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SYNOPSIS

This review of the published work on the treatment of bilhar-
ziasis with lucanthone hydrochloride draws attention to the in-
conclusive nature of many of the trials carried out so far: either
the dosage was inadequate or the patients were not followed up for
a sufficient length of time. The author stresses the importance of
obtaining a high concentration of lucanthone in the body fluids.
He suggests that better results might be obtained if the total dose
were given in two days or even as a single, massive dose. This
method might also reduce the side effects, which do not appear,
as a rule, until the second or third day.

Lucanthone hydrochloride is l-,B-diethylaminoethylamino-4-methyl-
thioxanthone hydrochloride and may be prepared by treating 2-diethyl-
aminoethylamine with l-chloro-4-methylxanthone. The structural formula
is:

0 NH-CH2-CH2-N(C2H5)2

HCI

CH3
and the molecular formula:

C20 H24 ON2S, HCl = 376.9

It is a bright yellow, almost odourless crystalline powder which is
soluble in water at 20°C to the extent of about one part in 110. It is only
sparingly soluble in alcohol, but readily soluble in both warm water and
warm alcohol. The melting point lies between 1950 and 198°C.

When first employed in the treatment of bilharziasis the drug was
known as Miracil D, but in English-speaking countries it is now perhaps
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better known by its British Pharmaceutical Codex name, Lucanthone
Hydrochloride.

The trade names are:
Miracil D hydrochloride (Bayer)
R.P. 3735
Tixanthone
Nilodin (Burroughs Wellcome).

It is generally marketed in plain uncoated, or enteric sugar-coated
tablets each containing 500 mg of the hydrochloride; the British Pharma-
ceutical Codex (1954) states that this is the standard size of tablet. When
first introduced for sale, tablets of 200 mg, both plain and enteric coated,
were marketed, but this size was soon abandoned because the 500 mg
tablet was more convenient for administering a twice daily dose. When
first produced on a commercial scale, the price of the drug in 500 mg
plain tablets was a little over £65 (US$ 182) per kilogram, but the present-
day wholesale price appears to be stabilized at £27.10s.0d. (US$ 77) per
kilogram.

Kikuth & Gonnert (1948) have described how the drug was discovered
and brought to the stage of therapeutic trials. Work begun by the Bayer
group of research workers in 1932 resulted in the perfection of a technique
for infecting small mammals with Schistosoma mansoni and using them
for screening a large number of chemical compounds for schistosomicidal
activity. In August 1938, Mauss synthesized 1-fl-diethylaminoethylamino-
4-methylxanthone hydrochloride (Ms. 577, subsequently named Miracil A),
in the Wissenschaftlich-Chemisches Laboratorium of Bayer at Elberfeld. In
succession, Mauss produced 7-chloro-1-,B-diethylaminoethylamino-4-methyl-
xanthone hydrochloride (Ms. 644, subsequently named Miracil B) in March
1939; 1 -/-diethylaminoethylamino-4-methylxanthydrol hydrochloride (Ms.
723, subsequently named Miracil C) in June 1939; and finally, 1-/3-diethyl-
aminoethylamino-4-methylthioxanthone hydrochloride (Ms. 752, sub-
sequently named Miracil D) in December 1939. In Miracil D the oxygen
atom of the xanthone ring of Miracil A is replaced by a sulfur atom.

Comparison of Miracils A, B, C and D

Kikuth & Gonnert (1948) found that, given to animals by mouth, the
four Miracils had equal toxicities. When injected subcutaneously, B was
poorly absorbed while C was well absorbed and had a high toxicity. The
toxicity of Miracil D by the intravenous route was low. It was decided
that all four preparations could be administered most favourably by mouth.
It was found that, in experimental mice, the therapeutic indices were very
much affected by the age of the worms, as shown in Table I. Kikuth &
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Gonnert also investigated the effect of a single dose as compared with daily
doses for six days, and showed that a smaller amount was required to
produce a given effect if administered as a single dose than when given
in divided doses. The Miracil compounds were most active against sexually
mature worms, and doses which killed mature worms were ineffective
against worms 4 and 15 days old.

TABLE I. THERAPEUTIC INDICES OF MIRACIL COMPOUNDS IN
MOUSE BILHARZIASIS (S. MANSONI) (KIKUTH & GONNERT, 1948)

|Miracil A Miracil B Miracil C 1 Miracil D

Sexually mature worms (48 days or more 1: 17 1: 15 1: 35 1: 4
after infection of mice)

Immature worms (33 days after infection 1:0 1:41: 11: 1
of mice)

In mouse bilharziasis, Miracil B was superior to the other compounds,
but in the treatment of monkey bilharziasis, Miracil D showed striking
activity, while B produced results only when given in doses which caused
vomiting.

In monkeys, Miracil D cured S. mansoni infections in a single dose
of 20 mg/kg of body weight, in two doses of 10 mg/kg, and sometimes
even in two doses of 5 mg/kg of body weight. In large doses, Miracil D
caused vomiting and diarrhoea, but no severe or fatal results were observed.
By 1941 Kikuth & Gonnert had decided that Miracil D was the best pre-
paration to try for the chemotherapy of bilharziasis in man, but the war
rendered such trials impossible.

Few comparisons have been made between the different Miracils in man.
Blair et al. (1949) treated each of three patients with one of the three
Miracils, A, B, and C. The daily dose was initially 100 mg, continued for
6 days in the case of A and C and for 5 days in the case of B; it was then
increased to 200 mg for a similar period.

None of the patients showed any toxic signs whatsoever, the drugs
had no effect on the schistosome worms, and egg production proceeded
unhindered. This is not surprising, however, as we now know that the doses
were much too small. In view of the findings of Kikuth & Gonnert (1948)
with regard to Miracil B, particularly in infections with immature worms,
it is suggested that further therapeutic trials should be conducted in which
a total dose of 100 to 120 mg/kg is given over three to five days.

Newsome & Halawani (1950) treated .eight patients with Miracil A.
Four had severe infections and were cured by three courses of treatment,
each consisting of 1 g twice a day for three days, making a total of 6 g.
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The other four with light infections were not completely cured after two
courses of treatment on the same regimen. The authors conclude that,
although the series was a small one, the indications are that Miracil A
hydrochloride has approximately the same activity as lucanthone hydro-
chloride and produces similar gastro-intestinal symptoms. It should be
remembered that Miracil A and lucanthone are very closely related
compounds.

