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Treatment of Intestinal Bilharziasis with Antimonials: The Possible Use
of Dimercaprol as an Adjuvant to Therapy

by M. T. KHAYYAL, Department ofPharmacology, School ofPharmacy, University ofLondon, England a

Dimercaprol (British anti-lewisite, BAL), an old,
well-established chelating agent, has been used with
great success in many cases of poisoning by arsenic
and other heavy metals. Its antidotal efficacy in
experimental antimonial poisoning has been subject
to some controversy among different workers, but
it has been used with success in many cases. Eagle
et al.b have demonstrated the protective action of
BAL against lethal doses of antimonials in rabbits
when given at four-hour intervals after the toxic
antimonial injection. When BAL was given simul-
taneously with tartar emetic (antimony potassium
tartrate) intraperitoneally in mice, it was found to
increase the LDI50 of the antimonial only slightly
in our experiments.
The mechanism of action of dimercaprol in

heavy-metal poisoning is known to be through its
combination with the heavy-metal ions to form
chelates that are very soluble and are rapidly ex-
creted from the body. BAL competes with the -SH
enzymes in the body for the cation. The com-
bination of antimony in the form of chelates reduces
its toxicity, and this has led Friedheim, Da Silva
& Martins c to develop the compound TWSb/6, or
antimony aa'-dimercaptosuccinate-sodium salt.

In the following experiments, the action of BAL
by itself on schistosomes has been observed. Its
influence on the potency of tartar emetic has further
been investigated, and the effects compared with
those of TWSb/6.

Materials and Methods
Male Swiss albino mice were used eight to nine

weeks after infection with an Egyptian strain of
Schistosoma mansoni, using 150 cercariae per
animal. The drugs tested were tartar emetic,
TWSb/6 and dimercaprol in doses of 25 mg, 37 mg
and 20 mg of drug per kilogram of mouse, res-
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pectively. The doses of tartar emetic and of
TWSb/6 contain equal amounts of trivalent anti-
mony. All drugs were given intraperitoneally.
The effect of single injections of each drug on

worm distribution was first determined by using
five groups of seven to eight animals each for each
drug, plus a further group for controls. The treated
animals were then killed by cervical dislocation and
were autopsied at intervals of 30 minutes, two hours,
eight hours, 32 hours and one week after injection
respectively. Autopsy procedure has been described
elsewhere (Buttle & Khayyal)d and is essentially an
application of Standen's technique.e

In a further experiment, each drug was given
separately in a five-day course of treatment, the
animals being injected at daily intervals. Tartar
emetic was also given simultaneously with dimer-
caprol in the same doses mentioned above. The
effects on the worms and their distribution was
observed one week after the last injection. The
results in each case were recorded and interpreted
in the form of histograms as shown below.

Results

Fig. 1 shows the effect of a single injection of
tartar emetic on the worm distribution in the
hepatic portal system of infected mice. The " sweep-
back" of worms from the mesenteric veins into the
liver, i.e., the " hepatic shift ", is virtually complete
within two hours, but the worms start to return
within eight hours, and by 32 hours two-thirds of
them are back in the mesenteric veins. In the course
of a week, the worm distribution is analogous to
control figures.d
A very similar hepatic shift is caused by dimer-

caprol and lasts just as long (Fig. 2). TWSb/6, on
the other hand, produces a relatively poor shift,
which reaches a maximum of about 40% within
30 minutes and tails off rapidly soon afterwards

d Buttle, G. A. H. & Khayyal, M. T. (1962) Nature
(Lond.), 194, 780-781.

e Standen, 0. D. (1949) Ann. trop. Med. Parasit., 43,
268-283.
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FIG. I
EFFECT OF A SINGLE INTRAPERITONEAL INJECTION

OF TARTAR EMETIC (25 mg/kg) ON THE WORM
DISTRIBUTION IN THE HEPATIC PORTAL SYSTEM

OF INFECTED MICE

of the drug. This cure rate dropped by only about
10% when dimercaprol was administered simul-
taneously. Dimercaprol alone, however, did not
produce significant cures, nor did TWSb/6 in the
dose used (Fig. 4).

Discussion
From previous unpublished studies, tartar emetic

has been found to be the most active of the anti-

FIG. 3
EFFECT OF A SINGLE INTRAPERITONEAL INJECTION
OF TWSb/6 (37 mg/kg) ON THE WORM DISTRIBUTION

IN THE HEPATIC PORTAL SYSTEM OF INFECTED MICE

Control 30 min 2 hours 8 hours 32 hours 1 week
Time after injection

M Worms In liver.
E Worms in mesenteric and portal veins.

(Fig. 3). There was marked separation of male and
female worms with both tartar emetic and dimer-
caprol but none with TWSb/6.

