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Comparison of the Chemotherapeutic Potencies of 4 Antimonial Drugs
by M. T. KHAYYAL, Lecturer in Pharmacology, Faculty of Pharmacy, University of Cairo, Egypt, UAR

Extensive work has already been done in evaluat-
ing the efficacy of antimonial compounds as schisto-
somicides in vivo. However, most of the techniques
available require several administrations of the drug
over a period of days before the final assessment is
made. The criteria of assessment vary widely from
observations on oviposition a, li to observations on
death of worms in the liver.C, d One suggestion by
Standen d was to use as an index the HS75 value, i.e.,
the dose of the drug producing a 75% hepatic shift.
In this case, however, the HS75 was recorded only
after several administrations of the drug. Buttle &
Khayyal e observed that the hepatic shift could be
induced after single doses of tartar emetic, and on
that basis, it was considered to be of interest to see
whether or not the initial hepatic shift could provide
a satisfactory method for the primary screening of
antimonial drugs. Such a technique would have the
advantage of being rapid and simple and would
require only small amounts of drugs.

Because of the differences that may arise between
the potency of the drugs in vivo and in vitro, it was
considered necessary further to evaluate these drugs
in vitro. In this way, a deeper insight into the way
antimonials act may be gained. For both in vivo and
in vitro testing, known antischistosomal antimonial
drugs have been compared with tartar emetic.

Materials and methods

In vivo evaluation. Male Swiss albino mice were
each infected percutaneously with 150 cercariae of
an Egyptian strain of Schistosoma mansoni, 8 weeks
before the experiment. Four antimonial drugs known
for their antischistosomal activity were tested,
namely, tartar emetic, stibophen, anthiolimin (lithium
antimony thiomalate) and stibocaptate (sodium
antimony dimercaptosuccinate; TwSb6). The doses

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

b Kikuth, W. & Gonnert, R. (1948) Ann. trop. Med.
Parasit., 42, 256-267.

c Schubert, M. (1948) Amer. J. trop. Med., 28, 137-156.
d Standen, 0. D. (1953) Ann. trop. Med. Parasit., 47,

26-43.
e Buttle, G. A. H. & Khayyal, M. T. (1962) Nature

(Lond.), 194, 780-781.

of these drugs were calculated to contain the same
amount of trivalent antimony. This worked out to
be 25 mg of tartar emetic per kg of body-weight,
68.5 mg of stibophen per kg, 60 mg of anthiolimin per
kg and 37 mg of stibocaptate per kg. Each drug
was given to 5 groups of 10 mice each. A further
group of 10 mice was used for controls. Mice in the
treated batches were killed by cervical dislocation at
intervals of 30 minutes, 2, 8 and 32 hours, and 1
week. The number of worms, their sex, status
(single or paired) and location (in mesenteric, portal
or intrahepatic veins) was carefully observed and
recorded.

In vitro evaluation. The culture medium used was
that described by Standenf and consisted of horse
serum (50%), Tyrode-Ringer solution (50%), peni-
cillin (2500 IU/ml) and streptomycin (500 IU/ml). The
medium was distributed into Carrel flasks, 5 ml to
each flask. Concentrations of the various antimonial
drugs were chosen in such a way that they would kill
the schistosomes in not less than 1 hour and not
longer than 6 hours in the incubation medium.
Schistosomes were collected by perfusion and then
carefully transferred into the prepared Carrel flasks,
allowing 2 worm pairs to each flask. The determin-
ation of the effect of each drug concentration was
carried out in duplicate. The set of flasks was then
placed in an incubator at 37°C and examined every
30 minutes, with the aid of a magnifying glass, for
signs of paralysis in the worms. Since the worms in
any one flask were rarely all immobilized at the same
time, the average value for all worms was taken as the
end-point for that particular flask. The schisto-
somes were usually observed for about 2 hours after
their apparent paralysis for final confirmation. Gentle
warming of the Carrel flasks helped in the ident-
ification of the end-point. In another experiment,
drug-containing media were again prepared in
duplicate, but the concentrations of all the drugs
were calculated so that they all contained the same
amount of trivalent antimony.

f Standen, 0. D. (1962) Observations in mice on the
schistosomicidal properties of 1: 7-bis (p-aminophenoxy)
heptane in vivo and in vitro/in vivo. In: Bilharziasis,
Wolstenholme, G. E. W. & O'Connor, M., ed., London
Churchill (Ciba Foundation Symposium), pp. 266-286.