In an attempt to overcome the unpleasant side effects caused by lucan-
thone hydrochloride, other salts have also been investigated. Deschiens
(1951) in Senegal tried lucanthone citrate and mandelate and found these
salts better tolerated than the hydrochloride. The results were encouraging,
but as far as I am aware there have not been any further reports on this
work.

Newsome (1951) used lucanthone methylene bishydroxynaphthoate
and lucanthone salicylate. The former salt, which is almost without taste,
was much better tolerated than the hydrochloride but was too insoluble.
After two months' treatment, only one out of four cases with S. haematobium
was cured and none of the five cases of S. mansoni. Trials with the salicylate
of Miracil D showed that satisfactory blood levels could be attained.

Effect of Lucanthone Hydrochloride on Schistosomes

Gonnert (1955) made a painstaking investigation into the effect of
lucanthone hydrochloride on schistosomes in mice. During and after
treatment, the worms leave the mesenteric vessels and are carried to the
liver. Coupled worms separate. Depending on the strain of mice used,
the schistosomes die one to two weeks after treatment has started. The
first signs of degeneration of the worms are vacuolation of the cuticle
and invasion of the tissues by eosinophils and macrophages. Absorption
of parasite tissue takes 2-12 months, the female, which is poorer in tissue
substance, being absorbed more quickly and completely than the male.
Of the worms which are not killed, the affected males recover more quickly
than the females, which retain an immature appearance for many months.
If the mother cell of the germ cell of the female schistosome is not destroyed,
it is possible for production of eggs to begin again following a fresh pairing
of worms.

Gonnert & Vogel (1955) have shown that the Egyptian strain of
S. mansoni is more resistant to lucanthone hydrochloride than the Liberian
strain. The death rates were also affected by the strains of mice used,
and it was noted that heavy infections were more difficult to cure than
lighter ones.

Kagan & Chan-ling (1952) confirmed the efficacy of lucanthone hydro-
chloride in curing S. mansoni infections when administered by mouth
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to mice. On the other hand, it was ineffective in mice infected with
S. douthitti, and the authors remark that this schistosome reacts to drugs in
experimental animals very much as does S. japonicum. Vogel & Minning
(1948) found lucanthone hydrochloride effective against S. mansoni infec-
tions in rabbits, rhesus monkeys and golden hamsters, but when exhibited
in the same doses to animals harbouring S. japonicum it had no effect on
the worms and the discharge of eggs in the faeces was uninterrupted.

Abdel Azim, Halawani & Watson (1948) have described experiments
with gerbils and mice infected with S. mansoni and with S. haematobium.
They found that daily doses of 10 mg/kg seemed ineffective but that at a
level of 40-50 mg/kg daily or every second day for five doses viable eggs
disappeared and symptoms were relieved; at necropsy either no worms
at all or only dead and disintegrated ones were to be seen.

Some interesting in vitro experiments have been described by Halawani
et al. (1949). In lucanthone-free media, schistosomes survived 14-20 days
but in a Tyrode medium with human serum containing 0.5 mg/ml of
lucanthone hydrochloride, they survived only 2-3 hours, and in a concentra-
tion of 4.0 mg/ml they died very rapidly. When 3.0 mg/ml were added
to normal serum, however, the worms were unaffected for four days.
These observations may lend some support to the view that lucanthone
hydrochloride itself does not kill the worms, the lethal product being
formed in the body fluids after absorption from the gastro-intestinal tract.

Toxicity of Lucanthone Hydrochloride

When the work of Kikuth, Gonnert and their associates came to light
at the end of the 1939-1945 war, a description was found of some work by
Hecht on the pharmacology of Miracil carried out prior to 1943. This
indicated that even in rabbits, which tolerated the drugs fairly well, there
were signs of degeneration in the organs, especially the heart and kidneys,
while in cats the effects were even more serious. As a result of this report,
the first investigations carried out in Great Britain were conducted with
great caution and reserve.

Wood (1947) studied the effect of Miracil on animals and showed that
single doses of 1.0 g/kg, or daily doses of 125 mg/kg for 10 days, were well
tolerated by mice, but that rabbits seemed to tolerate the drug badly.
Hawking & Ross (1948) studied the pharmacology and excretion of the
drug in human volunteers and found that a daily dose of 200 mg of Miracil
D hydrochloride was well tolerated. After a single dose, 7 % of the amount
ingested was excreted in the urine, less in the faeces, and 90% appeared
to be degraded in the tissues and had little tendency to accumulate. In
man the ingestion of Miracil D gave rise to nausea, prostration, insomnia,
and yellow discoloration of the skin and sclerotics.
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Estimation of Miracil in body Fluids

Latner, Coxon & King (1947) described a method of estimating the
concentration of a Miracil derivative in the blood. Five millilitres of blood
are diluted with alkali. The drug is then taken up in ether and extracted
with hydrochloric acid. The sample is then matched against a standard
in a Spekker absorptiometer with an ultra-violet light source and a special
filter. Amounts of 10 to 100 ,ug per 100 ml could be estimated in this way.
The same technique is used to estimate Miracil derivatives in the urine
where the results have an error not greater than 10 %. Halawani, Newsome
& Wooton (1947) in Egypt investigated Miracil blood levels after a single
dose and state that the maximum concentration was reached in 12 hours,
when the figure was 60 to 400 mg per 100 ml. This appears to be an impos-
sibly high figure and it is probable that " mg " is a misprint for " ,ug ".
The drug had practically disappeared from the blood in 24 hours. In persons
whose urea clearance rate was less than 50%, however, blood concentra-
tions were still high 24 hours after the single dose had been taken. In view
of this it was recommended that Miracil drugs should normally be given
at 12 hour intervals, but that in persons with impaired kidney function the
intervals should be 24 hours. Blair et al. (1949) investigated blood-concen-
tration levels of Miracils A, B and C in non-infected subjects. The levels
of A and B were lower than those which Hawking & Ross (1948) had
found with Miracil D. In the case of Miracil C, no drug could be found
in the blood but the experiment was not repeated because of lack of material.

