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Chemotherapeutic Studies on Experimental
Schistosoma mansoni Infection of Mastomys natalensis*

GEORG LAMMLER 1 & GABOR PETRANYI 2

Comparative chemotherapeutic studies on various well known or newly developed
schistosomicidal agents have been carried out in Mastomys natalensis experimentally
infected with Schistosoma mansoni. Hycanthone, lucanthone, niridazole, Mirasan, the
experimental compounds HOE S616, HOE S683, HOE S688, and HOE S201, tartar
emetic, stibophen, and stibocaptate acid have shown marked activity when administered in
standard daily dosages for 5 consecutive days. Dehydroemetine and bis (p-rosaniline
pamoate) proved to be ineffective. The mode of action and the dose-activity relationship
of hycanthone methanesulfonate are discussed and compared with the results found for
other antimonial and non-antimonial substances.

The great public health and economic importance
of schistosomiasis in many tropical areas has led to
a great deal of research being devoted to experi-
mental chemotherapy. Since the discovery of lucan-
thone by Kikuth & Gonnert (1948) and Mauss
(1948), more than 250 000 chemical substances have
been tested for schistosomicidal activity (Standen,
1967). Most of this experimental work in the labo-
ratory has been carried out in mice infected with
Schistosoma mansoni.

In spite of the efforts made during the last 20 years,
only 2 drugs, niridazole and hycanthone, have so far
emerged as antischistosomal agents of proved value
or have reached the stage of clinical trials in man.
Various other drugs, such as compounds belonging
to the class of basically substituted xanthones, halo-
methylbenzenes, tetrahydroquinolines and methyl-
quinolines, diphenoxyalkanes and related com-
pounds, naphthylazo compounds, tris(p-aminophe-
nyl)carbonium salts, dicarbonicacid hydrazides, nitro-
furans, alkylidene and arylidene-bis-chloroacetami-
des, 2-phenylquinolines, and nitrothiazoles, have in
some cases shown a marked activity in experiments
in mice, but have proved to be without practical
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value in the chemotherapy of human schistosomiasis.
Some of these substances proved to be completely
ineffective in hamsters or in man and revealed only
inadequate activity in some species of monkey in-
fected with S. mansoni (Standen, 1963; Lammler,
1968; Pellegrino & Katz, 1968).
This past experience demonstrates the important

differences between schistosomicidal activity of drugs
in mice and in other experimental animals, and the
necessity for further studies to discover the most
suitable vertebrate host for the primary screening
of compounds. The various prerequisites mentioned
by Pellegrino & Katz (1968) include close correla-
tion between toxicity and therapeutic activity ofdrugs
in the laboratory host and man. On the basis of
our present knowledge, S. mansoni infections of mice
may not be an ideal model, particularly with regard
to the latter requirement.

In connexion with extensive investigations on the
host-parasite relationship in helminthic infections,
Mastomys (Praomys) natalensis has been examined
for its susceptibility to S. mansoni and to other hel-
minths, as well as for its usefulness as a laboratory
host for chemotherapeutic experiments.
The results showed that M. natalensis can be suc-

cessfully infected with various rodent helminths
(Texdorf, 1967; Zahner, 1967; Lmmier et al., 1968a,
1968b) and used with advantage for the chemothera-
peutic evaluation of anthelmintics (Lammler et al.,
1970, 1971a, 1971b, 1971c) in laboratory experi-
ments.
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In the present study, comparative chemothera-
peutic investigations were carried out and the effec-
tiveness of various schistosomicidal drugs was ana-
lysed in S. mansoni infections in M. natalensis.

MATERIALS AND METHODS

Infection of animals
To infect the final host, M. natalensis, cercariae of

S. mansoni (Liberian strain), shed by laboratory-
reared and -infected Biomphalaria glabrata, were
used, the number of cercariae per ml being first
determined by means of a dissecting microscope.
M. natalensis, 5-6 weeks old, bred in the Institute,

were infected with S. mansoni by subcutaneous
inoculation of a cercarial suspension containing
100±20 cercariae per animal. The infected animals
were kept in Macrolon cages" and fed with a diet
developed for Syrian hamsters. Drinking water was
available ad libitum.

