on the prepara
tion, which proved more responsive to acetyl-/3-methylcholine than to 
carbachol (Fig. 6A), probably because of the stronger muscarinic properties 
of the former drug (Goodman & Gilman, 1955).
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Amongst the adrenergic blocking agents tested, phentolamine and 
dibenamine proved practically ineffective towards the responses to 
acetylcholine ; dihydroergotamine caused some potentiation, while 
phen 3xybenzamine exhibited antagonistic properties at 2 ^  /xg -'m I 
(Fig. 6B).

Hexaméthonium, bretylium and guanethidine did not affect the 
responses of the preparation, occasionally, some potentiation was 
observed with veratrine.

Experiments on chemically-stimulated preparations of vas deferens 
from reserpinised animals, gave analogous results to those above.

D. DELLA BELLA, G. BENELLI AND A. GANDINI

Discussion
Our results may be summarised as follows:
(i) In contrast to the behaviour of the hypogastric nerve—vas deferens 

preparation towards atropine and adrenergic blocking agents, the res
ponses after eserine treatment are strongly reduced by atropine and are 
not modified by adrenergic blocking agents.

(ii) Addition of eserine to a preparation in which the responses have 
been reduced by an adrenergic blocking agent elicits enhanced responses 
which are counteracted by atropine but not by further adrenergic blocking 
drug. Occasionally some enhancement is observed.

(iii) Addition of eserine to a reserpinised preparation, whose responses 
to electrical stimulation are significantly reduced because of the depletion 
of adrenergic mediator stores, evokes full-size responses which are 
unaffected by adrenergic blocking drugs but are abolished by atropine, as 
also observed by Schümann & Grobecker (1963).

(iv) The responses of the eserinised vas deferens to electrical stimulation 
are inhibited, although to different extents, by hexamethonium, veratrine, 
diphemanil and propantheline, which all share the property of affecting 
ganglionic transmission. The greater antagonistic activity exhibited by 
the two latter drugs may be accounted for by their also having atropine-like 
properties.

(v) The direct responses of the vas deferens to noradrenaline are not 
modified by atropine and eserine but are antagonised by the adrenergic 
blocking drugs tested.

(vi) The direct responses to acetylcholine of preparations of the vas 
deferens from normal or reserpinised animals are antagonised by atropine 
and enhanced by eserine. The finding that, under these experimental 
conditions and at the doses tested, no antagonism is present either with 
hexamethonium or veratrine seems to provide evidence for a direct action 
of acetylcholine on a muscarinic receptor. The greater responsiveness 
of the preparation to acetyl-/?-methyl choline than to carbachol would 
also be consistent with this view. However, the possibility cannot be 
ruled out that under other experimental conditions and at higher doses, 
such as those adopted by Schümann & Grobecker (1963), acetylcholine
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might elicit adrenergic responses mediated through either the ganglion or 
the chromaffin cells.

The analysis of the results provides grounds for thinking that the 
responses of the vas deferens to electrical stimulation, which are adrenergic 
under normal conditions, assume after eserinisation cholinergic para- 
sympathetic-like features. Eserine therefore seems able to modify the 
responses of the preparation not only quantitatively, by promoting a 
greater release of adrenergic transmitter as postulated by Burn & Weetman
(1963), but also qualitatively. Experiences on the reserpinised preparation 
strongly support this; less reliable, although consistent with our view, 
are data obtained with the adrenergic blocking agents, which proved far 
more effective against added noradrenaline than against sympathetic 
stimulation.

On the basis of the data obtained, we wonder whether a parasympa
thetic cholinergic mechanism may be playing a role in the nervous control 
of the vas deferens; if this is so, the problem arises as to why in the 
eserinised preparation atropine causes not only the disappearance of the 
potentiation, but also a marked reduction of the responses.
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The influence of diet on the toxicity of 
acetylsalicylic acid
G . B. W EST
T he toxicity o f acetylsalicylic acid in ra ts  is greater when anim als are fed a  h igh 
carbohydra te  diet th an  when they receive a high protein  diet. M agnesium  deficiency 
increases this difference, particu larly  in p regnan t anim als. The m axim um  B.P. 
hum an  dose o f acetylsalicylic acid is well to lerated  by pregnant ra ts fed or. the  h igh 
p ro te in  diet bu t one q u arte r o f th is am o u n t produced foetal resorp tion  and  deaths 
in ra ts fed on  the  high carb ohydra te  diet. Acetylsalicylic acid is no t teratogenic 
under the conditions used and  appears to  be unlikely to  be teratogenic in m an 
since its dose-toxicity curve is steep. I t  appears essential to  report the com position  
o f  the diet in toxicity tests.

T HIS paper describes the toxicity of acetylsalicylic acid in rats fed on 
diets of different protein levels with and without added magnesium. 

Magnesium was chosen as the trace metal to be omitted from the diet 
since the urinary free histamine levels in rats have recently been shown to 
be markedly elevated both in magnesium deficiency (Bois, Gascon & 
Beaulnes, 1963) and in pregnancy (West, 1960). Besides, magnesium 
influences the ability of other agents to produce coronary lesions (Olsen & 
Parker, 1964) and is essential for the maintenance and growth of the soft 
tissues (Martindale & Heaton, 1964). Both non-pregnant and pregnant 
animals have been used in the present work as it was considered possible 
that the stress of pregnancy might magnify some of the alterations in 
growth produced by various conditions. A preliminary note on some of 
the results has already been published (Brown & West, 1964). Other 
authors (for example, Obbink & Dalderup, 1964) have recently studied 
the effect of acetylsalicylic acid on foetal animals using one standard diet.

Experimental
Hooded Lister rats (150-200 g) of either sex were reared on standard 

diet (London Flour Millers No. 41B). Males were left with females for 
3 days after which the sexes were separated and fed on test diets. These 
were either a high carbohydrate diet (sucrose 65%, casein 24%) or a high 
protein diet (casein 89%), with corn oil (5%) and the vitamin and salt 
mixture as used by Colby & Frye (1951). Drinking water was allowed 
ad lib. For the deficiency experiments, magnesium sulphate (600 mg/ 
100 g diet) was omitted from the salt mixture in each diet, whilst for the 
drug experiments acetylsalicylic acid powder was mixed with the diet 
beforehand. Each rat consumed 14-16 g food per day when the diet was 
made up into a thick paste with water. With the mating regimen adopted, 
70-80% of the females were successfully mated. Most of the pregrant 
animals were killed on the 20th day of gestation, and the number of live 
and dead foetuses, in addition to the resorption sites, were counted. 
Foetal mortality, represented by the proportion of dead foetuses and

F ro m  the  D ep artm en t o f  Pharm acology, School o f Pharm acy, U niversity  o f  
L ondon , Brunsw ick Square, W .C .l.
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resorption sites to the total number of implantations, was then calculated 
for each dose of acetylsalicylic acid. A few pregnant animals were 
allowed to litter and to suckle their young until weaning time.

Results
Effect o f diet on weight. The weight of both males and non-pregnant 

females continued to increase on both diets over a period of 90 days 
though it was always slower in the groups of animals on the high protein 
diet. The increase in weight of pregnant animals during the gestation 
period also was always less on the high protein diet (mean gain 16-6 g) 
than on the high carbohydrate diet (mean gain 45-3 g), and foetuses 
always weighed less at the 20th day of gestation. A similar result was 
found when rats were allowed to litter and suckle their young, the animals 
at weaning time being about 5 g less on the high protein diet than on the 
high carbohydrate diet (average weight 39 g).

Effect of diet on gastric ulceration produced by acetylsalicylic acid. 
When males and non-pregnant females were fed for 20 days on one of the 
two diets containing acetylsalicylic acid (500 mg/kg daily), the incidence 
of gastric ulceration was significantly greater (P <  0-01) in those rats on 
the high carbohydrate diet (mean 45%) than on the high protein diet 
(mean 22%). In pregnant animals a similar result was obtained though 
the degree of ulceration was more extensive; in addition, no live foetuses 
were found in animals on either diet, although animals on the high protein 
diet continued to increase in weight during the gestation period (mean 
gain 10-0 g) and contained more foetuses (32 out of 96, or 33%), whereas 
those of the high carbohydrate diet steadily lost weight (mean loss 10-0 g) 
and contained less foetuses (6 out of 120, or 5%).

Effect of magnesium deficiency. When magnesium was omitted from 
the salt mixture in both diets, non-pregnant rats after a few days excreted 
large quantities of free histamine in the urine (estimated on the isolated 
guinea-pig ileum). At the same time, erythema of the ears developed and 
was particularly noticeable when the histamine excretion became maximal 
(after about 10 days). Continued feeding of the deficient diets resulted 
in excessive histamine excretion for about the next 10 days, after which the 
values returned to control levels. These results agree with those reported 
by Bois & others (1963). At this stage, many of the tissue mast cells 
in the subcutaneous connective tissue were grossly degranulated but not 
disrupted (stained with nuclear fast red), yet the dextran anaphylactoid 
reaction was still obtainable. When magnesium was restored to the 
diets for 15 days or more and then omitted for the next 30 days, the 
histamine excretion again increased, this process being repeatable many 
times (see Fig. 1). Replacement of the magnesium possibly enabled the 
store of histamine to be replenished and this was then released when 
magnesium was again withdrawn from the diets. It is now well known 
that magnesium is essential for the uptake of catecholamines and 
5-hydroxytryptamine by adrenal medullary granules, and the same may 
be true for the uptake of histamine by mast cell granules.

INFLUENCE OF DIET ON ASPIRIN TOXICITY
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Whereas the effects of magnesium deficiency were similar in non
pregnant rats fed on either diet, there was a marked difference in pregnant 
animals. Magnesium lack was so detrimental in animals on the high 
carbohydrate diet that there was no gain in weight during the gestation 
period (mean loss 3-4 g), and a large number of resorption sites and dead 
foetuses (116 out of 148, or 79%) were found when these rats were killed. 
On the high protein diet, however, magnesium deficiency did not markedly 
alter the gain in weight during pregnancy (mean gain 12-2 g) although at 
the 20th day of gestation the foetal mortality rate was 46% (see Tables 1 
and 2). It is clear that magnesium deficiency in pregnant rats fed a high 
carbohydrate diet is more detrimental than in those on a high protein diet.

Days

F i g . 1. Excretion  o f  u rin ary  free h istam ine (/xg/day) by a  non-p regnan t ra t  when 
fed  fo r 130 days the  h igh carbohydra te  d ie t in th e  presence and  absence o f m agnesium . 
N o te  th a t th e  increase in h istam ine excretion occurs very soon  afte r the  deficient diet 
is fed bu t it is no t m ain tained  and does n o t re-occur un til a fte r m agnesium  is resto red  
to  the  diet.

T A B L E  1. TOXICITY OF ACETYLSALICYLIC ACID IN PREGNANT RATS FED A HIGH 
CARBOHYDRATE DIET WITH OR WITHOUT MAGNESIUM

Mag
nesium 
in diet

Acetylsalicylic 
acid in diet 

(mg/kg)
No. of 
rats

Mean 
weight 
gain (g) 

Day 6-20

No. of implants No. of foetuses No. of 
resorp

tion 
sites

Mortal
ity
(%)Total

Per
litter Total Live Dead

Present .. 0 u + 45-3 95 8-6 94 94 0 1 112-5 4 + 44-9 43 10-8 39 35 4 4 1925 6 + 30-7 83 13-8 71 49 22 12 41
50 6 -f 419 74 12-3 64 49 15 10 34

250 4 + 310 46 11-5 23 10 13 23 30500 10 -100 120 120 6 0 6 114 100
Absent .. 0 14 -  3-4 148 10-6 48 32 16 100 7912-5 3 + 30 32 10-7 14 4 10 18 3850 7 + 10-6 72 10-3 57 1 56 15 99

250 6 + 0-7 60 100 5 2 3 55 96500** 11 —15-5 128 11*6 21 0 21 lO'7 100

** At this dose, 4 other pregnant rats died after 12 days.
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T A B L E  2. TOXICITY OF a c e t y l s a l i c y l i c  a c id  in  p r e g n a n t  r a t s  f e d  a  h i g h

PROTEIN DIET WITH AND WITHOUT MAGNESIUM

Mag
nesium 
in diet

Acetylsalicylic 
acid in diet 

(mg/kg)
No. of 
rats

Mean 
weight 
gain (g) 

Day 6-20

No. of implants No. of foetuses No. of 
resorp

tion 
sites

Mortal
ity
(%)Total

Per
litter Total Live Dead

Present .. 0 10 + 16-6 102 10-2 100 100 0 2 250 9 + 180 129 14-3 12 0 12 0 0 9 7
250 8 + 2 0 -2 84 10-5 64 43 21 2 0 49500 9 + 1 0 0 96 10-7 32 0 32 64 100

Absent . . 0 11 + 12-2 99 9*0 83 52 31 16 46
50 8 + 1 0  6 93 11*7 78 58 2 0 15 38

250 8 -  2 -6 89 11*1 52 11 41 32 82
500 7 -  7-1 60 8*6 10 0 10 50 1 00

E f f e c t  o f  d i e t  a n d  m a g n e s iu m  d e f i c ie n c y . The foetal toxicity of acetyl
salicylic acid in pregnant rats on the two diets is shown in Tables 1 and 2. 
Although the weight gain was maintained when rats on the high carbo
hydrate diet received doses of acetylsalicylic acid up to 250 mg/kg, the 
foetal mortality rate steadily increased up to 80%. On the high protein 
diet, however, the toxic effect was less, 250 mg/kg yielding a 49% foetal 
mortality and 50 mg/kg showing no adverse effects. Thus the foetal 
toxicity of acetylsalicylic acid in animals on the high carbohydrate diet 
was much greater than in animals on the high protein diet (see Fig. 2).

Fig. 2. Toxicity o f  acetylsalicylic acid in p regnan t ra ts  fed a  h igh p ro te in  d iet ( • — • )  
o r  a  high carb o h y d ra te  diet ( O — O ). T he effects o f  m agnesium  deficiency are  
show n by th e  b roken  lines. N o te  th a t m agnesium  deficiency an d  th e  h igh  ca rb o 
hyd ra te  d iet m arked ly  increase th e  toxicity.

When magnesium was omitted from the diet, the foetal toxicity of 
acetylsalicylic acid in pregnant rats again increased. Thus, a dose of 
50 mg/kg killed 99% of foetuses when the high carbohydrate diet was used, 
and 250 mg/kg on the high protein diet produced over 80% mortality. 
It is interesting to note from Table 2 that a dose of 50 mg/kg acetylsalicylic 
acid did not increase the toxic effects of magnesium deficiency in pregnant
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rats fed the high protein diet. Four out of 15 pregnant rats receiving the 
highest dose of acetylsalicylic acid mixed with the high carbohydrate 
magnesium-deficient diet died after about 12 days on this diet (see 
Table 1).

Discussion
This work was initiated during the testing of drugs for those most 

likely to exhibit teratogenic activity in man, but it was soon evident that 
dietary factors play important roles in the toxicity of drugs and this is 
seen also in non-pregnant animals. For example, the incidence o f 
gastric ulceration, as a result of feeding acetylsalicylic acid to non-pregnant 
rats, was found to be much greater on the high carbohydrate diet than 
on the high protein diet. The result was similar in pregnant animals 
though here, in addition, the toxicity of acetylsalicylic acid to the foetus 
was increased. The highest dose of acetylsalicylic acid used in the present 
experiments (500 mg/kg or about 10 times the maximal B.P. human dose) 
produced death of all the foetuses though it was of interest that pregnant 
animals continued to increase in weight during gestation when fed the 
high protein diet but lost weight on the high carbohydrate diet.

When the daily dose of acetylsalicylic acid was reduced to 50 mg/kg 
(equivalent to 3 x  5 grain tablets four times a day in man), a relatively 
large number of dead foetuses and resorption sites were found in those 
animals fed the high carbohydrate diet. On the other hand, the foetal 
mortality rate in animals given this dose on the high protein diet remained 
well within the range of values found in control animals (maximum 10% 
in 82 rats studied). Only when the dose in the protein diet was increased 
five times did the toxic action of acetylsalicylic acid become prominent. 
It should be noted that the diet for optimal growth of the young rat has 
always been accepted as about 14% protein and 75% carbohydrate.

When the effects of magnesium deficiency were assessed, gastric ulcera
tion occurred in nearly all the non-pregnant rats fed acetylsalicylic acid 
in the high carbohydrate diet but only in half of those on the high protein 
diet. In pregnant animals, even without acetylsalicylic acid, magnesium 
deficiency resulted in a foetal mortality on the high carbohydrate diet 
which was about twice that on the high protein diet, and when the acid 
was included, the mortality rates were correspondingly increased. Thus, 
magnesium plays an important role in the developing rat embryo; the 
full diet contained about 600 ppm magnesium whereas the deficient 
diet had only about one-tenth this amount. Magnesium deficiency has 
been extensively studied in young rapidly-growing animals by other 
workers who have reported skin lesions, hyperexcitability and convulsions, 
but in the present experiments these effects were not found. It is possible 
that the magnesium content of the deficient diet was higher than that in 
diets used by other workers or that the experiments were not carried on 
for a long enough period. Other factors such as the dietary cholesterol 
(Olson & Parker, 1964) may be involved. The importance of using foods 
containing adequate amounts of absorbable magnesium during pregnancy 
is emphasised.
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This preliminary study thus shows that acetylsalicylic acid, when 
incorporated in a diet high in carbohydrate, is substantially more toxic to 
foetal rats than when it is given in a diet high in protein. The foetal 
toxicity also increases when magnesium is omitted from both diets. 
The toxicity of acetylsalicylic acid in the first week of pregnancy in rats 
is now being tested. Animal tests cannot prove a drug to be non- 
teratogenic to man, but it is useful to note that the steep slope of the dose- 
response curves of acetylsalicylic acid is similar to that of reserpine and 
unlike that of thalidomide (West, 1963). Consequently, acetylsalicylic 
acid appears to be less likely to produce congenital malformations in the 
young (and it did not in the present experiments), since a 10-fold increase 
in dose produces a large increase in toxicity. The present work, however, 
indicates that one of the important factors which must be taken into 
account in assessing the toxicity of a drug is the diet.

INFLUENCE OF DIET ON ASPIRIN TOXICITY

References
Bois, P., G ascon, A. & Beaulnes, A. (1963). N atu re, L ond., 197, 501-502. 
Brow n, R . A. & W est, G . B. (1964). J. Pharm . P harm acol., 16, 563-565. 
C olby , R . W . & Frye, C. M . (1951). A m er. J. P hysio l., 166, 209-212. 
M artindale, L. & H eaton , F . W . (1964). Biochem . J ., 92 , 119-126. 
O b b in k , H . J. K . & D alderup , L. M . (1964). L ancet, 1, 565.
O lsen, E. J. & P arker, H . E . (1964). J. N u trition ., 83, 73-78.
W est, G . B. (1960). Int. A rch. A llergy , 16, 39-48.
W est, G . B. (1963). J. Pharm . P harm acol., 15, 63-64.

793



J. Pkarm. Pharmacol., 1964, 16, 794-800 Received June 30, 1964

Effects o f anaphylaxis in  v ivo  on the lipid and protein 
content of guinea-pig serum and extracellular fluid o f  
lung tissue
J. M A N N  A N D  W . G . SM IT H

D eterm inations o f to ta l cholesterol, phospholip id  and glyceride in serum  sam ples 
ob tained  from  guinea-pigs by cardiac  puncture  before and  after anaphylaxis in vivo 
indicated reductions occurred  in all three  fractions afte r anaphylactic  shock. The 
fall in glyceride was preceded by a rise. A naphylaxis also induced an  accum ulation  
o f lipid in oedem a fluid in the lungs. These changes were reduced in anim als 
pro tected  from  anaphylaxis by p retreatm ent w ith a  com bination  o f m epyram ine and  
ethanolam ine o r m epyram ine and  hydrocortisone.

C HANGES in the lipid content of isolated sensitised guinea-pig lungs 
after anaphylaxis in  v i t r o  have been previously reported (Smith, 

1962). Ethanolamine, which posssesses anti-anaphylactic activity (Smith, 
1961) prevented some but not all of these changes. Similar changes in 
the lung lipids were noted in  v iv o  by Goadby & Smith (1962) who showed 
that the exposure of sensitised guinea-pigs to an aerosol of antigen 
solution caused alterations in the lipid metabolism (see Smith, 1964). 
The major change was a substantial loss of phospholipid from the lungs. 
This could be prevented by pretreatment of the animals with hydrocorti
sone sodium hemisuccinate. A loss of phospholipid from isolated 
perfused guinea-pig lungs, after injection of histamine-releasing agents, 
has also been reported (Marquis & Smith, 1963). We have examined 
guinea-pig serum and the extracellular fluid in the lungs for changes which 
might indicate the route by which lipid is lost from guinea-pig lungs after 
anaphylaxis in  v iv o .

Experimental
EFFECTS OF ANAPHYLAXIS

Guinea-pigs of 200-350 g were fed on Diet 18 (Oxo), and received 50 mg 
of ascorbic acid each day in their drinking water. There were sensitised 
to egg albumin (BDH) by the intraperitoneal injection of 100 mg as a 5% 
solution in water. Three to five weeks after sensitisation, 3 ml of blood 
was removed by cardiac puncture from each of a group of 4 animals, and 
5 m:n later each animal was exposed to an aerosol of 1% egg albumin 
until it experienced severe anaphylaxis (Herxheimer, 1952). A further 
3 ml of blood was removed, and at a selected time interval after the shock 
the animal was killed by dislocation of the neck, and the heart and lungs 
excised and perfused through the pulmonary artery with aerated Tyrode 
solution at 3 1 °  to remove the blood (Brocklehurst, 1960). Perfusion 
was then stopped and the lungs left inflating for 30 sec to allow as much 
residual Tyrode’s solution as possible to drip out of the pulmonary 
system. The lung lobes were then chopped into small pieces, centrifuged

From  the Research L ab ora to ry  in B iochem ical Pharm acology, School o f Pharm acy, 
Sunderland  Technical College, Co. D urham .
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for 3 min at 2,000 rpm and the extracellular fluid, which collects below the 
lung tissue, aspirated. The lung tissue was centrifuged for another 2 min 
and any further fluid collected was added to that previously aspirated. 
The fluid from four sets of lungs was pooled and centrifuged at 2,500 
rpm for 15 min to remove any tissue debris.

The blood samples were allowed to clot for 1 hr, after which the clot 
was broken, the samples centrifuged for 15 min at 2,500 rpm and the 
serum removed. These procedures were repeated with a group of four 
sensitised control animals which were not exposed to antigen. The 
same time interval, with an additional 2 min to compensate for the 
aerosolisation time of the shocked group, was allowed between blood 
sampling. The control lungs were similarly chopped, centrifuged, and the 
fluid removed. Using four control and four shocked groups, each of four 
animals, in this way, the cholesterol, phospholipid, glyceride and protein 
composition of serum and extracellular fluid was estimated immediately, 
15, 30 and 60 min after anaphylactic shock.

EFFECTS OF PR ETREATM EN T W IT H  ETH A N O LA M IN E A N D  HYDROCORTISONE

A further four groups (ITV) of four animals were exposed to 1% egg 
albumin and their collapse times determined (Smith, 1961). One week 
later the animals in Group I were given 2 mg/kg ethanolamine (as the 
hydrochloride) and 1 mg/kg mepyramine (as the maleate) by intramuscular 
injection. After 55 min, 3 ml of blood was removed by cardiac puncture 
from each animal and 5 min later the animal exposed to aerosolised 
antigen until either it had reached a state of collapse or had been exposed 
to antigen for a period of twenty times its previous collapse time. Fifteen 
min after the collapse point a further 3 ml of blood was removed, the 
animal was killed, the lungs removed and the extracellular fluid collected 
as described above. The same course was followed using Group II as 
treatment controls, except that this group was not exposed to antigen. 
The same time intervals between removal of blood samples were observed, 
substituting a period equal to the mean collapse time of Group I for the 
aerosolisation time. Hydrocortisone sodium hemisuccinate (50 mg/kg) 
was given to Group III and Group IV by intramuscular injection followed 
17 hr later by 1 mg/kg mepyramine. The first blood sample was taken 
55 min after the antihistamine. From this point the same procedure 
used for Group I was followed with Group III, while Group IV was used 
as hydrocortisone control in the same way that Group II was used as 
ethanolamine control. The amounts of cholesterol, phospholipid, 
glyceride and protein in the serum and extracellular fluid samples were 
then estimated.

BIOCHEM ICAL ESTIMATIONS

Phospholipid in the serum and extracellular fluid was extracted 
with chloroform : methanol solution (Dawson, 1960) and estimated as 
inorganic phosphorus (Bartlett, 1959). The cholesterol and glyceride 
fractions were extracted by the procedure of Mendelsohn & Antonis 
(1960) and estimated by the methods of Hanel & Dam (1955) and Van

EFFECTS OF ANAPHYLAXIS
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Handel & Zilversmit (1957) respectively. The protein composition was 
estimated by cellulose acetate membrane filter electrophoresis using the 
stain Ponceau S according to Kohn (1960).

R e a g e n ts . Hydrogen peroxide, a 30% solution, phosphorus free was 
kindly donated by Laporte Chemicals, Luton. Other reagents and 
solvents were analar grade, except zinc chloride which was reagent grade.

