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The Effect of Multiple Doses of Antimonials in
Schistosoma mansoni Infection

M. T. KHAYYAL 1

The treatment of bilharziasis with antimonials has been carried out in the past in a
rather arbitrary manner, dosage levels and schedules varying widely and being based on
little valid experimental evidence. The author has therefore attempted to determine the
optimum dosage intervals with tartar emetic for cure of mice experimentally infected with
Schistosoma mansoni.

It was already known that schistosomes are swept back into the liver when their level
of antimony reaches a certain threshold but that, once that level drops, they re-migrate
back to the mesenteric veins. In this work, therefore, the schedule of treatment was
arranged so as to relate the intervals between doses to the re-migration of worms to the
mesentery. It is shown that there is probably a direct relationship between the number
of doses and the total period of time during which the schistosomes can be kept in the
liver, so that relatively few doses given at short intervals may be as effective as a larger
number of doses at longer intervals.

Clinically, the dosage schedule of tartar emetic in
bilharziasis treatment introduced by Christopherson
(1918), in which 12 doses of tartar emetic are given
on alternate days, is still widely applied. Attempts
at shortening this course have been suggested as
early as Fairley's work in 1926. However, it was not
until 1946 that Alves & Blair applied the intensive
method of treatment, giving the full course by a
series of slow intravenous injections over two to
three days. The disadvantages of such a line of
treatment are obvious, due to the multitude and
severity of some of the side-reactions encountered.
This finally led to the abandonment of that course
by many workers (Talaat & Shoaib, 1947, 1948;
Girgis & Aziz, 1948). Others met with little or no
serious reaction (Halawani & Abdallah, 1946;
Seitz 1946). In extreme contrast to the intensive
course, Ata & Mousa (1960) recently reported on the
treatment of bilharziasis by a slow method in which
12-16 injections are given at weekly intervals. The
drug is well tolerated by the patients but the method
has the drawback of taking too long. The cure rate
obtained by the above workers and many others,
whichever course of treatment was used, is very
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high. Generally speaking, different clinicians prefer
different methods depending on the tolerance of
the patients to a particular regimen or drug locally.
Assessment of cure in all cases has been largely based
on observations on the ova during a long follow-up
period.
The examples mentioned above are but a few

selected from the voluminous literature available.
They do, however, illustrate the empirical design of
the various regimens used, none of which is based on
experimental evidence.
A similar situation is found experimentally,

various research workers using different arbitrary
dosage schedules and different criteria of assessment
of drug action in the screening of compounds (Kikuth
& CG6nnert, 1948; Schubert, 1948; Luttermoser,
1954; Schwink, 1955; and others), as will be dis-
cussed later.
An attempt has therefore been made to find the

optimal dose interval, justifiable on experimental
grounds, to be used in the treatment of experimental
infections with a view to possibly reducing the total
amount of antimony given without affecting the
cure rate. In this study, tartar emetic, which was
found to be the most effective antimonial in paralys-
ing the worms in infected mice when given in a
single dose, was given in a full course of treatment.
The drug was first given in a daily-injection course
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and the worm behaviour in the hepatic portal system
was studied after each dose. The assessment of
curative effect was based on the ratio of dead worms
to the total worm burden as observed one week after
completion of the course. This course was later
modified in such a way as to relate the intervals
between the doses to the re-migration of the schisto-
somes from the liver to the mesentery.

EXPERIMENTAL

Effect of five injections of tartar emetic at daily
intervals
Material and methods. Fifteen batches of 5-7

infected mice each were used, with a further group
for controls. The batches were grouped to form five
main groups which subsequently received one, two,
three, four and five injections respectively of 25 mg
tartar emetic per kg of body-weight; the injections
were given intraperitoneally at daily intervals. The
three batches in each group were then autopsied at
intervals of one hour, 24 hours and one week after
the last injection. The distribution of schistosomes
in the hepatic portal system of each mouse was
carefully recorded.

Results. Table 1 summarizes the results obtained.
The following points are evident.

1. One hour following any of the injections there
was a dramatic shift of schistosomes from the
mesenteric veins into the liver. This shift, which
was of 85% after the first injection, approached the
100% mark after successive doses.

2. Twenty-four hours after the first injection,
about two-thirds of the total worm burden that had
been swept back into the liver earlier by the injection
had now returned to the mesenteric veins. However,
one day after two injections only one-third had
returned and this proportion decreased markedly
after successive doses of the drug to the extent that
after the fifth injection hardly any worms had come
back.

