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Chemotherapeutic Studies on Litomosoides carinhi
Infection of Mastomys natalensis *
3. The Activity of Drugs against Adult Parasites

GEORG LAMMLER,1 HEIKE HERZOG 2 & HANS RUDOLF SCHOTZE 2

Comparative studies of the chemotherapeutic activity of various filaricides were car-
ried out and the results in Litomosoides carinii infections of Mastomys natalensis were
analysed with special reference to macrofilaricidal activity. The administration ofsuramin
in daily subcutaneous doses of 40 mg per kg of body weight for 5 consecutive days showed
marked activity against macrofilariae and killed the adult worms within 6 weeks after the
beginning of treatment. The microfilarial count of the circulating blood declined steadily
to nearly 0 in more than 2 months after microfilarial production by female worms in the
pleural cavities had ceased. Amodiaquine proved to be markedly effective against adult
parasites, whereas stibophen, tartar emetic, and the free acid of stibocaptate gave inade-
quate results.

Since the detailed analysis of the action of anti-
monials in filariasis by Culbertson & Rose (1944)
and Culbertson (1947-48) working first on Lito-
mosoides carinii in cotton rats (Sigmodon hispidus)
and later on Wuchereria bancrofti in man, various
antimonial and arsenical compounds have been
tested in chemotherapeutic screening tests (Hawking,
1966a; Sewell & Hawking, 1950). Some of these
drugs have proved to be effective against adult
parasites, killing mature worms, after which the
microfilariae in the blood gradually disappeared;
ultimately, however, no metallic compounds have
been accepted in clinical practice.
On the other hand, the trypanosomicidal drug

suramin, which was found to be very effective
against Onchocerca in man and recommended as
the preferred macrofilaricide in the treatment of
onchocerciasis (Hawking, 1963, 1966a; Duke 1968),
did not show any macrofilaricidal activity in cotton
rats infected with L. carinii (Hawking, 1963, 1966b).

It was therefore of considerable interest to exam-
ine the filaricidal activity of suramin and various
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other drugs in L. carinii infection of Mastomys nata-
lensis, paying special attention to their macrofilari-
cidal effectiveness.

MATERIALS AND METHODS

The present experiments were carried out on
M. natalensis, bred in this institute and infected
with L. carinii, using the rat mite Ornithanyssus
bacoti as the intermediate host. The animals were
fed on a diet developed for Syrian hamsters and
were kept in small groups in Macrolon cages.3 Drink-
ing water was available ad libitum. Details of the
technique have already been described in a previous
paper (Liimmler et al., 1968). At the end of the
prepatent period, and after quantitative examina-
tions were made of the microfilariae in the circulating
blood, groups of 5-10 animals were treated with the
drugs, orally or subcutaneously, about 90 days
after infection with single daily doses for 5 consecu-
tive days (see Tables 1-3). The animals were necrop-
sied 42, 56, 70, or 100 days after the beginning of the
treatment.
Adult filariae in the pleural and peritoneal cavities

were counted and examined for mobility and viabi-
lity. The reduction in the number of microfilariae
in treated animals was evaluated in comparison

a Polycarbonate cages, supplied by PAG Presswerk AG,
Essen, Federal Republic of Germany.
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with infected control animals, taking the average
number of microfflariae per group before treatment
as 100.
The following drugs were tested:

(1) Suramin sodium (Naganol, Bayer). The com-

pound was dissolved in water and injected subcuta-
neously.

(2) Stibophen (Fouadin, Bayer). The compound
was obtained as a 6.3% aqueous solution and was

administered subcutaneously.
(3) Amodiaquine (Camoquin, Parke-Davis). The

drug was administered by gavage, as a suspension
in tylose, after purification of the tablets. Doses are

expressed in terms of the free base.
(4) Tartar emetic (Merck). The pure drug was

dissolved in water and administered subcutaneously.

(5) Stibocaptate acid (Hoffmann-La Roche). The
compound was suspended in oil and administered
subcutaneously.

(6) The microfilaricidal compound cyclohexane-
carboxylic acid-N-methylpiperazide citrate (HOE
28637a, Hoechst) was tested for its joint action with
the macrofilaricidal drug suramin in doses of
5 x 40 mg/kg of suramin subcutaneously and 5 x
100 mg/kg of HOE 28637a orally (see Fig. 1).