Following a five-day course of treatment, tartar
emetic gave a cure rate of about 85% as assessed
by the ratio of dead worms in the liver to the total
worm burden observed one week after the last dose

FIG. 2
EFFECT OF A SINGLE INTRAPERITONEAL INJECTION

OF DIMERCAPROL (20 mg/kg) ON THE WORM
DISTRIBUTION IN THE HEPATIC PORTAL SYSTEM

OF INFECTED MICE

_ Worms in liver.
M Worms In mesenteric and portal veins.

FIG. 4
EFFECT OF VARIOUS DRUGS GIVEN DAILY
FOR FIVE DAYS, AS SEEN ONE WEEK AFTER

THE LAST INJECTION

M Worms In liver.

M Worms In mesenteric and portal veins.
0 Worms in liver.
_ Worms In mesenteric and portal veins.
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monial drugs in common use and TWSb/6 the
least active, with respect to the degree and duration
of the hepatic shift they induce after a single in-
jection.
From radiochemical work (Khayyal)f it has been

possible to estimate the uptake of antimony by the
schistosomes with both of these drugs, and it was
shown that, probably owing to its very rapid
excretion from the body, TWSb/6 does not become
available to the worms in as high a concentration as
does tartar emetic. This fact, coupled perhaps with
the larger size of the TWSb/6 molecule, renders the
latter compound difficult of absorption by the
parasites. Hence, in equimolar doses of trivalent
antimony, TWSb/6 proved not to be as active as
tartar emetic in producing cures. The molecule of
TWSb/6 already contains the active disulfhydryl
parts of the dimercaprol molecule combined with
trivalent antimony, as shown in the formula:

O=C-O H H H

H C- O- Sb H-C-CC H

H-C-O SH SH OH

KOOC

Tartar emetic Dimercaprol

NaOOC -HC -S S-CH-COONa
lI /

Sb-S S-Sb

NaOOC-HC-S HC-CH S-CH-COONa
l

NaOOC COONa

TWSb/6

Although TWSb/6 is not as active as tartar
emetic (in equal weights of trivalent antimony) it is
very much less toxic, a fact that has favoured its
clinical use in some areas. From the therapeutic
standpoint, it would be necessary to compare both
drugs in equitoxic doses. Such work is in progress.

Tartar emetic, despite its high toxicity, still
remains the drug of choice of many clinicians.
However, the occurrence of severe liver damage in
some patients following treatment with this drug

f Khayyal, M. T. (1964) Brit. J. Pharmacol., 22, 343-348.

has sometimes been more disconcerting than the
symptoms of the disease itself.
The mechanism of action ofantimony in paralysing

and killing the schistosomes is different from its
mechanism of toxicity to the host, which perhaps
makes it possible to inhibit the one without affecting
the other. Antimonials act on enzymes responsible
for glycolysis in the worms, thus depriving them
of their main source of energy. g,h, The toxicity
to the body is mainly a consequence of the inhibition
of sulfhydryl enzymes at a cellular level, an action
which could be antagonized by thiol compounds
such as cysteine, glutathione or dimercaprol. The
latter are sometimes capable of removing the heavy
metal from its bound site on the enzymes. The
chelates thus formed are rapidly excreted in the
urine.
By itself, dimercaprol induces a dramatic hepatic

shift which lasts as long as that produced by tartar
emetic. The mechanism of action of BAL on the
schistosomes is, however, uncertain in that respect
and requires fuller investigation. In any case, it
does not seem to influence significantly the action
of tartar emetic on the worms. The small reduction
of effectiveness of the latter drug that was observed
in these experiments was probably due to the
enhanced excretion of the antimonial owing to the
concomitant administration of dimercaprol, thus
reducing the concentration of the drug around the
parasites.
From previous work,f it was found that the elimi-

nation rate of antimony from the worms was very
slow in comparison with its elimination from the
blood, so that theoretically it would be possible to
give, first, the tartar emetic alone, thus securing a
high level of antimony in the worms within a half-
hour of injection. This may be followed by small
doses of dimercaprol to detoxify the body tissues
from the remainder of the drug. Such a dosage
schedule may prove greatly beneficial clinically,
as it combines the high activity of tartar emetic
with a compound that reduces its toxicity to the
host but not its lethality to the parasite. Other,
perhaps even less innocuous chelating agents, e.g.,
penicillamine, are at present under investigation.

g Bueding, E. (1950) J. gen. Physiol., 33, 475-495.
h Bueding, E. & Peters, L. (1951) J. Pharmacol., 101,

210-229.
i Bueding, E. & Mansour, J. M. (1957) Brit. J. Pharmacol.,

12, 159-165.