Results
LIPIDS IN  SERUM

Although all the guinea-pigs used in the present study were of the same 
age and were maintained on the same diet, wide differences in the normal 
values for serum lipids were noted. The figures for cholesterol ranged 
from 25-7 to 188 mg % over 48 samples of control serum. The phospho
lipid range was 39-5 to 113-5 mg %, and that for glyceride was 27-4 to
111-0 mg %. Consequently, changes induced by anaphylaxis v/ere
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F i g . 1. T he changes (%) in serum  levels o f  cholesterol (I), phospholip id  (II), and 
glyceride (III) in  guinea-pigs im m ediately, 15, 30 and 60 m in after anaphylactic  shock 
(open colum ns) com pared with those o f con tro l anim als (solid colum ns). All 
co lum ns originate from  the  base-line.

computed as percentage changes from the values determined for the 
control samples from each animal. The changes in serum lipid levels of 
animals exposed to aerosolised antigen are shown in Fig. 1, together with
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the changes calculated from the two blood samples removed from the 
corresponding control groups of animals. Small but unequivocal 
decrements occurred in all three lipid fractions after anaphylaxis. These 
were similar but greater in magnitude than the changes occurring in 
control animals. Tests for statistical significance indicated that changes 
greater than 10% were statistically significant at P =  0-95, except for the 
glyceride fraction where changes of around 20% were required for 
statistical significance at the same probability level.

EFFECTS OF ANAPHYLAXIS
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F ig . 2. The changes (%) in  serum  levels o f cholesterol (I), phospholip id  (II), and  
glyceride (III) in guinea-pigs a fte r anaphylactic  shock (B) com pared  w ith those in 
anim als p ro tected  from  anaphylaxis by pre treatm en t w ith m epyram ine an d  e thanol- 
am ine (A) o r m epyram ine an d  hydrocortisone (C). The con tro l responses in 
solid  colum ns. All colum ns originate from  the  base-line.

The effect of pretreatment with ethanolamine plus mepyramine and 
hydrocortisone plus mepyramine upon the changes in serum lipid levels 
induced by anaphylactic shock can be noted from Fig. 2. The ethanol- 
amine-treated animals still showed small decrements in cholesterol and 
glyceride similar to those in untreated animals with a somewhat greater 
loss of phospholipid. A loss of phospholipid still occurred after pre
treatment with hydrocortisone but the cholesterol and glyceride fractions 
were slightly elevated.

LIPIDS IN  EX TR A C E LLU LA R  F L U ID  OF TH E  LUNGS

In Table 1 the lipid present in extracellular lung fluid from animals 
exposed to aerosolised antigen and the corresponding control animals is 
recorded. The lipid content and volume of fluid collected were maximal 
15 min after anaphylaxis, and fell to their lowest value 1 hr after shock. 
The lipid contents of the samples from the control groups were fairly
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constant except for an increase in the glyceride content in the 15 min 
sample. From Table 2 it can be seen that protection from anaphylaxis 
using ethanolamine or hydrocortisone in combination with mepyramine 
reduced the volume of extracellular fluid and also its lipid content.

T A B LE 1. THE VOLUME AND CHOLESTEROL, PHOSPHOLIPID, AND GLYCERIDE CONTENTS 
OF THE EXTRACELLULAR FLUID IN THE LUNGS OF GUINEA-PIGS AT VARIOUS 
TIMES AFTER ANAPHYLACTIC SHOCK COMPARED WITH THOSE OF CONTROL 
ANIMALS

Time
min

Voi
ml

Cholesterol Phospholipid Glyceride

mg/ml Total mg/ml Total mg/ml Total
Shock group

0 1*5 0-28 0-42 3 02 4-53 0-47 0-70
15 2 -2 0-29 0-62 3-23 6-95 0-32 0-69
30 1-3 0-38 0-59 3-54 4-61 0-42 0-55
60 1-0 0-35 015 2-63 2-63 0 -2 0 0 -2 0

Control group
0 0-5 0-24 0 1 2 4-50 2-25 0-24 0 1 2

15 0-9 0-24 0 -2 2 2-65 2-39 0-50 0-45
30 0-7 0-26 0-18 3-61 2-53 0-34 0-24
60 0 -6 0-39 0'23 6-50 3-90 0-53 O’32

T A B LE 2. THE CHOLESTEROL, PHOSPHOLIPID, AND GLYCERIDE CONTENTS OF THE 
EXTRACELLULAR FLUID IN THE LUNGS OF ANIMALS AFTER ANAPHYLACTIC 
SHOCK COMPARED WITH THOSE OF ANIMALS PROTECTED FROM ANAPHYLAXIS 
BY TREATMENT BEFOREHAND WITH MEPYRAMINE AND ETHANOLAMINE 
OR WITH MEPYRAMINE AND HYDROCORTISONE

Grcup
Vol
ml

Cholesterol Phospholipid Glyceride
mg/ml Total mg/ml Total mg/ml Total

Mepyramine and ethanolamine
Shock 1-45 019 0-28 2-78 400 018 0-25
Treated 0-95 0-23 0 -2 2 3-60 3-42 0-23 0 -2 2

Mepyramine and hydrocortisone
Shock 1-70 0-24 0-40 3-64 6-19 0-26 0-44
Treated 0-70 0 -2 0 014 5-11 3-57 0-27 019

T A B LE 3. THE ALBUMIN AND GLOBULIN CONTENTS IN PERCENTAGES CP TOTAL 
PROTEIN OF THE EXTRACELLULAR FLUID IN GUINEA-PIG LUNGS AT VARIOUS 
TIMES AFTER ANAPHYLACTIC SHOCK

Time 
after 
shock 
in min

Shock group Control group
Albumin

%
Globulin0//o

Albumin
%

Globulin
%

0 35-5 64'5 33*7 66-3
15 34-1 65-9 34-3 65-7
30 37-6 62-4 32-2 67-8
60 32-4 67-5 31-3 68-7

PROTEIN IN  EX TR A C E LLU LA R  FLU ID  A N D  SERUM

Table 3 shows that the relative proportions of albumin and globulin 
in extracellular fluid from the lungs of shocked animals and corresponding
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controls showed no significant differences. The distribution pattern was 
observed to be diffuse and the bands on cellulose acetate were not easily 
distinguishable. Albumin appeared as a distinct band, often associated 
with a pre-albumin fraction, but all the globulin fractions tended to fuse 
into each other and form one diffuse band. A small rise in the proportion 
of albumin (statistically significant at P =  0-90) can be observed 30 min 
after anaphylaxis. There were no noticeable changes in the protein 
composition of serum samples examined in these experiments. Since 
anaphylaxis had no pronounced effect on the protein content of extra
cellular fluid or serum, the effects of drug pretreatment were not investi
gated.

Discussion
These results show that anaphylaxis in guinea-pigs induces a fall in 

serum lipids; that observed for glyceride was preceded by a rise. These 
effects were also noted in control animals, indicating that the procedure 
used for collecting the blood samples (cardiac puncture) itself affected the 
serum lipid levels. A similar difficulty was experienced by Page, Pasternak 
& Burt (1931) whilst investigating the action of adrenaline on plasma lipids 
in the rabbit. Even so, the present results indicate that there is certainly 
no rise in serum lipids following anaphylaxis.

The lungs of guinea-pigs release large amounts of histamine in a 
vasoactive form as a result of anaphylaxis, and become oedematous in 
consequence. The isolation and biochemical estimation of the oedema 
fluid so formed presents technical difficulties. The procedure we used 
for recovering extracellular fluid from the lungs was devised in the belief 
that it represented oedema fluid diluted with Tyrode solution present in 
the pulmonary circulation. This belief is supported by the recovery of 
larger amounts of fluid from shocked compared with control lungs and 
also a small rise in its albumin content 30 min after anaphylaxis. The 
latter would be expected to follow an increase in lung capillary permeability 
since the molecular size of albumin is known to be smaller than that of 
the globulins, so that enrichment of tissue fluid with plasma protein would 
be expected to lead to an increase in albumin relative to globulin. The 
small extent of the albumin enrichment of extracellular fluid probably 
accounts for our failure to detect loss of albumin from serum. Ana
phylaxis caused an increase in the lipid content of extracellular fluid 
followed by a return towards the control values. These changes suggest 
that lipid lost from lungs during anaphylaxis accumulates in oedema fluid 
in the lung and is then removed, presumably by lymphatic drainage. 
The reductions in volume of extracellular fluid and its lipid content 
observed in animals protected from fatal anaphylaxis by drug pretreatment 
are compatible with this interpretation.

The relationship between oedema fluid and phospholipid loss from 
lung tissue observed in these experiments is of interest in view of the 
previous findings of Kohler & Barbe (1954a,b). These workers reported 
the loss of total lipid from the lungs of rabbits following oedema 
induced by adrenaline and hypnotics. During anaphylaxis, therefore,

EFFECTS OF ANAPHYLAXIS
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lipid loss from lung tissue may well be caused by the development of 
oedema in that organ.

The significance of the fall in serum lipids induced by anaphylaxis is 
unknown as yet. The fact that cardiac puncture itself induces changes 
essentially similar to those observed after anaphylaxis suggests that some 
“stress reaction” involving perhaps adrenaline- or ACTH-release might be 
operating (Page & others, 1931; Conn, Vogel, Louis & Fajans, 1950; 
Selye, 1950; Adlersberg, Shaefer & Drachman, 1951). The organ 
removing lipids from the serum under these experimental conditions is 
unknown. It might well be the liver. These tentative hypotheses invite 
early confirmation, but only in experiments in which adequate blood 
samples can be removed from guinea-pigs by a technique shown to be 
lacking in stimuli to the pituitary-adrenal axis. Otherwise, as in the 
present experiments, there remains the possibility that the technique of 
blood sampling may induce responses capable of modifying the subse
quent anaphylaxis.
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Synthesis and antiprotozoal activity o f some 
imidazoles derivatives

G . P. E LL IS,* C. E PS T E IN , C. F IT Z M A U R IC E , L. G O L B E R G f A N D  G . H . 
L O R D

The synthesis and  in vitro  an tip ro tozoal activity  o f  a  series o f  nitroim idazoles a re  
described. A  substitu ted  phenyl group  and , in  m any o f the  com pounds, a  A-sub- 
stituent were also p resen t: vinylogues o f som e o f the  com pounds are  described. 
Several o f the  nitro im idazoles exhibit very h igh in vitro  activity against Trichom onas 
vaginalis and  T. fo e tu s , and  good activity  against H istom onas m eleagridis and  Enta
m oeba h isto lytica . T heir an tifungal action  was low er th an  th a t o f som e o f  
th e  un -n itra ted  imidazoles. The an tip ro tozoal activity o f these com pounds is 
discussed in  re la tion  to  their chem ical structure . 4-p-A cetam idophenyl-, 4-p -  
chlorophenyl- and 4-(3 ,4-dichlorophenyl)-l-m ethyl-5-nitroim idazole, and  4-p-chloro- 
phenyl- and  4-(3,4-dichlorophenyl)-l-(2-hydroxyethyl)-5-nitroim idazole are  the  m ost 
active against Trichomonas.

T HE failure of acinitrazole (2-acetamido-5-nitrothiazole ; Tritheon) to  
fulfil its early promise (Cuckler, Kupferberg & Millman, 1955) as a 

clinically useful drug against T r ic h o m o n a s  v a g in a l is  infections (Bushby & 
Copp, 1955) emphasises the need of further search for a trichomonacide 
for clinical and veterinary use. In such compounds as chloramphenicol, 
azomycin, acinitrazole and several nitrofurans the nitro-group attached 
to a benzene or heterocyclic ring is essential for their high chemothera
peutic efficiency. In view of the antifungal activity of some of the 
imidazole derivatives previously described (Ellis, Epstein, Fitzmaurice, 
Golberg & Lord, 1964), it was of interest to study the effect of nitration on 
their antiprotozoal activity. The new compounds prepared contain a 
nitro-group attached at either position 4 or 5 of the imidazole ring and a 
substituted phenyl group at the corresponding position 5 or 4. Many o f 
the compounds also carry another substituent on the ring nitrogen atom.

The effect of the compounds described in this and the previous paper 
(Ellis & others, 1964) was studied on selected fungi and protozoa.

While the present work was in progress, reports on the use of metron
idazole [l-(2-hydroxyethyl)-2-methyl-5-nitroimidazole; Flagyl, 8823 R.P.] 
in the treatment of human trichomonad infections were published (Cosar 
& Julou, 1959 ; Sylvestre & Gallaiz, 1960; Bonzaine & Desranleau, 1960; 
Schnitzer, 1963).

For the preparation of the compounds studied, one of two standard 
methods of nitrating imidazoles was used. Either the imidazole nitrate 
was heated, with stirring, with concentrated sulphuric acid, or solid 
sodium nitrate was added to the imidazole base dissolved in sulphuric

F ro m  T he R esearch  D epartm en t, Benger L abora to ries L td ., H olm es C hapel, 
Cheshire.

* P resent a d d re ss : D epartm en t o f  C hem istry an d  Biology, W elsh College o f  
A dvanced Technology, C athays P ark , Cardiff.

t  Present a d d re ss : B ritish In d ustria l B iological R esearch A ssociation, R a d n o r  
H ouse, 93-97 R egent Street, L ondon , W .l.
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acid. Both methods gave a mixture of the nitroimidazole (I) and nitro- 
phenyl (II) compounds, but the proportion varied with the sub
stituent already on the benzene ring. Good yields of the almost colourless 
nitroimidazole were obtained only when the benzene ring carried a 
deactivating group. Separation of the isomers depended on the greater 
basicity of the yellow-coloured nitrophenyl isomer which remained in 
solution after dilution of the reaction mixture when the nitroimidazoles 
were precipitated. The structure of the nitrophenyl isomers was deter
mined by oxidation with potassium permanganate to give a substituted 
benzoic acid. For example, 4-chloro-3-nitrobenzoic acid was obtained by 
the oxidation of the acid-soluble product of the nitration of 4(5)-z?-chloro- 
phenylimidazole. Nitroimidazoles unsubstituted at position 1 were

I  II

alkylated by treatment with an alkyl sulphate to give the l-alkyl-5-nitro- 
imidazole. If  an alkyl halide and potassium carbonate were used for 
alkylation, a mixture of the 4- and 5-nitroimidazoles was formed from 
which the pure l-alkyl-4-nitroimidazole was obtained by fractional 
crystallization. Assignment of structures has been discussed by Ellis 
& others (1964). 5(4)-Nitro-4(5)-styrylimidazoles (III, R ' =  H) analogous 
to the above phenylnitroimidazoles were readily prepared by condensing 
an aromatic aldehyde with 4(5)-methyl-5(4)-nitroimidazole or the 1-alkyl 
derivatives.

R'

III

Some representative syntheses are given in the experimental section and 
the melting-point and analysis of the compounds are listed in Table 1.

Experimental
N i t r a t i o n  o f  4 ( 5 ) - p - c h lo r o p h e n y l im id a z o le . 4(5)-/?-Chlorophenylimid

azole (75 g) was treated with 2n nitric acid (250 ml). The solid nitrate was 
filtered and dried and added carefully to concentrated sulphuric acid (750 
ml) with stirring. The mixture was heated for 15 hr on a steam-bath, then 
cooled and poured on to ice (750 g) and water (2 litres). The precipitated 
yellow solid was filtered off, washed with cold water and then boiled with 
dilute hydrochloric acid and the suspension filtered. The colourless 
residue was 4 (5 ) -y > -c h lo r o p h e n y l-5 { 4 ) -n i tr o im id a z o le  (30 g), m.p. 285°. The 
filtrate was basified with aqueous ammonia to yield the yellow 4(5)-(4- 
chloro-3-nitrophenyl)imidazole, m.p. 245° (from ethanol). The filtrate
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from the nitration mixture on basifying with aqueous ammonia pre
cipitated yellow plates of 4(5)-(4-chloro-2-nitrophenyl)imidazole, m.p. 201° 
(from ethanol). The analyses for these two nitrophenyl compounds were 
given by Ellis & others (1964). Characterisation of the three nitro
compounds was eifected by oxidizing 1 g of each with potassium per
manganate (4 g) in water (50 ml) containing sodium carbonate (1 g) to 
give p-chloro, 4-chloro-3-nitro-, and 4-chloro-2-nitro-benzoic acids, 
respectively, which did not depress the melting-points of authentic 
specimens.

4 -  p - C h lo r o p h e n y l - \ - m e th y l - 5 - n i t r o i m i d a z o l e .  4(5)-p-Chlorophenyl-5(4)- 
nitroimidazole (TO g) and dimethyl sulphate (0-6 ml) were heated together 
on a steam-bath for 1 hr. Water (20 ml) was added, followed by an excess 
o f sodium bicarbonate. The mixture was extracted three times with 
50 ml portions of ether, the extracts were dried (Na2S 04), concentrated 
and then diluted with light petroleum (b.p. 40-60°) (50 ml) to give the 
pale yellow 4 - p - c h lo r o p h e n y l -1 - m e th y l - 5 - n i t r o im id a z o le ,  m.p. 107-108° 
(from ether).

5 -  p - C h lo r o p h e n y l - 1 - m e th y l - 4 - n i t r o im id a z o le .  4(5)-p-Chlorophenyl-5(4)- 
nitroimidazole (3-7 g), methyl iodide (2-5 g) and potassium carbonate 
(1-4 g) were refluxed together in acetone (200 ml) for 4 hr. The solid 
residue was filtered off, and the filtrate was evaporated to dryness and 
washed with ether (50 ml). From the residue, colourless needles of 5-p- 
c h lo r o p h e n y l - l - m e th y l - 4 - n i t r o i m i d a z o l e  (T4 g), m.p. 238-240° (from 
acetone) were isolated. The ether washings contained 4-p-chlorophenyl-
l-methyl-5-nitroimidazole (0-6 g), m.p. 105°.

4 ( 5 ) - 0 ,4 - D ic h l o r o p h e n y l ) - 5 ( 4 ) - n i t r o im id a z o le .  4(5)-(3,4-Dichloro-
phenyl)imidazole (1 g) was suspended in water (10 ml) and treated with 
10% nitric acid solution until acid to Congo Red. The suspension of the 
sparingly soluble salt was evaporated to dryness in  v a c u o  and the residue 
added with cooling to concentrated sulphuric acid (5 mi). After heating 
the solution for 1 hr at 100°, it was poured onto ice, whereupon 4(5)-(3,4- 
d ic h lo r o p h e n y l ) - 5 ( 4 ) - n i t r o im id a z o le  (0-4 g), m.p. 302-303° (from aqueous 
ethanol) was precipitated. Oxidation of a sample with alkaline potassium 
permanganate gave 3,4-dichlorobenzoic acid, m.p. 208°.

The acid filtrate, on basification with aqueous ammonia, gave the 
greenish-yellow 4(5)-(4,5-dichloro-2-nitrophenyl)imidazole (0-4 g), m.p. 
225-226° (Ellis & others, 1964).

4-(3,'4 - D ic h l o r o p h e n y l ) - \ - m e t h y l - 4 -  and -5-n i t r o im id a z o le . 4(5)-(3,4-Di- 
chlorophenyl)-5(4)-nitroimidazole (5 g), potassium carbonate (1-5 g) and 
methyl iodide (1-3 g) were refluxed together in acetone (100 ml) for 72 hr. 
The reaction mixture was filtered, the acetone distilled off, the residual 
solid stirred with cold ether, and the solution filtered; the filtrate, after 
being decolorised, concentrated and diluted with light petroleum, yielded 
pale yellow needles of 4 - ( 3 ,4 - d i c h lo r o p h e n y l ) - \ - m e th y l - 5 - n i t r o im id a z o le  
(0-5 g), m.p. 134-135° (not depressed on admixture with the product of 
nitration of 4-(3,4-dichlorophenyl)-l-methylimidazole). The residue 
from the filtration of the ether solution was extracted with hot ethyl 
acetate. On cooling the extract, unchanged starting material (0-25 g),

SYNTHESIS AND ANTIPROTOZOAL ACTIVITY OF IMIDAZOLES
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m.p. 304-305°, was deposited. After removing this, the solution was 
decolorized, concentrated and diluted with light petroleum to precipitate 
the colourless 5 - ( 3 ,4 - d ic h I o r o p h e n y l ) - l - m e th y l - 4 - n i t r o im id a z o le  (1-7 g), 
m.p. 195-197°.

4 - p - A c e t a m i d o p h e n y l - \ - m e th y l - 5 - n i t r o im id a z o l e .  4(5)-p-Aeetamido- 
phenyl-5(4)-nitroimidazole (Grant & Pyman, 1921) (10 g) was beaded on a 
steam-bath with dimethyl sulphate (10 ml) for 2 hr. The excess of di
methyl sulphate was removed in  v a c u o , and the residue was dissolved in 
water and basified with aqueous ammonia. Chloroform extracts of this 
solution were decolorised and the solvent was removed in  v a c u o  without 
heating, leaving golden-yellow leaflets of 4 - p - a c e ta m id o p h e n y l - l - m e r h y l -
5 - n i t r o im id a z o le  (2T g), m.p. 214-215°.

4 -  p - A m in o p h e n y l - \ - m e t h y l - 5 - n i t r o im id a z o I e .  Repetition of the above 
preparation, but with prolonged heating for 16 hr, gave th e  a m in o p h e n y l  
c o m p o u n d  as orange-red crystals, m.p. 141-143° (4-0 g) [from ethyl 
acetate-light petroleum (b.p. 60-80°)].

4 ( 5 ) - p - C h lo r o p h e n y l - 2 - m e th y l - 5 ( 4 ) - n i t r o im id a z o le .  4(5)-/>Chloro-
phenyl-2-methylimidazole (1-3 g) was suspended in water (5 ml) and con
centrated nitric acid (0-4 ml) was added. The mixture was warmed, 
cooled and filtered. The solid nitrate was dissolved in cooled concen
trated sulphuric acid (5 ml), and the blue solution was heated at 100° for 
1 hr, cooled, poured into water (20 ml) and filtered. After warming the 
solid with dilute hydrochloric acid, filtering and washing with water, it 
gave the n i t r o im id a z o le  (0-4 g), m.p. 263-266° (from ethanol).

H y d r o x y e t h y l a t i o n  o f  4 ( 5 ) - ( 2 ,4 - d i c h lo r o p h e n y l ) - 5 ( 4 ) - n i t r o im id a z o le .  A 
mixture of 4(5)-(3,4-dichlorophenyl)-5(4)-nitroimidazole (5 g), 2-bromo- 
ethanol (1-5 ml), acetone (100 ml) and potassium carbonate (1-5 g) was 
refluxed for 72 hr and filtered. The solvent was distilled off and the solid 
extracted with boiling ether (4 X 100 ml); the combined extracts, on 
standing, deposited crystals which were added to the ether-insoluve residue, 
which was the pale yellow 5 - ( 3 ,4 - d ic h l o r o p h e n y l ) - \ - ( 2 - h y d r o x y e th y l ) - 4 -  
n i t r o im id a z o le  (T 8 g), m.p. 177° (from aqueous ethanol). From the ether 
solution, 4 - ( 3 ,4 - d ic h /o r o p h e n y l ) - l - ( 2 - h y d r o x y e th y l ) - 5 - n i t r o im id a z o le  (0-5 g), 
m.p. 102-103° (from ethyl acetate-light petroleum, b.p. 60-80°) was 
obtained as salmon-coloured crystals by dilution with light petroleum.

5 -  ( 3 ,4 - D ic h I o r o s t y r y l ) - ] - m e lh y l - 4 - n i t r o im id a z o le .  3,4-Dichlorobenz- 
aldehyde (0-9 g), l,5-dimethyl-4-nitroimidazole (0-7 g) and piperidine 
(0T ml) were heated together at 150-160° for 2 hr. The liquid was 
cooled, stirred with ether and filtered. Extraction of the solid with 
boiling water yielded 5 - ( 3 ,4 - d ic h I o r o s t y r y I ) - \ - m e th y l - 4 - n i t r o im id a z o le  
(0-25 g), m.p. 199-201° (from ethyl acetate).

Biological methods
I n  v i t r o  ASSAY OF A N TIP R O TO Z O A L A C TIV IT Y

The following pathogenic protozoa (obtained from the sources stated) 
were used as test organisms: T r ic h o m o n a s  v a g in a l is  (T 70), Liverpool 
Public Health Laboratory; T . f o e t u s  (T 69, Belfast strain), Agricultural
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Research Council, Weybridge; T .  g a l l in a e  (T 80, Wilson strain), Agri
cultural Research Council Veterinary Laboratories, M idlothian; H is t o -  
m o n a s  m e le a g r id is  (Joyner strain), Agricultural Research Council,
M.A.F.F. (Weybridge; E n ta m o e b a  h i s to l y t i c a  (Strain DC), Liverpool 
School of Tropical Medicine. The culture media used were:

T r ic h o m o n a s  s t o c k  c u l tu r e  m e d iu m .  The composition w/v of a modified 
transport medium (Stuart, 1954) was as follows: sodium glycerophosphate
1-0, calcium chloride 0-01, sodium thioglycollate 0T, agar 0-2, and 
methylene blue 0 0002%. Final pH 7-4; 12 ml of this was sterilised in 
\  oz. screw-capped bottles at 15 lb/in2 for 15 min. Before inoculation, 
the colourless medium was supplemented with 10% v/v heat-inactivated 
bovine serum.

T r ic h o m o n a s  a s s a y  m e d iu m .  The three trichomonas strains were grown 
in the following modification (designated t .v. medium) of Kupferberg’s 
medium (Kupferberg, Johnson & Sprince, 1948): Difco Protease peptone 
No. 3, 10; Difco Tryptose peptone, 10; Kerfoot D-glucose, 10; sodium 
chloride, 5; L-cysteine hydrochloride, 1-0; ascorbic acid, 1-5 g; ‘Pana- 
mede’ (Paines & Byrne) desiccated liver extract, 0-5 g, and distilled water 
1 litre. Supplements to the medium included 400 I.U./ml penicillin and 
0-5 mg/ml streptomycin sulphate together with 10% v/v heat-inactivated 
bovine serum.

