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does indeed vary from species to species. Besides
Miracil D itself, several metabolic products are
regularly excreted; these products may differ in
different species. Also, the amount of the same
metabolite actually excreted by different mammals
varies considerably. The difference between the
metabolism of Miracil D in monkeys and that in all
the other vertebrates investigated must be especially
emphasized.

Strufe was able to isolate one of these metabolites
from the urine in amounts sufficient to enable it to
be tested in the experimental infection of mice. He
called it Miracil X and it proved to be effective. It is
identical with the main metabolic product present
in the urine of man and is excreted as a chromo-
peptide. Chemically, the chromophore is the sulf-
oxide of Miracil D. The peptide component consists
of at least four amino-acids whose quantitative
composition varies from man to man. An investiga-
tion of the hydrolysed peptide by paper chromato-
graphy resulted in spots analogous to those of ala-
nine, serine, lysine, valine and leucine.
By oxidizing Miracil D in vitro, a compound can

be obtained which is, in every respect, identical with
the chromophore of Miracil X. Experiments in
animals proved Miracil X to have the same tolerance
and an efficacy nearly as good as that of Miracil D.
Taken orally, the sulfoxide is quickly absorbed and
passes rapidly through the body. A few hours after
administration it is excreted almost completely and

unchanged in the urine of humans, dogs and mice.
In the body of monkeys, however, it is further
metabolized. The results thus obtained verify that
Miracil D is, in the human body, metabolized into
at least one other compound with schistosomicidal
activity and possessing the characteristic substituents.
These experiments, however, did not preclude

the possibility that Miracil D is metabolized to a
still more active substance within the body of the
parasite itself. Therefore, parasites were collected
from treated mice and extracted at certain intervals
after treatment. Miracil D only was found during
these investigations, which were rather preliminary
in character.
The two series of experiments described in the

foregoing paragraphs represent an important con-
tribution to the hypothesis that a methyl group and
a basic side-chain in p-position are responsible for the
schistosomicidal efficacy in the groups of compounds
under consideration. There are, however, other
ways of developing antischistosomials, as has been
demonstrated, inter alia, with the p-amino-phenoxy-
alkanes, which were found independently by
Collins, Davis & Hill r on the one hand and by
Raison & Standen 8 on the other, and with the well-
known antimonials.

r Collins, R. F., Davis, M. & Hill, J. (1954) Chem. and
Ind., No 35, p. 1072.

8 Raison, C. G. & Standen, 0. D. (1954) Trans. roy.
Soc. trop. Med. Hyg., 48, 446.
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Molluscicides have played and will continue to
play an important role in the control of bilharziasis,
as foci of infested snails can be rapidly extinguished
by the adequate and appropriate use of these sub-
stances. In a previous paper a a review was made of
chemical products which have been tried as mol-
luscicides in various laboratories of the world.
However, all those substances showed some unde-
sirable properties, such as toxicity to fish, to the
applier or to plants. The residual effect of the

. Note submitted to the WHO Expert Committee on
Bilharziasis, September 1960; also to be published, in
Spanish, in the Boletin de la Oficina Sanitaria Panamericana.

a Paulini, E. (1958) Bull. Wld Hlth Org., 18, 975.

molluscicides known at present is also very short.
These few instances indicate the necessity to con-
tinue the search for new and more efficient chemical
products to fight schistosome-bearing snails. Trials
are being carried out to this end at the authors'
laboratory with all the promising products against
planorbids. The results obtained with two products,
Rhodiacid and Bayer 73, are given in this note.

Materials and methods
Rhodiacid is the trade name of a granulated pro-

duct which contains 50% zinc dimethyl-dithio-carba-
mate and 50% calcium carbonate. The material was
supplied by Compania Quimica Rhodia Brasileira.
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Bayer 73 is an experimental product developed by
the Farbenfabriken Bayer A.G. (Germany). The
active ingredient is 2-hydroxi-5,2'-dichloro4'-nitro-
benzanilid. The material is supplied in wettable
powder form, containing 70% active principle.

Snails of Taphius (= Australorbis) glabratus were
collected in the field and used in the laboratory tests.
Fifty snails were employed in each test, in five
batches of ten, to ascertain the biological activity of
a given concentration of the product. The snail
mortality was determined 24-72 hours after the begin-
ning of the experiment.

Field trials were made in streams and irrigation
ditches in the suburban area of Belo Horizonte. The
density of planorbid populations was determined
according to the technique in the manual for the
application of molluscicides.b Rhodiacid was applied
manually by uniform spraying in the bed and on the
banks of water collections, at a rate of 50 g/m2.
Bayer 73 was put in a small cloth bag and placed in
the water in such a way that the current dissolved it
slowly during 24-48 hours. Weekly or monthly
observations were made after the treatments until
the foci became positive again.
Laboratory results

Rhodiacid in solid form. The figures in Table 1
lead to the conclusion that this product has a slow
action when applied at the rate of 1 g/m2. However,
from 4 g/m2 upwards, it killed all snails in 48 hours.

