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all cases, only two spots could be demonstrated by 
spraying with a solution of p-dimethylaminobenz
a,ldehyde, A very faint spot corresponded to 4-amino
diphenyl. This spot was strengthened when ether 
extracts of the urine were examined. The second 
more intense spot travelled at the same rate as 
4-amino-3-diphenylyl hydrogen sulphate ; hydrolysis 
of the urine by boiling with acid gave a new spot 
corresponding to 3-hydroxy-4-aminodiphenyl. 

Urine from dogs fed benzidine (500 mgm./day) was 
chromatographed on paper in ten solvent systems. 
Three major and a number of other spots were 
demonstrated with the p-dimethylaminobenzaldehyde 
spray. Benzidine and 4: 4'-diamino-3-diphenylyl 
hydrogen sulphate were shown to be important 
metabolites of the amine. 3-Hydroxybenzidine was 
shown to be present as a minor metabolite in some 
samples of urine. The other metabolites have not 
yet been identified. 

Continuous ether extraction of the urine of a dog 
fed benzidine (500 mgm./day) for ten days enabled 
benzidine (400 mgm.; 8 per cent of the dose) and 
3-hydroxybenzidine (85 mgm., l ·5 per cent) to be 
isolated. The benzidine, melting point and mixed 
melting point 124°, was characterized as the 
p-toluenesulphonate, melting point 241-242°, mixed 
melting point 242-243°. The monohydroxybenzidine, 
melting point 180-183°, was characterized as its 
tribenzoate, melting point 269°, mixed melting point 
270-271 °. 

This work will be reported in detail later. We wish 
to thank Dr. G. M. Bonser for making available the 
biological material. 
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Synergism in the Chemotherapy of 
Eimeria tenel/a 

IN 1954, Lux1 investigated the possibility that 
potent inhibitors of Eimeria tenella might be found 
among compounds, other than sulphonamides, which 
interfered with the p-aminobenzoic acid - folio acid 
metabolic sequence. Lux found that a group of 
2,4-diamino-pyrimidines possessed anticoccidial act
ivity, one of the most active of the series being 
2,4-diamino-5, p-chlorophenyl, 6-ethyl pyrimidine 
('Pyrimethamine', 'Daraprim'). He noted, further
more, that this compound, when used in combination 
with certain sulphonamides, had a marked synergistic 
effect. 

At Weybridge, we have extended these observations 
with the view of developing effective systems of 
chemotherapy for disease caused by Eimeria tenella. 
In the past, 'Sulphamezathine' (sulpha-dimethyl
pyrimidine) has in our experience proved most satis
factory for treatment under practical conditions ; 
but its use can be criticized on the grounds that the 
concentration necessary to obtain a maximum thera
peutic effect is sufficiently high to cause some degree 

of inappetence, that occasional toxicity is observed•, 
and that the full therapeutic concentration is liable 
to cause temporary inhibition of the parasite, develop
ment being merely delayed until treatment term
inates3,•. Our observations, which have confirmed 
those of Luxt, have shown that, although O ·01 per 
cent 'Daraprim' in the food affords only partial pro
tection against E. tenella, the synergism between this 
substance and 'Sulphamezathine' permits the re
duction of the concentration of both compounds to a 
fraction of that ordinarily needed for therapeutic 
control. Thus, in the presence of as little as O ·0025 
per cent 'Daraprim' in the food, the concentration 
of 'Sulphamezathine' may be reduced to between 
¼ and ½ of that normally required for complete 
protection. 

Temporary inhibition, with delayed clinical mani
festations of disease, occurs with a mixture of 0·01 
per cent 'Daraprim' and O ·05 per cent 'Sulpha
mezathine', but not when the concentration of 
'Daraprim' in the mixture is reduced to O ·0025 per 
cent. This suggests that the combination of drugs 
at these low concentrations has a markedly selective 
effect on the later stages in the life-cycle of the 
parasite, leaving unimpaired the earlier stages, the 
development of which Kendall and McCullough8 have 
shown to be essential for effective chemotherapeutic 
control. 

These findings are likely to be of marked practical 
importance, and it seems that the use of the synergistic 
combination will avoid the difficulties associated with 
the present use of the sulphonamides. 

The synergistic action on E. tenella of 'Daraprim' 
and 'Sulphamezathine' can probably be explained 
as the effect of two antimetabolites which act 
sequentially at different stages in the same metabolic 
pathway, at the points at which p-aminobenzoic acid 
and folio and folinic acids are concerned. 

This would suggest a close analogy between the 
metabolism of E. tenella and those species of Plasmo
dium on which 'Daraprim' and some sulphonamides 
also exert a marked synergistic effect6• p-Amino
benzoic acid has already been shown to be an essential 
metabolite for E. tenella by the observation ofHorton
Smith and Boyland• that the action of 'Sulpha
mezathine' may be antagonized by p-aminobenzoic 
acid. No facts are available on the importance of folic 
and folinic acids for E. tenella, although 'Daraprim' 
is regarded as an antagonist of folio and folinic acids 
in several other biological systems'. 

If, in fact, the metabolism of E. tenella is similar 
to that of the plasmodia, other anti-malarials may 
be able to replace 'Daraprim' in synergistic combina
tion with sulphonamides or other drugs of known 
coccidiostatic value. 

Studies on the above lines are proceeding. 
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