Treatment of infected animals and assessment of
antischistosomal activity
After the end of the prepatent period, about 60

days after infection, the animals were treated orally
or subcutaneously with the drugs in standard dosage
schedules daily for 5 consecutive days. Daily doses
and routes of administration are shown in Tables 1-3.
The animals were sacrificed 28-30 days after the

start of treatment and the number of living schisto-
somes in the portal vein, liver, and mesenteric veins
was counted. In all experiments, groups of infected
untreated animals served as controls.
At the end of the trials, and before the animals

were dissected, mixed faecal samples from each
group were collected and examined quantitatively
for the schistosome egg output, using the Telemann
technique. The dose of each drug that produced a
reduction in the egg output of the treated group of
more than 95% in comparison with the correspon-
ding untreated control group was characterized as the
minimum effective dose per kg of body weight. The
corresponding dose that killed a minimum of 95%
of the mature schistosomes was taken as the minimum
curative dose per kg of body weight.

Evaluation of toxicity
For the evaluation of the maximum tolerated

dose, groups of 10 non-infected M. natalensis (5-6
weeks old) were treated with different increasing

1 Polycarbonate cages supplied by PAG Presswerk AG,
Essen, Federal Republic of Germany.

doses of each drug in the same dosage schedule.
The highest dose that produced no mortality in the
animals within the group represented the maximum
tolerated dose per kg of body weight.

Antischistosomal agents
For a comparative study of the effectiveness of

known antischistosomal agents in M. natalensis in-
fected with S. mansoni, the following drugs were
used:

(1) Antimony potassium tartrate (tartar emetic);
(2) Stibocaptate acid (Hoffmann-La Roche);
(3) Lucanthone (Miracil D, Bayer);
(4) Hycanthone (Sterling-Winthrop);
(5) Niridazole (Ciba);
(6) Bis(B-carbohydrazidoethyl)sulfone (HOE

S201, Hoechst);
(7) N'-(3-chloro-p-tolyl)-N,N-diethylethylene-

diamine hydrochloride (Mirasan, Bayer);
(8) N'-(3-chloro-2,4,6-trimethylphenyl)-N,N-

diethylethylenediamine hydrochloride (HOE S616,
Hoechst);

(9) 1-(3-chloro-p-tolyl)piperazine hydrochloride
(HOE S683, Hoechst);

(10) Maleinyl-4-(3-chloro-p-tolyl)piperazid (HOE
S688, Hoechst);

(11) Bis(p-rosaniline pamoate), 57.8% base (TAC,
Parke-Davis);

(12) 2,6-dehydroemetine hydrochloride (Hoff-
mann-La Roche);

(13) Stibophen (Fouadin, Bayer).

RESULTS

For the present study a total of 161 M. natalensis
divided into 16 groups served as untreated controls,
each animal being infected with 100±20 cercariae of
S. mansoni. Altogether, 141 of these animals sur-
vived the trials and an average number of 50.8
worms was found at necropsy 90 days after infection
(Table 3). In addition, 58 groups with a total of
579 animals were infected with doses of 100±20 cer-
cariae and treated with the drugs in different dosage
regimens. The results are shown in Tables 1-3 and
Fig. 1. For a detailed evaluation of the chemo-
therapeutic activity of hycanthone methanesulfo-
nate, 14 other groups with a total of 140 M. nata-
lensis were infected with 40, 80, 100 or 120 cercariae
of S. mansoni. Of these groups, 5 served as untreated
controls (Table 4, Fig. 2).
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The study demonstrated the marked schistosomi-
cidal effectiveness of hycanthone base against S. man-
soni in M. natalensis; the results were a little better
than those obtained with lucanthone hydrochloride
at similar dosage rates (Table 1). On the other
hand, subcutaneous administration of hycanthone
methanesulfonate proved to be 5-6 times more
effective, daily doses of 8 mg per kg of body weight
for 5 consecutive days producing a 96.9% reduction
of the worm population in the treated animals in
comparison with the controls. The oral administra-
tion of niridazole in doses of 5 x 50 mg/kg showed
93.2% effectiveness, whereas doses of 5 x 25 mg/kg
were without any schistosomicidal effect. The com-
pound HOE S201 proved to be 100% effective at
the high dosage rate applied (Table 1). Mirasan
and the related compounds HOE S616, HOE S683,
and HOE S688 showed very similar activities in
daily oral,dosages between 40 and 60 mg/kg orally
for'5 consecutive days (Table 2).
The subcutaneous administration of the antimo-
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Fig. 1. Chemotherapeutic activity of various drugs
against S. mansoni in M. natalensis.a

o 50 % curative dose (CD50).
* Minimum effective dose.
* Minimum curative dose (>95 % efficacy).
* Maximum tolerated dose.