TABLE 1
RESULTS OF LABORATORY TESTS WITH

RHODIACID IN POWDER FORM

Dosage Percentage mortality after:
(g/m2) I day 2 days 3 days 4 days 5 days

0 0 0 2.5 5 5

1 8 25 55 90 100

2 8 90 100 100 -

4 30 100 100 - -

8 40 100 100 - _

16 40 100 100 - _

Rhodiacid in solution. Laboratory tests, in which
both the molluscicide concentration and the expo-
sure time were varied, show that a minimum of
5 p.p.m. of active material in 24 hours is required to

b Manual para a apli!do de moluscocidas (1956) (mimeo-
graphed document of the Departemento Nacional de Ende-
mias Rurais).

TABLE 2
RESULTS OF LABORATORY TESTS WITH RHODIACID

IN SOLUTION

Percentage mortality
Concentration Hours after:

(p.p.m.) of contact
24 hours 48 hours

5 24 100 100

12 60 90

6 40 75

10 12 60 100

6 35 95

3 0 40

20 12 90 100

6 70 100

3 70 90

0 0 0
(control)l

obtain 100% mortality (Table 2). When 20 p.p.m.
are applied, the exposure time required is lower
(6 hours). It is interesting to note that multiplication
of the concentration (p.p.m.) by the minimum lethal
time (hours) gave a constant result (120) in the three
tests in which 100% mortality was observed.

Bayer 73 in solution. Total snail mortality was
obtained with 24 hours' contact with this insecticide
at concentrations of 0.4 p.p.m. and upwards (Table 3).

TABLE 3
RESULTS OF LABORATORY TESTS WITH BAYER 73

IN SOLUTION a

Hours Percentage mortality at concentration of

contact 0 0.4 0.8 1.6 3.2
p.p.m. p.p.m. p.p.m. p.p.m. p.p.m.

0.5 0 0 2 8 26

1.0 0 0 2 12 58

2.0 0 0 0 8 78

4.0 0 8 2 14 88

8.0 0 28 66 90 100

16 0 76 82 100 100

24 0 100 100 100 100

a Observation time: 48 hours after exposure.



NOTES

Lower concentrations produced only partial morta-
lity. The relation between the lethal concentration
(LC,00) and time of lethal contact (LTioO) is inverse,
as it was with Rhodiacid, giving a value of 20-25
p.p.m.-hr.

Field results with Rhodiacid
Experiment 1. A stream was chosen for test in the

area of Pampulha. The water velocity was approxi-
mately 10 cm/sec. Three stations, each 30 m long,
were marked alongside the stream. Search for plan-
orbids made before the application revealed the fol-
lowing densities:

1st station . . . . . 6.8 snails/man/minute,
2nd station . . . . . 6.0 snails/man/minute,
3rd station . . . . . 7.6 snails/man/minute.

The first station acted as control; the second
(downstream) was treated with 5 kg of Rhodiacid,
which corresponded to 100 grams of product per
square metre of treated surface; the third station was
left untreated in order to observe the possible effect
of the product at a long distance. The treatment
took place in January 1958.
On a visit 15 days after application, the following

results were observed:
Ist station . . . . . 4.4 snails/man/minute,
2nd station . . . . . 0 snail/man/minute,
3rd station . . . . . 4.2 snails/man/minute.

The granules of Rhodiacid could be seen in the
area in which it had been applied.
i Visiting the same locality 50 days after application,
itAwas found that the conditions had been modified
owing to the cleaning of the marginal vegetation by
the owner of the land. The snail count revealed the
following data:

1st station . . . . . 4.2 snails/man/minute,
2nd station . . . . . 0.3 snail/man/minute,
3rd station . . . . . 0.2 snail/man/minute.

The product could still be seen in the treated area.
Experiment 2. This trial was made on a relatively

large scale in the truck farm of the Instituto Joao
Pinheiro, Belo Horizonte, and covered about 1500 m
of irrigation ditches supplied by a well in the farm.
In the preliminary inquiry three ditches were found
positive for snails (density: 1.1 snail/man/minute).

Rhodiacid was applied in July 1958, at a rate of
2.5 kg of granulated product per 50 linear metres of
ditch; in the few main ditches that were more than
1 m wide, 5 kg of Rhodiacid were applied per 50
linear metres. A few weeks after application, the
farm workers cleaned the ditches, removing the
aquatic vegetation and the greater part of the mol-
luscicide applied. Owing to this unexpected inter-

ference, the application was repeated over the whole
area in September of the same year, 89 kg of the
product being used. The subsequent monthly sur-
veys revealed the data shown in Table 4.

TABLE 4
SUMMARY OF FIELD EXPERIMENT 2 WITH RHODIACID

Days after ofNo. Density Observa-
application of ditches Positive (snail/man/ tionssurveyed minute)

30 7 0 0

60 7 1 0.6 Granules
visible

90 7 1 1.2

120 7 5 2.2 Few gra-
nules seen

Fields results with Bayer 73
Experiment 1. A small stream fed by seepage

water and also receiving the waste water from some
neighbouring houses was surveyed near Estagao da
Gameleira, Belo Horizonte. The density of snails
was 6.2 snails/man/minute; 19.4% of the snails col-
lected were positive for Schistosoma mansoni. The
water flow, determined by a weir, was 2.1 litres per
second. A total of 180 g of the product was placed
in a small cloth bag and suspended in the current,
where it dissolved slowly (approximately 36 hours).
The concentration of active material in the water
during the first four hours of the application was
5 p.p.m., chemically determined. Of ten of the
snails brought to the laboratory four hours after the
beginning of the treatment, nine died. One week
after the application, a survey carried out in the
stream revealed only dead snails. After 15 days, a
new observation did not reveal any live snails. The
stream was still negative after three months.