23S0E
11



960 NOTES

EARLY HEPATIC SHIFT OF SCHISTOSOMES AFTER TREATMENT OF INFECTED MICE WITH 4 DIFFERENT
ANTIMONIAL DRUGS a
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a The doses of the different drugs contained the same amount of trivalent antimony.

Assessment of in vitro activity was determined in
2 ways: (1) The criterion Cs/CT was used g where
Cs = concentration of standard drug producing
paralysis in a given time and CT = concentration of
test drug producing paralysis in the same time; (2) by
comparing the time required for the onset of para-
lysis with each drug, when their concentrations in the
incubation media were the same in terms of trivalent
antimony.

Results
In vivo evaluation. The accompanying figure

summarizes the effects of the 4 antimonial drugs on
the location of schistosomes in the hepatic portal
system. The figure shows that:

(1) Tartar emetic produces virtually a 100% shift
within 2 hours. The worms later migrate slowly back
to the mesentery and at 32 hours one-third of them
are still in the liver.

(2) Stibophen produces a maximum shift of 80%
and after 32 hours the worm distribution is already
back to normal.

(3) Like tartar emetic, anthiolimin produces a
100% shift within 2 hours. The return of the worms
to the mesentery is, however, faster after treatment
with anthiolimin.

g Bueding, E. (1962) Biochem. Pharmacol., 11, 17-28.

(4) The hepatic shift observed with stibocaptate
was only about 30% after 2 hours and as with
stibophen, there was a return virtually to normal
within 32 hours.
However, at the end of 1 week the worm distribu-

tions after treatments with all 4 drugs had returned to
normal. Separation of paired worms was seen to
occur only on treatment with tartar emetic, separ-
ation starting after 2 hours and reaching a maximum
of 17% at 32 hours after injection of the drug.
Nevertheless, the worms paired once again in the
course of a week. According to the degree and
duration of the hepatic shift, therefore, it seems clear
that tartar emetic is the most potent drug, and the
next in order are anthiolimin, stibophen and lastly
stibocaptate.

In vitro evaluation. A comparison is given in
Table 1 of the times of onset of paralysis of the schis-
tosomes caused by various concentrations of the
drugs tested. Taking tartar emetic as the standard
drug, it was possible to calculate the activity coeffi-
cients CS/CT of the other drugs, using their molecular
concentrations in the medium. In the descending
order of activity, this was as follows:

Drug Activity

Stibocaptate 1.17
Tartar emetic 1.00
Anthiolimin 0.43
Stibophen 0.03



COMPARISON OF CHEMOTHERAPEUTIC POTENCIES OF 4 ANTIMONIALS

TABLE 1
COMPARISON OF THE TIMES OF ONSET OF PARALYSIS IN SCHISTOSOMES

AFTER EXPOSURE TO VARIOUS ANTIMONIAL DRUGS IN VITRO

Drug concentration Time of observation after exposure (hours) a
in medium 1 I1 2 2 3_ | 3' 4 4 5

Control + + + + + + + + +

Tartar emetic

0.04%- - - - - - - - -

0.037% + - - - - - - - -

0.035% + + - - - - - - -

0.02% + + + + + - _ _ _
0.01% + + + + + + + + +

Stibophen

1.28% + - - - - - - - -

1.024% + + + + + _ _ _ _

0.64% + + + + + + + + +

Anthiolimin

0.04%- - - - - - - - -

0.03% + + - - - - - - -

0.02% + + + + + + + + +

Stibocaptate

0.2% -=Mw p worms.

0.03% + + - - - - - - -

,a + = Motile worms; - =paralysed worms.

If, however, the drug concentrations were ex-
pressed in terms of their antimony content rather
than their over-all concentration, then their activity
coefficient was:

Drug

Stibocaptate
Tartar emetic
Anthiolimin
Stibophen

Activity

1.17
1.00
1.00
0.01

Table 2 shows the paralysis times for the drugs

tested when they-all were in a concentration equival-
ent to 0.0075% of trivalent antimony in the medium.
The order of potency of these drugs now becomes:

Drug Order ofpotency

Stibocaptate
Tartar emetic
Anthiolimin
Stibophen

1

2
2

3

With all the drugs tested, it was usually the fenate
worms that succumbed first.