The t .v . medium was prepared by dissolving separately the peptones, 
sodium chloride, L-cysteine hydrochloride and liver extract in 100-ml 
portions of hot distilled water. The warm solutions were mixed and 
cooled to room temperature before adding the glucose and ascorbic acid. 
The clear filtrate obtained by gravity filtration through a fluted Whatman 
No. 1 paper was diluted to 1 litre before adding the antibiotics. The 
medium was adjusted to pH 6-2, prefiltered through a Pyrex (porosity 
grade 4) sterile sintered-glass filter before final sterilisation by filtration 
through an Oxoid membrane. The filtrate was stored in the dark at
3-5°, and used, within 2 weeks, for maintaining the trichomonad, and 
preparing the inocula and assay medium. In each case it was supple
mented with 10% v/v heat-inactivated bovine serum immediately before 
use.

H is t o m o n a s  a n d  e n ta m o e b a  s t o c k  c u l tu r e  m e d iu m .  A diphasic medium 
maintained continuously at 37° was used for both organisms. Sterile 
serum slopes (4 ml) were prepared in 6 x  f  inch cotton-wool-plugged 
test tubes for the histomonas and in j-oz screw-capped bottles for the 
entamoeba. Coagulation of the serum was effected by heating at 80° 
for 20 min and to the cooled slope it was necessary to add 5-10 mg of 
heat-sterilised Difco rice starch powder. The egg-white overlay liquid 
medium was prepared by aseptically separating the white of a medium 
sized egg, mixing with 200 ml of sterile Ringer-phosphate saline (pH 7-4), 
adding 2 ml of sterile 20% w/v aqueous D-glucose solution and mixing 
well by means of a magnetic stirrer. The medium was then stored at
3-5° and used within 10 days.

The final medium (Rees & Reardon, 1945) consisted of 4 ml of in
spissated horse serum slant covered with 8 ml of diluted egg white plus

SYNTHESIS AND ANTIPROTOZOAL ACTIVITY OF IMIDAZOLES
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rice starch powder. For both organisms the stock culture was main
tained by subculturing every two or three days; the overlay liquid medium 
was preconditioned by inoculating with the mixed “natural” bacterial 
associates of the respective strains 4-5 hr before inoculating with approxi
mately 50,000 viable amoeboid cells.

M A IN TEN A N C E OF STOCK CU LTU RES OF TR ICH O M O N A D  STRAINS

A 24-hr old vigorously growing, bacteria-free trichomonad culture, 
the flagellate of which exhibited extremely rapid motility was used. A 10% 
v/v inoculum was added to 12-ml volumes each of the Stewart transport 
medium and the t .v . medium, and then stored at 3-5rj for two or three 
days. The cultures were unimpaired by this storage and were then 
incubated at 37° for 24 hr to provide once again a vigorously growing 
culture which could be used for either a static culture to be stored in the 
refrigerator or provide an inoculum for assays to determine trichomon- 
acidal activity of new compounds.

I n  v i tr o  ASSAYS T O  c o m p a r e  t h e  a c t i v i t i e s  OF N EW  COMPOUNDS W IT H  
STANDARD DRUGS

T r ic h o m o n a c id e s . The minimum concentration of a compound which 
suppressed completely the growth of trichomonads at 37° over a period 
of 48 hr was determined. The end-points were ascertained by micro
scopic examination of the culture, death being indicated by morphological 
change from pear-shaped to rounded cells and complete cessation of 
motility. The standard drugs employed were (1) acinitrazole and (2) 
metronidazole. Nithiazide and dimetridazole were also included for 
comparison. Stock solutions (1% w/v) of standard and new compounds 
were prepared in either glycerol formal or liquid macrogol (Carbowax 
300). Predilutions of the drugs were prepared in T.v. medium in wide
mouthed tubes, covering serial two-fold dilutions over the ranges 100-  
3 /xg/ml, and 10-0-3 /xg/ml; 5 ml portions of these dilutions were then 
transferred to £ oz screw-capped bottles.

The assay inoculum was prepared from a 24-hr old vigorous culture 
o f the trichomonad strain in t .v . medium which was diluted in this 
medium to give approximately 500,000 viable protozoa per ml, 0-2 ml 
o f which was added aseptically to each bottle so that each bottle received
100,000 trichomonads.

A m o e b ic id e s .  Single-phase medium (Jones, 1946) containing 0-1% w/v 
autolysed yeast extract in buffered phosphate saline, pH 7-3, with rice 
powder supplement, along with 10% v/v heat-inactivated horse serum 
was used for screening new compounds. The Jones medium was pre
conditioned with the appropriate bacterial associates incubated for 4-5 hr 
at 37°, and two-fold serial dilutions of the drugs were prepared so that 
finally the medium plus rice powder in 5 ml portions were contained in 
i  oz screw-capped bottles. Each bottle then received 50,000 viable 
amoeboid cells as inoculum. After incubation for 48 hr at 37°, the 
sedimented layers in each bottle were examined microscopically and the 
minimum cidal concentration ( m c c )  was ascertained.

G. P. ELLIS AND OTHERS
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G . P. E L L IS  A N D  O T H E R S 

I n  v i t r o  ASSAY OF antifungal activity

The procedure used was the same as that already described by Ellis & 
others, 1964.

Results
Of the nitro-compounds described, five (compounds 6 , 10, 21, 23 and 

25, Table 1) showed antifungal activity at a concentration of 25 fig/ml 
or less. These compounds, and others which inhibited the growth o f 
trichomonads at 1 fig/ml or less, are listed in Table 2. There was no

T A B LE 2. ANTIPROTOZOAL ACTIVITY OF IMIDAZOLE DERIVATIVES AFTER 48 HR AT 28°

Compound
No.

Minimum cidal concentration 
¡ig/mi

M.I.C.
p.g/ml

Trichomonas Histomonas Entamoeba Trichophyton
2 0-5 10
3 0-075 1-5 2-5
4 1 7-5 2 0
6 0 1 25
7 1

10 0 1 1-25 2-5 25
12 1 10
16 005 1*5 1*5
2 0 1
21 0-1 2 2 0
23 0-5 10
25 1 10
30 1
33 015
34 1
36 1
42 0-5
43 1
44 1

Metronidazole 0-3 2-5 2-5
Acinitrazole .. 1 1 —
♦Nithiazide (Hepzide) 1 3 —
fDimetridazole (8595 R.P.) .. 0 -2 0-5 2

* 1 -Ethyl-3-(5-nitro-2-thiazolyl)urea. 
1 1,2-Dimethyl-5-nitroimid azole.

significant difference between the three species of trichomonads in their 
sensitivity to a drug.

Discussion
Microbiological tests on the nitro-compounds show them to have a 

pronounced difference in their spectrum of in  v i t r o  antimicrobial activity 
from that of their un-nitrated precursors (Ellis & others, 1964). Some o f 
the latter possessed good antifungal action but no trichomonacidal 
properties. After nitration in position 4 or 5 of the imidazole ring, some 
of these compounds exhibited high inhibitory activity against several 
protozoa but their antifungal potency decreased; for example, on nitrating
4-(3,4-dichlorophenyl)-l-propylimidazole (compound 25), its antifungal 
activity fell from 4 to 10 fig/ml, while its trichomonacidal efficacy increased 
from a negligible value to 1 fig/ml. 4(5)-(2,4,5-Trichlorophenyl)imidazole 
inhibited the in  v i t r o  growth of T r ic h o p h y to n  species at 25 fig/ml and o f 
trichomonads at 50 fig/ml, but nitration (to compound 40) changed these 
values to 100 and 2 fig/ml respectively. In general, the most potent 
trichomonacidal compounds showed little or no antifungal activity.

Alkylation of the ring nitrogen atom led to a considerable improvement
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in trichomonacidal activity only if (a) the 5-nitro-isomer was formed and 
( b )  the alkyl group was small. Thus, methylation of 4(5)-(3,4-dichloro- 
phenyl)-5(4)-nitroimidazole (compound 20) produced the l-methyl-5- 
nitro-derivative (compound 21), which was twenty times more potent 
than its l-methyl-4-nitro-isomer (compound 22). On n-propylation of 
compound 20, however, the more active isomer (compound 25) was no 
better than the parent compound. Octylation (to compounds 27 and 28) 
destroyed the activity of compound 20. A similar effect was observed by 
Bushby & Copp (1955) when they acylated 2-amino-5-nitrothiazole with 
fatty acids of varying chain-length; the 2-octanoylamido-compound 
possessed only one-tenth of the activity of acinitriazoles.

Compounds which possessed water-solubilising groups attached to 
either the imidazole ring (compounds 16, 17, 29, 33, 34, 36, 37, 39) or 
the phenyl ring (compounds 1,18,19) exhibited poor in  v i t r o  anti-protozoal 
action. There was little or no difference in the activities of compounds 
with a chlorine or a bromine atom in the p-position of the benzene ring, 
or in the activity of a compound with a chlorine atom in the p-position and 
that of one with two chlorine atoms in positions 3 and 4. The high 
activity of the p-aminophenyl- and p-acetamidophenyl-imidazoles (com
pounds 1, 2, 3) parallels that of the corresponding nitrothiazole com
pounds (Bushby & Copp, 1955). Replacing the p-acetamido-group 
(compound 3) by a dichloroacetamido-substituent (compound 4) produced 
a decrease in activity which is not unexpected in view of the inactivity of 
chloramphenicol towards trichomonads (Schnitzer, 1963).

The vinylogous compounds (41-44) exhibited very good trichomonacidal 
activity but they differed from the phenylnitroimidazoles in two respects: 
first, alkylation of the ring nitrogen atom decreased potency slightly 
(compare compounds 42 and 43), in contrast to a ten-fold improvement 
between compounds 20 and 21. Secondly, the two positional isomers 
(43 and 44) were equally active, while the corresponding compounds 21 
and 22 differed by a factor of twenty.

A c k n o w l e d g e m e n t s .  The authors wish to thank Mr. K. F. Clarke and 
Mr. P. B. Johnson for experimental assistance and Mr. C. Campbell, 
B.Sc., F.R.I.C., for analytical results.
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Effect of various drugs on carrageenin-induced oedema 
in the rat hind paw
C. J. E . N IE M E G E E R S , F. J. V E R B R U G G E N  A N D  P. A. J. JA N SSEN

Local oedem a in the ra t h ind  paw  is induced by su b p lan tar injection o f a  1% suspen
sion  of carrageenin. A n assay procedure fo r the analysis o f  inhibitory effects o f 
drugs on this inflam m atory process is described. The results obtained w ith a  single 
o ral dose of 14 an tirheum atic  drugs (3 steroids and  11 non-steroids) and  o f 49 
substances w ithout established clinical an tirheum atic  value are reported . Only 8 
com pounds were found  to  be com pletely devoid of anti-carrageenin  activity. O thers 
were active a t dose levels producing  striking behavioural, au tonom ic or toxic effects. 
All clinically established an tirheum atic  substances were active in the  carrageenin 
test a t non-toxic doses producing  no obvious behavioural o r autonom ic effects and 
d a ta  on dose-response relationship  of these com pounds are presented. It is con
cluded th a t the assay in its present form  is an  acceptable prelim inary  screening test 
fo r an tirheum atic  activity.

C ARRAGEENIN is a sulphated polygalactose extracted from the 
marine alga C h o n d r u s  c r is p u s  (Irish sea moss). It is a complex mixture 

of at least 5 different polysaccharides. Its two main components have 
been designated kappa and lambda fractions (Smith, O’Neill & Perlin, 
1955). Different authors found preparations of carrageenin to possess 
inflammatory properties in laboratory animals and the active fraction in 
inflammation has been identified as the lambda component (McCandless, 
1962). Carrageenin-induced oedema in the hind paw of the rat, as an 
assay for anti-inflammatory drugs was introduced by Winter, Risley & 
Nuss (1962, 1963).

We describe the experimental details of the carrageenin-test in rats as 
used by us and report upon the inhibitory effects obtained with this 
procedure using a variety of well-known steroid and non-steroid anti
rheumatic drugs, and other pharmacodynamic agents without established 
clinical antirheumatic action.

Experimental
METHOD

A modification of the method described by Winter & others (1962) was 
used. Young male Wistar rats of 195 ±  10 g body weight were main
tained in an air-conditioned room (temp. 22 ±  1°; relative humidity: 
65 ±  15%). Food was withdrawn 16 hr before the start of the experi
ment. Tap water was withheld during the experiment only.

The carrageenin used is coded Seakem 402 AP,* it is a predominantly 
lambda carrageenin and, out of 10 commercially available carrageenins, 
it was found to be the most active in inducing inflammation (Atkinson. 
Jenkins, Tomich & Woollett, 1962). A 1% suspension in 0-9% saline 
was prepared 1 hr before each experimental session, and a volume of

F rom  Janssen Pharm aceutica, N .V ., R esearch L abora to ria , Beerse (Belgium).

* O btained th rough  the courtesy o f J. T. Z olper and  M urray  H . M alin, M arine  
Colloids, Inc., Springfield, N .J.
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EFFECT OF DRUGS ON CARRAGEENIN-INDUCED OEDEMA

0-05 ml was injected into the plantar side of both hind paws of the rats.
Drugs in aqueous solution or suspension (. . . 0-31, 0-63, 1-25 . .  . 

160 mg/kg) were administered by stomach tube in a volume of 1 ml/100 g 
body weight, followed immediately by tap water to a total of 5 ml/rat. 
Controls received 5 ml tap water only. This ensured uniform hydration 
in all rats and minimised the variability of oedematous responses in the 
paws (Winter & others, 1962).

Drugs or solvent were given 1 hr before the carrageenin treatment and 
the degree of the carrageenin-induced swelling of the hind paws was 
measured 3 hr after the carrageenin-treatment.

The apparatus for measuring foot volume was a commercially available 
electric antiphlogmeter developed by Kemper & Ameln (1959).

The degree of swelling is the ratio a/b, where “b” is the total volume of 
both hind paws before, and “a” the total volume of both hind paws after 
carrageenin treatment. Since it was found that there was a lack of 
correlation between the volume of both paws before and after carrageenin 
treatment (y2 =  0-28; P >  0-50) the mean value “b” was calculated for 
500 control experiments and preferred to the true “b” value obtained in 
each animal. In 500 control rats (1,000 paws) the mean ratio a/b was
2-0 (swelling equal to 100%). A ratio a/b <1-5 (swelling less than or 
equal to 50%) after drug administration was considered as a significant 
inhibitory effect of the drug. On this basis using different dose levels 
and 6 rats per dose level (2 groups of 3 rats on different days), the usual 
quantal assay procedure was employed. The dose producing a ratio of 
a/b <1-5 in 50% of the treated animals (ED 50 in mg/kg), the 95% confi
dence limits (LL and UL), the slope (S) and the slope function (fS) were 
determined by the graphic log-probit method of Litchfield & Wilcoxon 
(1949).

Results
C O N TR O L EXPERIMENTS

The degree of swelling of the carrageenin-injected paws was maximal 
3 hr after injection and the mean increase in volume at that time was 
about 100% (a/b ~  2-0). The time-effect curve obtained in 15 rats 
(30 paws) is shown in Fig. 1. The 100% increase of the paw volume 3 h r 
after carrageenin injection remained fairly constant; in 500 control rats 
( 1,000 paws), injected over a period of about one year, the mean increase 
was exactly 100% (mean ratio a/b =  2-0). As shown in Fig. 2 there was 
no remarkable difference between the right and the left paws of the rats 
and an increase less than or equal to 50% (a/b < l-5) was observed in only 
3T% of the control animals. Furthermore for 75% of the control 
animals the degree of swelling after carrageenin treatment was between 
80% (a/b =  1-8) and 120% (a/b =  2 -2) compared to the uninjected paws 
of the same animals (Fig. 2).

A N TI-IN F LA M M A TO R Y  COMPOUNDS

The results obtained with a series of 14 so-called antirheumatic drugs 
(3 steroids and 11 non-steroids) in the carrageenin-induced oedema test
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are shown in Table 1. No obvious behavioural or autonomic effects were 
observed with these drugs at the highest dose levels tested (Fig. 3). 
All clinically established antirheumatic drugs seem to possess anti- 
carrageenin activity.

C. J. E. NIEMEGEERS, F. J. VERBRUGGEN AND P. A. J. JANSSEN

T A B L E  1. ANTI-CARRAGEENIN EFFECTIVENESS OF 14 ANTIRHEUMATIC DRUGS

Substances ED SO LL* UL S fS n
Indomethacin 2 -2 1-2 3-8 1-67 1-41 30
Mefenamic acid .. 90 4-3 19 3-20 1-85 43
Flufenamic acid .. 10 4-8 21 4-32 3-25 36
Phenylbutazone .. 25 14 47 2-15 1-56 36
Amidopyrine 31 2 0 49 1-77 1-35 30
Phenacetin ....................... 57 39 83 1-60 1-22 30
Aspirin 72 50 104 1-39 1-20 24
Phenazone 87 S3 142 1-87 1-58 24
Acetaminophen .. 88 53 145 1-56 1-52 13
Cinchophen 92 70 121 1-27 114 13
Sodium salicylate 98 65 148 169 1-24 13
Paramethasone .. 0057 0042 0077 1-46 118 30
Hydrocortisone .. 30 16 57 3-10 1-96 36
Cortisone .. 40 28 57 1-37 116 24

* See page 811.

Hr after carrageen!n treatment

F ig . 1. Local carrageenin-induced oedem a in the  ra t  h ind  paw . C arrageenin  1% 
in  0-9% saline ; 0-05 m l su b p lan tar in b o th  h ind  paws. T im e effect curve ob ta ined  in 
15 con tro ls (30 paws).

O TH ER DRUGS

To study the specificity of the carrageenin-test, 49 miscellaneous drugs 
o f different pharmacological classes were administered orally at different
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dose levels to groups of (2 x  3) rats. The results are summarised in 
Table 2.

Most of the active compounds of this group were found to antagonise 
the carrageenin-induced swelling reaction at dose levels producing overt

EFFECT OF DRUGS ON CARRAGEENIN-INDUCED OEDEMA

F i g . 2 .  Local carrageenin-induced oedem a in  th e  ra t  h ind paw . C arrageenin  
1% in  0-9% sa line ; 0-05 ml subplan tar. Frequency  d istribu tion  o f  th e  degree o f 
swelling ob ta ined  in  500 con tro l ra ts , i.e. 1000 paws.

behavioural changes or various autonomic effects such as mydriasis or 
both. Obviously anti-carrageenin activity is by no means a rare pharma
cological property and as such insufficient evidence for potential usefulness 
in the treatment of rheumatic disorders.

Discussion
Oral administration was adopted for all compounds, thus largely 

avoiding the so-called “counter-irritant effect” a phenomenon described 
by Benitz & Hall (1963), defined by them as a competitive reaction to 
two or more equal or different stimuli at two or more different locations.

Only 8 compounds were found to be virtually devoid of anti-oedema
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C J. E. NIEMEGEERS, F. J. VERBRUGGEN AND P. A. J. JANSSEN

T A B L E  2. ANTI-CARRAGEENIN EFFECTIVENESS OF 49 MISCELLANEOUS DRUGS, WITHOUT 
ESTABLISHED CLINICAL ANTIRHEUMATIC VALUE, BELONGING TO DIFFERENT 
PHARMACOLOGICAL CLASSES

Substances Class ED 50 LL UL S fS n
Diphenoxylate .. Analgesics 2-5 1-6 4-0 1-52 1-25 30
Fentar yl 3-5 2-6 4-7 1-44 1-12 24
Dextrc moram ide 3-6 2-7 4-7 1-41 1-30 12
Piritramide ( 1 ) .. 17 14 21 1-21 1-0 S 18
Morphine 20 13 32 2-07 1-62 24
Codeine .. 40 2 2 72 1-70 1-45 30
Triperidol Neuroleptics 4-2 2-7 6-5 1-74 1-44 24
Haloperidol 4-6 2-6 8-2 2-43 1-79 30
Reserpine 9-2 4-9 17 1-74 1-65 30
Chlorpromazine 14 9 .4 21 1*67 1-48 18
Droperidol (2) .. 17 11 27 1-76 1-60 18
Fluphenazine 19 12 30 1-55 1-37 24
Spiroperidol 29 16 51 205 1-81 24
Pentobarbitone .. Hypnotics 40 not linear 12
Phenobarbitone >160 — — — — 6

Diphenhydramine Antihistamines 75 46 121 1-86 1-53 24
Pyrilamine 80 not linear 30
Cinnarizine $5 160 — — — — 6

Chlore iazepoxide Tranquillising 73 56 95 1-26 1-11 18
Meprobamate .. muscle relaxants >160 — — — — 6

Hydroxyzine Sedatives 160 _ _ _ _ 6
Thalidomide >160 — — — — 6

Norimipramine .. Antidepressants 42 not linear 30
Imipramine 70 not linear 30
Amitryptiline 92 57 149 1-86 1-80 18
Phencyclidine .. Halucinogenics 7-1 4-2 12 1-94 1-46 30
Mescahne 67 52 86 1-25 I'll 18
Atropine Anti-cholinergics 61 54 111 2-14 1-95 24
Benactyzine 160 — — — — 6
Benzetimide (3) .. $5160 — — — — 6

Tranylcypromine mao inhibitors 5-0 2-3 11 3-31 2 -1 2 42
Iproniazid 94 49 182 2-32 2-23 24
Diphenylhydantoin Anticonvulsant >160 ‘ - - — 6

Cyclopenthiazide Diuretics 65 40 105 1-84 1-77 18
Hydrochlorothiazide .. 68 31 145 3-93 2-6 6 36
Chlorothiazide .. $ 5  160 — — — — 6

Amphetamine . . CNS-stimulants 1-8 10 3-2 2-07 L75 36
Caffeine 66 not linear 30
Tryptamine 160 ■— — — — 6
Apomorphine . . >160 — — — — 6

Aceperone (4) . . Hypotensive 26 18 37 1-58 1-37 18
Guaneihidine drugs 52 33 81 1-76 1-44 24
Acoxatrine (5) . . 80 60 107 1-30 117 18
Hexaméthonium >160 — — — — 6

Cocaine .. Local 40 19 84 1-94 1-72 36
Xvlocaine anaesthetics 90 69 118 '•27 1-08 24
Procaine .. >160 — — — — 6

Prozapine (6 ) Papaverine-like 160 _ _ _ _ 6
Papaverine compounds $5 160 • — — 6

Also known as (I) pirinitramide (Janssen, 1961); (2) dehydrobenzperidol (Janssen, Niemegeers, Schelle- 
kens, v erbruggen & Van Nueten, 1963); (3) dioxatrine (Niemegeers & Janssen, 1964); (4) acetabuton 
(Schaper, Jageneau, Xhonneux, 1962); (5) acetoxatrine (Schaper, Jageneau & Janssen, 1963); (6 ) hexa- 
diphans (Gaussen, 1962).

properties at the highest dose levels tested (ED 50 >160 mg,'kg oral). 
These were: apomorphine, diphenylhydantoin, hexaméthonium, mepro
bamate, papaverine, phenobarbitone, procaine and thalidomide.
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Three compounds possessed a slight inhibitory effect (ED 50 >160 mg/ 
kg oral): chlorothiazide, cinnarizine and benzetimide (a/b < 1-5 in 2/6 
animals). For 4 other drugs—benactyzine, prozapine, hydroxyzine and 
tryptamine—a significant inhibitory effect was found in 50% of the 
animals at the 160 mg/kg dose level (ED 50 —160 mg/kg oral; a/b <1-5 in 
3/6 animals).

As seen in Table 1 all compounds of interest in the treatment of inflam
mation were found to be effective in the carrageenin-test at non-toxic

EFFECT OF DRUGS ON CARRAGEENIN-INDUCED OEDEMA

Fig . 3. Dose-effect curves fo r anti-carrageen in  activity. Param ethasone  (1), 
indom ethacin  (2), m efenam ic acid  (3), flufenam ic acid (4), hydrocortisone (5), 
phenylbu tazone (6), co rtisone (7), acetylsalicylic acid (8), sodium  salicylate (9).

dose levels. Satisfactory dose response curves (Fig. 3) were obtained 
with a relatively small number of rats.

It is concluded that the carrageenin-test in its present form is an accept
able screening assay for antirheumatic activity. Compounds showing 
effectiveness at low atoxic dose levels and producing no obvious be
havioural or autonomic effects at relatively high (e.g. 4 times ED 50) 
dose levels merit further investigation as potentially useful antirheumatic 
drugs.

815



A c k n o w l e d g m e n t s .  The authors gratefully acknowledge the technical 
assistance of R. Frederickx.