Experiment 2. A small stream in Gameleira, Belo
Horizonte, was found highly infested with snails.
The water flowed very slowly, owing to the dense
aquatic vegetation (Heterantera sp., Polygonum sp.,
semi-aquatic weeds, etc.). The stream received
waste water from one nearby house. The flow rate,
determined by a weir, was 0.25 litre per second.
At first 21 g of Bayer 73 were applied in the same

manner as in Experiment 1. Owing to the unsatis-
factory kill obtained (see Table 5) on this occasion,
the application was repeated 15 days later using 40 g
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TABLE 5
SUMMARY OF FIELD EXPERIMENT 2 WITH BAYER 73

Snails collected Density
Day Activity __________Time (snail//Day Activity ~~~(minutes) man/

Dead Alive minute)

- Survey - >1 000 1 >1 000

O Application I - - - -

2 Survey 1 441 2 032 2 1 016

15 Application 2 - - - -

17 Survey 1 187 226 5 45.2

30 Survey 902 180 10 18

45 Survey 198 135 10 13.5

60 Application 3 - - - -

62 Survey 235 13 10 1.3

70 Survey 348 26 10 2.6

76 Survey 298 4 10 0.4

of Bayer 73, suspended in 10 1 of water. The sus-
pension was applied under the surface with a knap-
sack sprayer by keeping the nozzle tip under water,
the operator walking along the bank of the stream.
In order to increase the contact time with the toxicant
a small earthen dam was made 50 m downstream,
and this was opened 2 hours after the application.
The reduction in snail density obtained after the

second application (95 %-98 %) was significantly
better than before. However, a third application was
made two months after the first one. On this occa-
sion 10 g of Bayer 73 were suspended in 100 1 of
water and spread with a watering-can over the stream
and its banks, at a rate of 0.2 g/m2. The stream was
dammed again at a distance of 50 m, and the dam
was kept closed for 24 hours.

After the third application a 90 %-95 %Y reduction
in snail density was again observed. The experiment
was interrupted after 76 days owing to the onset of
the rainy season.

Discussion
Both products used in these experiments show

some desirable features.
Rhodiacid is a molluscicide that has no irritating

or repellent action on snails. It was observed on
various occasions in the laboratory and in the field
that the snails moved around quietly in the presence
of Rhodiacid, keeping in contact with the particles
of the chemical on the bottom of the water collection.

As a result of a formula developed by the supplying
firm, Rhodiacid remains for a long time (1-3 months)
in the place where it was applied and undergoes but
slow disintegration. It gives the impression that in
this form it can be very useful in the treatment of
isolated foci in a great mass of water.
Bayer 73 is one of the most promising of the new

molluscicides. Its lethal action in concentrations
under 1 p.p.m. allows of treatment with very small
quantities. It is the first molluscicide tested in our
laboratory which shows some selective toxicity for
snails, the lethal concentration for the fish being
higher (a little above 1 p.p.m.) than that for the snail.
Another advantageous characteristic of Bayer 73

is its lethal action on the eggs of the snails, as shown
by Freitas.c
Comparison of the results obtained in the labora-

tory with those from the field shows that the toxic
properties revealed in the laboratory tests do not, in
certain circumstances, apply in the field; for while
both substances were efficient and lethal to plan-
orbids in the laboratory, they produced only partial
or temporary reduction of the snail density when
applied in the field. So far as is known, the following
factors are responsible for this phenomenon.

Aquatic vegetation. The aquatic and semi-aquatic
vegetation considerably reduced the flow of water
along the banks of the streams and made the dispersal
and distribution of the molluscicide more difficult.
With such vegetation the water was in movement
only in the middle of the stream and a great mass of
water remained motionless alongside the banks.
Where the water is flowing, the molluscicide is car-
ried a great distance, but during the period of appli-
cation (24 hours in general) no lethal concentration
can be built up by diffusion in the stationary water
at the sides. This factor may explain the initial
failure of the second experiment with Bayer 73.
Lack of toxic effect on young snails and egg masses.

It is believed that the fact that, in the trial with Rho-
diacid, the reduction in the snail population was only
temporary is due to the lack of lethal action on the
egg masses. This product apparently operates after
absorption in the digestive tract; therefore it affects
only adult planorbids, that is, relatively well deve-
loped individuals, but does not eliminate the new-
born and the very small snails. This will explain the
repopulation of the irrigation ditches in the second
experiment with Rhodiacid.

c Freitas, J. R. de (1959) Ciencia e Cultura, 11, No. 3,
p. 155.