3. Leaving the animals for one week before
autopsy showed that in those mice that had received
one, two or three injections of tartar emetic, the
worms had then regained a distribution similar to
that in the controls. On the other hand, the greater
proportion of worms in mice that received four
injections were ensheathed after one week. Mice
that had had five injections showed only very few
worms in the mesenteric veins and even those were
single males.

4. Judging by the percentage of dead worms
among the total worm burden at the end of a week
from commencement of treatment, the cure rate
was 10% after three injections and 88% after five.

5. The table shows that paired schistosomes
separate increasingly with each successive daily dose
of the drug, so that 24 hours after the last of five
injections there was no pairing at all. After such a
course of five injections pairing remained nil even
one week later and any worms that had recovered
and survived the course and returned to the mesen-
teric veins were single males. However, with fewer
doses, pairing increased within the week, and a
week after the end of a course of one or two injec-
tions no single females were found. A small per-
centage of single males was nearly always seen even,
in control mice.

6. With respect to the return of worms 24 hours
after the first and second injections, there was a
predominance of single females in the liver corres-
ponding to an equivalent predominance of single
males in the mesenteric veins.

Effect of five injections of tartar emetic at spaced
intervals

Material and methods. Nine batches of five or six
infected mice each were used, with a further group
for controls. Two batches (No. 8 and No. 9) were
given respectively four and five intraperitoneal
injections of tartar emetic 25 mg/kg at daily intervals
and autopsied one week later. Batches 1-7 were
treated with tartar emetic intraperitoneally in doses
of 25 mg/kg according to the following schedule:

Time schedule
for injection

1st injection
2nd injection
(8 hours later)
3rd injection
(16 hours later)
4th injection
(24 hours later)
5th injection
(24 hours later)

Batches
treated

No. 1-7
No. 2-7

Batch
autopsied
No. I
No. 2

No. 3-7 No. 3

Time interval
before autopsy

8 hours
16 hours

24 hours

No. 4-7 No. 4& 5 24 hours & I week
respectively

No. 5-7 No. 5& 7 24 hours& 1 week
respectively

Results. The results are shown in Table 2. The
following points are evident.

1. Before each successive injection, the percentage
of worms in the liver varied from 80 to nearly 100,
indicating a very small return of worms to the
mesenteric vessels. Returning worms were nearly
always males only.
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TABLE I
EFFECT OF FIVE INJECTIONS OF TARTAR EMETIC AT DAILY INTERVALS

ON THE DISTRIBUTION OF WORMS

No. of Interval N Average Distribution of all worms (%) Paired Distribution of paired worms (%)
daily Itora mice per No. of worms

injec- t mieprworms per Mes- Portal Intra- as % of Ms Potl Intra-
tions autopsy group mouse entery vein hepatic total eMntesry ven hepatic

veins worms eneyveinshpai
Controls | 5 15 63 26 11 96 64 25 11

1 hour 5 17 2 14 84 94 2.5 15 82.5

1 24 hours 5 17 21 42 37 41 39 56 5

1 week 5 13 65 24 11 89 75 21 4

1 hour 6 16 0 5 95 16 0 8 92

2 24 hours 6 18 11 24 65 25 0 2 98

1 week 6 14 67 25 8 93 72 23 5

1 hour 6 11 0 0 100 9 0 0 100

3 24 hours 7 10 0 6 94 11 0 0 100

I week 6 13 53, 37 10 85 61 39 0

1 hour 7 12 0 2 98 2 0 0 100

4 24 hours 7 14 4 8 88 6 0 33 67

1 week 6 15 13 14 73 15 71 29 0

1 hour 7 11 0 3 97 8 0 0 100

5 24 hours 6 13 0 1 99 0 0 0 0

1 week 6 11 9 3 88 0 0 0 0

TABLE 2
EFFECT OF FIVE INJECTIONS OF TARTAR EMETIC AT SPACED INTERVALS ON THE DISTRIBUTION OF WORMS

Distribution of all worms ( Paired Distribution of paired worms (%)
No. of Average No. worms