a Sc. = subcutaneous; p.o. = oral.
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Fig. 2. Distribution of schistosomes within the hepatic portal system
of M. natalensis after treatment with various subcutaneous dosages
of hycanthone methanesulfonate.

Efficacy of treatment schedules
5 x 1.0 mg/kg, 11.3%
5 x 2.0 mg/kg, 67.5 %
5 x 4.0 mg/kg, 93.3 %
5 x 8.0 mg/kg, 96.9 %
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nial compounds tartar emetic, stibophen and stibo-
captate acid gave good results only at the higher
dosage rates, whereas dehydroemetine and bis(p-rosa-
niline pamoate) proved to be ineffective in the dosage
schedules used in this study (Table 3).

A detailed analysis of the chemotherapeutic effec-
tiveness of hycanthone methanesulfonate against
S. mansoni in M. natalensis with special reference to
the infective dose, the distribution of worms, and
the time of necropsy is given in Table 4 and Fig. 2
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Table 1. Chemotherapeutic activity of various drugs against S. mansoni infection in M. natalensis each infected
with 100 20 cercariae subcutaneously

DosageRoute No. of Average no. of worms at necropsy b
Trial ~~~~~~~Dosage Rofutmi aNimalofficcTriNo Preparation (mg/kg nistra- animals Treated group Control Efficacy

x 5) tion a group;
_____Start End ales Females Total total

62 Hycanthone 6.2 p.o. 10 9 17.0 12.2 29.2 49.4 40.9
baseI

63 12.5 p.o. 10 10 4.0 7.2 11.2 49.4 77.3

18 25 p.o. 10 8 1.3 5.7 7.0 38.3 81.7

17 50 p.o. 10 10 0 0.8 0.8 38.3 97.0

15 100 p.o. 10 10 0 0 0 32.1 100

83 4 sc. 10 9 0.2 4.0 4.2 70.1 94.0

84 8 sc. 10 10 0.2 4.2 4.4 70.1 93.7

81 Hycanthone 1 sc. 10 10 41.1 21.1 62.2 70.1 11.3

82 Methanesulfonate 2 sc. 10 10 14.3 8.5 22.8 70.1 67.5

85 4 sc. 10 10 C.6 4.1 4.7 70.1 93.3

86 8 sc. 10 10 0 2.2 2.7 70.9 96.9

64 Lucanthone 10 p.o. 10 9 17.3 14.3 31.6 49.4 36.1
hydrochloride

55 20 p.o. 10 10 12.6 14.9 27.5 49.4 44.4

4 40 p.o. 10 8 0 2.0 2.0 38.7 94.9

5 80 p,o. 10 10 0.1 0 0.1 38.7 99.9

7 160 p.o. 10 10 0 0 0 38.7 100

54 Niridazole 25 p.o. 10 9 35.3 29.0 64.3 49.4 0

12 50 p.o. 10 10 2.0 0.2 2.2 32.1 93.1

13 100 p.o. 10 9 0 0 0 32.1 100

14 200 p.o. 10 7 0 0 0 32.1 100

6 HOE S 201 2 400 sc. 10 5 0 0 0 38.7 i 100

a p.o. = oral; sc. = subcutaneous.
b Necropsy 28-30 days after the start of treatment.
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Table 2. Chemotherapeutic activity of various drugs administered orally against
S. mansoni infection in M. natalensis each infected with 100 ± 20 cercariae

subcutaneously

I No. of Average no. of worms at necropsy
TNroa Preparation (Dosag animals Treated Group | Control Efficacy