Clinical Trials in Man

Trials of lucanthone hydrochloride in the treatment of bilharziasis in
man were begun in 1947 in Egypt by Halawani and his associates 1 and in
Southern Rhodesia by a team comprising members of the Medical Research
Council of Great Britain and local research workers.2 The earliest work
at both centres showed that the doses recommended as a result of animal
experiments gave only disappointing results, but enough encouragement
to continue trials at higher doses. Abdel Azim et al. (1948) gave 20 patients
two doses of 400 mg in enteric-coated tablets at an interval of three days.
This represents a total dose of 14.20 mg/kg. Continuous observation for
three weeks and re-examination each week thereafter for 3-6 weeks showed
that 7 of the 20 patients were apparently cured. The authors also noted
that the results appeared to be rather better in S. mansoni than in S. haemato-
bium infections.

'Abdel Azim et al. (1948); Halawani & Dawood (1950); Halawani et al. (1948, 1949); Newsome &
Halawani (1950); Watson et al. (1948)

2 Alves (1949, 1950a, 1950b); Bennie (1949); Blair et al. (1947, 1949a, 1949b)
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Blair et al. (1947, 1949a) treated 43 patients-African adults and school-
children and Eurafrican schoolchildren-who had a total of 39 S. haemato-
bium infections and 11 S. mansoni infections. The average daily dose was
about 4 mg/kg, which was, of course, quite inadequate by modern standards.
The total dose given was up to the amount now recommended but the
treatment, spread over 16-26 days, too long drawn out. At the end of a
three months follow-up, 11 of the 39 S. haematobium infections and one of the
11 S. mansoni cases were apparently cured.

In the early work in Egypt and Southern Rhodesia, where small doses
were administered, the side effects were not marked, although there is
reference to anorexia, sometimes with vomiting and abdominal pain, and
to transient vertigo and tinnitus. Blair et al. (1949b) proceeded with trials
in African schoolchildren whose weights ranged from 27-70 kg. The
patients were divided into three groups, given total daily doses of 15, 20
and 25 mg/kg. The drug was administered twice daily, Monday to Friday
inclusive. Urines and stools were examined at intervals up to 12 weeks
after the end of treatment, an average of seven examinations being made.
Patients were classed as " ideal " if they took the full course of treatment
for five days, " satisfactory" if they had a total dose of not less than
60 mg/kg in 3-6 days, and " unsatisfactory " if they had less than 60 mg/kg
total dose or had treatment for less than three days. Table II shows the num-
bers of patients classed as " cured " i.e., with no eggs in the stools or urine,
the numbers passing only "dead eggs ", and the numbers classed as

TABLE II. CLINICAL TRIALS OF LUCANTHONE HYDROCHLORIDE USING THREE
DIFFERENT DOSAGES (BLAIR ET AL., 1949b)

Daily Dose of Miracil for five days

15 mg/kg 20 mg/kg 25 mg/kg

Treatment *j i
CD O( 0

~0 0) -o CD0 - V 0

Satisfactory~~ :7o_ 2 43 10co 1 _ 1

Unsatisfactory 5 - 5 10 5 - 2 70 3 3

S. mansoni infections:

Ideal 1 - 2 3 2 - 4 6 - - - -

Satisfactory - - 1 1 - - 2 2 - - - -

Unsatisfactory - - 1 1 - - 1 1 -- 1 1
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" failed ", i.e., passing living eggs and viable miracidia. Of 82 African
schoolchildren given lucanthone hydrochloride twice a day for 3-6 days
at a total dose level of at least 60 mg/kg, 74 ceased to pass living eggs or
produce active miracidia, and none of these relapsed up to 12 weeks after
treatment. The results with similar dosages in S. mansoni infections were
less satisfactory, only 3 out of 12 cases being cured.

As there seem to be some grounds for believing that there are regional
differences in the reactions of human beings to lucanthone hydrochloride,
it is probably wiser to review the published work on a regional basis. There
is some evidence that the schistosomes of Egypt react differently from those
of Liberia to lucanthone hydrochloride-both the intensity of infection
and the toxic side effects vary greatly (Gonnert & Vogel, 1955). The form
in which the drug is administered is also important, whether as plain or
enteric-coated tablets or as cachets.

Direct comparison of results between countries and regions is well-
nigh impossible, as dosage schedules show every possible variation, not
only with regard to the dose/weight ratios used, but also with regard to
frequency of administration and duration of treatment. Even when different
investigators have exhibited the drug in a manner which permits comparison,
the criteria of cure vary almost as much as the dosage. King (1955) com-
ments, " If only one viable ovum or miracidium was observed at any time
after the first week following treatment, then that case was considered to
have relapsed ". Marill & Friess (1949) noted eggs from 4-16 days after
treatment and concluded from this that lucanthone hydrochloride was
not effective.

Such standards of cure achieve no useful purpose as it has been shown
that living eggs seen in the excreta may have been laid by a worm up to
21 days previously. Even eggs from worms which are already dead, may be
viable for 21 days in their passage through the tissues. A general measure
of agreement on a satisfactory follow-up procedure would be most welcome.

Iran, Saudi Arabia and Iraq

Gremliza (1953) working in Iran, treated 10 patients suffering from
S. haematobium infections with lucanthone hydrochloride. For a 60 kg
patient he gave 1.6 g daily for two days, 1.2 g daily for two days and 0.8 g
daily for three days, a total dosage of 133 mg/kg in 7 days. Six of the ten
patients ceased to pass living eggs after 24 days. The other four patients
continued to pass viable eggs. In all cases the cystoscopic appearance
was greatly improved. Toxic reactions were slight and restricted to the
fourth to sixth days. Tarizzo (1956), in Saudi Arabia, claimed to have cured
6 out of 12 patients suffering from S. mansoni infections with a total dose
of 55-75 mg/kg and one case of S. haematobium infection with 110 mg/kg.
Watson (1950) and Watson, Pringle & Jamil (1951) in Iraq obtained good
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results in S. haematobium infections with 10 mg/kg twice daily for 5 days,
a total dose of 100 mg/kg. In 19 out of 25 cases no viable eggs were passed
after the nineteenth day, and in 5 of the 6 remaining cases viable eggs were
passed intermittently for 36-57 days after treatment. The last case, the most
heavily infected of all, continued to pass viable eggs in reduced numbers
but his clinical condition was much improved. Watson, Fawzi & Damluji
(1952) obtained similar results in 24 patients with S. haematobium infec-
tions. Of 21 'who could be followed up, 14 were regarded as cured. The
7 cases not cured were all heavy infections, but the number of living eggs
passed was markedly reduced. These 7 cases were given a second course
of treatment and 5 were then cured. The authors note that toxic side
effects were less with plain tablets than with enteric-coated tablets. Only
5 patients complained of nausea, pain and constipation, and the symptoms
were transient. The reference to constipation as a side effect is interesting.
This is a common finding in Central Africa, whereas in Egypt diarrhoea
is more common.