C. J. E. NIEMEGEERS, F. J. VERBRUGGEN AND P. A. J. JANSSEN

References
A tkinson , R . M ., Jenkins, L ., Tom ich, E . G . & W oollett, E . A. (1962). J. Endocrin., 

25, 87-93.
Benitz, K . F . & H all, L. M. (1963). Arch. Jnt. Pharmacodyn., 144, 185-195. 
G aussen, L. (1962). Sem. Hopit. (Sem . Therap.), 38, 32-33.
Janssen , P. A. J . (1961). J. Pharm. Pharmacol., 13, 513-530.
Janssen , P . A. J ., N iem egeers, C. J. E ., Schellekens, K . H . L ., V erbruggen, F . J. & 

V an N ueten , J. M . (1963). Arzneimitt.-Forsch., 13, 205-211.
K em per, F . & Am eln, G. (1959). Z . Ges. Exp. Med., 131, 407-411.
Litchfield, J. T. & W ilcoxon, F . (1949). J. Pharmacol., 96, 99-113.
M cCandless, E . L. (1962). Federation Proc., 21, 166.
N iem egeers, C. J. E . & Janssen, P. A. J. (1964). J. Pharm. Pharmacol., 16, 26-32. 
Schaper, W . K . A ., Jageneau, A. H . M . & X honneux, R . (1962). Arzneimitt.- 

Forsch., 12, 1015-1019.
Schaper, W . K . A ., Jageneau, A. H . M. & Janssen, P. A. J. (1963). Ibid., 13, 597-601. 
Sm ith, D . B., O ’Neill, A. N . & Perlin, A. S. (1955). Canad. J. Chem., 33, 1352-1360. 
W inter, C. A ., Risley, E. A. & N uss, G . W . (1962). Proc. Soc. exp. Biol. N .Y ., 

111, 544-547.
W inter, C . A ., Risley, E. A. & N uss, G . W. (1963). J. Pharmacol., 141, 369-376.

816



J. Pharm. Pharmacol., 1964, 16, 817-819 Received May 13, 1964

Effect o f phenol on the oxygen uptake o f B a c illu s  
su b  tills  spores
M U R IE L  L O O S E M O R E  A N D  A. D . R U S SE L L
T he effect o f  phenol on  th e  oxygen up tak e  o f  Bacillus subtilis spores in glucose is 
described. A ll concen tra tions o f  phenol tested inhib ited  resp iration , b u t a  co m p ari
son w ith  earlier w ork  show ed no  corre lation  betw een this effect an d  death  o f  th e  
spores.

I NVESTIGATIONS into the effect of phenol on the uptake of oxygen by 
micro-organisms have been made by Hugo (1956), who found that low 

phenol concentrations stimulated the rate of uptake of oxygen in E s c h e r i 
c h ia  c o l i  when glucose, mannitol or lactose was used as substrate, but not 
when succinate, lactate, pyruvate or acetate was the substrate, and by 
Chauhan, Rivers & Walters (1963), who showed that 0-05-0-2% of phenol 
progressively reduced uptake of oxygen by P e n ic i l l iu m  n o ta t u m  spores.

Loosemore & Russell (1963) have indicated that phenol concentrations 
as high as 2-5 and 5% have little lethal action on B a c i l lu s  s u b t i l i s  spores, 
whereas, depending on the number of spores present, the minimum 
concentration of phenol required to inhibit growth in nutrient broth was 
0 -1-0-2%.

The present investigation was made to find out if metabolic processes 
were continuing during phenol treatment of the spores.

Experimental and results
All chemicals were of analytical reagent quality.
The organism was a laboratory strain of B a c i l lu s  s u b t i l i s . It was grown 

for 48 hr at 37° on the surface of nutrient agar (Oxoid, pH 7-4) in Roux 
flasks, washed from the surface with sterile water, and then washed twice 
with sterile water. The suspension was shaken with sterile glass beads 
to break up any clumps, heat-shocked at 75° for 20 min, and adjusted to a  
density of approximately 7 x  108 or 7 x  109 viable spores/ml.

Oxygen uptake was determined using the Warburg apparatus, by the 
method described by Umbreit, Burris & Stauffer (1959).

E f f e c t  o f  s p o r e  c o n c e n t r a t io n  o n  r a t e  o f  o x y g e n  u p ta k e .  It was necessary 
to  determine first the optimum numbers of spores for measuring the rate o f 
oxygen uptake over a period of time.

The results of this experiment are shown in Fig. 1, from which it is 
apparent that the higher spore inoculum gives an easily measurable 
response. Such an inoculum was therefore used in later experiments with 
phenol.

E f f e c t  o f  p h e n o l  o n  o x y g e n  u p ta k e .  The effect of various phenol concen
trations in duplicate on the respiration of the higher spore inoculum was 
investigated. Manometer readings (Fig. 2) were made at frequent 
intervals over several days to obtain some comparison with sporicidal 
tests (Loosemore & Russell, 1963).

F ro m  the  W elsh School o f Pharm acy, W elsh College o f  A dvanced T echnology, 
C athays P ark , Cardiff.
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Discussion
With glucose as substrate, a heavy inoculum of B . s u b t i l i s  spores is 

needed before oxygen uptake can be detected. Respiration of spores is

Fig . 1. Oxygen u p tak e  o f B. subtilis spores. % — #  A pprox. 4 4 x  10 7 spores,m l, 
su b stra te  glucose. 9 — 9  A pprox. 4 4 x l 0 6 spores/m l, substra te  glucose. O — O 
A pprox. 44 x 1 0 7 spores/m l, glucose absent.

Time (hr)

F ig. 2. Effect o f  phenol on  the  oxygen up tak e  of B. subtilis spores, x —  x Phenol 
absen t. # — #  Phenol 0-5% . © — © Phenol 1-0% . ©  Phenol 2-5% .
0 — 0  Phenol 5-0%

greatly inhibited in the presence of phenol. The minimum concentration 
of phenol which inhibits germination and subsequent growth of approxi
mately 107 spores of this organism in nutrient broth is about 0 -2%. 
Preliminary experiments indicated that 0-25% phenol inhibited oxygen 
uptake, and it is therefore, apparent that such concentrations of the anti
bacterial agent can inhibit germination and subsequent growth, and prevent
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P H E N O L  O N  O X Y G E N  U P T A K E

respiration. However, there is no correlation of the inhibition of these 
processes and the sporicidal activity of phenol, which even in concentra
tions as high as 2-5 and 5% w/v, possesses little lethal effect against spores 
o f this organism (Loosemore & Russell, 1963). It is interesting to note 
that Chauhan & others (1963) have concluded that measurement of oxygen 
uptake cannot be used for quantitative evaluation of fungicidal action.

Since glucose is a known germination stimulant, it is likely that the spores 
germinate in the absence of phenol. Phenol itself is known to inhibit a 
stage in the germination process (Lund, 1962).
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Anatomy of the leaves and young stem of 
M itr a g y n a  in e rm is  (O. Kuntze)
M . S. P IL L A Y

T he anatom y an d  m orphology  of the  leaves and  young  stem  o f Mitragyna inermis 
(O. K untze) is described and  illustra ted .

T HE extract of leaves or that of the stem of M i t r a g y n a  in e r m is  O.
Kuntze ( M .  A f r i c a n a  Korth) is commonly used in herbal medicine in 

Wes: Africa for a variety of ailments.
Although the constituents of the plant have been studied (Badger, 

Cook & Onley, 1950), no complete anatomical investigation appears to 
have been published, the morphology and anatomy of the plant are there
fore described in this communication.

M i t r a g y n a  in e r m is  is indigenous to the swampy savannah, and in Ghana 
is found growing both to the North and South of the Volta Region. The 
materials used in this investigation were leaves and young stems (twigs) 
collected in April and December, 1962, in the Volta Region from the 
Sogakope District. The identity of this species was confirmed by the 
Forestry Department, Kumasi, Ghana.

Macroscopy
The leaves have an opposite and decussate phyllotaxis and measure

2-5-12 cm long, and 1-5-8 cm wide. They are ovate, simple, petiolate 
and stipulate. The colour varies from reddish brown in the young to 
brownish green in the older leaves. Generally, the leaf apex is acuminate 
and rarely acute, with base rounded and symmetrical. The margin is 
entire. The upper surface is glabrous, while, on the lower surface 
trichomes are found mainly on the midrib and lateral veins. The midrib 
is prominent with 6-8  lateral veins leaving it at an angle of 40-50° and 
anastomosing near the margin. Venation is reticulately pinnate. Texture 
is th:n and papery with odour slight and taste somewhat bitter.

The p e t i o l e  is grooved and measures 6 mm-3 cm long, and 0-75-1-5 mm 
wide. The lower surface is rough due to the presence of short warty 
trichomes.

The s t ip u l e s  are in pairs. They measure 5 mm-2-5 cm long and 2-6 mm 
wide. They are oblong-lanceolate and reddish brown in colour (Fig. IB), 
and are deciduous, having a thin and papery texture. They are odourless 
and the taste is slightly bitter. The lower or outer surface is pubescent 
while the upper and inner surface is glabrous except near the lower 
half of the stipule where dark brown elongated secretory glands are 
found (Fig. l.C  e.s.g.). These are arranged alternately in rows of 3-5. 
Each elongated secretory gland has a broad and flattened base with a 
tapering apex (Fig. 2.G). Between these glandular structures are long 
hair-like trichomes (Fig. l.C. tr.) In the young stipule the secretion of

From Department of Pharmacy, Kwame Nkrumah University of Science and
Technology, Kumasi, Ghana.
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the secretory glands is copious, milky white and sticky and coats the 
adjacent young leaflets.

MITRAGYNA INERMIS (O. K U N T Z E )

F ig . 1. L eaf x  1. B. Stipule (outer) x  1J. C. S tipule (inner) x  1J. D . Y oung  
leafy stem  w ith fru it x  E . T /S  m idrib  o f leaf. F .T /S  stipule. G .T /S  petiole all 
x 2 0 . ca.ox., calcium  ox a la te ; ep., ep iderm is; e.s.g., e longated  secretory g lan d ; f., 

pericyclic fibre; g., g roove; ph ., ph lo em ; tr ., trich o m e; v., vein ; xy., xylem.

The y o u n g  s t e m  (twig) is rounded to semi-cylindrical with the outer 
surface reddish brown in colour. Slight longitudinal striations are present. 
A smooth transverse surface shows a narrow bark up to 15 mm wide with
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a buff coloured radiate xylem. The greyish central pith is up to 2 mm in 
diameter. Branch scars are in pairs.

F ig . 2. A . Leaf, lower epiderm is. B. Leaf, up p er epiderm is. C. Stipule, outer 
epiderm is. D . Stipule inner epiderm is. E .T /S  leaf. F .T ./S  stipule th ro u g h  vein 
a ll x  160. G .T ./S  elongated  secretory gland. H . L ong hair-like trichom e and  
w arty  trichom e, x  160. c.ox., calcium  o x ala te ; c.c., cen tral cells; e., ep iderm is; 
p a l., pa lisade; o.c., o u ter cells; sto., s to m ata ; up .e., upper epiderm is; v .b ., vascular 
bundle.

In the description that follows, the symbols R, T, and L signify measure
ments taken in radial, tangential, and longitudinal planes respectively. 
Although a wide variety of material was used, these values cannot be 
regarded as absolute.
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M icro sco p y
LAMINA (Figs 1-3)

The transverse section through the m id r ib  shows that the palisade cells 
do not extend over the meristele. The xylem is lignified and forms a half 
cylinder surrounded externally by phloem tissue. (Fig. I.E., ph ; Fig.
3.A., ex.ph.), and thick walled pericyclic fibres (Fig. I.E., f.). The central 
core is made up internal phloem, parenchyma and moderately thin walled 
fibres. Phloem is made up of sieve cells which are restricted to groups. 
Generally, the cells of the parenchyma have thin pitted walls, but, occa
sionally some have reticulate thickening (Fig. 3. A., r.p.). The xylem is made 
up of vessels, tracheids, and parenchyma all of which are strongly lignified. 
Vessels may have alternately arranged bordered pits, spiral or annular 
thickening. Isolated vessel elements measure R  and T, 12-40 pi, L, 100 pi 
- l -5 m m . The parenchyma around the xylem vessels is composed of 
rectangular to longitudinally elongated cells with pitted walls. These 
measure R  and T, 9-20 pi; L, 9-75 /x.

Within the epidermis is a collenchymatous zone 5-15 rows in radial 
depth. These cells have pitted walls up to 7 pi thick, and measure R  and 
T, 15-35 pi; L, 35-230 pi. Large intercellular spaces are often present 
between these cells. The collenchyma and parenchyma may contain 
large cluster crystals of calcium oxalate or reddish brown material not 
easily removed with chloral hydrate solution. Pericyclic fibres are thick 
walled and non-Lgnified, and measure from 250 pi-4-5 mm long and
7-24 /x wide. Ocassionally, some may be branched.

The u p p e r  e p id e r m is  of the lamina (Fig. 2B) consists of a single layer of 
polygonal tabular cells covered with a thin cuticle. The anticlinal walls 
are usually straight, and stomata and trichomes are absent. The meso- 
phyll is clearly differentiated into a broad palisade layer made up of 3-5 
rows of thin-walled cells, which occupies up to three quarters of the width 
o f the mesophyll (Fig. 2E). The upper palisade cells are much more 
elongated than the lowermost ones. The spongy mesophyll is from 1-3 
cells w ide; large calcium oxalate crystals in idioblast cells are present; 
these are conspicuous and mainly found near the vascular bundles and 
sometimes between palisade cells; they are similar in size and shape to 
those of the midrib.

On the lo w e r  e p id e r m is  (Fig. 2A), stomata are found in abundance, and 
these are of the paracytic or rubiaceous type. The trichomes are found 
mainly along the veins and are of two distinct types. There are the thick 
walled hair-like curved trichomes each with a broad basal foot (Fig. 2.H). 
These may be unicellular, but are often divided into compartments by 
very thin septa; trichomes of 2-14 compartments have been found; they 
measure from 100-1020 pi long and 12-50 pi wide at the base. They are 
found in greater abundance than the short unicellular thick-walled 
conical, warty appressed trichomes (Fig. 2.H). These ranged from 
10-165 px long and 10-25 pi wide at their base. Both kinds of trichomes 
contained reddish brown material.

M ITRAGYNA 1NERMIS (O. KUNTZE)
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The palisade ratio is 7-5-10-14; stomatal index, 11-75-15-1-17-6, and 
vein islet number 16-20-26.

F ig . 3. A .T /S  th rough  m idrib. B .L/S th ro u g h  m idrib  b o th  x 160. cal.ox., 
calcium  ox a la te ; col., co llenchym a; f., pericyclic fib re; in .ph ., in ternal p h lo em ; 
l.e. low er epiderm is; l.p ., lignified parenchym a; ex.ph., ex ternal p h lo em ; p h .f., 
phloem  f ib re ; r.p ., re ticu la te  p a ren ch y m a; s.c., secretory cell., xy., xylem.

The p e t i o l e  in transverse section resembles the midrib except that there 
are fewer pericyclic fibres around the vascular bundle. In addition to-
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the main bundle, there are two accessory bundles surrounded by sheath 
parenchyma (Fig. l.G  v.b.). The epidermal trichomes are of the thick 
walled warty type as described for the lamina.

The epidermal cells of both leaf and petiole contain a dense reddish 
brown substance not easily removed by chloral hydrate solution.

STIPULE

The inner or upper epidermis (Fig. 2.D) has no stomata, and is covered 
by a thin cuticle. Long hair-like trichomes are found in abundance 
mainly towards the base of the stipule and between the elongated secretory 
glands (Fig. 1C, tr.). The outer or lower epidermal cells are polygonal 
in surface view, except over the veins where they are elongated in the direc
tion of the main veins; both stomata (paracytic type) and trichomes are 
present (Fig. 2C, s to .; tr.).

Below the epidermis is fairly thick-walled pitted parenchyma, composed 
o f rectangular to longitudinally elongated cells (Fig. 2F). Both epidermal 
and parenchymatous cells are filled with a dense reddish brown substance. 
Large calcium oxalate crystals are found in the cells along the veins. The 
vascular bundle, like that of the midrib of the leaf, consists of vessels, 
tracheids, fibres, and phloem cells. Both fibres and vessels are lignified. 
In macerated material examined, vessel-elements up to 825 p  long and
4-10 p  wide have been measured. Isolated fibres measured up to 1200 p  
long having blunt to contorted ends.

The elongated secretory glands (Fig. 2G) have a broad base and 
tapering apex. They measure 500-1150 p  in length and 130-400 p  in 
width at their basal end. They consist of a multicellular core of thin 
walled isodiametric parenchyma cells (Fig. 2G, c.c.) covered with a 
palisade-like layer of cells. The parenchyma contains in certain cells 
small solitary cluster crystals of calcium oxalate which measure from 6-18 p  
in diameter. Starch is absent from leaf, petiole and stipule.

YOUNG STEM (TWIG) (Fig. 4)
The outer protective layer of the stem is made up of cork, the number of 

rows depending on the age of the stem. From specimens examined, the 
range was from 4-18 rows of radially arranged cells. The sections 
examined had cork cells of two types, that is cork cells tangentially and 
radially elongated cells (Fig. 4. ck and c'k).

All cork cells are thin walled suberised and measured R and T, 25-75 p ; 
L, 35-165 p  long. The c o r t e x  is made up of collenchyma and paren
chyma. Most cortical cells contained reddish brown secretion while some 
have large cluster crystals of calcium oxalate. The p e r i c y c le  is made up of 
thick unlignified fibres each with a small lumen. Isolated pericycle fibres 
measured R  and T, 7-30 p ; L, 300 /x-8T mm long. The s e c o n d a r y  
p h l o e m  is made up of parenchyma, fibres, sieve cells, and is traversed by 
uniseriate medullary rays. Medullary ray cells have contents which are 
similar to those of the secretion cells of the cortex. No starch was found 
to be present. The cambial zone is well marked and consists of 2-3 rows 
o f thin walled cells.
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The vessels of the s e c o n d a r y  x y l e m  have mostly bordered pits while 
some reticulately thickened vessels and a few spiral vessels occur in the

F ig . 4. A. T /S  young stem  (twig) x  17. B.T/S young stem  bark . C. T/S section 
o f xylem, bo th  x  160. c., cam bium ; ca.ox., calcium  oxala te; col., co llenchym a; ck 
& c ’k ., co rk  cells; f., pericyclic fibres; ph ., ph loem ; ph .f., phloem  fibres; m .r., 
m edullary ray s; s.c., secretory cells; xy., xylem ; xy.p., xylem parenchym a; v., vessel.

primary xylem. Bordered pitted vessels have tapering projections some
times up to 325 p. long. Isolated vessel-elements measure R and T, 15 - 
75 p ;  L, 115 p-1-05 mm long.
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The m e d u l la r y  r a y s  are heterogeneous, consisting of a central core of 
horizontally elongated cells, bordered on either side by erect vertically 
elongated cells. Cells of both types are lignified and pitted. Xylem fibres 
are thick walled with tapering to contorted ends. Isolated fibres measure 
R and T, 9-30 /x; L, 280 /x—3*06 mm. Both xylem parenchyma and 
medullary ray cells contain brown contents. Calcium oxalate crystals are 
absent.

The p i t h  is made up of thin pitted walled parenchyma cells many of which 
contain reddish brown contents.

POWERED LEAF AND STEM
The features which are common to both leaf and stem powders are 

mainly the warty trichomes, unlignified pericyclic fibres, lignified fibres, 
bordered pitted vessels, cells containing reddish brown secretion or 
calcium oxalate. The main distinguishing features between leaf and stem 
powders are the long hair-like trichomes and fragements of the elongated 
secretory glands both of which are only found in leaf.

D iscu ssio n
The structure of the leaf, stipule and stem of M .  in e r m is  is typically that 

of the family R u b ia c e a e . The macroscopical and microscopical characters 
of this species can, however, readily be distinguished from that of M .  
s t ip u lo s a , and M .  c i l ia ta  (Shellard & Shadan, 1963). The principal 
distinguishing feature is the presence of both pericyclic, and phloem fibres 
in M .  in e r m is . Fibres are, however, reported absent from leaf and 
petiole of M .  s t ip u lo s a  and M .  c i l ia ta .

In M .  in e r m is  there are two distinct types of trichomes, the long hair-like 
type and the conical warty appressed trichomes. Finally, the calcium 
oxalate cluster crystals of M .  in e r m is  are much larger than those of M .  
s t ip u lo s a  and M .  c i l ia ta .

A c k n o w l e d g e m e n t .  I wish to thank Professor G. E. Trease of Notting
ham University for commenting on this work, Professor A. N. Tackie for 
his useful suggestions and Mr. E. Enti for identifying samples of leaves and 
stems of the material examined.
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LETTERS TO THE EDITOR, J. Pharm. Pharmacol., 1964, 16, 828

Letters to  the E ditor
Changes in sensitivity to  noradrenaline in rats pretreated  
w ith reserpine

Sir,— Pretreatm ent w ith  reserpine increases the sensitivity o f  the cardio
vascular system  o f  the cat to  the actions o f  noradrenaline (B ein , 1953 ; Burn & 
R and, 1958; F lem ing & Trendelenburg, 1961). Sim ilar observations were m ade  
using the anaesthetised dog  and the rabbit iso lated  atria (M axw ell, Povalsk i & 
Plum m er, 1959; M acm illan, 1959). R ecently  B hagat & Shidem ann (1963) and  
B hagat, B ooker & W est (1964) d id  n ot observe increased sensitivity to  n ora
drenaline in  iso lated  atria o f  rats pretreated w ith  reserpine and suggested  that 
the sensitising action  o f  reserpine varied according to  the anim al species and  
organ used. O n the other hand, w e have now  fou n d  reserpine pretreatm ent to  
potentiate the pressor action  o f  noradrenaline in the rat. T he conflicting  
results w ou ld  n o t therefore seem  to  be explained by the use  o f  different sp ec ie s ; 
rather that the exp lanation  lies w ith  the m ethod  used to  dem onstrate noradrena
line sensitivity.

M ale rats, Sprague-D aw ley, 350 -4 5 0  g, were treated w ith a single intra- 
peritoneal injection  o f  reserpine (Serpasil, C iba). 48 to  168 hr later the anim als 
w ere anaesthetised w ith ethylurethane, l -2 5 g /k g , i.p ., and the carotid  artery 
cannulated . Arterial b lood  pressure w as recorded v ia  the cannula by a  pressure 
transducer (Statham  P23 A C ) and displayed on  an ink-w riting oscillograph  
(G rass Polygraph). H eparin was given intravenously (5 m g/kg). N oradrena
line w as injected in to the jugular vein o f  alternate anim als as a  logarithm ic  
series o f  either progressively increasing or progressively decreasing doses. 
Sufficient tim e w as taken betw een successive doses o f  noradrenaline to  a llow  for  
com p lete  recovery.

T A B L E  1. EFFEC T O F R ESER PIN E P R E T R E A T M E N T  O N  PR ESSO R  RESPON SES OF 
A NA ESTH ETISED  R A TS TO  N O R A D R E N A L IN E

Treatment
mg/kg

i.p.

Time
after
reser
pine
(hr)

No.
of

exp.
Mean resporse (mm Hg ±  s.e.) to noradrenalme base (p.g)

0-25 0-5 1 2
Saline — _ 15 35*7 ±  3-4 47-7 ± 4-6 61-3 ±  5-3 83 0 ±  6-1
Reserpine .. 5 48 15 39-8 ±  31 53-1 ±  4-1 78-5 ±  7-5 9 -̂2 ±  7 4
Reserpine . . 5 72 15 42-2 ±  4-7 60-6 ±  5-4 87-6*± 8-3 109-7t+ e-5Reserpine .. 5 96 13 43-6 ±  4-3 59-5 ±  6 75-1 ±  5-2 98-6 4- 5-8
Reserpine 5 168 10 41 0 ±  7-3 49-2 ± 6-3 68-6 ±  6-7 83-5 4- 6-3
Reserpine . . 2-5 72 17 56-5|± 5-6 67-5*± 5-4 94-6t± 5-6 113-51-4- 6-6
Reserpine .. 2-5 96 7 35-0 ±  2-3 50-5 ±  5-4 73-7 ±  6-2 90-1 — 7-8

* P  <  0-05. f  P  <  0  01.

T able 1 show s that a single injection  o f  5 m g/kg  o f  reserpine induced a 
m oderate increase o f  sensitivity to noradrenaline w ithin  48 hr. M axim al 
increase in  sensitivity w as achieved by 72 hr and then declined s lo w ly ; 7  days 
after reserpinisation the responses to  noradrenaline had  returned to norm al. 
A  sm aller dose o f  reserpine (2-5 m g/kg) a lso produced an increase in sensitivity  
to  noradrenaline in  72 h r ; how ever, the increase in sensitivity w as larger but 
declined m ore rapidly. B asal b lo o d  pressure and body tem perature o f  
reserpinised rats were n o t significantly different from  those o f  co n tro ls . and the
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increased sensitivity w as n ot due to  non-specific factors like reduced fo o d  or 
w ater intake w hich occurs in reserpinised anim als.

Studies in  this laboratory (G iachetti & M ontanari, unpublished observations) 
sh ow ed  that the concentration  o f  heart noradrenaline in rats treated w ith
5 m g/kg  o f  reserpine is 5% o f  controls at 24 hr, 18% at 48 hr, and 25% at 72 hr, 
and so  the increased sensitivity to  the pressor action  o f  noradrenaline is n o t  
directly related to the decreased concentration  o f  the am ine in  the heart. T hese  
last results agree w ith those reported by T rendelenburg & W einer (1962). 
T he tim e elapsing after the adm inistration  o f  reserpine seem s m ore im portant 
for  the developm ent o f  increased sensitivity. Sim ilar conclusions were 
previously reached for the pressor action  o f  noradrenaline in the cat by F lem ing
6  Trendelenburg (1961). In our view  the poten tiation  o f  noradrenaline by  
reserpine cannot be explained on  the basis o f  an im pairm ent o f  the uptake  
m echanism  for the am ine. G iachetti & M ontanari (unpublished) have a lso  
sh ow n  that although treatm ent w ith reserpine (5 m g/kg, i.p .) reduced the  
uptake o f  injected tritiated noradrenaline in to  the rat heart, the effect was short
lived. T he capacity o f  the rat heart to  take up and bind the tritiated am ine  
fu lly  recovered w ithin 48 hr o f  reserpine treatm ent.