Stat | End Males |Femals Total total

79 Mirasan 10 10 9 23.9 26.1 50.0 63.8 21.6

20 20 10 10 4.4 8.4 12.8 41.4 69.1

21 40 10 10 0.6 4.4 5.0 41.4 88.0

53 60 10 7 0.1 5.4 5.5 68.5 92.0

80 80 10 9 0.1 1.1 1.2 63.8 98.2

73 HOE S 616 5 10 10 0.8 9.0 9.8 56.7 82.8

38 10 10 7 0.7 7.7 8.4 45.1 81.4

39 20 10 10 0 5.4 5.4 46.1 88.1

40 40 10 8 0 3.2 3.2 45.1 93.0

74 60 10 9 0 0.2 0.2 56.7 99.7

45 HOE S 683 5 10 6 30.0 30.6 60.6 62.1 2.5

46 10 10 8 15.4 16.2 31.6 62.1 49.2

47 20 10 9 0 10.4 10.4 62.1 83.3

56 40 10 10 0 3.3 3.3 49.4 93.4

68 60 10 9 0 0.6 0.6 69.9 99.2

23 HOE S 688 10 10 7 22.7 16.0 38.7 46.1 16.1

24 20 10 9 1.9 10.7 12.6 46.1 72.7

25 40 10 9 0.1 4.0 4.1 46.1 91.2

52 60 10 6 0 0.5 0.5 68.5 99.3

a Necropsy 28-30 days after the start of treatment.
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Table 3. Chemotherapeutic activity of various drugs against S. mansoni infection in M. natalensis each infected
with 100 ± 20 cercariae subcutaneously

Route No. of Average no. of worms at necropsy b
Trial Dosage ofam- aias-Eicyrioal Preparation (mg/kg nistra- Tanimals reated group Control

| (%)-
5)tion a

Start |End Males Females Total rtotal
1 Tartare 5 sc. 10 9 23.5 24.8 48.3 38.7 0

emetic
2 10 sc. 10 9 23.7 24.7 48.4 38.7 0

3 15 sc. 10 8 17.4 17.4 34.8 38.7 10.1

30 30 sc. 10 5 2.2 2.0 4.2 47.4 91.2

81 Stibophen 78.7 sc. 10 6 25.7 23.3 49.0 58.6 16.4

82 157.5 sc. 10 9 18.8 16.3 35.1 58.6 40.0

83 315 sc. 9 6 3.2 2.3 5.5 58.6 90.6

9 Stibocaptate acid 100 sc. 10 8 14.6 14.6 29.2 32.1 9.1

10 200 sc. 10 10 15.3 15.4 30.7 32.1 4.4

11 300 sc. 10 10 13.3 12.3 25.6 32.1 20.3

67 400 sc. 10 6 28.0 25.0 53.0 69.9 24.2

59 500 sc. 10 5 6.0 4.8 10.8 54.8 80.2

33 Dehydroemetine 2 sc. 10 9 32.1 14.5 46.6 49.3 5.5

34 4 sc. 10 10 29.7 20.8 50.5 49.3 0

35 8 sc. 10 10 25.8 17.8 43.6 49.3 11.6

26 Bis(p-rosaniline 400 p.o. 10 6 28.3 19.8 48.1 46.1 0
pamoate)

27 57.8 % base 800 p.o. 10 5 30.4 23.8 54.2 46.1 0

28 1200 P.O. 10 6 25.2 22.6 47.8 46.1 0

Mean value of 16 control groups with 161 infected 161 141 23.6 27.2 - 50.8
non-treated animals a - _ [ _

a p.o. = oral; sc. = subcutaneous.
b Necropsy 28-30 days after the start of treatment.
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CHEMOTHERAPEUTICS OF SCHISTOSOMA MANSONI

and 3. The results demonstrate that the activity of
the drug was not influenced by the size of the worm
population, but seemed to be dependent on the
time of necropsy after the end of the treatment.
The differences in the activity of the drug observed
under the latter conditions proved not to be statis-
tically significant.
A survey of the chemotherapeutic effectiveness of

the drugs with special consideration of toxicity,
schistosomicidal activity, and influence on egg pro-
duction of female worms is given in Table 5 and
Fig. 1.

