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Significance of the Chemotherapeutic Index in the Treatment
of Schistosomiasis with Antimony Compounds *

by NICOLo ERCOLI 1

The discovery of the decreased toxicity and of the
increased therapeutic index of antimony bound to
pyrocatechol disulfonates (Uhlenhuth, Kuhn &
Schmidt, 1924, 1925) led to many hopes for improve-
ments in the treatment of schistosomiasis and for the
development of less toxic antimonial compounds.
Yet, we are still faced with the problem of explaining
why modem antimonial compounds such as anti-
mony sodium gluconate, stibocaptate, and stibophen,
which give a high therapeutic index in experimental
work, do not show a definite superiority over anti-
mony potassium tartrate (tartar emetic).
The purpose of the present study was to establish

the toxicity of trivalent antimony and variations
in activity, using different antimonial compounds,
and to correlate the findings with clinical results and
tolerance studies. This problem held a special inter-
est since, by preparing a chelate of the antimony
tartrates with 3-mercaptovaline, the cytotoxicity has
been eliminated and general toxicity has been de-
creased, while activity in animals (Ercoli, 1965,
1967, 1968) and man (Ron Pedrique et al., 1967;
Ron Pedrique & Ercoli, 1969; Ron Pedrique, Barbera,
Ercoli, 1970) has been maintained.
The meaning of the therapeutic index from the

standpoint of clinical utility is analysed here in the
light of those results.

Materials and methods

Antimony sodium tartrate (39.4% Sb), antimony
potassium tartrate (36.6% Sb), stibophen (16% Sb),
stibocaptate (25% Sb), and a chelate (NAP) of so-
dium antimony tartrate and 3-mercaptovaline (peni-
cillamine) (14.5% Sb) were the drugs included in this
study. The subcutaneous LD50 in albino mice
weighing 20-25 g was determined by injecting
aqueous solutions of the drug (0.5 ml/20 g of body
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weight) into the mice. In the same experiment, diffe-
rent drugs were tested in 35-45 mice; the mortality
results were added and used to calculate the LD50
values shown in Table 1. Effectiveness in infections
of Trypanosoma equiperdum was determined in mice
infected 2 days previously and showing in blood
samples an average of 5 parasites per microscopic
field at a magnification of x 400. The animals
were observed 3 hours after treatment, then daily
for relapses; if samples remained clear for 23 days,
the mice were reinoculated; positive reinfection was
considered to indicate a cure. The minimum dose
of drug required to cause temporary disappearance
of the parasites from the blood was also determined
but, for comparisons of activity, the average dose
effecting a permanent cure (CD50) was used. In
Schistosoma mansoni infections, the dose required to
cause migration of the parasites from the mesenteric
and portal veins to the liver (" shift ") was determined
in mice infected percutaneously 60 days previously
with 160 cercariae. The mice were treated daily
by subcutaneous inoculation and they were autopsied
3 days after the last (sixth) treatment. The parasites
were extracted by means of the perfusion technique
of Yolles et al. (1947). A total of 220 mice were
used in 9 experiments. For in vitro studies the
worms collected from the portal vein of mice in-
fected 56-70 days previously were suspended in Seitz
sterilized sheep serum. The drug was dissolved in
saline and added to 20 parts of serum containing the
parasites to the concentration desired. Untreated
worms remained motile for 3 days. Cercariae were
exposed in aerated distilled water to the drugs and ob-
served for shape and motility at intervals of 1/4 hour.