RESULTS

The subcutaneous administration of suramin in
different daily dosages ranging from 5 x 5 mg/kg to
5 x 20 mg/kg showed no influence on either the
microfilariae or the macrofilariae of L. carinii in
M. natalensis. Doses of 5 x 30 mg/kg produced a

Table 1. Chemotherapeutic effectiveness of subcutaneous administration of suramin and tartar emetic against
Litomosoides carinii in Mastomys natalensis

Dosage No. of Percentage reduction of microfilarial count the following Average no. of macrofilariae(msag/ aNimals numbers of days after the start of treatment: a at necropsy Encapsul-
x 5) Start End 3 7 14 21 42 56 Females Males Total

a

Suramin

5 5 5 0 0 0 0 0 33 17 50 0

10 5 5 75.0 0 0 0 0 21 14 35 0

20 5 5 20.0 0 10.4 0 0 4 6 10 2

30 11 9 3.3 21.2 64.4 32.2 77.1 89.0 7 6 13 4

40 5 4 7.0 19.0 44.1 25.8 83.6 92.7 0 0 0 4

50 10 10 0 3.3 27.7 39.6 81.8 93.5 0 0 0 10

80 5 5 0 19.0 23.1 2.3 73.8 80.9 0 0 0 3

100 10 5 0 0 0 17.0 57.0 88.5 0 0 0 5

Control 4 4 72.7 0 12.3 12.3 0 0 9 10 19 0

Control 3 3 0 0 0 0 0 1.2 10 6 16 0

Tartar emetic

5 5 5 0 0 1.7 0 0 0 12 8 20 0

10 5 4 49.1 0 0 0 0 0 6 3 9 0

15 5 5 34.7 0 23.0 37.1 0 0 19 10 29 0

25 5 5 0 8.1 9.3 32.0 80.1 81.8 7 10 17 0

30 5 2 21.9 94.8 93.5 89.6 100.0 100.0 8 8 16 2

Control 3 3 0 0 0 0 0 0 7 2 9 0

Control 3 3 0 0 0 0 0 0 10 6 1 6 0

a The percentage reduction of microfilariae was calculated by taking the average number of microfilariae before the treatment as 100.
b Number of animals with macrofilariae encapsulated in fibrin.
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Table 2. Chemotherapeutic effectiveness of subcutaneous administration of suramin (5x40 mg/kg) against
macrofilariae of Litomosoides carinii in Mastomys natalensis

No. of animals Condition of living macrofilariae at necropsy

No. of Average no. of live Controls b
group Start End No. of days macrofilariae Encap- Em- Micro-

after start ________________sulated a bryos a filariae a _______________
of treatment Females Males Total Females Males Total

1 5 5 7 20 19 39 ++ +++ +++ 2 1 3

2 5 5 14 17 8 25 ++ +++ +++ 7 17 24

3 5 5 28 6 6 12 ++ +++ +++ 6 7 13

4 5 3 28 22 14 36 + +++ ++ 27 19 46

5 5 3 35 5 3 8 + + + 17 6 23

6 5 4 42 0 0 0 F _ _ 3 2 5

7 5 3 49 0 0 0 F _ - 12 14 26

8 5 5 56 0.6 0.2 0.8 + + + 1 3 4

9 5 5 70 0 0 0 F - - 4 2 6

a + + + = normal condition; + + = some dead macrofilariae encapsulated in fibrin, or degenerated microfilariae or embryos; + = large
proportion of dead macrofilariae encapsulated in fibrin, degenerated microfilariae or embryos; F=fibrinous masses.

b One infected, non-treated animal in each group.

gradual reduction in the microfilarial count of the
circulating blood of nearly 90% during 8 weeks.
Some of the mature parasites were found either
immobile or dead and encapsulated in fibrin at
necropsy. Higher subcutaneous doses of the com-
pound beginning with 5 x 40 mg/kg produced a
similar gradual reduction in the numbers of micro-
filariae and killed the macrofilariae present in the
pleural cavities within 6-8 weeks. The mature
parasites were totally encapsulated in fibrin and the
reduction in the microfilarial count reached more
than 95 % 100 days after the beginning of treatment
(Table 1, Fig. 1).
A more detailed analysis of the macrofilaricidal