South America

Koch & Kux (1951-52) employed lucanthone hydrochloride in the
treatment of S. mansoni infections in the State of Mineas Gerais. They found
that a dosage of 0.6 g daily evoked toxic signs of such severity in Brazi-
lians that the five-day course could not be completed. To minimize the
side effects the authors gave the drug in the form of 200 mg coated tablets
and built up the daily dosage from one to four or five tablets and then
diminished it again, the course lasting 7-10 days. Patients of 60 kg received
6.0 g, 50 kg patients 5.0 g, and so on. This course cured 8 out of 9 patients
followed up for 4 months and 7 out of 7 were still symptom-free after
6 months. The authors advocate giving the drug after meals, as this reduces
nervous symptoms. They also find that the gastro-intestinal symptoms
which occur in the second half of the course are relieved by taking small
amounts of food. Rodrigues da Silva (1952) treated 30 patients with a
total dose of 75 mg/kg given in 8 equal doses in 4 days. Eight of the patients
were unable to complete the course because of the severity of the side
effects. He notes that coloured patients tolerated the drug better than
white patients. At the follow-up four months after treatment a search
was made by rectal biopsy. Only 10 out 22 patients who completed the
course were cured. Two to four faecal examinations during the four
months showed no eggs. All patients, including the failures, improved in
health and put on weight.

Portugal and West Africa

In Portugal, Colaco (1949) has used lucanthone hydrochloride for the
treatment of S. haematobium infections. Fifteen patients were given a
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five-day course of treatment on a daily dose of 20 mg/kg. Only 3 patients
completed the full course and 5 took the drug for 4 days. The others gave
up after 2-3 days. The usual side effects are described and it would appear
that 6 out of 8 patients who completed at least four days of treatment
were cured.

Messent (1951) in the Gold Coast (now Ghana) treated a total of 72 cases
of S. haematobium infections on a schedule of two doses daily for three
days. In 22 cases the dose was 60 mg/kg and in the other 50 cases 75 mg/kg.
No toxic signs were observed. In the first group of 22 patients, 9 had no
eggs in the urine, either dead or living, three weeks after treatment. In the
second group, 30 out of 50 were entirely free from eggs by the third week
after treatment. The actual cure rate in these trials was probably much
higher than the author claims because the viability of the eggs found in
the urine was not checked and many patients still passing eggs at the
third week may have been passing only " dead " eggs. In any case, the
length of the follow-up period was not long enough to allow any definite
conclusions to be reached.

Harris (1952), also working in the Gold Coast, treated 79 African
schoolboys with a total dose of 75 mg/kg. Only 34 (43 %) ceased to pass
living eggs. Attempts to give courses of treatment with total doses of
100 mg/kg and 125 mg/kg had to be abandoned owing to side effects.

Egypt and Sudan

Reference has already been made to the preliminary work of Abdel
Azim, Halawani & Watson (1948); fuller details of the clinical trials, in
which groups of patients are treated by various dosage schedules, are given
in a later paper by Watson, Abdel Azim & Halawani (1948). The following
is a summary of their work:

1. Twenty patients, 14 S. haematobium, 2 S. mansoni and 4 double
infections: two doses of 0.4 g at an interval of 3 days (7-10 mg/kg) and
observed for 6-9 weeks. 4 of the 6 S. mansoni infections and 3 of the 18
S. haematobium infections were cured.

2. Twelve patients, all S. haematobium: 3 doses of 0.4 g at intervals
of 3 days. Observed for 5-70 days and only 2 ceased to pass eggs.

3. Four patients, S. mansoni infections: 4 doses of 0.4 g every other day.
Observed for 50 days, 3 cured.

4. Six children, S. haematobium infections: 0.1-0.3 g every 12 hours
for 5-6 days. Five weeks later all still passing living eggs. Second course
on same time schedule but 0.2-0.3 g given. Living eggs still passed.

5. Fourteen patients given doses of 5 mg/kg every 12 hours for 5-7 days
if urea clearance rate above 50% and half this dose if less than 50 %. Some
cases had up to 70 mg/kg total dose. Although the number of living eggs
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was greatly diminished and the degree of haematuria improved, none of
these patients was cured.

6. The last group was a miscellaneous collection of patients who were
given various dose schedules, but although eggs disappeared in most cases,
they reappeared two months or more after treatment. Whether these
were re-infections or relapses is not at all certain, but in view of the observa-
tions of Gonnert (1955), it may be that the dose was only enough to uncouple
the worms, encourage hepatic migration and cause a temporary cessation
of egg laying. It is interesting to note that toxic side effects in all these
trials were minimal and affected only one in five or six patients. The
symptoms conformed to the usual pattern-anorexia or even vomiting,
abdominal pain and sometimes giddiness and tinnitus.

Halawani et al. (1948) described trials at much higher dosage levels.
Sixteen patients with S. haematobium infections were treated. Ten of
these received total doses of 2 to 5 g over 5-10 days, but only one light
infection was cured. Three were given a total dose of 7.5 g in 8-10 days.
Of these two were cured and one relapsed. One patient given 1 g daily
for 7 days (total dose 155 mg/kg) developed an erythematous rash over
the body and face, but this disappeared again in a few days. This may
have been a similar manifestation to that sometimes seen in patients
given intensive treatment with sodium antimony tartarate. Three other
patients given 1 g daily for 7 days appeared to be cured and viable eggs
had disappeared within 3 weeks of the end of treatment. The authors
conclude that the effective dose of lucanthone hydrochloride is not less than
18-20 mg/kg daily for 7-8 days and that the blood concentration of the drug
must reach 0.3 mg per 100 ml. Halawani et al. (1949) treated 24 adult
males suffering from S. haematobium infections and were able to follow
them up in a situation where re-infection could be discounted. Fifteen
patients were given 8.3 to 9.8 g over 8 days (111-136 mg/kg) and five given
5.6 to 6.6 g over 5 days (85-95 mg/kg). Gross haematuria stopped in all
cases within 5 days of beginning treatment but 6 out of 15 and 3 out of 5
patients respectively were still passing living eggs three weeks after treatment.
Two months after treatment all but one patient were passing living eggs.
Halawani and Dawood (1950) treated over 150 cases of S. haematobium
infection. A dosage of 15 to 20 mg/kg daily for 5-9 days, repeated after
one month's interval proved unsatisfactory. Doses of 16-20 mg/kg reduced
the number of eggs and relieved the haematuria. A nine-day course of
22 mg/kg daily (total dose 198 mg/kg freed 6 out of 10 boys of eggs by the
third week and four were still free after three months. The best results
were obtained in 20 patients given single doses of 22 mg/kg daily for 12 days,
a total dose of 264 mg/kg. Nineteen patients were free from eggs after two
weeks and 16 were still free after three months. The authors are of the
opinion that the higher the incidence of infection in the community, the