Results
The in vitro studies revealed that the potassium and

sodium antimony tartrates, NAP, and stibocaptate,
when compared in terms of trivalent antimony con-
tent, have a similar parasiticidal effect on the adult
and larval forms of S. mansoni. Correlations were
noted between the time elapsing before the death
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Table 1. Toxicity (LD5o) and curative activity of antimonial compounds in
T. equiperdum infections of mice by single subcutaneous inoculations (CD5o)

Toxicity Curative activity

Drug LD5o (mg/kg) CD5o (mg/kg)No. of mice No. of mice
used Trivalent used Trivalent

Drug antimony Drug antimony

antimony sodium
tartrate 105 48 19 80 27 11

antimony
potassium tartrate 95 55 20 60 30 11

NAP 270 390 57 80 96 14

stibocaptate 80 2 000 500 40 500 125

stibophen 80 670 110 40 230 37

of the parasites and the concentration of antimony
employed. Exposure of the worms to 18-25 jug of
antimony per ml as NAP or antimony tartrates re-
duced the survival period to 8-10 hours, and larger
concentrations of antimony (72 jug/m) to 5 hours.
The effect of stibocaptate in low concentrations
(18-25 ,tg of antimony/ml) was also evident, although
data for precise comparison with the other antimo-
nial compounds were lacking.

Stibophen did not show any noticeable effect in
concentrations of 25-50 ,ug of antimony/ml. This
lack of activity was also seen in tests on larvae; while
30,ug of antimony/ml administered as antimony so-
dium tartrate, NAP, or stibocaptate immobilized
all the cercariae within 2 hours, 150kug ofantimony/ml
as stibophen affected only 15% of the lavae after
22 hours.
The lethal (LD50) and the curative (CD50) doses in

T. equiperdum infections by single administration
are given in Table 1. These results permit an accu-
rate evaluation of the chemotherapeutic index
(LD50/CD50) to be made.

In the hepatic shift of S. mansoni there was some
variation between experiments, and the values ob-
tained are approximate within a range of 20%.
The values for the single dose, repeated for 6 con-
secutive days, are as follows: 8 mg of antimony/kg
for both potassium and sodium antimony tartrate,
10 mg of antimony/kg for NAP, 30 mg of antimony/
kg for stibophen, and 80 mg of antimony/kg for stibo-
captate. In the antischistosome tests, the activity has
been established by repeated administration, which
for some drugs leads to cumulative toxicity, and the

toxicity by single injections; therefore, we do not
obtain a real index, i.e., the results do not indicate
the margin between the toxic and therapeutic doses
but provide a formula representing this ratio in an
indirect way.
The indices obtained for the two infections are

given in Table 2.

Discussion and conclusions
The considerable increase of the therapeutic index

of NAP, stibocaptate, and stibophen over that of
sodium and potassium antimony tartrates is evi-
dent. However, from an examination of the absolute
dose variation of trivalent antimony, it appears that
the increase has been obtained in different ways and
that the antimonial compounds can be divided into
three groups, as follows:

(1) those that are effective and toxic in small doses,
which accounts for their low index (sodium and po-
tassium antimony tartrates);

(2) those that depend on high dosages of trivalent
antimony for their effectiveness and show a relatively
greater reduction in toxicity for animals, leading to a
high index (stibocaptate, stibophen); and

(3) those that are effective with small dosages of
trivalent antimony, resulting in an increase in the
tolerated dose and leading to a high index (NAP).
According to the experiments conducted by

Payares and Villarroel (unpublished data), anthioli-
min belongs to group 1, since both the toxic and
therapeutic dosages of trivalent antimony are of the
same order as for the antimony tartrates (about 30%
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Table 2. Chemotherapeutic indices and ratios obtained with various antimony
compounds in T. equiperdum and S. mansoni infections in mice

T. equiperdum infections Hepatic shift of S. mansoni
Drug

D LDso/CD50 Index LD5o/single dose I Ratio

antimony sodium tartrate (1 9/11) 1.8 (19/8) 2.4

antimony potassium (20/11) 1.7 (20/8) 2.5

NAP (57/14) 4.1 (57/10) 5.7

stibocaptate (500/1 25) 4.0 (500/80) 6.2

stibophen (110/37) 3.0 (110/30) 3.7

higher) and the therapeutic index is similar. Anti-
mony sodium gluconate belongs to group 3, the
trivalent antimony activity and toxicity values being
similar to those of NAP, but it differs from NAP
in its cytotoxicity, which does not allow it to be
administered intramuscularly.
The therapeutic doses of these drugs used in