T he cardiovascular system  o f  the rat can be m ade m ore sensitive to  nora
drenaline by reserpine. R ats need  a  larger d ose o f  the a lkaloid  than do other 
an im al species for  the poten tiation  o f  noradrenaline effects, but this applies 
a lso  to  other actions o f  reserpine such as hypotherm ia and  sedation . It is  
difficult to  reconcile our findings using an in  v ivo  technique w ith  those obtained  
by B hagat & others (1964) using the iso lated  atria. It m ay be notew orthy to  
recall, how ever, that som e organs from  reserpinised anim als, for exam ple the  
nictitating m em brane and the iris o f  the cat, do n o t show  increased sensitivity  
to  noradrenaline in vitro, but do so  in situ (Burn & others, 1959; M arley, 1962).

Istitu to  di R icerche Farm acologiche, A . B o n a c c o r s i

“ M ario N eg ri” , S. G a r a t t i n i

V ia Eritrea, 62, A . G ia c h e t t i

M ilan, Italy  
Septem ber 21, 1964
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LETTERS TO THE EDITOR, J. Pharm. Pharmacol., 1964, 16, 830

Biochemical and  pharm acological properties o f some 
am idopyrine m etabolites

Sir,— A  n u m b e r  o f  n o n -s te ro id a l a n ti- in fla m m a to ry  d ru g s  u n c o u p le  o x id a tiv e  
p h o sp h o ry la tio n , by  selectively  in h ib itin g  th e  b iogenesis o f  ad en o s in e -5 '-  
t r ip h o sp h a te  ( a t p )  c o u p le d  to  m ito c h o n d ria l  ox id a tiv e  p rocesses, w ith o u t 
im p a irin g  ce llu la r re sp ira tio n  (A d am s &  C o b b , 1958 ; W h iteh o u se , 1963, 1964a). 
A m id o p y rin e  (4 -d im e th y lam in o an tip y rin e , p y ra m id o n e) a p p e a rs  to  b e  th e  
ex cep tio n  to  th e  h y p o th es is  th a t  th is  b io ch em ica l p ro p e rty  co in c id es w ith  a n ti 
in flam m ato ry  activ ity , since n e ith e r  a m id o p y rin e  its e lf  n o r  tw o  o f  its  p rin c ip a l 
m e ta b o litie s  in  m a n  (4 -am in o an tip y rin e  a n d  its  A -ace ty l de riv a tiv e ) u n c o u p le  
ox id a tiv e  p h o sp h o ry la tio n  a t  d ru g  levels w h ich  h a v e  so m e re sem b lan ce  to  th o se  
u sed  clin ically  (W h iteh o u se , 1963). W e  h av e  n o w  ex am in ed  th is p o in t fu r th e r  
b y  te s tin g  4 -a m in o an tip y rin e  (4 -am in o p h en azo n e) a n d  tw o  o th e r  p o ss ib le  
m etab o litie s  o f  a m id o p y rin e  (Jaffe, 1901; P ro sch e r, 1902; P e c h to ld , 1964), 
n am ely  ru b a z o n ic  a c id  a n d  .V -m ethy lrubazon ic  acid , fo r  a n ti- in fla m m a to ry  
ac tiv ity  a n d  ab ility  to  u n c o u p le  ox id a tiv e  p h o sp h o ry la tio n .

D ru g  a c tio n  o n  p h o sp h o ry la tin g  r a t  liver m ito c h o n d ria  w as s tu d ie d  by  
p rev io u sly  d esc rib ed  m e th o d s  (W h iteh o u se , 1964b) w ith  so d iu m  su cc in a te  a s  
th e  su b s tra te  fo r  m ito c h o n d ria l  re sp ira tio n . 4 -A m in o an tip y rin e  a n d  4 -n itro -  
so a n tip y rin e  h a d  n o  effect o n  th e  p h o sp h o ry la tio n  q u o tie n t (P /O  ra tio )  a t  3 m M . 
R u b a zo n ic  acid , 1 0 /cm, a n d  /V -m ethy lrubazonic  acid , 2 0 0 p,M , in h ib ited  p h o s 
p h o ry la tio n  (m ito c h o n d ria l a t p  b io sy n th es is) b y  ap p ro x im a te ly  50%  w ith o u t 
a ffec ting  oxygen  u p tak e . R u b a zo n ic  ac id  is th e re fo re  ra th e r  m o re  p o te n t th a n  
e ith e r p h e n y lb u ta zo n e  o r  in d o m e th ac in  (W h iteh o u se , 1964a) in  u n c o u p lin g  
ox id a tiv e  p h o sp h o ry la tio n .

A  m o d ified  u ltra -v io le t e ry th e m a  tech n iq u e  (W in d er, W ax, B u rr , B een  & 
R o sie re , 1958) a n d  th e  c o tto n  p e lle t g ra n u lo m a  assay  (B ush  & A lex an d er, 1960) 
w ere  u sed  to  assess th e  a n ti- in fla m m a to ry  ac tiv ity  o f  th ese  c o m p o u n d s  in  
g u inea-p igs a n d  ra ts  respectively . T o  s tu d y  analgesic , an tip y re tic  a n d  a n ti 
in fla m m a to ry  (an ti-o ed em a) activ ities in  ra ts  s im u ltan eo u sly , a  p ro c e d u re  b ased  
o n  th e  m e th o d  o f  R a n d a ll  &  S elitto  (1957) w as used . A n ti-sq u irm in g  
(“ an a lg es ic” ) ac tiv ity  a n d  ab ility  to  in h ib it dye-re lease  (an ti- in flam m ato ry ) 
w ere  a lso  in v es tig a ted  in  m ice  (W h ittle , 1964). A n tip y re tic  ac tiv ity  w as 
in v es tig a ted  a f te r  th e  in tra v en o u s  in jec tio n  o f  0-1 m l o f  a  1 -4  d ilu tio n  o f  T .A .B . 
vacc in e  in ra b b its  (B ak er, H ay d en , M arsh a ll, P a lm e r &  W h itte t, 1963).

A m id o p y rin e  a n d  4 -a m in o an tip y rin e  w ere  sign ifican tly  active  a t  200 m g /k g  
b y  m o u th  in th e  R a n d a ll  &  Selitto  te s t w hereas ru b a z o n ic  a n d  A -m e th y lru b azo n ic  
acid s sh o w ed  sign ifican t activ ity  o n ly  in  th e  lo w erin g  o f  th e  e lev a ted  p aw  
te m p e ra tu re  a t  400 m g /k g  ora lly . A m id o p y rin e , 4 -a m in o an tip y rin e  a n d  
ru b a z o n ic  a c id  d id  n o t  sign ifican tly  re d u ce  th e  g ra n u lo m a  in  th e  c o tto n  p e lle t 
g ra n u lo m a  assay , w h en  each  w as a d m in is te re d  o ra lly  a t  2 0 0 m g /k g /d a y  fo r  
7 days. (O th e r  re su lts  a re  g iven  in  T ab le  1).

T hese  re su lts  sh o w  th a t  th re e  o x id a tio n  p ro d u c ts  (m etab o lite s) o f  a m id o p y rin e  
a re  less active  th a n  a m id o p y rin e  itse lf as an ti-e ry th e m a , an ti-o ed e m a  a n d  
an alg es ic  agen ts. T h ese  p h a rm a co lo g ica l assays a lso  d is tin g u ish  be tw een  
a m id o p y rin e  a n d  4 -a m in o an tip y rin e  o n  th e  o n e  h a n d  a n d  th e  ru b a z o n ic  acid s 
o n  th e  o th e r  b u t  th e re  is n o  re la tio n  be tw een  p o ten c y  in  u n c o u p lin g  ox id a tiv e  
p h o sp h o ry la tio n  a n d  p h a rm a co lo g ica l activ ity .

T h ese  re su lts  suggest th a t  either (1) th e  a n ti- in fla m m a to ry  a c tiv ity  o f  
a m id o p y rin e  is n o t  d u e  to  its c o n v ers io n  in vivo to  th e  ru b a zo n ic  acids, even
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T A B LE 1. PHARMACOLOGICAL ACTIVITIES OF AMIDOPYRINE AND SOME OF ITS 
OXIDATION PRODUCTS (METABOLITES)

Ultra-violet
erythema

Squirming test 
Relative activities

Antipyretic
test

Compound

Oral ED  50 mg/kg 
(confidence 

limits)

Reduction
of

squirms

Reduction of 
vascular 

permeability 
(dye-release)

Antipyretic
index

Amidopyrine .. 16
(10 to 25)

100 1 00 270

4-Aminoantipyrine . . 24
(15 to 38)

0-62 0-77 130

Rubazonic acid 42
(24 to 79)

01 4 0-38 —

N-Methyl rubazonic acid 120
(55 to 260)

015 0-26 12

th o u g h  th e  la t te r  c o m p o u n d s  (u n lik e  a m id o p y rin e ) b eh av e  lik e  m a n y  n o n 
s te ro id a l a n ti- in fla m m a to ry  d ru g s  in  u n c o u p lin g  ox id a tiv e  p h o sp h o ry la tio n , or 
(2) insufficien t o f  th e  tw o  ru b a z o n ic  acid s, w h en  a d m in is te re d  o ra lly , re ac h es  
th o se  sites w h ere  a m id o p y rin e  ex erts  its  a n ti-o ed e m a  a n d  a n ti-e ry th e m a  
p ro p e rtie s . I n  v iew  o f  th e  a n tih is tam in ic  a c tiv ity  o f  a m id o p y rin e  (D o m e n jo z ,
1960) a n d  ev idence  th a t  h is tam in e  is im p lica ted  in  th e  in fla m m a to ry  re sp o n se  
(B h a tt &  Sanyal, 1964), th e  first c o n c lu s io n  d o es n o t  n ecessa rily  p re c lu d e  th e  
h y p o th es is  th a t  ab ility  to  u n c o u p le  o x id a tiv e  p h o sp h o ry la tio n  d e te rm in e s  
a n ti- in fla m m a to ry  ac tiv ity  in  o th e r  d ru g s  w hich , u n lik e  am id o p y rin e , h av e  
little  o r  n o  a n tih is tam in ic  activ ity .

W e th a n k  D r . G . J . D u ra n t  fo r  sy n th esisin g  th e  ru b a z o n ic  acid s.

P h a rm ac o lo g y  D e p a r tm e n t, G . M . Sm it h *
S m ith  K lin e  a n d  F re n c h  L a b o ra to r ie s , M . E . P a r s o n s

W elw yn G a rd e n  C ity .

D e p a r tm e n t o f  B io ch em istry , M . W . W h iteh o u se
U n iv e rsity  o f  O x fo rd .
O c to b e r  15, 1964

R e fe re n c e s
A dam s, S. S. & C obb, R . (1958). Nature, Load., 181, 773-774.
B aker, J. A ., H ayden, J., M arshall, P. G ., Palm er, C. H . R . & W hittet, T. D . (1963).

J. Pharm. Pharmacol., 15, Suppl., 91 T-iOOT.
B hatt, K . G . S. & Sanyal, R . K . (1964). Ibid., 16, 385-393.
Bush, I. E. & A lexander, R . W . (1960). Acta, endocr., Copenh., 35, 368-276. 
D om enjoz, R . (1960). Arm. N . Y. Acad. Sei., 86, 263-291.
Jaffe, M . (1901). Ber. Deut. Chem. Ges., 34, 2737-2741.
Pechtold , F . (1964). Arzneimitt.-Forsch., 15, 474-475.
Proscher, F . (1902). Ber. Dtsch. Chem. Ges., 35, 1436-1437.
R andall, L. O. & Selitto, J. J. (1957). Arch. int. Pharmacodyn, 111, 409-419. 
W hitehouse, M. W. (1963). J. Pharm. Pharmacol., 15, 556-557.
W hitehouse, M . W . (1964a). Nature, Load., 201, 629-630.
W hitehouse, M . W . (1964b). Biochem. Pharmacol., 13, 319-336.
W hittle, B. A . (1964). Brit. J. Pharmacol., 22, 246-253.
W inder, C. U ., W ax, J., B urr, V., Been, M. & R osiere, C . E . (1958). Arch. int. 

Pharmacodyn., 116, 261-292.

* Present a d d re ss : D ep artm en t o f Pharm acology, U niversity  College, L ondon, 
W .C .l.

831



Alkaloids o f Voacanga schweinfurthii Stapf: voacorine 
and  voacangine

S ir ,— I n  a  p rev io u s  c o m m u n ica tio n  (F ish , N e w co m b e  &  P o isso n , 1960), th e  
iso la tio n  o f  v o a ca m in e  a n d  v o b tu s in e  f ro m  th e  s tem  b a rk  o f  V. schweinfurthii w as 
d esc rib ed . M o d ifica tio n  o f  th e  e x tra c tio n  p ro c e d u re  h a s  y ie ld ed  sev era l o th e r  
a lk a lo id s  o f  w h ich  o ne , v o aco rin e , h a s  b een  iso la te d  a n d  c h a ra c te rised  a n d  a  
seco n d , v o a can g in e , h a s  b een  id en tified  by  its  c h ro m a to g ra p h ic  p ro p e rtie s  a n d  
u ltra -v io le t sp ec tru m .

T h e  to ta l  a lk a lo id a l f ra c tio n  o f  th e  b a rk  w as o b ta in e d  by  co ld  p e rco la tio n  
w ith  70%  e th a n o l, c o n c e n tra tio n  o f  th e  p e rco la te , a d ju s tm e n t to  p H  9 0 a n d  
e x tra c tio n  w ith  e th y l ace ta te . T h e  e x tra c t w as p u rified  b y  sh ak in g  w ith  5%  
ace tic  acid , basify in g  th e  ac id  e x tra c t w ith  so lu tio n  o f  a m m o n ia  a n d  th e n  r e 
e x tra c tin g  w ith  e th y l ace ta te . T h is  so lu tio n  w as e v a p o ra te d  to  d ry n ess a n d  th e  
re sid u e , d isso lved  in  b enzene, c h ro m a to g ra p h e d  o n  a lu m in a . E lu tio n  w ith  
e th e r  s e p a ra te d  several a lk a lo id a l f ra c tio n s  w h ich  w ere  an a ly sed  b y  c o m p a riso n  
w ith  k n o w n  a lk a lo id s  o n  c irc u la r  c h ro m a to g ra m s  u s in g  W h a tm a n  N o . 1 p a p e r  
d iscs, 24 c m  d iam e te r, b u ffered  to  p H  4-7 w ith  p o ta s s iu m  h y d ro g e n  p h th a la te  
s o lu t io n ;  d ev e lo p m en t w as w ith  e th e r  sa tu ra te d  w ith  b u ffer so lu tio n . E th e r  
e lu te d  fro m  th e  a lu m in a  c o lu m n  a  m ix tu re  o f  v o a can g in e  a n d  a n  u n id en tif ied  
a lk a lo id , th e n  v o a ca m in e  a n d , finally , a  m ix tu re  o f  v o b tu s in e  a n d  v o aco rin e .

V o a can g in e  a n d  th e  u n k n o w n  a lk a lo id  w ere  s e p a ra te d  b y  th in  lay e r c h ro m a 
to g ra p h y  u s in g  a  m o d ifica tio n  o f  th e  m e th o d  o f  D e m o le  (1958), em p lo y in g  silicic 
a c id  b o u n d  w ith  tra g a c a n th  a n d  dev elo p in g  w ith  a  m ix tu re  o f  e th e r  a n d  c h lo ro 
fo rm  (2 :1 ) .  N e ith e r  a lk a lo id  w as o b ta in e d  in  c ry sta llin e  fo rm  b u t  th e ir  uLtra- 
v io le t sp e c tra  w ere  d e te rm in e d  o n  so lu tio n s  in  e th a n o l. V o acan g in e  sh o w ed  
a b so rp tio n  m ax im a  a t  225 a n d  287 m/x a n d  a lth o u g h  n o  va lues fo r  lo g  e c o u ld  
b e  o b ta in e d , th e  m ax im a  w ere  o f  th e  sam e  re la tiv e  p ro p o r tio n s  as p u b lish ed  
( J a n o t  &  G o u ta re l,  1955). T h e  o th e r  a lk a lo id  sh o w ed  a  single  sh a rp  p e a k  a t  
220 m/x p o ss ib ly  in d ica tiv e  o f  a  >p in doxy l c h ro m o p h o re  (S co tt, 1964) w h ich  :h u s  
d is tin g u ish es i t  f ro m  all o th e r  a lk a lo id s  so  fa r  s e p a ra te d  fro m  Voacanga species.

C o n c e n tra tio n  o f  th e  v o b tu s in e -v o a c o rin e  fra c tio n  p re c ip ita te d  th e  v o b tu s in e  
a n d  fu r th e r  c o n c e n tra tio n  o f  th e  m o th e r  liq u o r  y ie lded  v o a co rin e  a s  ro se tte s  o f  
w hite , fe a th e ry  c ry sta ls  w h ich  w ere  recry sta llised  fro m  m e th a n o l a n d  th e n  fro m  
ace to n e .

Voacorine. U n c o rre c te d  m .p . 271° (d eco m p .), Amax(E tO H ) 225 m/x (log  e 4  66), 
286 (4-20), a n d  295 (4-21) a g reed  w ith  p u b lish ed  figures (G o u ta re l &  Ja n o t , 
1956 ; L a  B a rre  &  G illo , 1956). In f ra - re d  sp e c tru m  co in c id ed  w ith  th a t  d e 
sc rib ed  b y  G o u ta re l  &  J a n o t  (1956) a n d  w ith  th a t  o b ta in e d  u s in g  a u th e n tic  
v o aco rin e . F o u n d :  C , 70-25; H , 7 -4 ; N , 8 1 ,  C 43H 52N 40 6 re q u ire s  C , 7 T 6 ;  H ,
7-3 ; N , 7-7% . T h is  m o s t re ce n t fo rm u la  w as g iven  by  B udzik iew icz  &  o th e rs
(1963) o n  in te rp re ta tio n  o f  th e  m ass sp e c tru m  o f  v o aco rin e .

O u r in v estig a tio n s h a v e  rev ea led  a  m a rk e d  s im ila rity  b e tw een  th e  a lk a lo id a l 
c o n s titu e n ts  o f  th e  s tem  b a rk s  o f  V. schweinfurthii a n d  V. africana  S tap f, species 
w h ich  a re  v e ry  closely  re la te d  tax o n o m ica lly  (P ich o n , 1947).

W e  w ish  to  th a n k  D r .  J . P o isso n , F a c u lty  o f  P h a rm ac y , U n iv e rs ity  o f  P a ris , 
fo r  sam p les o f  k n o w n  a lk a lo id s .
D e p a r tm e n t o f  P h a rm ac y , F . F ish
U n iv e rs ity  o f  S tra th c ly d e , *F . N ewcombe
G lasg o w , C .l .

O c to b e r  26, 1964

LETTERS TO THE EDITOR, J. Pharm. Pharmacol., 1964, 16, 832

* P resent a d d re ss : D ep artm en t o f  Pharm acy, B rad fo rd  Institu te  o f  T echnology, 
B radford , 7.
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Hypoglycaem ic properties o f tecom ine and  tecostanine

S ir ,— T eco m in e  (I) a n d  tec o s tan in e  (II)  a re  tw o  a lk a lo id s  iso la te d  by  H a m - 
m o u d a  &  M o ta w i (1959) a n d  H a m m o u d a , P la t  &  L e  M e n  (1963a) f ro m  th e  
leaves o f  Tecoma stans (Juss.). T h e  leaves o f  th e  v a rio u s  species o f  Tecoma

O

Me. >— Me

'N

Me
Tecom ine (I)

h av e  lo n g  b een  u se d  o ra lly  by  th e  n a tiv e s o f  M ex ico  a s  a n tid ia b e tic  rem ed ie s  
(C o lin , 1926; 1927). T h e  s tru c tu re s  o f  th e  tw o  a lk a lo id s  h av e  a lso  b een  
e lu c id a ted  (H a m m o u d a , P la t  &  L e  M en , 1963b; Jo n es , F a les  &  W ild m an , 1963).

T h e  p re se n t c o m m u n ic a tio n  d esc rib es th e  b io lo g ica l a ssay  fo r  h y p o g ly caem ic  
p ro p e rtie s  o f  th e  tw o  a lk a lo id s  c o m p a re d  w ith  to lb u ta m id e . N o rm a l h e a lth y  
a lb in o  ra b b its  w eig h in g  1-5-2 k g  fa s ted  fo r  12 h r  w ere  in jec ted  w ith  te c o m in e  
a n d  tec o s tan in e  sa lt so lu tio n s  in  iso to n ic  sa line . T h e ir  hypo g ly caem ic  p o ten c y  
w as ca lcu la te d  a n d  re la te d  to  th a t  o f  to lb u ta m id e  g iven  o ra lly  a n d  m ea su re d  b y  
th e  p ro c e d u re  o u tlin e d  b y  M a rk s  (1926) fo r  th e  b io lo g ica l a ssay  o f  in su lin . 
B lo o d  su g a r w as d e te rm in e d  by  th e  m e th o d  o f  N e lso n  (1944).

T h e  re su lts  (T ab le  1) sh o w  teco m in e  a n d  tec o s tan in e  to  b e  p o te n t  h y p o 
g lycaem ic  a g en ts  w h en  g iven  in trav en o u s ly . T h e  av erag e  le th a l d o se  w as fo u n d  
to  b e  300 m g /k g  in  m ice.

T A B L E  1. HYPOGLYCAEMIC ACTION OF THE ALKALOIDS

Substance
administered

Dose
mg/kg

Blood sugar response 
mg/100 ml

Time of 
maximal 
response 

hour : min

Mean
reduction

Hypogly
caemic 

potency o f 
tolbutamide

%Route Initialf Maximalf

Tolbutamide . . 250 Oral 1001 73-7 3 : 50 26 +  2 __
Tecomine citrate 
Tecostanine hydro-

20* i.v. 98-3 52-3 3 : 14 47 ±  3-5 179

chloride 20* i.v. 104-9 48-6 3 : 23 49 ±  3 186

f  Average of four rabbits.
*  Calculated as the free base.
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T h e  tw o  a lk a lo id s  re p re se n t a  new  n u c leu s  n o t  inv estig a ted  b e fo re  fo r  h y p o - 
g lycaem ic  effect. F u r th e r  w o rk  on  th e ir  d e ta ile d  a c tio n  o n  b lo o d  su g a r, th e ir  
beneficial effects in  d iab e tes  a n d  th e ir  s tru c tu re  ac tiv ity  re la tio n sh ip s  is n o w  in 
p ro g ress.

D e p a r tm e n ts  o f  P h a rm ac eu tic s  a n d  
P h a rm aco lo g y ,

F a c u lty  o f  P h a rm ac y ,
A le x an d ria , E g y p t, U .A .R .

O c to b e r  20, 1964

LETTERS TO THE EDITOR, J. Phann. Pharmacol., 1964, 16, 834
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Y oussef H am m ouda  
A bd el-K a der  R ashid  
M . S am ir  A mer

Beta sym pathetic inhibitory receptors in the small intestine o f the 
guinea-pig

S ir ,— T h e  sy m p a th e tic  in h ib ito ry  re ce p to rs  o f  th e  g u t  o f  th e  ca t, r a t ,  ra b b it ,  an d  
d o g  w ere  defined  by A h lq u is t (1948) as a lp h a  recep to rs , b u t it h a s  since been 
d e m o n s tra te d  th a t  b e ta  re ce p to rs  a lso  a re  p re sen t in th e  sm all in testin e  o f  th e  d o g  
(A h lq u is t &  L evy, 1959) a n d  ra b b it  (F u rc h g o tt, 1960). A c tiv a tio n  o f  e ith e r 
ty p e  o f  re c e p to r  cau ses an  in h ib itio n  o f  th e  gut.

In  th e  gu in ea-p ig , M c D o u g a l & W est (1954) sh o w ed  th a t  th e  sy m p a th e tic  
in h ib ito ry  re ce p to rs  o n  th e  in tra m u ra l cho lin e rg ic  n e u ro n e s  hav e  th e  p ro p e rtie s  
o f  a lp h a  recep to rs , a n d  m o re  recen tly , H a rry  (1964) in  th is  d e p a rtm e n t has 
d is tin g u ish ed  a lp h a  in h ib ito ry  re ce p to rs  in  th e  c irc u la r  sm o o th  m uscle  layer. 
T h e  re su lts  d esc rib ed  b e low  (W ilson , 1960) fo rm e d  p a r t  o f  a  c o m m u n ica tio n  to  
th e  B ritish  P h a rm aco lo g ica l Society  in  Ja n u a ry , 1960: th ey  give ev idence  fc r  th e  
p resen ce  o f  b e ta  in h ib ito ry  re ce p to rs  in  th e  lo n g itu d in a l sm o o th  m uscle  lay e r o f  
th e  g u in ea -p ig  gu t.