21
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more severe is the infection in the individual. This may be true in Egypt.
They also consider that the younger the affected person, the higher is the
pro rata daily dose needed and the longer the course, because the meta-
bolism of the drug is more efficient and the excretion of the drug more
speedy in young people. Newsome & Halawani (1950) were able to treat
26 patients infected with 'S. haematobium in a locality where re-infection
was impossible. Each patient was given 1 g night and morning, in cachets,
for three days; 10 out of 13 heavily infected cases were considered cured
after two or three courses at monthly intervals and 12 out of 13 lightly
infected cases after one or two courses of treatment. The follow-up examina-
tion in this trial was very rigorous, requiring that every viable and hatchable
egg excreted should be noted.

Halawani, Abdallah & Saif (1955) treated a number of groups of patients
suffering from S. haematobium infection with the following results:

1. Eleven patients given 400 mg daily for 20 days. Five ceased to pass
eggs within five weeks of completing treatment.

2. Eight patients given 500 mg daily for 20 days. One cured during
treatment, five within 11 days, one after 27 days.

3. Fifteen treated as out-patients on 500 mg a day. Of 8 who completed
the course 7 were negative at the end.

4. Fifteen patients given 600 mg daily (200 mg three times a day), for
20 days. Of the 12 who finished the course, three were negative soon after-
wards and five others were free up to 33 days after treatment.

The authors also treated a number of cases of S. mansoni infection.
One patient was given 400 mg, without success. One of two patients given
500 mg, and 6 out of ten given 600 mg daily for 20 days were cured. The
daily dose range was 8.3-10 mg/kg of body weight, and the total dose
150-200 mg/kg.

Mustapha, Hanna & Shehata (1955) treated 50 Cairo children suffering
from S. haematobium infections with 16-24 mg/kg daily for seven days,
given in divided doses daily. The total dose was 112-168 mg/kg. By the
third week after treatment 48 of the children were free from eggs and
remained so for six months. The toxic side effects noticed were vomiting,
colic, headache and yellow staining of the face, but none of these was
severe and all of them soon vanished. Six of the children also had S. mansoni
infections which were successfully cured.

Haseeb (1952) is the only worker in the Sudan who has published his
experience with lucanthone hydrochloride. He treated seven cases of
S. haematobium infection with 15 mg/kg daily, the course being intended
to last for five days. Only one patient tolerated the drug well. In the
others toxic signs necessitated the termination of treatment on the third
day. None of the patients was cured, and the author remarks that Sudanese
patients do not tolerate the drug at all well.
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Eastern Africa

In comparison with the importance of bilharziasis in this area, very
little work on lucanthone hydrochloride has been published. Cameron
& van Someren (1950) treated two European schoolboys at Nairobi suffering
from S. mansoni infections which had previously been treated unsuccess-
fully with antimony. In one case the drug was given in gelatin capsules,
in the other in the form of sugar- and enteric-coated tablets. The dosage
was 27 mg/kg daily for three days, a total dose of 81 mg/kg of body weight.
The boys were followed up weekly for two months and appeared to be
cured. Nine months after treatment they were still negative. In Somalia,
Egidio (1950) claimed that a five-day course of treatment cured 95 % of
cases, but it is not clear from the abstract whether this remark applied
to urinary or intestinal bilharziasis or both. Lipparoni (1953) treated
40 patients suffering from S. haematobium infections with total doses of
60-125 mg/kg, the course lasting in some cases for three days, others for
six days. The author claimed " dramatic " cures in 13 patients and 9 were
improved. Nausea, gastric pain and malaise were general complaints,
and two patients ran away before completing the course of treatment.
The author concludes that Somalia strains of the parasite may be resistant.
Schwetz (1950), during a survey visit to Uganda, treated 28 cases of
S. haematobium infection with excellent clinical results but with disap-
pointingly few parasitological cures.

Belgian Congo

Schwetz (1950) treated 49 cases of intestinal bilharziasis due to a terminal
spinal egg infection (probably S. intercalcatum). His results were incon-
clusive-symptoms were much improved and the number of living eggs
voided was greatly diminished, but freedom from parasites was obtained
only in a minority of cases. In another paper (1954) he states that lucan-
thone hydrochloride gives good results in both S. haematobium and S. man-
soni infections and that the drug is of low toxicity. He advocates giving
twice daily doses for five days and a total dosage of 100 mg/kg of body
weight.

Janssen (1951) treated 2000 Africans on a schedule of twice daily treat-
ment for six days, with a total dose of 130 mg/kg. Some of the adults
received as much as 7.2 g. All patients were suffering from S. mansoni
infections. Of these, 175 cases were followed up and 17 were still positive
two months after treatment. The side effects in 24 out of 641 adults and
13 out 655 children below 15 years of age were severe enough to make a
reduction of dosage necessary.

Fain & Legrange (1932) treated 33 cases of S. mansoni infection, 22
adults and 11 children, with two doses daily for five to eight days, giving
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a total of 120 mg/kg. Half the patients complained of giddiness, nausea,
vomiting and diarrhoea, but none of these symptoms was severe enough
to stop treatment. In all cases eggs diminished in number and 15 patients
had no living eggs 15 days after treatment; four of these apparently relapsed,
so the cure rate at three months was 11 out of 33.