S. mansoni infections, according to Standen (1963),
Manson-Bahr (1966), Most (1970), and Ron Pedrique
(unpublished data), expressed as mg of trivalent
antimony/kg, are given in Table 3. It can be seen
that the dosages of trivalent antimony suitable for
therapeutic use lie within very narrow limits. For
prolonged (conventional) treatment lasting 20-32
days the single doses are almost the same (0.6-
0.85 mg/kg) for compounds that have very diffe-
rent levels of toxicity in experimental animals (anti-
mony potassium tartrate, antimony sodium tartrate,
anthiolimin, and stibophen).
When the total dosage administered to patients

during courses of treatment is considered, the maxi-
mum variation in the experience of various authors
ranges from 6.4 to 11.3 mg of antimony/kg. This
variation is very far from the differences found in
laboratory studies of chemotherapeutic activity and
tolerance. The doses used clinically correspond to
the tolerance of man for the antimonial compounds
in practice and cannot be increased without causing
dangerous side-effects.
For the contrast between clinical and laboratory

toxicity it is characteristic that Manson-Bahr (1966),
as well as the Merck Manual, 1966, allow lower total
doses of stibophen (680 mg of antimony) than of
antimony tartrates (790-810 mg of antimony).
For intensive therapy administered during 3-6 days,

the prescribed dosage calls for still more rigorous
surveillance in order to prevent accidents; here

again, the amounts of trivalent antimony in single
doses vary from 0.7 to 1.54 mg/kg and in total doses
from 3.5 to 7.7 mg/kg; these values are very far from
the variations in toxicity that caused the high thera-
peutic indices to be obtained in the experimental
study. For example, in mice stibophen is 5.5 times,
and stibocaptate 25 times, better tolerated than anti-
mony potassium tartrate, whereas in man the maxi-
mum difference lies between 1.5 and 2.
Employing the oogram method and determinations

of the single dose (OD50) that inhibits oviposition
in 50% of mice after 7 treatments, Pellegrino & Katz
(1968) found the following therapeutic ratios using
intraperitoneal administration: antimony potassium
tartrate, 8.5; stibophen, 26.9; stibocaptate, 41.7; anti-
mony sodium gluconate, 23.6; anthiolimin, 6.9. For
stibophen and stibocaptate the high ratios resulted
from the fall in toxicity, which definitely does not
apply clinically. As in our results, the therapeutic
effect with respect to the quantity of trivalent
antimony fell in some compounds. For example, the
ODIe required 2.1 times as much antimony in the
form of stibophen and 4.1 times as much in the form
of stibocaptate, than in the form of antimony
potassium tartrate.

Observation of the trypanosomicidal effect of the
antimonial compounds mentioned above show that,
for equal effectiveness, dosages of antimony about
3 times higher are required with stibophen and about
10 times higher with stibocaptate than with antimony
potassium tartrate. Experiments on the S. mansoni
hepatic shift and the schistosomicidal effect confirm
these results.

In general, the relationship between toxicity and
effectiveness is the chief criterion for selecting the
most suitable drug. Nevertheless, the data we have
collected show that this does not apply to antimonial
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Table 3. Antimony dosages (mg of antimony/kg) used clinically in the form
of different preparations and methods of treatment. Transformations
of recommended dosages are based on patient weights of 70 kg

Drug

antimony potassium
tartrate

antimony sodium tartrate

stibophen

anthiolimin

antimony sodium
gluconate

sti bocaptate

NAP

Treatment period
(days)

28-30

30

28-30

30

3

30-31

20-27

28

30-32

36

6

6

5

18

18-32

5

Route "I

i.v.

i.v.

i.v.

i.v.

i.v.

_m.
i.m.

i.m.

i.m

i.m.

i.v

i.v

i.v.

i.m.

i.m. or i.v.

i.m.

i.m.

