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pattern of egg proteins quite different from that of the
donor species. The same is true in transplantations between
D. melanogaster and D. subobscura, where differences in the
mobility of the major proteins are found. We suggest that
the presumed factor which inhibits vitellogenesis, or alter-
natively a promoting factor whose absence precludes it, is
to be searched in the %uality of the gonadotropic hormone,
as proposed by Vogt®, or in the carrier system for this
hormone. The case of D. mercatorum as a donor adds some
further problems to the understanding of the process of
vitellin formation in another species. Even if we assume
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Injectable benzimidazole anthelmintics effective against liver flukes, tapeworms, lungworms and gastrointestinal

roundworms
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Summary. A series of orally active benzimidazole anthelmintics has been discovered to be active by injection against

nematode, cestode and trematode species.

The use of benzimidazole derivatives as orally adminis-

tered anthelmintics is well established. We wish to report

the discovery that certain orally active benzimidazole an-
thelmintics have excellent injectable potency and spectrum
of activity against liver flukes, tapeworms, lungworms and
gastrointestinal roundworm infections. 2 of the more potent
compounds are [5-[(cyclopropylmethyl)sulfinyl]-1H-benzi-
midazol-2-yl] carbamic acid, methyl ester (A) and [5-[(2-
methylpropyl)sulfinyl]- 1H-benzimidazol-2-yl] carbamic
acid, methyl ester (B). The methylpropylsulfinyl benzimi-
dazole B is synthesized from 4-thiocyano-2-nitroaniline in
35% overall yield. Sodium 4-amino-3-nitro-thiophenolate,
prepared in situ by sodium borohydride reduction of 4-
thiocyano-2-nitroaniline in dimethyl formamide is alkylat-
ed with isobutyl chloride and oxidized with sodium perio-
date to give 4-(2-methylpropyl)sulfinyl-2-nitroaniline. The
nitroaniline derivative is reduced with sodium hydrosulfite
to 4-(2-methylpropyl) sulfinyl-1,2-diaminobenzene which
is treated with 1,3-bis-(methoxycarbonyl)-S-methyl iso-
thiourea to yield B, m.p. 198-201 °C (decomposition). Ben-
zimidazole A is prepared in analogous fashion, m.p. 223-
224 °C (decomposition).

A single s.c. injection of A at 10 mg/kg to artificially
infected sheep eliminated 91-100% of Haemonchus, Oster-
tagia, Trichostrongylus in the abomasum, and Nematodirus,
Trichostrongylus, Oesophagostomum and Chabertia in the
small and large intestines. A single oral dose of A at 2.5-10
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mg/kg eliminated 85-100% of the above listed genera.
Preliminary experiments indicate that compound B has a
similar spectrum of activity in sheep.

In controlled experiments with sheep naturally infected
with the lungworm Dictyocaulus filaria, a single s.c. injec-
tion of A at 5 mg/kg was 100% effective against mature and
immature worms; A was orally active against sheep lung-
worm at 1 mg/kg. Compound B was 94% effective against
D.viviparus in cattle when given as a single s.c. injection of
10 mg/kg and B was 100% effective against D.filaria in
sheep s.c. at 10 mg/kg.

In sheep naturally infected with tapeworms of the genus
Moniezia a single s.c. injection of A at 5 mg/kg reduced the
worm burden 100%; A was orally effective against Moniezia
at2.5 mg/kg.

Compound B administered orally at 20 mg/kg to sheep
artificially infected with metacercariae of Fasciola hepatica
was 96% effective against patent infections. Compound A
was not effective against adult Fasciola when given as a
single s.c. infection of 20 mg/kg, whereas compound B was
50% effective. Compound B given s.c. at 20 mg/kg for
2 consecutive days was 100% effective against Fasciola in
sheep.

Compound A applied dermally in DMSO/amyl alcohol at
10 mg/kg reduced the fecal egg count in sheep 100%.
Preliminary studies indicate that compound B at compar-
able low doses is effective both orally and injectably against
small and large strongyles, Oxyuris and Parascaris in horses
and orally against Ascaridia and Heterakis in chickens.
These are the first reported anthelmintics which demon-
strate useful injectable activity against the 3 major helminth
classes parasitizing domestic animals. Studies are underway
to delineate the full spectrum of activity of these and other
closely related compounds.