Batch |gmice per of worms Mes- Portal Intra as % of Mes- Portal I ntra-
grouppr mouse entery vein~ hepatic total worms entery vein hepatic

veins veins

Control 6 35 64 25 11 90 71 23 6

Batch 1 6 34 0 0.5 99.5 32 0 0 100

Batch 2 6 24 9 10 81 7 40 0 60

Batch 3 6 27 1 8 91 7 0 0 100

Batch 4 6 32 3 3 94 12 17 8 75

Batch 5 6 22 0 3 97 0 0 0 0

Batch 6 7 25 13 8 79 15 69 31 0

Batch 7 7 30 2 5 93 2 100 0 0

Batch 8 6 25 16 9 75 26 60 25 15

Batch 9 6 34 1 3 96 0 0 0 0

549



M. T. KHAYYAL

2. The cure rate of the mice as evidenced by
failure of the parasites to return to the mesentery one
week after cessation of treatment and/or their
ensheathment in the liver was approximately
79% following the four-injection spaced-interval
course and approximately 93% following the five-
injection course.

3. The cure rates following four and five injections
given at daily intervals were approximately 75 % and
96% respectively, indicating that there was no real
advantage in spacing the doses in the manner
shown.

DISCUSSION

Several methods have been developed by various
authors for the primary routine screening of drugs
against experimental infections with schistosomes in
laboratory animals. Most of these methods make
use of Schistosoma mansoni infections in mice, but
the dosage schedules and criteria of assessment
differ.
Kikuth & Gonnert (1948) use mice about seven

weeks or more after infection. The drug is given
orally for six days, the daily dose being equivalent to
one-half to one-quarter the acute LD60. Assessment
of activity is based mainly on decrease or complete
cessation of egg-passing by treated mice as observed
over a period of three weeks. Where egg-passing is
irregular or stops, confirmation is sought at autopsy
by examination of the worm distribution in the
hepatic portal system, degree of sex separation, death
or ensheathment of the worms in the liver and the
percentage of living and dead eggs in the intestine
and liver.

Schubert's (1948) technique and its modification
by Standen (1953) are both based upon the fact that
drug activity is always accompanied by a rearrange-
ment of the worms in the hepatic portal system of
infected animals. Hepatic shift, where all or a great
majority of the worms occur in the liver at autopsy,
represents definite drug activity. In Schubert's
method, mice are used eight weeks after infection
and the drug is given daily at the maximum tolerated
dose either by intraperitoneal injection or combined
with the food. The mice are autopsied two weeks
after the course and worms counts in the intrahepatic
veins, portal vein and mesenteric veins are per-
formed, the separation of the sexes or death of the
worms in the liver being noted.

In Standen's technique, drugs are given orally
twice daily for five days at the maximum tolerated

dose and autopsy is carried out one week after
cessation of treatment.

In all these methods, as well as others (Lutter-
moser, 1954; Schwink, 1955; Brener et al., 1956), a
certain number of injections are administered over a
period of 5-10 days, the dose interval being arbi-
trarily chosen as once daily or twice daily. It has
already been shown that under the influence of just
one intraperitoneal injection of tartar emetic in a
dose of 25 mg/kg, the worms are forced into the
liver more or less immediately after the injection,
but that they start to return slowly to the mesenteric
veins as the drug level in the body falls. In cure of
the disease, Standen (1953) suggested that the worms
die if they are kept in the liver with an effective
concentration of drug for a long enough time to
allow for phagocytosis and ensheathment of the
worms to set in. The drug does not necessarily have
to kill the schistosomes provided it can incapacitate
them sufficiently to allow for the tissue reactions
to set in.

Experiments have therefore been devised to try to
keep the worms in the liver for a sufficiently long
period without permitting their return to the
mesenteric veins. The " hepatic shift " of the worms
has served as a suitable criterion for worm paralysis,
indicating that they contain enough drug to keep
them in the liver. The point when the schistosomes
start to return to the mesenteric veins has been taken
to indicate that they have started to regain their
muscle control owing to a drop in their drug con-
centrations beyond an effective level. A successive
dose of the drug has therefore been administered at
that point in order to restore an effective con-
centration.
Thus by not giving the worms any chance to

recover from their initial paralysis it was hoped that
they would succumb sooner to treatment than had
they been allowed to recover partially prior to
successive doses, as normally occurs with the daily
dosing course.
The consequence of such a line of treatment has,