Gillet & Wolfs (1954) recorded the experiences of a number of Belgian
Congo workers not previously published. Belhommet gave 17-22 mg/kg
daily for five days and reported cures in 5 out of 6 cases one month after
treatment. Fumiere reported less favourable results. He gave two courses
of five days, 15 days apart, with a daily dose of 20 mg/kg and found 70%
of failures at two months. If the same dosage were administered, but as
one continuous course of 10 days (a total dose of 200 mg/kg) 88% of the
patients were cured and the toxic reactions were not outstanding. Privont
et al. treated subclinical cases with 20 mg/kg daily for three to six days,
and obtained cures in 60-65 % of the cases.

Southern Africa

Lucanthone hydrochloride would appear to have been used more
widely and its effects studied in more detail in Southern Rhodesia than
elsewhere in Southern Africa. In the Union of South Africa, King (1955)
reported his experiences in the treatment of Africans suffering from both
urinary and intestinal bilharziasis. Treatment was given in conditions
where re-infection was impossible. Uncoated 200 mg tablets were used
and two series of patients suffering from S. haematobium infections were
treated.
1. Twenty-four cases were given 20 mg/kg per day (in three equal doses)
for a period of 12 days, a total dose of 240 mg/kg.
2.1 Twenty-two patients were given 25 mg/kg daily for nine days, a total
dose of 225 mg/kg. In two cases in this series it was necessary to reduce
the dose given.

The results of treatment in these two series are difficult to interpret
because of the author's use of " clinical " and " technical " relapse. He
considers a case passing eggs one week after treatment a " technical "
failure. It would appear, however, that in Series 1, no eggs were found
in 19 out of 24 cases at a three months' follow-up and in 9 out of 15 cases
followed up for six months. In Series 2, 17 out of 22 cases were not passing
eggs at three months, but only 6 out of 18 at six months.

Maclean (1956) and Maclean & Hay (1956) describe an experiment
to control the incidence of urinary bilharziasis in the population of Likoma
Island situated in Lake Nyasa. As a result of a mass urine survey in 1952,
801 cases of S. haematobium infection were diagnosed and treated with
a total dose of 60 mg/kg given in six doses over three days. Of the original

1002



LUCANTHONE HYDROCHLORIDE

801 cases only 683 could be examined more than once and 86% were said
to be cured. During the years 1952-1954, 209 of the original cases treated
were re-examined and at the end of the period 180 were still apparently
cured. Apart from the mass treatment of the human population an attempt
was made to control the vector snail population of the shores of the island,
but not very successfully. The authors admit that the island's inhabitants
would in their ordinary vocations visit neighbouring infected islands and
the mainland, where they would have ample opportunities for re-infection.

In Southern Rhodesia considerable quantities of lucanthone hydro-
chloride have been used and since 1950 it has been the standard drug for
the treatment of bilharziasis. The quantities issued each year from the
Central Medical Store (Table III) indicate the extent to which this pre-
paration is being used, not only in government institutions, but by medical
missions, mining and industrial medical services and by local authorities.
It is, in fact, issued to anyone competent to administer it who undertakes
to make no direct charge for treatment and to treat all who come.

TABLE II. USAGE OF LUCANTHONE HYDROCHLORIDE:
SOUTHERN RHODESIA 1950-1955

Kilo05grtamsblsuet Estimated number of casesYear Kilogrtamles)ise treated at average dose(0.5 gtablets)of 3.5 g per patient

1950 46.5 13280

1951 86.0 24 570

1952 63.6 18 170

1953 80.8 23 058

1954 139.7 39 914

1955 181.5 51 857

Alves (1950b) studied the marked differences in cure rates reported
from Egypt and Southern Rhodesia. All the earlier work in Southern
Rhodesia was carried out with plain uncoated tablets of lucanthone hydro-
chloride, some of the original German manufacture, the remainder being
supplied by Burroughs Wellcome & Co. Through an error in ordering,
the first bulk supplies of lucanthone hydrochloride received in the country
were sugar- and enteric-coated tablets of 0.5 g each, instead of plain com-
pressed tablets of the same size. The opportunity was taken to test the
efficacy of sugar- and enteric-coated tablets, and a summary of these findings
appears in Table IV. It was soon clear that in Africans in Southern Rhodesia
the results of treatment with sugar- and enteric-coated tablets were dis-
appointing, and that there was very little reduction in " consumer resist-
ance" and toxic side effects to make up for this loss in efficiency. An
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TABLE IV. CLINICAL TRIALS OF LUCANTHONE HYDROCHLORIDE
IN S. HAEMATOBIUM INFECTIONS IN S. RHODESIA

Case details Treatment details Results

Reference Adult African NumberNumber Total
or or of doses of days dose in ofType Number Number cured

child European each day treaent tablet treated at one mcnth

Alves (1949) A Afr. 2 3 60 Plain 20 20

20 (at 9 weeks)

Alves (1949) A Afr. 1 4 60 Plain 20 20
20 (at 9 weeks)

Alves (1949) A Afr. 2 5 75 Plain 35 35

34 (at 9 weeks)

C Eur. 2 3 60 Plain 22 20

_ C Afr. 2 3 60 Plain 21 18

Alves (1950a) C Afr. 2 3 60 (Plain 40 37

tMiracil D

Alves (1950a) C Afr. 2 3 60 fPlain 68 62

Nilodin

Alves (1950a) C Af r. 2 3 60 f Coated 68 28

Nilodin

Alves (1950b) A Afr. 2 3 60 [Coated 43 26 (at 20 weeks)

1.Nilodin

Alves (1950b) A Afr. 2 3 100 Coated 55 26

Nilodin

C Afr. 2 3 60 Plain 67 61

Young (1955) A Afr. 2 3 60 Plain 45 39 (at 6 months)

attempt was made to carry out mass treatment of an infected African
population group of about 5000 people. To assess the prevalence of urinary
bilharziasis before treatment, a urine survey of one in five of the population
was done, and an infection rate of 45.5% was found, based on a single
examination of each subject. A dosage of 10 mg twice daily for three days
(total dose of 60 mg/kg) was given to 1600 men, women and children of
this group. A second group was given a total dose of 100 mg/kg over three
days. Only 1908 of the 2605 patients attended for the full course. This
poor attendance was due largely to the anorexia and constipation experi-
enced as side effects. The follow-up two months after treatment consisted
of the examination of a single specimen of urine from 1480 people. On the
60 mg/kg schedule, the infection rates before treatment in " old adults ",
"young adults" and "children" (1:5 sample of whole population) were
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22.2%, 43.70% and 60.0% respectively, compared with 17.2%, 29.5 % and
51.8 % after treatment (examination of about half those treated). With the
second series of about 1000 people treated with 100 mg/kg the corres-
ponding percentages were 24.1, 26.5 and 43.4 before treatment and 9.5,
8.6 and 28.0 after treatment.