Iso la te d  p re p a ra tio n s  o f  g u in ea-p ig  p ro x im a l sm all in te s tin e  w ere su sp en d ed  
a t  36", in  K re b s  so lu tio n  co n ta in in g  1 in  10,000 so d iu m  m eta b isu lp h ite  as a n  
a n tio x id a n t a n d  b u b b led  w ith  a m ix tu re  o f  95%  oxygen  a n d  5%  c a rb o n  d ioxide. 
L o n g itu d in a l c o n tra c tio n s  w ere  p ro d u c e d  a t  4  m in  in te rv a ls  by d irec t s tim u la tio n  
o f  th e  sm o o th  m uscle  w ith  h is tam in e  o r  m eth a ch o lin e . G ra d e d  doses o f  
n o ra d re n a lin e , ad ren a lin e , iso p ren a lin e  o r  p h e n y le p h rin e  w ere ad d ed  to  th e  o rg an  
b a th  2 m in  b e fo re  th e  n e x t a d d itio n  o f  ag o n is t d ru g  a n d  c au sed  a n  in h ib itio n  o f  
th e  lo n g itu d in a l c o n tra c tio n s . T h e  fo u r  sy m p a th o m im e tic  am in es p ro d u c e d  
p a ra lle l lo g  d o se -in h ib ito ry  re sp o n se  cu rves, b u t  th e  s lo p e  o f  th e  cu rves fo r  th e  
in h ib itio n  o f  h is tam in e  w as s teep e r th a n  th e  s lope  o f  th e  cu rv es fo r  th e  in h ib itio n  
o f  m e th ach o lin e . E stim a te s  o f  th e  p A 2 v a lues o f  th e  sy m p a th o m im e tic  am in es 
(T ab le  1) sh o w ed  a  m o re  p ro n o u n c e d  in h ib itio n  o f  h is tam in e  th a n  o f  m e th a 
ch o lin e , w ith  a  ten - to  tw en ty -tw o -fo ld  d ifference in  p o ten cy  fo r  th e  in h ib itio n  o f  
th e  tw o  ag o n is ts . T h e  seq u en ce  o f  in h ib ito ry  p o ten cy  o f  th e  sy m p a th o m im e tic  
am in es w as iso p ren a lin e  th e  m o s t active , fo llo w ed  by  n o ra d re n a lin e , th e n
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a d re n a lin e  a n d  finally  p h e n y le p h rin e  w h ich  h a d  a  v ery  low  po ten cy . T h is  o rd e r  
w as  th e  sam e  w h e th e r th e  ag o n is t w as h is tam in e  o r  m e th ach o lin e . T h e  p o ten cy  
o f  iso p rén a lin e  w as s ta tis tica lly  sign ifican tly  g re a te r  th a n  th a t  o f  n o ra d re n a lin e

LETTERS TO THE EDITOR, / .  Pharm. Pharmacol., 1964, 16, 835

T A B L E  1. ESTIMATES OF MEAN p A 2 VALUES ±  STANDARD ERRORS FOR THE INHIBITION 
OF METHACHOLINE AND HISTAMINE CONTRACTIONS, AND APPROXIMATE 
DOSE EQUIVALENTS RELATIVE TO ( ± )  -ISOPRENALINE

Sympathomimetic amine

Inhibition o f methacholine Inhibition o f histamine

pA2 value

Isoprenaline
dose

equivalents pA2 value

Isoprenaline
dose

equivalents

( ± )  -Isoprenaline 6-78 ±  010 1 7-79 ±  0-08 1
( - )  -Noradrenaline .. 5-94 ±  0 05 7 7-20 -i- 0-08 4
( - )  -Adrenaline 5-69 ± 0 -1 2 12 6-90 4- 017 8
( - )  -Phenylephrine .. 2-75 ±  0-20 10,700 4-09 4-0-21 5,000

( fo u r  a n d  seven  tim es; P  =  0  001), a d re n a lin e  (e ig h t a n d  tw elve tim es; P  =  0-001) 
o r  p h e n y le p h rin e  (five th o u sa n d  a n d  a lm o s t e leven  th o u sa n d  tim es; P  =  0  001), 
b u t  th e  ap p ro x im a te ly  tw o -fo ld  g re a te r  p o ten c y  o f  n o ra d re n a lin e  c o m p a re d  w ith  
th a t  o f  a d ren a lin e  w as n o t  s ta tis tica lly  sign ifican t.

W h atev e r th e  cau se  o f  th e  o b se rv ed  d ifference in  th e  in h ib itio n  o f  h is tam in e  a n d  
m e th a ch o lin e  c o n tra c tio n s  by  th e  sy m p a th o m im e tic  am ines, th e ir  p a ra lle l log  
d o se -in h ib ito ry  re sp o n se  cu rv es a n d  th e ir  s im ila r re la tiv e  p o ten c ies  fo r  th e  
in h ib itio n  o f  e ith e r a g o n is t d ru g  a re  suggestive  ev idence  fo r  a n  a c tio n  o n  a  single 
ty p e  o f  sy m p a th e tic  re ce p to r. T h e  re la tiv e  p o ten c ies  o f  iso p ren a lin e , n o ra 
d re n a lin e , a d ren a lin e  a n d  p h e n y le p h rin e  re p o rte d  ab o v e  a re  c o m m e n su ra te  w ith  
th e  re la tiv e  p o ten c ies  o f  th e  sam e  fo u r  am in es  o n  re ce p to rs  in  th e  ra b b it  d u o d e 
n u m  w h ich  h a d  a  h ig h  sensitiv ity  to  iso p re n a lin e , w ere  b lo ck ed  by  d ich lo ro iso - 
p re n a lin e , b u t  w ere  re s is ta n t to  b lo ck a d e  by  /V -(2-ch loroethy l)-d ibenzylam ine 
(d ib en am in e ) o r  p h e n to la m in e  (F u rc h g o tt,  1960). T h ese  re ce p to rs  w ere  
c lassified  a s  b e ta  re ce p to rs . S im ilarly , in  th e  p re sen t ex p erim en ts  w ith  th e  
g u in ea-p ig , th e  re la tiv e  in h ib ito ry  activ ities  o f  th e  fo u r  sy m p a th o m im e tic  am in es 
a n d  th e  h ig h  p o ten cy  o f  iso p re n a lin e  a re  c o n sis ten t w ith  a n  a c tio n  o n  re ce p to rs  o f  
th e  b e ta  type. T h e  re co rd in g  o f  in h ib itio n  a s  a  re d u c tio n  in  th e  c o n tra c tio n s  
cau sed  by  d irec t s t im u la tio n  o f  th e  lo n g itu d in a l sm o o th  m uscle  w ith  h is tam in e  o r  
m eth a ch o lin e , excludes th e  in h ib ito ry  effects o f  th e  sy m p a th o m im e tic  am in es o n  
th e  ch o lin e rg ic  n e u ro n e s  a n d  en ab les  th e  b e ta  re ce p to rs  to  b e  s ited  in  th e  lo n g i
tu d in a l sm o o th  m uscle .

T h e  re su lts  o f  th ese  ex p erim en ts  to g e th e r  w ith  th e  find ings o f  M c D o u g a l & 
W est (1954) a n d  o f  H a rry  (1964), give ev idence  fo r  th e  p resen ce  o f  b o th  a lp h a  a n d  
b e ta  re ce p to rs  in  th e  sm all in te s tin e  o f  th e  g u inea-p ig , a n d  m o reo v e r, give 
ev id en ce  th a t  th e  tw o  types o f  re c e p to r  h av e  d ifferen t lo ca tio n s  in  th e  gu t.

D e p a r tm e n t o f  P h a rm ac o lo g y , A . B. W i l s o n

K in g ’s C ollege, U n iv e rsity  o f  L o n d o n ,
S tra n d , W .C .2 .
O c to b e r  22, 1964
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W ilson, A. B. (1960). Ph .D . Thesis, U niversity  o f  L ondon.
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BOOK REVIEW

Book Review
P H A R M A C O G N O S Y  O F  A Y U R V E D IC  D R U G S. (K e ra la ) . B y K . N a ra y a n a  
A iy er a n d  M . K o la m m a l. P p . 116. D e p a r tm e n t o f  P h a rm ac o g n o sy , U n iv ersity  
o f  K e ra la , T r iv a n d ru m , In d ia . Series 1, N o . 6, 1963. R s . 7.50.

N u m b e r six o f  th is  series describes s ix teen  ay u rv ed ic  d ru g s  fro m  tw en ty -six  
p lan ts . O f  th e  p la n ts  d escribed , o n e  o f  th em , Cynodon dactylon, B e rm u d a  
g rass o r  D o g ’s T o o th  g rass, p . 18, is w e ll-k n o w n  in  th is  c o u n try  b ecau se  its  
rh izo m e  is u se d  a s  a  su b s titu te  fo r  co u ch  gass, Agropyron repens. A n o th e r  
p la n t, p . 31, M im osa pudica, is th e  w e ll-k n o w n  sensitive  p la n t  co m m o n ly  s tu d ied  
in  b o ta n ic a l physio logy . A  th ird  p la n t, Gloriosa superba, is w ell k n o w n  as a  
h o t-h o u se  c lim ber. T h e  re m a in in g  p lan ts  a re  n a tiv e  In d ia n  p la n ts  n o t  u su a lly  
cu ltiv a ted  in  th is  c o u n try . E ac h  p la n t  is illu s tra te d  b y  a  fu ll-page  d ra w in g ; 
tw o  o f  th em , n a m e ly  Gloriosa superba a n d  Asteracantha longifolia, a re  re p re 
sen ted  in  c o lo u r , th e  re m a in d e r  b e in g  care fu lly  ex ecu ted  lin e -d raw in g s . T h e  
illu s tra tio n s  w ere  p re p a re d  by  tw o  a rtis ts , Sri T . K . P . Iy e r a n d  Sri K . K . W arie r.

T h e  d e sc rip tio n  o f  e ach  d ru g  b eg in s w ith  q u o ta tio n s  in  S a n sk rit c h a ra c te rs  
f ro m  th e  a n c ien t w ritin g s fo llow ed  b y  a  tra n s li te ra tio n  in to  a ra b ic  a lp h a b e t. 
T h ese  n o te s  h a v e  b een  p re p a re d  by  tw o  phy sic ian s a c tin g  u n d e r  th e  g u id an ce  
o f  th e  D ire c to r  o f  In d ig en o u s  S ystem s o f  M ed ic in e  a n d  o f  th e  P rin c ip a l, 
A y u rv e d a  C ollege, T r iv a n d ru m . T h e  in fo rm a tio n  a b o u t  each  d ru g  is given 
u n d e r  tw o  h e a d in g s ; firs t u n d e r  th e  A y u rv ed ic  n a m e  w ith  q u o ta tio n s  a n d  
tra n s li te ra tio n  fro m  th e  S a n sk r it ;  th e n  u n d e r  th e  sy s tem atic  b o tan ic a l n a m e  
o r  n a m e s w ith  a  fu ll d e sc rip tio n  in  m o d e m  fo rm . D e ta ils  a re  g iven  in  a  re g u la r  
seq u en ce  as fo llow s. S y n o n y m s a n d  n a m e s in  fo u r  n a tiv e  lan g u a g es ; D is 
tr ib u tio n  a n d  H a b i ta t ;  H a b it  a n d  G e n e ra l F e a tu re s ;  E x te rn a l M o rp h o lo g y ; 
a n d , w h en  a  p a r tic u la r  p la n t  m em b e r is u se d  as th e  officinal p a r t,  th a t  is 
d e sc rib ed  in  d e ta il. F o r  seven  o f  th e  d ru g s, th e  h is to lo g y  o f  th e  u n d e rg ro u n d  
p la n t  m em b e r is d esc rib ed  a n d  illu s tra te d  b y  ca re fu lly  ex ecu ted  d raw in g s.

T h e  b o o k  is a  v a lu ab le  c o n tr ib u tio n  to  th e  s tu d y  o f  th e  v egetab le  m a te ria  
m ed ica  o f  In d ia n  in d ig en o u s  d rugs.

T . E . W a l l i s
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Research and Development Division 
Manufacturers of Pharmaceutical Products 
and Fine Chemicals

R e s e a r c h  A n a l y s t
A vacancy occurs for an Analyst with a 
Pharmaceutical background to head a new 
Research Section in our modern and well 
equipped Analytical Laboratories at 
Loughborough. The work will be of an 
entirely non-routine nature and will 
appeal to a young graduate who wishes to 
make a career in the research side of the 
Pharmaceutical Industry.

Salary will be commensurate with age, 
qualifications and experience.

Apply in the first instance to:
The Personnel Director,
Biker Laboratories,
Morley Street,
Loughborough, Leics.

UNIVERSITY OF HONG KONG 
Chair of Pharmacology

A p p lica tio n s  a re  in v ited  fo r  th e  new ly  e s tab lish ed  C h a ir  o f  
P h a rm aco lo g y .

A n n u a l sa la ry  (su p e ran n u a b le )  is £4 ,100  fo r  a m a n  o r  £3,075 fo r  a 
w o m an . T h e  eq u iv a len t o f  in co m e tax  in  th e  C o lo n y  is co m p ara tiv e ly  
low .

F ir s t  c lass a ir  p a ssag es a re  p ro v id e d  fo r  e x p a tr ia te  s ta ff  o n  first 
a p p o in tm e n t a n d  leaves. A c c o m m o d a tio n  a t  re a so n a b le  re n ta l  is 
p ro v id ed .

F u r th e r  p a r tic u la rs  a n d  in fo rm a tio n  as to  th e  m e th o d  o f  a p p lic a tio n  
sh o u ld  be  o b ta in e d  fro m  T h e  A sso c ia tio n  o f  C o m m o n w ea lth  U n iv e r
sities (B ran ch  Office), M a rlb o ro u g h  H o u se , P a ll M all, L o n d o n , S .W .l. 

A pplications close in H ong Kong and London on 15th Decem ber, 1964.
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F iso n s  P h a r m a c e u t i c a l s  L im ite d

Pharmacology Technicians
V acan c ies  ex is t in  th e  R e se a rc h  D e p a r tm e n t  o f  F IS O N S  P H A R M 

A C E U T IC A L S  L IM IT E D , a t  H o lm es  C h a p e l, N e a r  C rew e, C h esh ire , 
fo r T ech n ic ian s  to  w o rk  in  th e  P h a rm ac o lo g y  D e p a r tm e n t.

A p p lica n ts  sh o u ld  po ssess H .N .C . in  A p p lied  B io logy  a n d  hav e  
a p p ro p ria te  experience .

S uccessfu l c an d id a te s  w ill be  g iven  every  e n co u ra g em e n t to  ach ieve 
a d d itio n a l p ro fe ss io n a l q u a lifica tio n s.

T h e  C o m p a n y  is a  m em b e r o f  th e  F iso n s G ro u p  o f  C o m p an ie s  a n d  
G ro u p  C o n tr ib u to ry  P en sio n  a n d  o th e r  w e lfare  schem es o p e ra te . T h e  
C o m p an y  w o rk s  a  five d ay  w eek  a n d  co n d itio n s  o f  w o rk  a re  excellen t.

Applications, which w ill be dealt with in confidence, should be sent to 
the R esearch Personnel D epartm ent, F isons Pharm aceuticals Lim ited, 
H olm es Chapel, N ear C rewe, Cheshire.

Pharmaceutical Society of Great Britain

British Pharm aceutical Codex 1963
The British Pharmaceutical Codex 
is an  in te rnational reference w ork  p ro 
viding u p -to -date  in fo rm ation  on drugs 
and  drug  fo rm ulations, im m unological 
products, hum an-b lood  products, 
surgical ligatures and  sutures, and 
surgical dressings.

The Codex has a dual role. I t  gives 
au tho ritative  and  u p -to -date  in form 
ation  on nearly  1000 m edicinal and 
related substances in cu rren t use. A nd 
it also provides standards fo r m any 
substances in cu rren t use th a t are  no t 
included in the  British Pharm acopoeia.

In fo rm ation  on the  actions and uses 
o f  drugs is p repared  by a panel of 
m edical and  pharm aceutical experts 
a fte r tho rough  discussion o f published 
evidence and  personal experience.

T he 1963 C odex includes m o n o 
graphs on  m ore th an  120 new  drugs, 
and  on a  num ber o f new m aterials used 
in form ulation .

O ther subjects o f  new m onographs 
include su tures m ade o f stainless steel 
and  o f various polyesters, p lastic  first- 
aid  dressings, and  x-ray  detectable 
surgical swabs. F o r the  first tim e the 
C odex describes the  uses o f  surgical 
dressings.

N early  70 new formulae are included, 
and  significant changes have been m ade 
in som e 30 prepara tions. In  p a rticu lar 
there  are im p o rtan t changes in the 
m onographs on eye drops.

Pp. xxxvi +  1432.
Price £5 5s. (plus 2s. 9d. U.K. postage).

The Pharmaceutical Press
17 B lo o m sb u ry  Squa re , London , W.C.1



General Medical Council 
A D D E N D U M  1964 

to the
BRITISH PHARMACOPOEIA 1963

Publication date, December 1, 1964 
Official from  June 1, 1965

The A ddendum  contains im portan t am endm ents to  th e  British P harm a
copoeia 1963 and  60 new m onographs on drugs, including antibiotics, 
vaccines, rad ioactive  m aterials and synthetic drugs, and an tiox idan ts, 
preservatives and sweetening agents.

Pages xviii +  91 Price 45s.
Postage Is. (overseas 3s.)

BRITISH PHARMACOPOEIA 1963
Pages xxviii +  1210 Price £5.

Postage 2s. 9d. (overseas 6s. 6d.)

Published for the

General Medical Council
T H E  P H A R M A C E U T IC A L  PR ESS,
17 B loom sbury  Square, L ondon , W .C .l

University of St. Andrews 

Lectureship in Comparative Pharmacology

A p p lica tio n s  a re  in v ited  fo r  a  L E C T U R E S H IP  in C O M P A R A T IV E  
P H A R M A C O L O G Y  in th e  W ellco m e L a b o ra to ry  o f  P h a rm ac o lo g y , 
G a tty  M a rin e  L a b o ra to ry , St A n d rew s, w ith  effect f ro m  1st Ja n u a ry , 
1965. A p p lic a n ts  sh o u ld  h a v e  P h .D . deg ree  in  P h a rm aco lo g y , 
Z o o lo g y  o r  P h y sio logy . T h e  L ec tu re r  w ill b e  a  m em b e r o f  th e  s ta ff 
o f  th e  D e p a r tm e n t o f  P h a rm ac o lo g y  a n d  T h era p eu tic s . S a la ry  s c a le : 
£1 ,400  x  £85 to  £1,995 (efficiency b a r)  x  £85 to  £2,505. F .S .S .U .; 
g ra n t to w a rd s  fu rn itu re  re m o v a l expenses.

Applications (6 copies) containing the names of three referees to be 
lodged as soon as possible with the Secretary  of the U niversity, Q ueen’s 
College, Dundee, from  whom further particu lars may be obtained.
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SUBJECT INDEX*

A
A bsorp tion  curves, reproducibility  o f 

extinctions m easured on the slopes 
o f (Ism ail & G lenn), 1507.

A bsorp tion  of visible o r ultra-violet light 
by Pharm acopoeial substances, in
fluence o f spectral slit w idth on 
(Rogers), 433 (L).

Acetylcholine release from  the m am m al
ian  neurom uscular junction , effect 
o f som e ganglionic stim ulants and 
blocking drugs on (Beani & others), 
557.

Acetylcholinesterase o f  ra t b ra in , struc
tu ra l consideration  in the inhibition 
of (Joshi & P arm ar), 763 (L).

Acetylsalicylic acid, effect of, on  foetal 
ra ts (Brown & W est), 563 (L).

Acetylsalicylic acid, influence of diet on 
the toxicity o f (W est), 788.

A ctinom ycin D , no te  on  the stability o f 
(C revar & Slotnick), 429.

A drenal-p itu itary  functicn  in the ra t, 
ure thane anaesthesia and  (Spriggs & 
S tockham ), 603.

A drenalectom y, effect of, on  the response 
o f ra t skin to an in traderm al 
injection of h istam ine and 5- 
hydroxytryptam ine (A shford), 567 
(L).

A drenaline, influence of. on the  d iabeto
genic effect o f  alloxan in the ra t 
(A bd-el-W ahed & others), 422.

A erosols o f h istam ine or o f specific 
antigen, m ethod for recording res
p ira to ry  changes induced by, in 
guinea-pigs (B ennett & Lockett), 
241.

Albizia, certain  species of, effects on 
anaesthetised anim als o f  an  oxytocic 
glycoside extracted  from  (L ipton), 
369.

A lkaloids o f Fragraea fragrans R oxb. 
(W an & Chow), 484.

A lkaloids o f the  leaves o f Rauwolfia 
vomitoria Afz.  (Patel & others), 
163 T.

A lkaloids o f Magnolia acuminata L., 
identification and p ap er ch ro m ato 
graphy  o f (K ap ad ia  & others), 
283 (L).

A lkaloids o f Voacanga schweinfurthii 
S tap f: voacorine and  voacangine 
(F ish & N ew com be), 832 (L).

* Page num bers follow ed by
Conference Supplem ent . .

(L) Signifies L etter to  th e  E dito r.

A lkaloids, translocation  of, in Datura 
species (Evans & Griffin), 337.

Alloxan, influence o f adrenaline on  the 
diabetogenic effect of, in the rat 
(A bd-el-W ahed & others), 422.

X -A llylnorthebaine, synthesis o f (Bartels- 
K eith), 133 (L).

A m idopyrine m etabolites, biochem ical 
and pharm acological p roperties of 
som e (Sm ith & others), 830 (L).

Am ines, sym pathom im etic, inhib ition  of 
no radrenaline  up take  by (Iversen), 
435 (L).

Am ines, sym pathom im etic, site o f action 
of, on the c ircular m uscle strip  from  
the  guinea-pig isolated ileum 
(H arry), 332.

A m ino-acid hydrazides, aliphatic, syn
thesis of, as po ten tial tubercu lo
static  agents (Edw ards & others), 
618.

p-A m inosalicylate, spectrophotom etric  
determ ination  o f isoniazid in excess 
o f  (D u tt & C hua), 696.

A m ino-steroids, synthetic, an ticonvul
sant and in terneuronal blocking 
activity o f (H ew ett & others), 
765 (L).

A m m onium  chloride and sodium  bicar
bonate, effects of, on resistine levels 
in ra ts (H orpacsy & K arady), 
768 (L).

A m phetam ine see also D exam phetam ine.
A m phetam ine toxicity, m echanism  of 

action  of m onoam ine oxidase inhib i
to rs in enhancing (B rittain  & others), 
565 (L).

A m phetam ine in urine, specific m ethod 
fo r the  determ ination  of (Beckett & 
R ow land), 27 T.

A naesthesia, ure thane, and p itu itary  
adrenal function  in the  ra t (Spriggs 
& Stockham ), 603.

A naesthetic activity, local, simple m ethod 
for the evaluation  of, using e a rth 
w orm s (Block & others), 857.

Analgesia, inh ib ition  of, in mice by 
th iopentone  (Shapiro & W ilson), 
759 (L).

Analgesic properties o f som e 14-substi- 
tu ted  derivatives o f  codeine and 
codeinone (B uckett & others), 174.

Analgesics, thebaine derived, structure- 
•activity requirem ents in som e novel 
(Lister), 364 (L).

án  italic 7  refer to  the  B ritish Pharm aceutical
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A naphylacto id  reaction  in ra ts (A nkier & 
W est), 129 (L).

A nthelm intic  constituents o f ferns 
(B lakem ore & others), 464.

A nti-acetylcholine drug, m ethscopol- 
am ine brom ide, effect of, on ulcer 
fo rm ation  and gastric mucus 
(R obert & Nezam is), 690.

A nti-anaphylactic  activity o f hydro
cortisone and related steroids, 
oDservations on  (G oadby  & Smith), 
108.

A nti-anaphylactic  activity o f theophylline 
and  som e related  xanthine deriva
tives (F irth  & Sm ith), 183.

A ntibacterial activity o f a  com plex of 
icdine and a  non-ionic surface-active 
agent (H ugo & N ew ton), 189.

A ntibacterial agents, chem ical, inactiva
tion  o f a bacteriophage by (C ook & 
Brown), 611.

A ntibacterial agents, poten tial, synthesis 
o f som e (Chase & W eller), 163.

A ntibacterial properties o f 5-nitro-2- 
f u r y l g lo x y l i d e n e  d e r i v a t i v e s  
(Buckett & K idd), 663.

A nticholinesterase activity and charge 
delocalisation in “ aliphatic”  and 
“ arom atic” quaternary  am m onium  
com pounds (T hom as & Staniforth), 
522.

A nticholinesterase agents, po ten tiation  
o f chlorprom azine-induced behav
ioural changes by (G oldberg  & 
Johnson), 60 (L).

A nticonvulsant and  in terneuronal block
ing activity in som e synthetic am ino- 
steroids (H ew ett & others), 765 (L).

A nti-erythem ic effectiveness o f some 
m etabolic inhib itors in guinea-pigs 
(G drog & Szporny), 635 (L).

A ntifungal activity o f som e im idazole 
derivatives (Ellis & others), 400.

A ntigen, specific, aerosols of, m ethod for 
recording resp irato ry  changes in
duced by, in guinea-pigs (B ennett & 
Lockett), 241.

A ntih istam ine p ro tec tion  against h ist
am ine-induced gastric ulceration  
in guinea-pigs (W att & Eagleton), 
83 T.

A nti-inflam m atory agents, som e newer 
(Tangri & B hargava), 634 (L).

A ntim icrobial agent (bronopol), active 
against Pseudomonas aeruginosa, 
som e properties o f  (C roshaw  & 
others), 127 7)

A ntiphlogistic activity, structural require- j 
m ents for, in som e novel derivatives ■ 
o f chlorthenoxazin  (A rrigoni-M ar- 
telli & others), 502.