however, not been very promising. It was noticed
that by giving the antimonial drug at intervals
calculated according to their location in the hepatic
portal system no significant improvement of the
cure rate was obtained. This fact may be tentatively
explained on the following grounds. The degree of
hepatic shift induced by antimonials is not exactly
proportional to the amount of drug given, as, for
example, with diphenoxyalkanes (Standen, 1955).
The return of one or two pairs of worms to the
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mesenteric veins might not be really indicative of an
over-all drop in antimony concentration in the
worms. Moreover, the course of four or five injec-
tions was completed within three or four days, a
period which was perhaps not long enough to allow
inflammatory reactions around the worms to set in
fully. The fact that the cure rate following four or
five injections is the same whether the injections are
given daily or at calculated intervals seems to reflect
upon the relationship between the number of
injections and the total period for which the worms
are paralysed. The administration of four or five
doses at short intervals results in a high worm anti-
mony concentration in a short time, but implies that
the parasites will require a long elimination time.
Giving the drug at daily intervals results in perhaps

not such a high worm antimony concentration
coupled with a shorter elimination time. The total
period therefore for which the worms are kept in the
liver at the mercy of the body's protective mechanisms
is nearly the same for either course of treatment,
resulting in approximately equal cure rates. This
confirms Standen's view (1953) that for the cure of
the disease experimental paralysis of the parasites-
in other words, an effective worm antimony concen-
tration-has to be sustained for an adequate period.
At present, work is being done to determine the

effective worm antimony concentrations needed to
keep the worms paralysed in the liver following each
successive injection of the antimonial. This might
perhaps give a clearer indication of dose-spacings
than has yet been possible.

RLtSUMt

Deux schemas de traitement de la bilharziose experi-
mentale A Schistosoma mansoni par les antimoniaux ont
6t6 experiment6s chez la souris.

Au cours du premier traitement, les souris infectees
ont requ quotidiennement, par voie intraperitoneale,
1 A 5 injections de tartre stibie A la dose de 25 mg/kg.
L'effet de chaque injection successive a ete etabli par
I'autopsie d'animaux, dans chaque groupe, 1 heure et
24 heures apres chaque injection et 1 semaine apres la
dernire injection. Lors de ce dernier examen, l'action
curative a ete mesuree par la proportion de parasites
morts ou enkystes dans le foie. A I'augmentation du
nombre des injections a correspondu une diminution du
nombre de schistosomes quittant le foie pour reintegrer
les veines mesenteriques, cependant que le taux de gue-

rison s'accroissait progressivement pour atteindre 88%
chez les souris traitees par 5 injections.
Le second schema a comporte egalement de 1 A 5 injec-

tions, mais donnees cette fois a intervalle reduit, chacune
d'elle etant administree lorsque les schistosomes enva-
hissaient a nouveau les veines mesenteriques. La dur6e
totale de ce traitement a ete de quatre jours.
Aucune difference significative n'a ete observee entre

les resultats fournis par l'une ou I'autre methode thera-
peutique. Les auteurs en concluent que le principal
facteur de guerison reside dans la dur6e du sejour des
parasites dans le foie oui, immobilises par 1'effet du medi-
cament, ils sont en butte aux reactions de defense de
l'organisme. Le traitement optimal par les antimoniaux
doit donc allier A une concentration medicamenteuse
efficace une duree d'action suffisante.

REFERENCES

Alves, W. & Blair, D. M. (1946) Lancet, 1, 9-12
Ata, A. A. & Mousa, A. H. (1960) J. Egypt. med. Ass.,

43, 746-761
Brener, Z., Pellegrino, J. & Oliveira, F. C. (1956) Rev.

bras. Malar., 8, 583-587
Christopherson, J. B. (1918) Lancet, 2, 325-327
Fairley, N. H. (1926) Trans. roy. Soc. trop. Med. Hyg.,

20, 236-273
Girgis, B. & Aziz, S. (1948) Lancet, 1, 206-209
Halawani, A. & Abdallah, A. (1946) J. Egypt. med. Ass.,

29, 101-121
Kikuth, W. & Gonnert, R. (1948) Ann. trop. Med.

Parasit., 42, 256-267

Luttermoser, G. W. (1954) J. Parasit., 40, 130-137
Schubert, M. (1948) Amer. J. trop. Med., 28, 121-136,

137-156, 157-162
Schwink, T. M. (1955) J. Parasit., 41, 26
Seitz, E. (1946) Acta trop. (Basel), 3, 155-157
Standen, 0. D. (1953) Ann. trop. Med. Parasit., 47,

26-43
Standen, 0. D. (1955) Trans. roy. Soc. trop. Med. Hyg.,

49, 416-423
Talaat, S. M. & Shoaib, S. (1947) J. Egypt. med. Ass.,

30, 598-607
Talaat, S. M. & Shoaib, S. (1948) J. Egypt. med. Ass.,

31, 961-963