Bennie (1949) treated a young African with lucanthone hydrochloride
and observed the effect on the number of eggs passed morning and after-
noon. She gave the patient one dose at mid-day on six successive days,
the total dose being 122 mg/kg. The clinical improvement was very marked
and six weeks after treatment the patient had gained 6 lb in weight. No
further viable eggs were seen nine days after the end of treatment. It was
noted that the numbers of eggs seen in the morning specimens of urine
increased during the latter half of the treatment period, while in the evening
specimens the numbers showed a marked decrease. The patient was still
passing an occasional dead and non-hatchable egg six weeks after treatment.
Alves has described clinical trials with plain, uncoated tablets (1949), and
with sugar- and enteric-coated tablets (1950), and a coTparison under
standard conditions of administration and follow-up of groups treated
with Miracil A, Miracil D (Bayer), Nilodin (Burroughs Wellcome & Co.)
plain, and Nilodin (Burroughs Wellcome & Co.), sugar- and enteric-
coated. The results of these and some other clinical trials in Southern
Rhodesia are summarized in Table IV. This shows clearly that in the
administration of the drug to African patients, sugar and enteric coating
of the tablets seriously impairs the therapeutic efficacy without reducing
the frequency of toxic side effects.

Young (1955) described the treatment of 53 African labourers on a
tobacco farm, of whom 45 had S. haematobium and 18 S. mansoni infec-
tions (10 patients had both), representing infection rates of 56% and
22 % respectively of the total labour force of 80. The patients were given
two doses of lucanthone hydrochloride daily for six days, the total dose
,being 60 mg/kg. Six months -later 61 members of the original labour
force were re-examined; 6 were infected with S. haematobium and 2 with
S. mansoni.

Side Effects of Lucanthone Hydrochloride

The toxic side effects experienced during treatment with lucanthone
hydrochloride have been described in the preceding sections of this paper.
These effects seem to be experienced whether the tablets are plain or enteric-
and sugar-coated. The drug has an intensely bitter taste but on the whole
this has not given rise to serious comment. Once the drug has been swal-
lowed, however, a high proportion of the patients develop unpleasant side
effects, which seem invariably to cease soon after the course of treatment
ends. The toxic side effects have been so severe that Nor-el-Din & Dawood
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(1950) made a special study of them in 23 Egyptian patients. A daily dose
of 15-18 mg/kg and a total dose of 130 mg/kg caused the following effects:

giddiness (13, 2 with vertigo)
anorexia (9)
vomiting (9, 2 vomiting blood)
epigastric pain (7)
insomnia (5)
diarrhoea and colic (3)
fine tremor of the hands (2)
urticarial rash (1)
severe myasthenic symptoms which
passed off when treatment was stopped (1).

In general the toxic side effects are less frequent in Africans than in
Europeans and less frequent in children than in adults. Anorexia is pro-
bably the most common side effect, often accompanied by abdominal pain.
Vomiting is also a fairly common sign and seems to be especially trouble-
some in Egypt. In Southern Africa, constipation, particularly in African
cases, is very common indeed, but in Egypt diarrhoea seems to be the
more usual complaint. African patients do not usually complain of in-
somnia while taking the drug, but Europeans do. Dizziness, and even ver-
tigo, occurs only occasionally in African patients, but is relatively common
in Europeans. European patients, especially adults, sometimes complain
of a feeling of depression, which may be severe enough to make them cry,
but this effect ceases immediately treatment stops. Rarely, certain neuro-
logical manifestations are described. One sign which has now been reported
by a number of European patients is that objects, such as doors or trees,
seem to be moving away as they walk towards them, until finally they collide
with them. An African has described the reverse phenomenon and com-
plained that trees were advancing towards him and he had to run away in
fear from them. Despite the alarming reports which have been published
from all parts on the toxic side effects, no record can be found of any
person having died as a result of the administration of lucanthone hydro-
chloride or even having suffered any ill-effect persisting after the end of
treatment.

Summary of Experience with Lucanthone Hydrochloride

In view of the difficulties already discussed in comparing clinical trials
made in bilharziasis areas, it is almost impossible to disentangle the conflicting
opinions expressed. Soon after the initial clinical trials in 1947, an impression
was formed that S. mansoni infections were more difficult to cure than
S. haematobium infections in the same area and using the same doses.
More recent trials show that this is by no means so and that S. mansoni
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infections react equally well to treatment with lucanthone hydrochloride.
The diagnosis of intestinal bilharziasis, especially when few eggs are present
in the excreta, is difficult, whereas in urinary bilharziasis a clear-cut decision
as to the success or failure of the treatment can be made more confidently.
In very general terms, the opinions expressed are favourable in Iran, Iraq,
Saudia Arabia, East Africa, and Central and South Africa; equivocal in
Egypt, the Congo and South America; and unfavourable in Western
Africa and Portugal. As far as can be ascertained, in no country other than
Southern Rhodesia has lucanthone hydrochloride displaced antimony
preparations as the treatment of choice in bilharziasis. Whether this is a
correct assumption or not could only be determined if the drug manufactur-
ing companies were in a position to reveal what quantities were being sold
in the various bilharziasis regions of the world.

From the experience of the clinical trials in Egypt it seems to be clear
that the intensity of infection has an important bearing on the cure rate.
It may well be that in severe infections the concentration of the drug in
in the serum is insufficient to cope with very large numbers of schistosome
worms. Even today, the average intensity of infection in Egypt far exceeds
that experienced in other regions.