A ntip ro tozoal activity  and synthesis o f 
som e im idazole derivatives (Ellis & 1 
otners), 801. - |

A ntitum oura l drugs, in teraction  between 
5-hydroxytryptam ine and (Palm a & 
others), 770 (L).

A recoline and arecoline A'-metho salt, 
com parative activity o f (Burgen), 
638 (L).

Assays, biological, 2 +  2 and 3 +  3, 
with graded responses, graphical 
analysis o f (W arner), 220.

A tractyloside, pharm acological p ro p er
ties and m echanism  o f action  of 
(Santi), 437 (L).

A tria  from  reserpine-treafed rats, sensi
tivity of, to  noradrenaline  (Bhagat 
& others), 362 (L).

B
BW 392C60 see 7V-o-Ch!orobenzyl-WfV"- 

dim ethylguanidine.
Bacillus megaterium , p ro top lasts of, 

effect o f chlorhexidine diacetate on 
(H ugo & L ongw orth), 751.

Bacillus subtilis, gam m a-irrad ia tion  of 
spores o f (C ook & R oberts), 529.

Bacillus subtilis spores, effect o f phenol 
on  the oxygen up take o f (Loosem ore 
& Russell), 817.

Bactericidal activity o f chloroxylenol in 
aqueous solutions o f cetcm acrogol 
(M itchell), 533.

Bactericidal effect upon  Pseudomonas 
aeruginosa o f chem ical agents for 
use in ophthalm ic solutions (H ugo 
& Foster), 124T.

Bactericides, influence of o il:w a te r  ra tio  
on the activity  o f som e, against 
Escherichia coli in liquid paraffin 
and  w ater dispersions (Bean & 
H em an-A ckah), 58 T.

B acteriophage see also Phage.
Bacteriophage, inactivation  of, by 

chem ical antibacterial agents (C ook 
& Brown), 611.

Benzaldehyde-betaine-w ater systems, 
single phase, oxidation  of benzalde- 
hyde in (Sw arbrick & Carless), 596 ; 
m ultiphase, oxidation o f benzalde- 
hyde in (Sw arbrick & Carless), 670.

Benzaldehyde, oxidation  of, in some 
single phase betaine-benzaldehyde- 
w ater systems (Sw arbrick & Carless), 
569; in som e m ultiphase betaine- 
benzaldehyde-w ater systems (Sw ar
brick  & Carless), 670.

Benzaldehyde, solubility of, in w ater 
(M itchell & others), 632 (L).

Benzaldehyde, solubility of, in w ater as 
determ ined by refractive index 
m easurem ents (Carless & Sw arbrick), 
633 (!.).
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Betaine-benzaldehyde-w ater systems, 
single phase, oxidation  o f benz- 
aldehyde in (Sw arbrick & Carless), 
596 ; m ultiphase, oxidation  o f benz- 
aldehyde in (Sw arbrick &  Carless), 
670.

Benzothiazines contain ing  the  cyclic 
hydroxam ic acid grouping (C outts 
& others), 773.

Benzoxazines contain ing  the  cyclic 
hydroxam ic grouping (C outts & 
others), 773.

B ism uth iodide com plex o f em etine, 
toxicity  and tissue d istribu tion  
studies on  (C hild & others), 65.

B lood platelets, hum an, in vitro, effect 
o f im ipram ine and  som e analogues, 
on  the up take  of 5-hydroxytrypt- 
am ine by (Yates & others), 460.

Blue VRS, chronic toxicity  of, in ra ts 
(M annell & Grice), 56.

B ook reviews, 211, 367, 639, 704, 772, 
836.

B radykinin, kallidin and eledoisin, vaso
pressor responses to , in  hypotensive 
ra ts (Parratt), 132 (L).

B rain acetylcholinesterase o f  ra t, struc
tu ral consideration  in the  inhib ition  
of (Joshi & Parm ar), 763 (L).

Bretylium -like drug, IV-o-chlorobenzyl- 
iVTC '-dim etbylguanidine (BW392- 
C60), action of, in lowering the 
in traocu lar pressure o f rab b it eyes 
(G essa & Sangiori), 630.

Brilliant blue F C F , chronic toxicity of, 
in  ra ts (M annell & G rice), 56.

B ritish Pharm aceutical C onference 1964. 
Supplem ent, 17 -1 6 8 7 . R eport of 
Proceedings, 1 7 -8 7 :  Science papers, 
9 7 -1 6 8 7 .

B ronchoconstriction  in guinea-pigs, 
m ethod fo r assessing drugs which 
antagonise (Bennett & Lockett), 241.

B ronopol, a  new antim icrobial agent 
active against Pseudomonas aerugi
nosa, som e properties o f (C roshaw  
& others), 1277.

c
Calcium , analysis o f A ugust ra t liver for 

(Everett & others), 85.
Calcium , antagonism  o f som e spasm o

lytic drugs by, on guinea-pig isolated 
ileum  (Ferrari), 62 (L).

Calcium , radioactive, influence of drugs 
upo n  up tak e  of, in  depolarised 
intestinal sm ooth  m uscle (Banerjee 
& Lewis), 439 (L).

Calcium , radioactive, influence o f drugs 
on  release of, from  depolarised 
intestinal sm ooth  m uscle (Banerjee 
Lewis), 702 (L).

C apillary perm eability , evaluation  of 
changes o f  (Jori & others), 282 (L).

C apillary perm eability  responses to  
snake venom s (F earn  & others), 79.

C ardenolides, prelim inary  chemical 
exam ination  o f digitalis tissue cul
tures fo r (B üchner & Staba), 733.

C ardiac effects o f nystatin  (A rora), 356.
C arrageenin-induced oedem a in the ra t 

h ind paw , effect o f  various drugs on 
(Niem egeers & others), 810.

C ascara (Rhamnus purshiana D C ., bark), 
and cascara extract, estim ation  of 
C-glycosides and O-glycosides in 
(F a irbairn  & Simic), 450.

Cassia oil, determ ination  of o-m ethoxy- 
cinnam aldehyde in, by infra-red 
spectrophotom etry  (C how dhury & 
W illiam s), 347.

C at, spinal, p repara tion  of, by an 
an terio r approach  (Z arro  & D ipal- 
m a), 427.

C atecholam ines, re la tion  o f pharm aco
logical properties o f  tetrahydro- 
papaverine to  (Santi & others), 287.

C atecholam ines, sym pathom im etic, in
fluence of hydrochloric  acid on  the 
ch rom atographic  behaviour o f 
(R oberts), 549.

C atecholam ines, sym pathom im etic, some 
possible causes o f pharm acological 
activity in b lank eluates following 
the separation  of, by paper chrom a
tography  (R oberts), 313.

C atechu (G am b ie r): its m icroscopical 
characters (Leong & Jackson), 408.

C atgut, sterilised surgical, tensile strength 
of (D aw son & others), 1217.

Cation-exchange resins, sulphonic acid, 
abso rp tion  o f ephedrine onto 
(C haudry  & Saunders), 234.

C ephaeline, em etine and 2-dehydro- 
em etine, expectorant action  of (Boyd 
& K night), 118.

C etom acrogol, bactericidal activity o f 
chloroxylenol in aqueous solutions 
o f (M itchell), 533.

Charge delocalisation and anticholin
esterase activity in “ aliphatic”  and 
“ a rom atic” q u aternary  am m onium  
com pounds (T hom as & S taniforth), 
522.

Chick, anaesthetised, effects o f  tyram ine 
on  a spinal reflex in  (Bow m an & 
others), 505.

Chick, isolated parasym pathetically- 
innervated oesophagus prepara tion  
from  (Bowm an & Everett), 727.

C hlorhexidine, som e aspects o f the m ode 
of action of (H ugo & Longw orth), 
655.
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C hlorhexidine diacetate, effect of, on 
“ p ro top lasts”  and  spheroplasts o f 
Escherichia coli, p ro top lasts o f  
Bacillus megaterium, and  the G ram - 
staining reaction  o f Staphylococcus 
aureus (H ugo & L ongw orth), 751.

C hlornexidine, effect of, on  th e  per
m eability  and succinoxidase activity 
o f  Micrococcus lysodeikticus (W ise
m an), 56 T.

C hlornexidine, release o f phosphorus-32- 
contain ing  com pounds from  Micro
coccus lysodeikticus trea ted  with 
(Rye & W isem an), 516.

iV -o -C h lo ro b e n z y l- J V 'iV " -d im e th y l-  
g nanidine (BW 392C60), a  bretylium - 
like drug lowering the in traocu lar 
pressure o f rabb it eyes (G essa & 
Sangiori), 630.

C hloroform , reac tion  of, w ith ephedrine 
(W illiams), 16671

C hloroxylenol, bactericidal activity of, 
in  aqueous solu tions o f ceto- 
m acrogol (M itchell), 533.

C hlorprom azine-induced behavioural 
changes, p o ten tia tion  of, by  an ti
cholinesterase agents (G oldberg  & 
Johnson), 60 (L).

C hlorprom azine, po larographic  deter
m ination  of m icrogram m e quantities 
o f  (Porter), 247’.

C hlordienoxazin , structural requirem ents 
fo r the  antiphlogistic activity in 
som e novel derivatives o f (Arrigoni- 
M artelli & others), 502 (L).

C hrom atographic  behaviour o f sym
pathom im etic  catecholam ines, in 
fluence of hydrochloric  acid on 
(R oberts), 549.

C hrom atography , paper, o f  Magnolia 
acuminata L. alkaloids (K apad ia  & 
others), 283 (L).

C hrom atography , paper, possible causes 
o f  pharm acological activity in blank 
eluates follow ing the  separation  of 
sym pathom im etic catecholam ines by 
(R oberts), 313.

C hrom atography , thin-layer, aspects o f 
the use of, in a  lim it test for related 
foreign steroids (Clifford & others), 
1171

C hrom atography , thin-layer, o f cortico
steroids (Hall), 971

C hrom atography , thin-layer, identifi
cation  o f um belliferous fru its by 
(Betts), 13171

C odeine and  codeinone, 14-substituted 
derivatives of, analgesic properties 
o f  (B uckett & H aining), 174.

C odeinone and codeine, 14-su tstitu ted  
derivatives of, analgesic p roperties 
o f (B uckett & -Haining), 174.

Colony form ation  and heat activation, 
relation  between, fo r the  spores of 
Bacillus stearothermophilus (C ook  & 
Brown), 725.

C opper, analysis o f A ugust ra t  liver for 
(Everett & others), 85.

C orticosteroids, detection and identifi
cation  o f o ther 17,21-dihydroxy-20- 
oxosteroids in (Johnson  & Fow ler), 
1771

C orticosteroids, thin-layer ch ro m ato 
graphy o f (Hall), 9 T.

C ortico trophin , note on  the in vitro 
assay of (C ann & others), 352.

C rushing strength  o f tab lets, som e 
observations on  the  effect o f lub ri
cation  on (Shotton  & Lev'is), 1117’.

D

Datura species, translocation  or’ a lkaloids 
in (Evans & Griffin), 337.

2-D ehydroem etine, cephaeline and 
em etine, expectorant action  of (Boyd 
& K night), 118.

D em ecarium  brom ide, role o f the  
polym ethylene chain  in derivatives 
of, on the inhib ition  o f  m onoam ine 
oxidase (Pant & others), 503 (L).

D etergents, non-ionic, solubilisation and 
inactivation  o f preservatives by 
(Evans), 323.

D exam phetam ine see also A m phetam ine.
D exam phetam ine and lipid m obilizarion 

in obesity  (Santi & Fassina), 130 (L).
D extropropoxyphène, absolu te  config

u ra tion  of, a t the C-3 asym m etric 
centre (Casy & M yers), 455.

D iabetogenic effect o f  a lloxan in the ra t, 
influence of adrenaline on  (Abd-el- 
W ahed & others), 422.

D iet, influence of, on  the  toxicity o f 
acetylsalicylic acid (W est), 788.

5 -(2-D iethy lam inoethy l)-3-phenyl-1,2,4- 
oxadiazole, u rinary  m etabolites o f 
(Silvestrini & others), 38.

D igitalis tissue cultures, prelim inary 
chem ical exam ination  of, for car- 
denolides (B uchner & Staba), 733.

17,21-D ihydroxy-20-oxosteroids, detec
tion  and identification of, in cortico
steroids (Johnson & Fow ler), 1771

D im ethylam inoazobenzene derivatives, 
m etabolism  o f som e (R obinson  & 
others), 8071

D im ethyl sulphoxide and  o ther com 
pounds which pro tect sm ooth m uscle 
during  freezing and thaw ing, p h a r
m acological actions and toxicity o f 
(F arran t), 472.

D inoestro l, detection of, in  urine 
(Tom psett), 207.

IV
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D ioxatrine, a  p o ten t and  specific rum enal 
ulcer-preventing agent in ra ts 
(Niemegeers & Janssen), 26.

D ru g  action, m olecular basis fo r (Ariens 
& Sim onis), 137.

D rug  action , m olecular basis for. The 
in teraction  o f one or m ore drugs 
w ith different receptors (Ariens & 
Simonis), 289.

D rugs, an titum oura l, in teraction  between 
5-hydroxytryptam ins and (Palm a & 
others), 770 (L).

D rugs, effect of, on  carrageenin-induced 
oedem a in the  ra t h ind  paw  
(Niemegeers & others), 810.

D rugs, identifying nam es and  dosage of 
(Poulton), 213.

D rugs, influence of, u p o n  47C a2+ up take 
in depolarised sm ooth m uscle 
(Banerjee & Lewis), 439 (L).

D rugs, influence of, or. 4,C a2+ release 
from  depolarised intestinal m uscle 
(Banerjee & Lewis), 702.

D rugs, teratogenic activity o f (W est), 
63 (L).

Dyes, chronic toxicity o f  b rillian t blue 
FC F , blue VRS and  green S in  rats 
(M annell & Grice), 56.

E
E arthw orm s, sim ple m ethod fo r the 

evaluation  o f local anaesthetic 
activity using (Block & others), 85 T.

Eledoisin, kallidin and  bradykinin , vaso
pressor responses to , in hypotensive 
ra ts (Parratt), 132 (L).

E ledoisin, o ther polypeptides and ergo- 
m etrine, activity  of, on  the u terus 
in situ o f rab b it and  o ther anim al 
species (F regnan & G lasser), 744.

Em etine, cephaeline, and 2-dehydro- 
em etine, expectorant action  of (Boyd 
& K night), 118.

Em etine, toxicity and  tissue d istribu tion  
studies on  the hydrochloride, bis
m uth  iodide com plex and  a  resinate 
o f  (Child & others), 65.

Em ulsion, fa t, artificial, physical and 
biological changes in, during  storage 
(Boberg & H akansson), 641.

Em ulsions, flow properties o f  (Sherm an),
1.

E phedrine, abso rp tion  of, on to  sulphonic 
acid cation-exchange resins (C haud- 
hry  & Saunders), 234.

E phedrine, reaction  of, w ith chloroform  
(W illiams), 16671

E rgom etrine and  polypeptides, activity 
of, on the  u terus in situ o f the  rabb it 
and o ther anim al species (F regnan & 
Glasser), 744.

Escherichia coli, effect o f  chlorhexidine 
d iacetate on  “ p ro to p lasts”  and  
spheroplasts o f (H ugo & Long- 
w orth), 751.

Escherichia coli in nu trien t b ro th  and  in 
hypertonic m edium , factors in 
fluencing the  action  o f glycine on 
(Russell & John), 738.

Escherichia coli, response o f standardised  
suspensions of, to  iodine (N ew ton & 
Vickers), 381.

Eserine and  autonom ic nervous con tro l 
o f guinea-pig vas deferens (D ella 
Bella & ethers), 779.

E thers, steroid basic, as genotropic 
agents (Evans & others), 717.

Extinctions m easured on  the  slopes o f 
ab so rp tion  curves, reproducibility  
o f  (Ism ail & G lenn), 1507’.

Extracellu lar fluid o f lung tissue o f 
guinea-pig, effects o f anaphylaxis 
in vivo on the  p ro tein  and lipid 
con ten t o f  (M ann  & Sm ith), 794.

Eyes, rabb it, action  o f A -o-chlorobenzyl- 
A 'V '-d im ethy lguan id ine , a  bretyl- 
ium -like drug, in  lowering the 
in traocu lar pressure o f (G essa & 
Sangiori), 630.

F
F a t em ulsion, artificial, physical an d  

biological changes in, during  storage 
(Boberg & H akansson), 641.

Ferns, anthelm intic  constituen ts o f 
(Bowden & others), 464.

F orm ulation  fo r oral sustained release 
drug, m athem atical trea tm en t o f 
(R ow land & Beckett), 156T.

Fragraea fragrans, R oxb., alkalo ids o f 
(W an & Chow), 484.

Fungi, unsuitability  o f B.P. tests for 
sterility to  detect (C hauhan  & 
W alters), 467’.

G
G am m a-irrad iation  o f  spores o f  Bacillus 

subtilis (C ook & R oberts), 529.
G anglionic and neurom uscular blocking 

agents, som e effects o f altering 
onium  substituents on  the in te r
nitrogen distance in (E lw orthy), 375.

G anglionic stim ulants and blocking 
drugs, effect o f  som e, on acetyl
choline release from  the  m am m alian  
neurom uscular ju n c tio n  (Beani & 
others), 557.

G astric  u lceration  in guinea-pigs, h ist
am ine-induced, an tih istam ine protec
tion  against (W att & Eagleton), 83 T.

G eno trop ic  agents: stero id  b a sx  ethers 
(Evans & others), 717.

V
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G h a tti gum , so rp tion  o f w ater vapour 
and surface-activity o f (E lw orthy & 
G eorge), 258.

Girardinia heterophylla (Dene), P harm a
cologically active constituents of 
(Saxena & others), 361 (L).

G lycine, factors influencing the action of, 
on  Escherichia coli in nu trien t b ro th  
and in hypertonic m edium  (Russell 
& John), 738.

G lycosides, C and O, estim ation  of, in 
cascara  (Rhamnus purshiar.a D C ., 
bark) and  cascara ex tract (Fa irbairn  
& Simic), 450.

G lycoside, oxytocic, extracted from  
certain  species o f Albizia, effects on 
anaesthetised anim als (L ipton), 369.

G lycyrrhizates, purification of, th rough  
the  lead salt (G ilbert & Jam es), 
359 (L).

G lycyrrhizic acid and its salts, p rep ara 
tion  and surface-active p roperties of 
(G ilbert & Jam es), 394.

G raphical analysis o f  2 +  2 and  3 +  3 
biological assays, w ith graded res
ponses, m ethod  of (W arner), 220.

Greer. S, chronic toxicity  of, in ra ts 
(M anned & Grice), 56.

G u a n e t h i d i n e ,  spectrophorom etric  
m ethod for the estim ation  o f (Bose 
& Vijavargiya), 561.

G uinea-pigs, an ti-erythem ic effectiveness 
o f some m etabolic inhib :tors in 
(G 5rog  & Szporny), 635 (L).

G uinea-pigs, an tih istam ine protection  
against h istam ine-induced gastric 
u lceration  in (W att & Eagleton), 
83 T.

G uinea-pig ileum , effects o f  sm ooth 
muscle stim ulants and their an tagon
ists upon  po tassium  ion up take  and 
release in strips o f (Banerjee & 
Lewis), 134 (L).

G uinea-pig isolated ileum, antagonism  
o f  som e spasm olytic drugs by 
calcium  on (Ferrari), 62 (L).

G uinea-pig ileum , independent nerve
pathw ay for 5-hydroxytryptam ine in 
(Johnson), 760 (L).

G uinea-pig isolated ileum , site c f  action 
o f sym pathom im etic am ines on the 
c rcu lar m uscle strip  from  fH arry), 
332.

G uinea-pig small intestine, beta sym
pathetic  inhib itory  receptors in 
(W ilson), 834 (L).

G uinea-pigs, m ethod for recording res
p ira to ry  changes induced in, by 
aerosols o f  histam ine o r o f  specific 
antigen and  fo r assessing drugs 
which antagonise bronchoconstric- 
tion  (B ennett & Lockett), 241.

G uinea-pig serum  and  extracellular fluid 
o f lung tissue, effect o f  anaphylaxis 
in vivo on the  lipid and  p ro tein  
con ten t o f (M ann  & Sm ith), 794.

G uinea-pig isolated trachea, electrically 
transm urally  stim ulated  (Foster), 
125.

G uinea-pig vas deferens, eserine and 
autonom ic con tro l o f (D ella Bella & 
others), 779.

G uinea-pig, isolated vas dererens of, 
stim ulated by the  hypogastric  nerve, 
effects o f blocking agents on 
(M orrison  & Parkes), 647

H
H alogen com pounds re la ted  to  the 

reversed esters o f p e th id ire  (H arper 
& Sim m onds), 72.

H eat activation and  colony form ation , 
relation  between, for the spores o f 
Bacillus stearothermophilus (C ook & 
Brown), 725.

H eparin  solutions, stability o f (Pritchard), 
487.

H exoestrol, detection of, in urine 
(Tom psett), 207.

H istam inase, kinetics o f (M orrison), 285.
H istam ine, aerosols of, m ethod for 

recording respiratory  changes in
duced by, in guinea-pigs (B ennett & 
Lockett), 241.

H istam ine, naturally  occurring deriva
tives of, pharm acological properties 
o f (Bertaccini & Vitali), 441.

H istam ine and 5-hydroxytryptam ine, 
effect o f adrenalectom y on the 
response of ra t skin to  an  ir.tra- 
derm al injection of (A sh 'o rd ), 567 
(L).

H istam ine and  5-hydroxytryptam ine, 
ro le of, in inflam m atory processes 
(B hatt & Sanyal), 385.

H istam ine-induced gastric ulceration  in 
guinea-pigs, an tih istam ine p ro tec
tion  against (W att & Eagleton), SSL.

H ydrazides, aliphatic  am ino-acid, syn
thesis of, as potential tuberculostatic  
agents (Edw ards & others), 618.

H ydrochloric  acid, influence of, on the 
ch rom atographic  behaviour of 
sym pathom im etic catecnolam ines 
(R oberts), 549.

H ydrocortisone and related steroids, 
observations on the an ti-anaphyl
actic activity o f (G oadby & Sm th), 
108.

H ydroxam ic acids, cyclic (C ou tts & 
others), 773.

p-H yd roxybenzoic acid esters, grow th of 
Pseudomonas aeruginosa in solu t.ons 
o f  (H ugo & Foster), 209 (L).

V l
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14-H ydroxycodeinone, relationship  be
tw een analgesic activity, acute 
toxicity and chem ical struc tu re  in 
esters o f (B uckett), 68T.

2- H y d ro x y im in o m eth y l-l-m eth y lp y rid i-
nium  m ethanesu lphonate , kinetics 
o f degradation  o f (F an  & others), 
493.

H ydroxylation  in vitro o f pharm a
cologically active phenothiazine 
derivatives (R obinson  & Beaven), 
342.

p-H ydroxym etabolites o f phenobarb itone 
and phenytoin, no te  on detection of, 
and also hexoestrol, stilboestrol, 
d ienoestrol, in urine (Tom psett), 
207.

3- H ydroxyprom azine and prom azine
m etabolites, spectroscopic studies 
o f (Beckett & others), 500 (L).

5-H ydroxytryptam ine and an titum oura l 
drugs, in teraction  between (Palm a & 
others), 770 (L).

5-H ydroxytryptam ine and  histam ine, 
effect o f adrenalectom y on the  res
ponse o f ra t skin to  an  in traderm al 
injection of (A shforc), 567 (L).

5-H ydroxytryptam ine an d  histam ine, 
role of, in inflam m atory processes 
(B hatt & Sanyal), 385.

5 - H y d r o x y t r y p t a m i n e ,  independent 
nerve-pathw ay for, in the guinea-pig 
ileum (Johnson), 760 (L).

5-H ydroxytryptam ine, sensitive p rep ara 
tion  fo r the assay o f (Everett), 
767 (L).

5-H ydroxytryptam ine p retreatm ent, en
hancem ent of toxicity o f m ustine 
hydrochloride by (U roic & others), 
61 (L).

5-H ydroxytryptam ine, up take  of, by 
hum an blood platelets in vitro, 
effect o f im ipram ine and  som e 
analogues of, on  (Y ates & others), 
460.

H ypogastric  nerve, effects o f blocking 
agents upon the isolated vas deferens 
o f  the guinea-pig stim ulated by 
(M orrison & Parkes), 647.

Hypoglycaem ic agents (H aym an & 
others), 538.

Hypoglycaem ic agen ts; varian ts o f  to l
butam ide (H aym an & others), 677.

Hypoglycaem ic properties o f  tecom ine 
and tecostanine (H am m ouda & 
others), 833 (L).

I
Ileum  o f guinea-pig, an tagonism  o f som e 

spasm olytic drugs by calcium  on 
(Ferrari), 62 (L).

Ileum  guinea-pig, effects o f sm ooth 
m uscle stim ulants and their an tag
onists upo n  potassium  ion up take 
and release in strips o f (Banerjee & 
Lewis), 134 (L).

Ileum  o f guinea-pig, independent nerve
pathw ay fo r 5-hydroxytryptam ine in 
(Johnson), 760 (L).

Ileum  of guinea-pig, isolated, site of 
action  of sym pathom im etic am ines 
on the c ircular m uscle strip  from  
(H arry), 332.