It can be seen that hycanthone methanesulfonate
represents the most effective schistosomicidal drug
against the Liberian strain of S. mansoni when
administered subcutaneously in a 5-day dosage sched-
ule. The compound combined a high chemothera-
peutic index with an efficacy at low dosage rates.
The differences between hycanthone base and lucan-
thone are expressed in the higher activity of the
former on the reproductive system of the female
worms and its influence on egg output as well as
in the dosage-activity curves (Fig. 1 and 4). Although
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Dosage of hycanthone methansulfonate (mg/kg x5)
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Fig. 3. Dose-activity relationship of hycanthone meth-
ane-sulfonate administered subcutaneously in S. man-
soni infection of M. natalensis.
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Fig. 4. Dose-activity relationship of hycanthone base, lucanthone, Mirasan, and HOE
S 688 administered orally in S. mansoni infection of M. natalensis. 1 = hycanthone base;
2 = lucanthone; 3 = Mirasan; 4 = HOE S 688.

the CD50 value of hycanthone base is only half
that of lucanthone, the CD95 values are very similar.
The schistosomicidal efficacy of niridazole proved

to be similar to that of lucanthone but a lower dose
of the drug was sufficient to diminish the egg output
by more than 95% (minimum effective dose) 4 weeks
after the start of treatment. Mirasan and its analo-
gous derivatives HOE S616, HOE S685, and HOE
S 688 revealed more or less equal chemotherapeutic
indices but a stronger influence of the preparation

HOE S616 and HOE S683 of the reproductive system
of the female worms, connected with a relatively low
minimum effective dose per kg of body weight, was
found.
The small chemotherapeutic range of the anti-

monial compounds has been known for a long time
and it is therefore not surprising to find the same
trend in this study. The steep course of the dosage-
activity curves of stibophen and stibocaptate acid
(Fig. 5 and 6) and the very similar susceptibilities of

INFECTION OF MASTOMYS NATALENSIS 747
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Fig. 5. Dose-activity relationship of stibophen ad-
ministered subcutaneously in S. mansoni infection of
M. natalensis.

male and female worms to the drugs are obvious and
demonstrate the important differences in the mode
of action of the antimonial compounds and the
thioxanthone derivative hycanthone methanesulfo-
nate (Fig. 3). Although, compared with male worms,
the female worms are affected by a relatively low
dose of hycanthone methanesulfonate, a much higher
dosage is needed to kill the female worms (Fig. 2).
With regard to the distribution of worms at the
time of necropsy 28-30 days after the start of treat-
ment with different dosages of the drug, more para-
sites were generally found in the portal and mesen-

teric veins than in the liver of necropsied animals
(Fig. 2).

DISCUSSION

Comprehensive studies on the chemotherapeutic
effectiveness of various drugs in S. mansoni infec-
tions of mice, hamsters, and monkeys has been
carried out in the past by various authors (Standen,
1963; Lammler 1964, 1968; Pellegrino & Katz,
1968; etc.). Some of the schistosomicidal com-

pounds proved to be highly effective in mice but
had no, or only moderate, activity in hamsters,
monkeys, or man. Other substances gave better
results in hamsters than in mice (Berberian et al.,
1967; Pellegrino & Katz, 1968). These discrepancies
stimulated the present study of the usefulness of

Fig. 6. Dose-activity relationship of stibocaptate acid
administered subcutaneously in S. mansoni infection of
M. natalensis.

S. mansoni infections in M. natalensis for primary
screening of drugs or for preclinical trials (Petranyi,
1969).
The results demonstrate that all schistosomicidal

drugs, such as lucanthone, hycanthone, niridazole,
and tartar emetic, that are active in S. mansoni
infection in man are also effective in S. mansoni
infection of M. natalensis, but the dosage-activity
relationship differs from that found in S. mansoni
infection of mice. While Berberian et al. (1967)
have stated that in mice hycanthone base has 3.2
times the effectiveness of lucanthone, it showed only
2 times the effectiveness of the latter in M. natalensis.
Hycanthone methanesulfonate and niridazole