Suggestions for Future Investigations

If it is accepted that other Miracil derivatives and other salts of lucan-
thone are unlikely to prove equally effective but with fewer side effects, it
would seem that closer attention might well be devoted to ways in which
lucanthone hydrochloride might be used more efficiently. The use of
sugar- and enteric-coated tablets to delay the absorption of the drug until
it is farther down the gastro-intestinal tract has not been particularly
successful in reducing the frequency of toxic side effects, and in fact there is
some evidence from Iraq (Watson et al.. 1952) and Southern Rhodesia
(Alves, 1950) that the protective coating may actually increase the frequency
of the side effects. With certain population groups, for example Africans
in Southern Rhodeisa, it is very clear that the sugar and enteric coating
seriously reduces the efficiency of the drug. The reason for this may be
that lucanthone is most readily and quickly absorbed high up in the gastro-
intestinal tract and that it is the unabsorbed residue which, by irritating
the bowel lower down, gives rise to the more severe toxic side effects.

Kikuth & Gonnert (1948), in their pioneer work on mouse and monkey
bilharziasis, showed that a smaller amount of the drug was required when
given as a single dose than when given in divided doses. General experience
in clinical trials would seem to confirm this, and the efforts to achieve a
high cure rate with fewer side effects by splitting up the dose and extending
treatment over a number of days have been singularly unsuccessful. Several
of these side effects-anorexia, vomiting, abdominal pain and nausea-are
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most probably due to the direct irritating effect of the drug on the gut,
and long courses of treatment and repeated doses might be expected to
intensify this irritation. It is also worthy of note that in most cases the side
effects do not appear until the second or third day of treatment. In Southern
Rhodesia it is quite common to treat as out-patients men who continue
at their work as farm labourers or miners. Such patients will continue to
work cheerfully and willingly for the first two days of a three-day schedule
of treatment; it is generally not until the third day that the normal working
routine is interrupted. Lucanthone hydrochloride is quickly absorbed
from the gut and reaches a high concentration in the blood in the course of
a few hours. It seems to be as speedily excreted in the urine. One may
ask whether it is necessary to maintain a high concentration of lucanthone
(or its degradation product) in the serum for a long time in order to destroy
the schistosomes, or whether the same or better results could not be attained
by a higher concentration of short duration. Gonnert (1955) has described
the reactions of S. mansoni in mice during and after treatment and has
shown that if the germ cells of the female worm are not destroyed it is
possible for a fresh pairing of worms and a new production of eggs to take
place. This may well be what happens in human beings treated with re-
peated small doses of lucanthone hydrochloride over a long period, with
no marked peak in the concentration in the body fluids.

Consideration might therefore be given to trying very short courses, or
even massive single-dose treatment, with lucanthone hydrochloride. In any
case there seems to be little advantage in dividing the total dose given each
day into two or even more doses.

It is therefore suggested that it might be worth while to try out as the
first step giving the total dose of, say, 60 mg/kg in two days, with only one
dose each day. This would mean that a patient weighing 65 kg woud be
given 2 g (four tablets) one day and 2 g the following day. It might well be
found that, on this type of schedule, a good therapeutic effect could be
obtained with a lower dose/weight level, say 40 mg/kg. If this should prove
to be a practical proposition and if, in fact, the toxic side effects were
reduced, it would then be an easy step to try administering a single massive
dose. It might be argued that it would be dangerous to kill the schistosome
worms too quickly as the decomposition products from large numbers of
dying worms might cause a severe reaction in the patient. This danger
was advanced as a theoretical possibility when Alves & Blair introduced
their plan for intensive antimony treatment by slow intravenous injection.
In fact, such a reaction was not observed, and the worms were more effi-
ciently destroyed by a relatively small dose of antimony given in a short
space of time than by a larger total dose of the metal given over many
days or even weeks. Is it not possible that a similar phenomenon would be
observed with lucanthone hydrochloride if the total dose were given either
over a very short period or as a single massive dose?
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RIESUMI
Le traitement de la bilharziose par le chlorhydrate de lucanthone (noms d6poses:

Miracil D, R.3735, Tixanthone, Nilodin), entrepris des 1947 en Egypte et applique des
lors dans plusieurs pays a donne des resultats inconstants et parfois contradictoires,
que l'auteur passe en revue et discute, d'apres la litterature publiee sur ce sujet et sa
propre experience en Rhodesie du Sud. D'une facon tres g6n6rale, les resultats ont 6t6
favorables en Arabie Saoudite, Iran, Irak, en Afrique orientale et centrale, en Afrique
du Sud; ils ont ete incertains en Egypte, au Congo et en Amerique du Sud et defavorables
en Afrique occidentale et au Portugal. La Rhodesie du Sud est apparemment le seul pays
out l'usage du lucanthone a supplante les preparations d'antimoine comme therapeutique
de choix. I1 semble d'apres les experiences faites en Egypte que l'intensite de l'infection
influe sur le taux de guerison. En cas d'infection grave, il se peut en effet que la concen-
tration du medicament dans le sang soit insuffisante pour d6truire le grand nombre de
schistosomes infectant l'organisme. I1 est notoire qu'en Egypte l'infection est plus intense
que dans les autres pays, ce qui expliquerait la m6diocrite des r6sultats obtenus.

L'experience a montr6 qu'il y a peu de chances de mettre au point des derives du
lucanthone aussi efficaces et moins toxiques que les pr6parations actuelles. I1 faut donc
chercher par tous les moyens a utiliser le lucanthone de facon plus efficace. L'enrobement
des comprimes par des substances qui retardent l'absorption de la substance active
dans le tractus intestinal semble aggraver les effets secondaires plut6t que les eviter.
Les effets secondaires sont probablement dus a l'irritation produite par les parties non
absorbees du medicament passant dans l'intestin. De ce fait, le fractionnement des doses
ne fait qu'augmenter cette irritation.

On peut se demander s'il est bien necessaire de maintenir une forte concentration de
lucanthone dans le s6rum pendant-une longue periode, de fagon a d6truire les schistosomes,
ou s'il ne serait pas pref6rable de chercher 'a obtenir une concentration plus elev6e durant
un temps plus court. On devrait mettre it l'6tude une posologie comportant une cure
tres breve ou meme l'administration d'une dose massive unique. La premi6re etape de
cette recherche consisterait a administrer la dose totale en deux fois, en deux jours conse-
cutifs. I1 serait peut-etre possible ensuite d'abaisser la dose therapeutique totale et de
l'administrer alors en une seule fois. Le danger d'une intoxication provoquee par la
destruction massive et brusque d'un grand nombre de schistosomes dans l'organisme
est une objection dej'a soulevee a propos du traitement par l'antimoine; elle s'est revel6e
sans fondement.
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