effect of suramin is presented in Table 2. The
results show that after the subcutaneous administra-
tion of the compound in doses of 5 x 40 mg/kg, most
of the mature parasites were gradually killed and en-
capsulated in fibrinous masses in the pleural cavities
within the first 6 weeks after treatment. Microscopi-
cal examination of macrofilariae in squash prepara-
tions did not showanymarked changes of the embryos
or microfilariae in the uterus of female worms during
the first 28 days after the beginning of treatment.
Later, microfilarial production ceased, the embryos
were deformed and degenerated, and most of the
macrofilariae were encapsulated in fibrin. After
42 days no mature parasites could be recognized in

the fibrinous masses of the pleural cavities, whereas
in all the control animals the adult parasites were
alive and no fibrinous masses were found.

Investigations on the joint activity of suramin
(subcutaneous dose of 5 x 40 mg/kg) and HOE
28637a (oral dose of 5 x 100 mg/kg) revealed (Fig. 1)
that the administration of both drugs simultaneously
(group B) or successively (group D) did not change
the later course of the microfilaraemia markedly
compared with the group treated with suramin
alone. In groups B and C the preparation HOE
28637a reduced the microfilarial count for a short
time by about 90 %. When an interval was left
between treatment at days 1-5 with suramin and
days 21-25 with HOE 28637a (group C) a similar
rapid decline in the microfilarial count of more than
980% occurred and no subsequent increase to more
than 10% of the number before the beginning of
treatment was observed. No living adult parasites
could be found in the pleural cavities at necropsy
of the groups treated with suramin or a combination
of suramin and HOE 28637a.
The oral administration of amodiaquine in doses

ranging from 5 x 25 mg/kg to 5 x 100 mg/kg revealed
a marked gradual reduction of 87-97% in the micro-
filarial count of the circulating blood 100 days after
the beginning of treatment. Unfortunately, a similar
decrease (more than 700%) was also observed in the
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Fig. 1. Chemotherapeutic activity of the macrofilaricide suramin alone or in combination with the microfilaricide
HOE 28637a, as indicated by the filaraemia of Mastomysnatalensis infected with Litomosoides carinii. The reduction
in number of microfilariae is based on an average number of 100 before treatment. Dosages: suramin, 5x40 mg/kg
subcutaneously (A); HOE 28637a 5x100 mg/kg orally (E).

Table 3. Chemotherapeutic effectiveness of amodiaquine, stibophen, and stibocaptate (free acid) against
Litomosoides carinii in Mastomys natalensis

Dosage No. of Percentage reduction of microfilarial count the following numbers Average no. of
(mg/kg animal of days after the start of treatment: a macrofilariae at necropsy Encap-
x 5) Start End 3 7 14 21 42 70 100 Females. Males Total s

Amodiaquine (oral)

25 5 5 31.3 54.4 6.6 19.3 20.9 91.9 97.4 2 3 5 5

50 5 5 20.7 0 34.0 0 37.5 86.3 91.6 4 2 6 5

100 5 5 56.9 55.5 30.1 21.6 21.5 90.4 87.8 6 3 9 5

Control 5 5 22.6 27.2 28.2 0 29.1 79.6 75.4 24 7 31 0

Stibophen (subcutaneous)

157.5 i6 5 5.4 0 38.81 0 0 72.4 186.4! 8 5 131 2

315 6 5 47.6 16.4 34.7 0 7.2 88.2 191.9 38 25 63 2

Control 5 5 22.6 27.2 28.2 0 29.1 79.6 75.4 241 7 31 0
I~~~~~~ ~ ~ ~ ~ ~ ~~~~~~~~~~~~~~~~~~~~~ I

Stibocaptate (subcutaneous)

200 5 5 16.6 1.4 28.9 12.4 35.0 16 12 28 0

300 5 5 26.5 37.4 37.4 42.2 32.0 19 19 38 0

400 5 5 5.1 12.2 30.0 27.4 34.1 16 12 28 0

Control 6 6 0 31.2 22.1 0 0 48 30 78 0

a The percentage reduction of microfilariae was calculated by taking the average number of microfilariae before the treatment as 100.
b Number of animals with macrofilariae encapsulated in fibrin.
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control group. In spite of this unexpected result,
amodiaquine showed a marked action on the adult
parasites, which were killed and encapsulated in
fibrin in great numbers. The rest of the living
macrofilariae showed a high proportion of degener-
ated embryos and dead microfilariae, not seen in
adult parasites of the control animals.
The treatment with tartar emetic in subcutaneous

