
COMPARISON OF CHEMOTHERAPEUTIC POTENCIES OF 4 ANTIMONIALS 963

either tartar emetic or anthiolimin and is less likely
to become concentrated in erythrocytes. An idea
of the relative toxicities of the antimonials tested is
given below in terms of LD50 in mice (mg antimony/
20 g mouse, intravenous):

Drug Toxicity

Tartar emetic 0.36
Anthiolimin 0.58
Stibophen 4.21
Stibocaptate 9.00

Accordingly, a close correlation exists between the
relative toxicity of these drugs and their relative
potencies in vivo with respect to the hepatic shift. By
comparing the results obtained in vitro with those
in vivo, a major discrepancy is noted. Stibocaptate
which had proved to be far less active than tartar

emetic in the mouse, was seen to supersede it in
vitro. Explanations for this observation probably
lie in the fact that the drug fails to reach the worm
in vivo in an effective concentration. This is possibly
due to metabolism of the drug prior to contact with
the worm or because it is rapidly excreted from the
body. It may thus be wrong to assume that stibo-
captate is less potent than tartar emetic, merely on
the grounds of their in vivo activities without consider-
ing the in vitro aspect. The activity ratios as seen in
the mouse may vary when other animals, and un-
doubtedly man, are considered. Moreover, the
therapeutic usefulness of these drugs will depend
more on their therapeutic ratios than merely on their
effectiveness in vivo. In assessing the value of anti-
monials experimentally at least, both in vivo and in
vitro testing should therefore be carried out.
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Since the synthesis of Miracil A in 1938 by Mauss,a
several other compounds of the same series have been
tested for their effectiveness as schistosomicidal
drugs. Lucanthone hydrochloride (Miracil D) was
the first non-antimonial to have an activity against
Schistosoma mansoni in experimental animals.b
Unfortunately, the drug was not so effective in
humans and had various side-effects which became

* The opinions and assertions contained herein are the
private ones of the authors and are not to be construed as
official or reflecting the views of the Navy Department or
the US naval service at large. The experiments reported
herein were conducted according to the principles enunciated
in Guide for Laboratory Animal Facilities and Care prepared
by the Committee on the Guide for Laboratory Animal
Resources, National Academy of Science, National Research
Council, USA. The work reported here was carried out as
part of Research Project MR005.09-0082, Bureau of Medi-
cine and Surgery, United States Navy Department, Wash-
ington, D.C., USA.

a Mauss, H. (1948) Chem. Ber., 81, 19-31.
b Kikuth, W. & Gonnert, R. (1948) Ann. trop. Med.

Parasit., 42, 256-267. A review of the xanthone group of
schistosomicidal compounds may be found in Gonnert, R.
(1961) Bull. Wld Hlth Org., 25, 702-706.

rather serious in patients with impaired renal
function.c, d

Recently, Rosi et al.e, f isolated the active meta-
bolite of lucanthone by means of its microbiological
oxidation. Chemically, it was found to be the
hydroxymethyl analogue of lucanthone and has been
given the non-proprietary name hycanthone. This
metabolite was found to be 3 times more active
in mice and 9 times more active in hamsters infected
with S. mansoni than the parent compound.0 Other
recent work with this compound has also indicated
its effectiveness.h
The present study was conducted to evaluate the

c Blair, D. M. et al. (1947) Lancet, 2, 911-912.
d Azim, M. A., Halawani, A. & Watson, J. M. (1948)

Lancet, 1, 712-713.
e Rosi, D. et al. (1965) Nature (Lond.), 208, 1005-1006.
f Rosi, D. et al. (1967) J. chem. Med., 10, 867-876.
g Berberian, D. A. et al. (1967) J. Parasit., 53, 306-311.
h Argento, C. A. et al. (1968) In: Abstracts of the Eighth

International Congresses of Tropical Medicine and Malaria,
Teheran p. 31.
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effect of hycanthone given in a single or repeated
oral doses to hamsters infected with S. mansoni.

Materials and methods
Hamsters were used 7 weeks after they had been

infected percutaneously with 200 cercariae each of
an Egyptian strain of S. mansoni. The hamsters
were divided into 6 groups of 10 animals each. One
group served as controls; another group received
daily doses of 50 mg of hycanthone per kg of body-
weight for 5 days; the remaining animals (4 groups)
were given a single dose of 250 mg of hycanthone per
kg. The hycanthone was given orally as an aqueous
suspension in 1% Tween 80.
The 4 groups of hamsters given a single oral dose

of hycanthone were autopsied at intervals of 2 h,
48 h, 1 week and 2 weeks after treatment, while
those receiving the 5-day course were killed 1 week
after the last injection. At autopsy, the worms from
the livers and mesenteries were perfused separately
and counted. Liver crushes were performed to
determine the number of ensheathed worms or
those not removed by perfusion or both. Pieces of
intestine from each hamster receiving a single oral
dose of the drug were examined microscopically at
autopsy to determine the oogram patterns for the
different stages of oocyte maturation, according to
the technique of Pellegrino et al.U

Results
The worm distribution in the hepatic porta

system of the hamsters following treatment with
hycanthone is shown in Table 1. Following a single
oral injection of 250 mg of hycanthone per kg, the
first evidence of a significant hepatic shift was seen
only after an interval of 1 week. At this time, the
worms were mostly found in the liver. Their move-
ments were sluggish and the females were largely
depi gmented, but it was difficult to differentiate
between those worms that were dead and those that
were not yet fully so. At the end of 2 weeks, how-
ever, practically all the worms were found to be dead
and were ensheathed in the intrahepatic veins. The
same pattern of cure was seen 1 week after a 5-day
course of 50 mg of hycanthone per kg daily.
The oogram pattern from the intestines of ham-

sters treated with a single oral dose of hycanthone
is shown in Table 2. A gradual reduction of the
early immature stages (I and II) occurred within

iPellegrino, J. et al. (1962) Amer. J. trop. Med. Hyg.,
11, 201-215.