Discussion

Considering the results observed in vivo, it is clear
that the initial sweep-back or shift of the worms
from the mesenteric to the intrahepatic veins occurs
rapidly and with single doses of all the antimonial
drugs tested. Earlier, Buttle & Khayyal e showed
this to occur with tartar emetic. Standen d observed
that the first effect to be seen with antimonials during
treatment is the paralysis of the worms and their
subsequent shift to the liver. Death of the worms
is ultimately achieved by continued paralysis of
the parasites through repeated administrations of the
drug. It is therefore reasonable to assume that the
longer a drug maintains the schistosomes in a para-
lysed condition, the more effective it will be. Since
the paralysis of the worms and subsequent shift to

961



962 NOTES

TABLE 2
COMPARISON OF THE TIME OF ONSET OF PARALYSIS OF SCHISTOSOMES BY DIFFERENT

DRUGS ALL CONTAINING 0.0075% OF TRIVALENT ANTIMONY IN THE MEDIUM

Drug concentration Time of observation after exposure (hours) a
in medium 1 1' 2 2 |/3 3 3 1/2 4 4___ 5

Control + + + + + + + + +

Tartar emetic, 0.02% + + + + + _ _ _
Stibophen, 0.055 % + + + + + + + + +

Stibocaptate, 0.03 % + + - _ _ _ _ _

Anthlolimin,0.046% + + + + + _ -_ _

a + = Motile worms;-= paralysed worms.

the liver is the initial effect of antimonials, it is sug-
gested that the character of this hepatic shift may
be used as a criterion for comparing the activity of
the different compounds. Thus a compound may
be rapid or slow, strong or mild (short-acting or long-
acting) according to the rapidity of onset and the
degree and duration of the hepatic shift it produces.
Taking all these factors into consideration in the pre-
sent study, then on a weight-for-weight basis of
trivalent antimony, tartar emetic is the most active
followed by anthiolimin, stibophen and finally
stibocaptate. In confirmation of this assessment,
Luttermoser h found that the potassium salt of
antimony dimercaptosuccinate was less active than
stibophen in a 5-day course of treatment. Khayyal i
showed that the uptake of antimony by schistosomes
was much higher with tartar emetic than it was with
stibocaptate, a fact which definitely reflects the greater
potency of the former drug. Mansour & Bueding J
and Bueding& Mansour k have shown that stibophen
is only half as effective as tartar emetic in inhibiting
worm phosphofruktokinase, an action which is
probably intimately linked to the paralysis of the
parasites.
The relative potencies of the 4 drugs have also

been determined in vitro to see whether any discrep-
ancies may arise. In addition to the criterion CS/CT,
another more general criterion has been applied. The
comparison was made on the basis of the time re-

h Luttermoser, G. W. (1954) J. Parasit., 40, 130-137.
Khayyal, M. T. (1964) Brit. J. Pharmacol., 22, 342-348.
Mansour, J. M. & Bueding, E. (1954) Brit. J. Pharmacol.,

9, 459-462.
k Bueding, E. & Mansour, J. M. (1957) Brit. J. Pharmacol.,

12, 159-165.

quired to produce paralysis of the parasites using
concentrations of the various drugs containing
equivalent amounts of trivalent antimony. This
would be analogous to comparing them in vivo
according to the criteria just described. The results
of this more general comparison agree with those
when using the criterion Cs/CT but only when the
concentrations of the drugs are expressed in terms
of trivalent antimony. Thus when CS/CT refers to
molecular concentration, tartar emetic was twice as
active as anthiolimin, but when these same concen-
trations are expressed in terms of their trivalent
antimony content, then both drugs become equal in
activity. Stibocaptate is the most potent and stibo-
phen the least, whichever method of assessment is
used. Since the antimony itself is indeed the active
component of the molecule, it is considered more
appropriate to express drugs in terms of their anti-
mony concentrations as this gives a truer picture of
their relative potencies.
The difference between these activity coefficients

when calculated according to trivalent antimony
content further suggests that the organic moiety in
the molecule plays a decisive role in the activity of
the compound. In vivo, the organic moiety greatly
influences the toxicity and the rate of excretion as
well as the effectiveness of the compound. In sti-
bocaptate, the antimony is about 30 times less toxic
than in tartar emetic. Moreover, it is more rapidly
excreted although few experimental results concern-
ing the excretion rate of stibocaptate are actually
available in the literature. According to Goodwin
& Page,' stibophen is excreted more rapidly than

I Goodwin, L. G. & Page, J. E. (1943) Biochem. J., 37.
198-209.
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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.

Effectiveness of a Single Dose of Hycanthone Orally
in Experimental Schistosomiasis in Hamsters *

by M. T. KHAYYAL, Lecturer in Pharmacology, Faculty of Pharmacy, University of Cairo, Egypt, UAR,
N. I. GIRGIS, Research Associate, and W. HENRY, Laboratory Technician,
United States Naval Medical Research Unit No. 3, Cairo, UAR

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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