doses of 5 x 25 mg/kg and 5 x 30 mg/kg was followed
by a gradual reduction of 80-100% in the number
of microfilariae in the peripheral blood within
8 weeks, but only a few immobile or killed macro-
filariae encapsulated in fibrin were found at necropsy.
A similar effect was seen after the subcutaneous
administration of stibophen in doses of 5 x 157.5
kmg/g and 5 x 315 mg/kg.
The treatment of L. carinii infections with the free

acid of stibocaptate in subcutaneous doses as high
as 5 x 400 mg/kg gave inadequate results.

DISCUSSION

The results of this study showed that suramin,
which was ineffective in cotton rat filariasis (Hawking,
1963, 1966b), was highly active against mature para-
sites in M. natalensis infected with L. carinii. After
the administration of suramin in doses of 40 mg/kg
daily for 5 consecutive days all the macrofilariae
were killed and encapsulated in fibrin within 6 weeks
after the treatment. The microfilarial count decreased
gradually beginning at the third week, reaching
more than 95% reduction 100 days after the begin-
ning of treatment. The results of these experiments
confirmed the action of suramin against Onchocerca
infections in man (Hawking, 1963; Duke, 1968) and
demonstrated that the compound is highly effective
against macrofilariae. These findings indicate the
possibility for further investigations on the chemo-

prophylactic capacity of suramin and its efficacy in
long-term treatment schedules, which are preferred
in man, using L. carinii infections in M. natalensis.
The studies on the joint activity of the macro-

filaricide suramin and the microfilaricide HOE
28637a, for which diethylcarbamazine can be sub-
stituted, revealed useful addition to the effectiveness
of both drugs. The administration of the micro-
filaricide 3 weeks after the suramin seems to be a
valuable procedure, because it produces a marked
and continuous decrease of the microfilaraemia of
more than 98 % without an increase to greater than
10% of the value before the treatment. The results,
furthermore, showed that more than 2 months are
necessary for the elimination of microfilariae in the
circulating blood after the microfilarial production
by female worms has ceased completely. The mode
of action of suramin found in this study is mainly
similar to that observed in Onchocerca infections of
man (Hawking, 1963; Duke, 1968) with the dif-
ference that the compound has been used in different
dosages and schedules.
The present investigation on the efficacy of amo-

diaquine against L. carinii in M. natalensis revealed
positive results similar to those obtained by Thomp-
son et al. (1968) in gerbils, using the same oral
dosages of 5 x 100, 5 x 50, or 5 x 25 mg/kg. Accord-
ing to Thomson et al. (op. cit.), the compound
showed only feeble activity against the same strain
in cotton rats. This demonstrates the marked
difference in chemotherapeutic activity of filaricidal
drugs against the same parasite in different final
hosts, and an obvious similarity between M. nata-
lensis and the gerbil in the metabolism of amodia-
quine.
The administration of other drugs such as tartar

emetic, stibophen, and the free acid of stibocaptate
revealed marked activity, although this appeared
to be without much practical value.

IUMt
IETUDES SUR LA CHIMIOTHERAPIE DE L'INFECTION PAR LITOMOSOIDES CARINII

CHEZ MASTOMYS NATALENSIS: 3. ACrIVIT, DE MtDICAMENTS CONTRE LES PARASITES ADULTES

L'infection de Mastomys natalensis par Litomosoides
carinii a servi de modele experimental pour l'etude
comparative de divers filaricides sous le rapport de
leur activite contre les parasites adultes.

Administree quotidiennement par voie sous-cutanee

'a la dose de 40 mg par kilo de poids corporel, pendant
5 jours, la suramine fait preuve d'une efficacite notable
contre les macrofilaires et provoque la mort des vers
adultes dans les 6 semaines suivant le debut du traite-
ment. Les densites microfilariennes s'abaissent reguliere-
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ment dans le sang circulant a partir de la 3e semaine,
la reduction atteignant plus de 95% des le lOOe jour.
L'amodiaquine se r6v6le egalement tres efficace contre

les parasites adultes. Par contre, le stibophene, le tartre
stibi6 et le stibocaptate ne temoignent que d'une activite
macrofilaricide tres insuffisante.
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