Dosage of trivalent antimony

Single Total

0.64

0.77

0.67

0.85

0.35-0.7

0.6

0.68

0.48

0.6

0.57

0.98

1.14

1.54

1.5-2.0

2.0

6,4b

10.5c

6.7 b

11.3c

3.5(1

g.0b

9.5c

9.7e

9,6b

9.3C

5.9b, d

6.9C

7.5-10.0c

1 o.oe

0.83

a i.v. = intravenous; i.m. = intramuscular.
b Standen (1963).
c Manson-Bahr (1966).
d Ron Pedrique (unpublished data).
e Most (1970).

compounds; in man there is a maximum tolerance
limit of trivalent antimony, no matter in what form
it is combined. Thus, the criterion determining
therapeutic superiority is necessarily modified; to ob-
tain the most satisfactory drug, effectiveness must be
obtained from the smallest possible dosage of tri-
valent antimony, while at the same time toxicity is
kept to the minimum level. Although decreased toxi-
city for laboratory animals does not necessarily mean
that there is a corresponding tolerance in man,
greater toxicity for animals represents greater toxi-
city for man.
The origin of the phenomenon discussed here is

undoubtedly related to the high vagal reactivity of

man to trivalent antimony; this represents the limiting
factor of tolerance, which does not run parallel to
the lethal effect in laboratory animals. On the other
hand, it is very likely that the parasite in all hosts,
including man, maintains its differential sensitivity
to various antimonial compounds.
The new antimonial compound NAP was devel-

oped after taking into account the principles describ-
ed in the paper. The formation of a complex with
3-mercaptovaline modifies the biological rather than
the " pharmacological " characteristics. Khayyal et
al. (1967) have shown, for the complex we have de-
scribed as inducing the maximum detoxification
(Ercoli, 1965, 1967), that the amount of antimony in
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the host and in the parasite were the same after
treatment with the complex as with the non-chelated
tartrate. The possibility of administering NAP by
the intramuscular route represents an indirect phar-
macological advantage, leading to a greater activity;
this has been known for many years (see Kuhn, 1925).
There are probably other pharmacological ways of
increasing effectiveness; it was found, for example,
that the same daily (intramuscular dose given in
divided doses improves the activity in schistosomal
infections of mice (Ercoli & Payares, 1969).
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The Indirect Fluorescent Antibody Test for the Detection
of Occult Malaria in Blood Donors *

by ALEXANDER J. SULZER 1 & MARIANNA WILSON 2

Malaria induced by blood transfusion from
asymptomatic carriers is a problem for blood banks
(Brooks & Barry, 1969). Transfusion-induced mala-
ria is recognized in many countries where malaria
transmission has been eliminated (Lepes, 1965;
Duhanina & Zukova, 1965; LupaEcu et al., 1967;

* From the Center for Disease Control, US Public
Health Service, Department of Health, Education, and Wel-
fare, Atlanta, Ga., USA. This study was supported in part
by the US State Department Agency for International
Development through Participating Agency Service Agree-
ment (PASA) No. RA (HA) 5-68.

1 Research Microbiologist in charge of the Fluorescent
Antibody Laboratory, Parasitology Section.

2 Laboratory technologist, Fluorescent Antibody Labo-
ratory, Parasitology Section.

Ambroise-Thomas, 1969; Fisher, 1969). The stan-
dards for blood donation established by the Ameri-
can Association of Blood Banks regarding malaria
have recently been revised in an attempt to prevent
transfusion malaria in the USA (American Associa-
tion of Blood Banks, 1970). Although these stan-
dards have been helpful, at least 5 cases of trans-
fusion-induced malaria occurred in the first 8 months
of 1970.

Detection by the indirect fluorescent antibody
(IFA) test of donors responsible for transfusion
malaria has been reported (Lupascu et al., 1967,
1969; Ambroise-Thomas, 1969; Brooks & Barry,
1969; Fisher & Schultz, 1969). The sera from the
last two reports mentioned above were tested in this
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