showed much better results in M. natalensis than
in mice. On the other hand, the basically sub-
stituted halomethylbenzene compounds HOE S616,
HOE S688, HOE S683, and Mirasan showed ade-
quate schistosomicidal efficacy in M. natalensis only
in much higher doses than were needed in mice, as

reported in earlier investigations (Lammler, 1964).
Mirasan and HOE S688, which have been tested
in hamsters and in clinical trials in man without
success, proved to be effective against S. mansoni
in M. natalensis only in higher doses and had a

smaller chemotherapeutic index than tests in mice.
The results obtained with the antimonial com-

pounds and with HOE S201 are quite similar to
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those found in mice, whereas bis(p-rosaniline pamo-
ate) was ineffective at the dosage rate used in this
study.
The important differences in the activity of the

drugs on the reproductive system of female worms
and their influence on egg output may be dependent
on the chemical structure and the class of compound
as well as on the course of the dosage-activity curve.
It is obvious from Fig. 3-6 that there exists not
only a different mode of action of the antimonial
and non-antimonial compounds but also a varying
susceptibility between male and female worms to
these classes of compound.

It can be concluded from this study that M. nata-
lensis is a good vertebrate host for S. mansoni infec-
tion and a suitable laboratory animal for preclinical
studies and possibly for primary screening of drugs
in experimental schistosomiasis.

The results demonstrate, moreover, the usefulness
of correlated studies, combining the " controlled
test " with observations on the influence of the drug
on egg output in the faeces. For the analysis of
schistosomicidal drugs with respect to their mode
of action in preclinical studies, it seems worth
while to evaluate potentially useful compounds not
only with the oogram technique of Pellegrino &
Faria (1965) but also with the controlled test, using
the same laboratory host. The relationship between
the two different dosage rates per kg of body weight
needed to produce oogram changes (OD50, OD90,
or OD1,5) and to kill the worms (CD90, CD90, or
CD95) may be a valuable indicator for the critical
evaluation of the mode of action and the usefulness
of the drug, as well as for the results that can be
expected in further preclinical studies in monkeys
or in clinical trials in man.

RtSUMIf
ETUDES -SUR LA CHIMIOTHERAPIE DE L'INFECTION EXPiRIMENTALE PAR SCHISTOSOMA MANSONI

CHEZ MASTOMYS NATALENSIS

Les recherches effectuees dans le passe dans le domaine
de la chimiotherapie de la schistosomiase ont fait appa-
raitre d'importantes variations de I'activite de diverses
substances en fonction de 1'espece animale traitee. Ainsi,
certains composes tres efficaces chez la souris n'avaient
qu'une action nulle ou insuffisante chez le hamster, le
singe ou l'homme.
Le fait a incite les auteurs a etudier comparativement les

propriet6s antischistosomiques de plusieurs composes,
connus depuis longtemps ou recemment mis au point,
chez le rat Mastomys (Praomys) natalensis infecte par
la souche liberienne de Schistosoma mansoni. Administres
selon un schema standard (une dose quotidienne unique,
par voie orale ou sous-cutan6e, repetee pendant 5 jours),
I'hycanthone, le lucanthone, le niridazole, le Mirasan,
le HOE S201, le HOE S616, le HOE S683, le HOE S688,
le tartrate antimonio-potassique, le stibophene et le stibo-

captate ont t6moigne d'une efficacite remarquable, quoi-
que de valeur in6gale. Aux memes dosages, la deshydro-
dmetine et le pamoate de pararosaniline se sont rdveles
inactifs. L'hycanthone et le niridazole ont donne de
meilleurs resultats chez M. natalensis que chez la souris,
tandis que le HOE S616, le HOE S683, le HOE S688 et le
Mirasan n'avaient d'effets qu'a des doses beaucoup plus
fortes que celles qui agissent chez la souris. Tous les
composes actifs chez l'honmme (lucanthone, hycanthone,
niridazole et tartrate antimonio-potassique) ont eu egale-
ment une action curative dans l'infection de M. natalensis
par S. mansoni.

En raison de sa receptivite 'a l'infection par S. mansoni,
M. natalensis peut etre utilisecomme animal de laboratoire
pour les etudes precliniques et les essais preliminaires
d'activite des composes antischistosomiques.
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