TABLE I
DISTRIBUTION OF S. MANSONI WORMS IN HAMSTERS

AFTER SINGLE AND REPEATED ORAL DOSES
OF HYCANTHONE a

T. Average PercentageTimvaterNogo distribution Worms
Dosage treatment worms per of worms b killed

hamster L P+M

One 2 hours 144.6 27.25 72.25 -

250-mg/kg
dose

48 hours 123.9 23.24 76.76

I week 140.6 87.40 12.60

2 weeks 135.5 85.50 14.50 85.50

50 mg/kg I week 150.1 91.05 8.95 91.0
daily for
5 days

Control 121.2 20.30 79.70 -

a Values are averages for 10 hamsters autopsied at each
examination.

b L = liver; P = portal vein; M = mesenteries.

TABLE 2
OOGRAM PATTERN FROM INTESTINES OF INFECTED
HAMSTERS TREATED ORALLY WITH A SINGLE DOSE

OF HYCANTHONE a

Time Percentage of ova at various stages of maturity b
afterIIC IC mtr

treatment IC IC IlC VC |matureC

2 hours 16.4 29.5 18.7 4.3 31.1

48 hours 13.8 14.6 30.3 21.3 20.1

1 week 0 0 2.6 6.2 91.2

2 weeks 0 0 0 0 100.0

Controls 12.3 [ 34.4 { 19.7 5.7 28.2

a 250 mg/kg.
b Values are averages for 10 hamsters autopsied at each

examination.
c Stages at oocyte maturation were determined according

to the system of Pellegrino et alJ

48 hours and by 1 week they were absent. Only few
ova at the later stages of maturity were then seen
but about 90% of the eggs were fully mature. By
the end of 2 weeks from the time of treatment no
immature ova were found and 100% of the eggs were
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mature. The intestines of all treated animals showed
a yellow stain at autopsy.

Discussion

The administration of hycanthone as a single oral
dose to infected hamsters caused a significant cure
and marked reduction of the number of living worms
within 2 weeks of treatment. At this time, the
parasites were nearly all found in the liver in the
ensheathed form. An early hepatic shift, however,
was not observed for the first 2 days. Between the
second and the seventh days this shift had reached
a magnitude of about 80 %. There was good correla-
tion between the observed results on hepatic shift,
cure rates and the oogram patterns. As long as the
worms were active in the mesenteric veins there
was a reasonable percentage of immature ova from
all stages, but when the drug began to take effect the
worms were passively carried back to the liver.
This was accompanied by a disappearance of the
early stages of immature ova. By the end of 1 week,
over 800% of the ova were in the mature stage and
by 2 weeks, all the ova were mature.

Treatment of infected animals with lucanthone
hydrochloride is associated with a delayed hepatic
shift which first becomes significant a few days after
a large single dose or several smaller doses, has
been administered.) k, I The delayed hepatic shift
may represent the time taken for lucanthone to be
converted into active metabolites in the body. With

i Blair, D. M. (1958) Bull. Wid Hlth Org., 18, 989-1010.
k Hewitt, R. & Gill, E. (1960) Amer. J. trop. Med. Hyg.,

9 .402-409.
I Thompson, P. E., Meisenhelder, J. E. & Najarian, H. H.

(1962) Amer. J. trop. Med. Hyg., 11, 31-45.

the introduction of treatment with hycanthone as
the active metabolite of lucanthone,e, f it would
have been expected that an early shift of worms to
the intrahepatic veins would occur. Nevertheless, it
required more than 2 days for the shift to take place
and it did not reach any great magnitude until
1 week after administration of a single dose of the
drug. The delay in the appearance of a definite
response to treatment, either in the form of hepatic
shift or in the form of changes in the oogram pattern,
suggests that hycanthone may be absorbed slowly
after oral administration. Alternatively, although
the drug is an active metabolite, the actual process
of worm paralysis may be slow. There is some
evidence indicating that the duration of action of
the drug may be long, since, even after 2 weeks from
the time of administration, the intestines were still
stained yellow, showing the continued presence of
the drug in the body.

It is remarkable that a single oral dose of hycan-
thone can achieve such an effect, even after a delay
of a few days. The success of single intramuscular
injections of the drug have recently been reported.9
The effect of dividing the total 250-mg/kg dose of
hycanthone into daily doses of 50 mg/kg for 5 suc-
cessive days did not achieve any significant im-
provement in cure rates. Similar results were
reported by Berberian et al. using intramuscular
hycanthone. Those authors have also found that
hycanthone was superior to lucanthone after several
doses of oral administration but no single oral doses
were tried. There would thus seem to be no advant-
age in dividing the dose of the drug. In fact, the value
of single oral doses may prove to be a major advance
in the mass treatment of the disease.