Im idazole derivatives [4(5)-aryl and their 
TV-alkyl derivatives], antifungal 
activity o f  som e (Ellis & others), 
400.

Im idazole derivatives (histam ine deriva
tives) occurring in na ture , p harm aco
logical properties o f som e (Bertaccini 
& Vitali), 441.

Im idazole derivatives, synthesis and 
an tip ro tozoal activity o f (Ellis & 
others), 801.

2-Im inoselenazolidin-4-ones and  related 
com pounds (C om rie & others), 268.

Im ipram ine and som e analogues, effect 
of, on  the  up take  o f 5-hydroxy
tryp tam ine by hum an  blood  p late 
lets in vitro (Yates & others), 460.

Im ipram ine, in m an, seven fa ta l cases 
involving (C urry), 265.

Ind ica to r, physical, for sterilisation  
procedures (Sim pkins & W ilkinson), 
1087)

Inflam m atory  processes, role o f h ist
am ine and 5-hydroxytryptam ine in 
(B hatt & Sanyal), 385.

In terneuronal and anticonvulsant block
ing activity in som e synthetic 
am ino-stero ids (H ew ett & others), 
765 (L).

Intestine, sm all, o f guinea-pig, beta 
sym pathetic  inhib itory  receptors in 
(W ilson), 834 (L).

In trao cu la r pressure o f  rab b it eyes, 
action  o f Ar- 0 -chlorobenzyl-Ar'Ar"- 
dim ethylguanidine, a  bretylium -like 
drug, in lowering (Gessa & Sangiori), 
630.

Iodine, ad so rp tion  o f from , solution by 
m icro-organism s and  by serum  
(H ugo & N ew ton), 49.

Iod ine com plex with a  non-ionic surface- 
active agent, an tibacteria l activity 
o f (H ugo & N ew ton), 189.

Iodine-non-ionic surface-active agent 
com plex, stability, staining and 
corrosive properties o f (H ugo & 
N ew ton), 273.

Iodine, radioactive, effect o f  ary l iso
th iocyanates on up take  of, by the 
m ouse thyroid  gland (Becker & 
Plaa), 700 (L).
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Iodine, response o f  standard ised  sus
pensions o f  Escherichia coli to  
(N ew ton & Vickers), 381.

Iod ine value, m ethod  fo r determ ination  
of (Said & others), 210.

Ion-exchange resins, su lphonic acid, 
abso rp tion  o f ephedrine on to  
(C haudry  & Saunders), 234.

Iron , analysis o f  A ugust ra t  liver for 
(E verett & others), 85.

Irrad ia tio n , gam m a, o f spores o f  Bacillus 
suhtilis (C ook  & R oberts), 529.

Isom erisation , determ ination  o f vitam in 
D  by (Dechene), 158.

Isoniazid , in excess p-am inosalicylate, 
spectrophotom etric  determ ination  of 
(D u tt & C hua), 696.

Iso th iocyanates, aryl, effect of, on 131I 
up take  by m ouse thyro id  gland 
(Becker & Plaa), 700 (L).

K
K allid in , b radykin in  and  eledoisin, vaso

p ressor responses to , in hypotensive 
ra ts (P arra tt), 132 (L).

L
Leaves o f Rauwolfia vomitoria A fz., 

alkalo ids o f (Patel & others), 163 77
L etters to the E d ito r, 60, 129, 209, 282, 

359, 433, 500, 563, 632, 700, 759, 
828.

L ight, visible o r  ultra-v io let, influence 
o f spectral slit w idth on the ab so rp 
tion  of, by Pharm acopoeial sub
stances (Rogers), 433 (L).

L ipid con ten t o f  guinea-pig serum  and  
extracellu lar fluid o f lung tissue, 
effects o f anaphylaxis in vivo on 
(M ann  & Sm ith), 794.

L ipid m obilisation  in obesity, dexam 
phetam ine and (Santi & Fassina), 
130 (L).

L iquid paraffin and  w ater dispersions, 
influence o f o il:w a te r  ra tio  on the 
activity o f som e bactericides against 
Escherichia coli in (Bean & H em an- 
A ckah), 58 T.

L ubrication , som e observations on  the 
effect of, on the crushing strength 
o f tab lets (Sho tton  & Lewis), 111 T.

L ung tissue o f  guinea-pig, effects o f 
anaphylaxis in vivo on  th e  lipid and 
pro tein  con ten t o f extracellu lar fluid 
o f (M ann & Sm ith), 794.

Lysergic acid diethylam ide, identification 
and  determ ination  of, in narcotic  
seizures (G enest & Farm ilo), 250.

M
M agnesia, flow properties o f (Pilpel), 

705.
M agnesium , analysis o f A ugust ra t liver 

fo r (E verett & others), 85.
Magnolia acuminata L. alkalo .ds, paper 

ch rom atography  and  identification 
o f (K apad ia  & others), 283 (L).

M anganese, analysis o f  A ugust ra t liver 
fo r (E verett & others), 85.

M estranol, colorim etric  estim ation  o f 
norethynodrel in tablets con tain ing  
(Chissell), 490.

M etabolic  inh ib ito rs, an ti-erythem ic 
effectiveness o f som e, in g jinea-p igs 
(G drog  & Szporny), 635 (L).

M ethscopolam ine brom ide, effect of, on 
ulcer fo rm ation  and  gastric m ucus 
(R obert & N ezam is), 690.

o-M ethoxycinnam aldehyde, ceterm ina- 
tio n  of, in  cassia oil by infra-red 
spectrophotom etry  (C how dhury  & 
W illiam s), 347.

M ethyl salicylate, determ ination  of, 
in pharm aceutical p repara tions 
(Stevens & W arren), 32 T.

a-M ethyl-m -tyrosine and  reserpine, 
action  of, on  the analgesic effect o f 
m orphine in ra ts and mice (M eda- 
kovic & Banic), 198.

M ice, inhib ition  o f  analgesia in, by 
th iopentone  (Shapiro  & W ilson), 
759 (L).

M ice and  ra ts, action  of reserpine and 
a-m ethyl-m -tyrosine on  the analgesic 
effect o f  m orphine in  (M edakovic & 
Banic), 198.

M ouse, m easuring  the  tem perature  o f 
(Brown), 701 (L).

M ouse thyro id  gland, effect o f aryl 
iso th iocyanates on up take o f 131I by 
(Becker & Plaa), 700 (L).

M icellar change, tem pera ture  dependent 
(A dderson & T aylor), 14771

Micrococcus lysodeikticus, effect o f 
chlorhexidine on  the perm eability 
and succinoxidase activity of 
(W isem an), 56 T.

Micrococcus lysodeikticus trea ted  with 
chlorhexidine, release o f phos- 
phorus-32-containing com pounds 
from  (Rye & W isem an), 516.

M icro-organism s and serum , adsorp tion  
of iodine from  so lu tion  by (H ugo & 
N ew ton), 49.

Mitragyna inennis (O , K untze), anatom y 
o f leaves and young stem  (Pillay), 
820.

M olybdenum , analysis o f  A ugust ra t 
liver fo r (Everett & others), 85.

M onoam ine oxidase inhib itors, m ech
anism  o f action  of, in enhancing 
am phetam ine toxicity (B rittain  & 
others), 565 (L).
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M onoam ine oxidase, ro le o f the  poly
m ethylene chain  in derivatives o f 
dem ecarium  brom ide on  the  inhi
b ition  o f (Pan t & others), 503 (L).

M orphine, action  o f reserpine and 
a-m ethyl-m -tyrosine on  the  analgesic 
effect of, in ra ts and  mice (M edakovic 
& Banic), 198.

M ucus, gastric, an d  ulcer fo rm ation , 
effect o f an  anti-acetylcholine drug, 
m ethscopolam ine brom ide, on  
(R obert & N ezam is), 690.

M uscle, circular, from  the  isolated 
guinea-pig ileum , site o f action  
o f sym pathom im etic am ines on 
(H arry), 332.

M uscle, intestinal sm ooth , depolarised, 
influence o f drugs upo n  4,C a2+ 
up tak e  in  (Banerjee & Lewis), 
439 (L).

M uscle, intestinal sm ooth, depolarised, 
influence o f drugs on  47C a2+ release 
from  (Banerjee & Lewis), 702 (L).

M uscle, sm ooth , pharm acological actions 
and  toxicity  o f dim ethyl sulphoxide 
and  o th er com pounds w hich p ro 
tect during  freezing and  thaw ing 
(F arran t), 472.

M ustine hydrochloride, toxicity  of, and 
its enhancem ent by  5-hydroxy- 
tryp tam ine  p re treatm en t (U ro ic  & 
others), 61 (L).

N
N arco tic  seizures, identification and 

de term ination  o f lysergic acid di
ethylam ide in (G enest & Farm ilo), 
250.

N erve-pathw ay, independent, fo r 5- 
hydroxytryptam ine in  guinea-pig 
ileum  (Johnson), 760 (L).

N eurom uscular blocking agen ts: alkyl 
and  heterocyclic analogues o f simple 
linear trisonium  com pounds (C arey 
& others), 89 71

N eurom uscu lar junction , m am m alian , 
effect o f  som e ganglionic stim ulants 
and  blocking drugs on  acetylcholine 
release from  (Beani & others), 557.

N eurom uscular and  ganglionic blocking 
agents, som e effects o f  altering 
onium  substituen ts on  the  in te r
n itrogen  d istance in (E lw orthy), 
375.

5-N itro-2-furylglyoxylidene derivatives, 
an tibacteria l p roperties o f (B uckett 
& K idd), 663.

N itrogen  a tom s, biological activity  in 
steroids possessing : recent advances 
(M artin-Sm ith  & Sugrue), 569.

N itro im idazoles, synthesis and  an ti
p ro tozoal activity o f som e (Ellis & 
others), 801.

N oradrenaline , changes in sensitivity to , 
in ra ts  p re treated  w ith reserpine 
(B onaccorsi & others), 828 (L).

N oradrenaline , inh ib ition  o f up take  by 
sym pathom im etic am ines (Iversen), 
435 (L).

N oradrenaline , sensitivity o f isolated 
a tria  from  reserpine-treated  ra ts  to  
(B hagat & others), 362 (L).

N ore thynodre l in tab le ts contain ing  
m estranol, colorim etric  m ethod  fo r 
the  estim ation  o f (Chissell), 490.

N ux vom ica and  its p repara tions, assay 
o f (Perry & Sheppard), 13671

N ystatin , card iac effects o f (A rora), 356.

O
Obesity, dexam phetam ine and  lipid 

m obilisation  in  (Santi & Fassina), 
130 (L).

O edem a o f ra t h ind  paw , carrageenin- 
induced, effect o f  various drugs on 
(Niem egeers & others), 810.

O esophageal therm ocouple, m easurem ent 
o f  body tem perature  in conscious 
sm all lab o ra to ry  anim als by m eans 
o f (B ritta in  & Spencer), 497.

O esophagus from  the  chick, isolated, 
parasym pathetically-innervated  p re 
p a ra tio n  (Bow m an & Everett), 
72 71

O il:w a te r  ra tio , influence of, on  the  
activity  o f som e bactericides against 
Escherichia coli in liquid paraffin 
and  w ater dispersions (Bean & 
H em an-A ckah), 5871

O nium  substituents, som e effects o f 
altering, on  the in tern itrogen  dis
tance in  ganglionic and  neu ro 
m uscular blocking agents (E lw orthy), 
375.

O phthalm ic  solutions, bactericidal effect 
up o n  Pseudomonas aeruginosa o f 
chem ical agents fo r use in  (H ugo & 
Foster), 12471

O xidation  o f benzaldehyde in  som e 
single phase  betaine-benzaldehyde- 
w ater systems (Sw arbrick & C arless), 
596; in m ultiphase betaine-benzalde- 
hyde-w ater system s (Sw arbrick  & 
Carless), 670.

Oxygen up tak e  o f Bacillus subtilis spores, 
effect o f  phenol on  (L oosem ore & 
R ussell), 817.

O xytocic glycoside ex tracted  from  certain  
species o f Albizia, effects on  
anaesthetised anim als (L ipton), 369.

P
P 2S see 2 -H ydroxyim inom ethyl-l-m ethyl- 

pyrid in ium  m ethanesulphonate .
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Perm eability , capillary, evaluation  of 
changes o f (Jori & others), 282 (L).

Perm eability , capillary, responses to 
snake venom s (F earn  & others), 79.

Perm eability  o f Micrococcus lysodeik- 
ticus, effect o f chlorhexidine on 
(W isem an), 5677

Pethidine, halogen com pounds re la ted  to 
the  reversed esters o f (H arper & 
Sim m onds), 72.

Phage see also B acteriophage.
Phage, influence o f the m ethod  of 

evaluation  on  the recovery of, after 
phenol trea tm en t (Brow n & others), 
357’.

Pharm acopoeial substances, influence of 
spectral slit w idth  on  the absorp tion  
o f visible o r ultra-v io let light by 
(R.ogers), 433 (L).

Phena n thrid in ium  com pounds, try p an o 
cidal, p rep ara tio n  and  biological 
activity  o f som e com plexes o f 
(G roves & W ilm shurst), 14077

P h en obarb itone  and  phenytoin , detec
tio n  o f p -hydroxym etabolites of, in 
u rine  (T om psett), 207.

Phenol, effect of, on  the oxygen up take  of 
Bacillus subtilis spores (Loosem ore 
& Russell), 817.

Phenol trea tm ent, influence o f  the 
m ethod  o f evaluation  on  the re
covery o f a phage, after (Brow n & 
others), 35T.

Phenothiazine derivatives, hydroxylation  
in vitro of pharm acologically  active 
(Pvobinson & Beaven), 342.

Phenyroin and phenobarb itone , detection 
o f p -hydroxym etabolites of, in  urine 
(Tom psett), 207.

Phospnorus-32-contain ing  com pounds, 
release of, from  Micrococcus lyso- 
deikticus treated  w ith chlorhexidine 
(P-ye & W isem an), 516.

P itu ita ry -ad renal function  in the  ra t, 
u re thane anaesthesia and  (Spriggs 
& S tockham ), 603.

P lants, m edicinal, pharm acological 
screening o f som e W est Ind ian  
(Feng & others), 115.

P latelets, hum an  blood, effect o f  im i
p ram ine and som e analogues on  the 
in vitro uptake  of 5-hydroxytrypt- 
am ine by (Y ates & others), 460.

Polarc  g raphic determ ination  o f m icro
gram m e quantities o f  ch lo rp rom 
azine (Porter), 2477

Polypeptides, activity  of, on  the uterus 
in situ o f the rab b it and  o th er anim al 
species (F regnan  & C lasser), 744.

Polyscrbate(Tw een)80, effect of, on  the 
grow th ra te  o f  Pseudomonas aeru
ginosa (B row n & R ichards), 4 1T.

Polysorbate(Tw een)80, effect of, on  the  
resistance o f Pseudomonas aeru
ginosa to  chem ical inactivation  
(Brow n & R ichards), 51T.

Potassium , analysis o f A ugust ra t liver 
for (E verett & others), 85.

Potassium  ion up take  and release in 
strips o f guinea-pig ileum , effects 
upon , o f sm ooth  m uscle stim ulants 
and their an tagonists upo n  (Banerjee 
& Lewis) 134 (L).

Preservatives, solubilisation and inacti
vation  of, by non-ionic detergents 
(Evans), 323.

Prom azine m etabolites and  3-hydrcxy- 
prom azine, spectroscopic studies o f 
som e (Beckett & others), 500 (L).

Propyl benzoate, hydrolysis of, in 
aqueous solutions o f surface-aczive 
agents (M itchell), 43.

P ro te in  con ten t o f guinea-pig serum  and 
extracellu lar fluid o f  lung tissue, 
effects o f anaphylaxis in vivo on  
(M ann  & Sm ith), 794.

P ro top lasts o f Bacillus megaterium, 
effect o f chlorhexidine diacetate on 
(H ugo & Longw orth), 75.

“ P ro to p las ts” and spheroplasts o f 
Escherichia coli, effect o f ch lor
hexidine d iacetate on  (H ugo & 
L ongw orth), 751.

Pseudomonas aeruginosa, bactericidal 
effect upon , o f chem ical agents for 
use in ophthalm ic solutions (H ugo & 
Foster), 1247’.

Pseudomonas aeruginosa, effect o f poly- 
sorbate(Tw een)80 on the  grow th 
ra te  o f (Brown & R ichards), 4 1 T.

Pseudomonas aeruginosa, effect o f poly- 
sorbate(Tw een)80 on the  resistance 
of, to  chem ical inactivation  (Brown 
& R ichards), 5177

Pseudomonas aeruginosa, grow th of, in 
solu tions o f esters o f p-hydroxy- 
benzoic acid (H ugo & Foster), 
209 (L).

Pseudomonas aeruginosa, som e properties 
o f  b ronopol, a  new antim icrobial 
agent active against (C roshaw  & 
others), 1277’.

Pseudomonas aeruginosa, resistance of, 
to  chem ical inactivation  (R ichards 
& Brown), 360 (L).

Q
Q uaternary  am m onium  com pounds, 

“ a liphatic”  and “ a rom atic ,”  an ti
cholinesterase activity and  charge 
delocalisation in  (T hom as & 
Staniforth), 522.

Q uinazolines con tain ing  the  cyclic hydr- 
oxam ic acid grouping (C outts & 
others), 773.
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Quinolines containing the cyclic hydr- 
oxamic acid grouping (Coutts & 
others), 773.

Quinoxalines containing the cyclic hydr- 
oxamic acid grouping (Coutts & 
others), 773.

R
Rabbit and other animal species, activity 

of eledoisin, other polypeptides and 
ergometrine on the uterus of, in situ 
(Fregnan & Glasser), 744.

Rabbit eyes, action of (V-o-chlorobenzyl- 
jV'./V/'-dimethylguanidme, a bretyl- 
ium like drug, in lowering the 
intraocular pressure of (Gessa & 
Sangiori), 630.

Rats, anaphylactoid reaction in (Anker 
& West), 129 (L).

Rat brain acetylcholinesterase, structural 
consideration in the inhibition of 
(Joshi & Parmar), 763.

Rats, chronic toxicity of brilliant blue 
FCT, blue VRS and green S in 
(Mannell & Grice), 56.

Rats, dioxatrine, a potent and specific 
rumenal ulcer-preventing agent in 
(Niemegeers & Janssen), 26.

Rats, effects of ammonium chloride and 
sodium bicarbonate on resistine 
levels in (Horpacsy & Karady), 
768 (L).

Rats, foetal, effect of salicylic acid on 
(Brown & West), 563 (L).

Rat hind paw, effect of various drugs on 
carrageenin-induced oedema of 
(Niemegeers & others), 810.

Rats, hypotensive, vasopressor responses 
to kallidin, bradykir.in and eledoisin 
in (Parratt), 132 (L).

Rat, influence of adrenaline on the 
diabetogenic effect of alloxan on 
(Abd-el-Wahed & others), 422.

Rat liver, August, analysis of, for calcium, 
copper, iron, magnesium, man
ganese, molybdenum, potassium, 
sodium and zinc (Everett & others), 
85.

Rats and mice, action of reserpine and 
a-methyl-OT-tyrosine on the analgesic 
effect of morphine in (Medakovic & 
Banic), 198.

Rats pretreated with reserpine, changes 
in sensitivity to noradrenaline in 
(Bonaccorsi & others), 828 (L).

Rats, reserpine-treated, sensitivity to 
noradrenaline of isolated atria from 
(Bhagat & others), 362 (L).

Rat skin, effect of adrenalectomy on the 
response of, to an intradermal 
injection of histamine and 5-hydroxy- 
tryptamine (Ashford, 567 (L).

Rat, urethane anaesthesia and pituitary 
adrenal function in (Spriggs & 
Stockham), 603.

Rauwolfia vomitoria Afz., alkaloids of 
the leaves of (Patel & others), 163T.

Receptors, beta sympathetic inhibitory, 
in the small intestine of the guinea- 
pig (Wilson), 834 (L).

Receptors, interaction of one or more 
drugs with (Ariens & Simonis), 289.

Reflex, spinal, effect of tyramine on, in 
the anaesthetised chick (Bowman & 
others), 505.

Refractive index measurements, solu
bility of benzaldehyde in water as 
determined by (Carless & Swarbrick), 
633 (L).

Rhamnus purshiana DC., bark and 
cascara extract, estimation of C- 
glycosides and O-glycosides in 
(Fairbairn & Simic), 450.

Reserpine and a-methyl-m-tyrosine, 
action of, on the analgesic effect of 
morphine in rats and mice (Meda
kovic & Banic), 198.

Reserpine-preireated rats, changes in 
the sensitivity to noradrenaline in 
(Bonaccorsi & others), 828 (L).

Reserpine-treated rats, sensitivity of 
isolated atria from, to noradrenaline 
(Bhagat & others), 362 (L).

Resinate of emetine, toxicity and tissue 
distribution studies on the hydro
chloride, bismuth iodide complex 
and a (Child & others), 65.

Resistine levels in rats, effects of 
ammonium chloride and sodium 
bicarbonate on (Horpacsy & 
Karady), 768 (L).

S

Serum, guinea-pig, effect of anaphylaxis 
in vivo on the lipid and protein 
content of (Mann & Smith), 794.

Serum and micro-organisms, adsorption 
of iodine from solution by (Hugo & 
Newton), 49.

Skin penetration, influence of vehicles 
on (Barrett & others), 104T.

Snake venoms, capillary permeability 
responses to (Fearn & others), 79.

Sodium, analysis of August rat liver for 
(Everett & others), 85.

Sodium bicarbonate and ammonium 
chloride, effects of, on resistine 
levels in rats (Horpacsy & Karady), 
768 (L).

Solubilisation and inactivation of preser
vatives by non-ionic detergents 
(Evans), 323.

Spasmolytic drugs, antagonism of, by 
calcium on guinea-pig isolated 
ileum (Ferrari), 62 (L).
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Spheroplasts o f E sch eric h ia  co li, effect 
o f chlorhexidine diacetate on (H ugo 
& Longw orth), 751.

Spinal cat, p rep ara tio n  of, by an  an terio r 
approach  (Z arro  & D ipalm a), 427.

Spinal reflex in the  anaesthetised chick, 
effects o f  tyram ine on (Bow m an & 
others), 505.

Spores o f  B a c illu s  s te a ro th erm o p h ilu s , 
re la tion  betw een h eat activation  and 
colony fo rm ation  fo r (C ook & 
Brow n), 725.

Spores o f B a c illu s  su b tilis , effect of 
phenol on the  oxygen u p tak e  of 
(L oosem ore & Russell), 817.

S ta p h y lo c o c c u s  au reu s, effect o f chlorhexi
dine diacetate on the G ram -stain ing  
reac tion  o f (H ugo & L ongw orth), 
751.

S terilisation procedures, physical indi
ca to r fo r (Sim pkins & W ilkinson), 
108 71

Sterility tests o f the B .P., unsuitability  
of, to  detect fungi (C hauhan  & 
W alters), 467'.

Steroid basic ethers as genotropic agents 
(Evans & others), 717.

Steroids possessing n itrogen  atom s, 
biological activity in : recent ad
vances (M artin -S m ith  & Sugrue), 
569.

Steroids, related  foreign, aspects o f  the 
use o f th in-layer chrom atography  
in a lim it test fo r (Clifford & others), 
117'.

Steroids re la ted  to  hydrocortisone, 
observations on  the anaphylactic  
activity o f (G oadby  & Sm ith), 108.

Steroids, synthetic am ino-, an ticonvul
sant and in terneuronal blocking 
activity in som e (H ew ett & others), 
765 (L).

S tilboestrol, detection  of, in  urine 
(T om psett), 207.

Storage, physical and biological changes 
in an  artificial fa t em ulsion during  
(E oberg & H akansson), 641.

S tructure-activity  requirem ents in some 
novel thebaine-derived analgesics 
(L ister), 364 (L).

Succinoxidase activity  o f  M ic ro c o c c u s  
ly s o d e ik tic u s , effect o f chlorhexidine 
on (W isem an), 56 T.

Surface-active agents, hydrolysis o f 
propyl benzoate in aqueous solution 
of (M itchell), 43.

Surface-active agent, non-ionic, complex 
with iodine, an tibacteria l activity o f 
(H ugo & N ew ton), 189.

Surface-active agent, non-ionic, complex 
w ith iodine, stability , staining and 
ccrrosive properties o f (H ugo & 
N ew ton), 273.

Surface-active p roperties o f glycyrrhizic 
acid and its salts (G ilbert & Jam es), 
394.

Surface-activity and sorp tion  o f w ater 
v apour o f ghatti gum  (E lw orthy & 
G eorge), 258.

Sulphonic acid cationic exchange resins, 
absorp tion  o f ephedrine on to  
(C haudry  & Saunders), 234.

Sustained release drug  form ulation , oral, 
m athem atical trea tm en t o f (R ow land 
& Beckett), 1567".

Sym pathom im etic am ines, inh ib ition  of 
noradrenaline  up tak e  by (Iversen), 
435 (L).

Sym pathom im etic am ines, site o f action 
of, on  the  c ircular m uscle strip  
from  the guinea-pig iso lated  ileum 
(H arry), 332.

Sym pathom im etic catecholam ines, som e 
possible causes o f  p h arm aco 
logical activity  in b lank  eluates 
follow ing the  separation  of, by 
paper chrom atography  (R oberts), 
313.

T
Tablets con tain ing  m estranol, co lori

m etric m ethod fo r the  estim ation  of 
norethynodrel in (Chissell), 490.

Tablets, som e observations on the effect 
o f lubrication  on  the  crushing 
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