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TABLE 4

CONTACT TOXICITY OF FENTHION TO ANOPHELES STEPHENSI

Mean kill (%) after contact time shown
Formulation Material DosageFormultion Msprayed (g/m2) 2 5 15 30 60 120

min. min. min. min. min. min.

Wettable powder Plywood 01 100
0.5 98 100
0.25 87 100

Wettable powder Dried mud 2 96
1 21 92

Emulsion Plywood 1 37 100

Emulsion Dried mud 1 0 0 24

DDT and fenthion and malathion). It is noteworthy
that the difference between wettable powder and
emulsion of any insecticide is much less on plywood
than on dried soils. This feature is again probably
connected with the non-porous nature of the
individual wood fibres and with the greater retention
of any formulation as a superficial deposit compared
with the differential effects which occur with different
formulations on dried mud.
As emulsions, all the insecticides were more

effective on plywood than on the dried mud bricks.
The reason for this is almost certainly to be found
in the difference mentioned in the previous paragraph
between the highly porous microstructure of mud
and the lower porosity of the individual wood fibres.
This difference will result in greater superficial
deposits on wood.

Finally, these experiments have shown once again
the differences obtained with two test insects,
Anopheles stephensi and Aedes aegypti, but it will be
seen that the effects are not consistently in one di-

rection. This is because numerous factors are
involved, such as intrinsic toxicity, resting behaviour,
test method, total dosage of available insecticide
and the form in which it is present on a particular
surface, and the relative importance of these is
likely to vary from one situation to another. The
picture is probably clearest with wettable powders
on both mud and plywood. Aedes aegypti is killed
more readily despite the intrinsic toxicities being
either equal or greater for Anopheles stephensi. This
is probably due to the different resting habits and
exposure methods. Aides aegypti walks about
much more than Anopheles stephensi, and insects
pick up more deposit on a horizontal surface than
on a vertical one. With emulsions the relative
effectiveness against the two species is variable, even
inverted, and factors involving the deposit character-
istics are probably brought into play. We know
little about the behaviour of emulsions on different
substrates and cannot at present provide any
explanations based on experimental results.

Treatment of Malaria with Small Daily Doses of Chloroquine
Hydroxynaphthoate or Tannate
by D. F. CLYDE, F. M. Mzoo, and S. MLUBA, Malaria Service, Ministry ofHealth and Labour, Tanganyika

In medicated salt schemes the use of chloroquine
diphosphate or sulfate has not been altogether
satisfactory because of two problems: these soluble
compounds tend to leach out of the mixture when
it is stored under humid conditions, and their bitter

taste becomes objectionable when their concentra-
tion exceeds 0.4% of the base.
On the other hand, chloroquine methylene-bis-fl-

hydroxynaphthoate does not tend to leach and is
tasteless, as is another compound, chloroquine
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tannate. Should these drugs prove as effective
against malarial parasitaemia as are the disphos-
phate and the sulfate, they might be used to advan-
tage in medicated salt.

Chloroquine hydroxynaphthoate, unfortunately,
has been found to have a capricious antimalarial
activity. Bruce-Chwatt & Charles a reported from
Nigeria that the compound was only one-quarter
to one-fifth as active as chloroquine sulfate when
compared as weight of base; and Clyde & Shute,b
in the course of single-dose treatment of symptom-
free trophozoite carriers (semi-immune African
schoolchildren treated the previous year in Tanga-
nyika) found that whereas a dose of 75 mg base of
the diphosphate invariably cleared trophozoites of
all species, as much as 450 mg base of the hydroxy-
naphthoate sometimes failed: no failure of absorp-
tion was observed in the initial trials of Fuhrman
& Koenig.c The failure among Africans seemed
to be attributable to malabsorption related to
hypochlorhydria. This matter was examined again
by Clyde,4 who concluded, from his finding of
diminished chloroquine excretion in urine when
gastric acidity had been neutralized, that absorption
of chloroquine hydroxynaphthoate was proportional
to the secretion of hydrochloric acid.
Chloroquine tannate, almost tasteless and there-

fore also of potential value for mixing with common
salt, was tested among semi-immune trophozoite
carriers in Tanganyika.d The results were more
encouraging than with the hydroxynaphthoate:
single doses of 75 mg base tannate were not always
successful in clearing asexual parasitaemia (in
contrast to the diphosphate), but a dose of 150 mg
sufficed in all but one case out of 83 tested. It
appeared that the absorption of chloroquine tannate
did not depend to any marked extent on gastric
acidity.

Paulini & Pereirae found that when daily doses
of the naphthoate equivalent to 20 mg of chloro-
quine base-content were given to children for 21
consecutive days the average daily amounts of
chloroquine excreted in urine were only slightly less
than those observed with an equivalent dose of the

a Bruce-Chwatt, L. J. & Charles, L. J. (1957) Brit. med. J.,
2, 522.

b Clyde, D. F. & Shute, G. T. (1958) Ann. trop. Med.
Parasit., 52, 51.

c Fuhrmann, G. & Koenig, K. (1955) Z. Tropenmed.
Parasit., 6, 431.

d Clyde, D. F. (1960) E. Afr. med. J., 37, 543.
e Paulini, E. & Pereira, J. P. (1961) Studies on medicated

salt (unpublished working document WHO/Mal/299).

diphosphate. A similar result has since been obtained
by Fuhrmann using 30 mg base daily for 13 days.

In view of these findings, it was thought that
people with a low gastric acidity, unable to absorb
large single doses of chloroquine hydroxynaphthoate,
might nevertheless be able to absorb small amounts
of the compound each day, and thus over several
days accumulate enough of the drug for it to exert
an antimalarial effect. Although this would
obviously have no place in the routine direct treat-
ment of malaria, it might serve a useful purpose if
administered in the form of medicated salt which
is eaten in small quantities each day.
The suggestion has been examined from the clinical

aspect by ourselves. In the therapeutic trials reported
here, semi-immune children aged 6-12 years (asymp-
tomatic carriers of malaria attending schools in a
district of malarial holoendemicity near Morogoro,
Tanganyika) were treated with small daily doses of
chloroquine hydroxynaphthoate or tannate.

Drug administration
Chloroquine hydroxynaphthoate. Chloroquine hy-

droxynaphthoate was administered in tablet form
under direct supervision in a dose each day of 19 or
38 mg base. One series was continued for five
consecutive days, and another for seven treatment
days (six consecutive, then a Sunday missed, then
a final dose). No other treatment was given, nor
were the children's diet or habits interfered with in
any way. The results, shown in the table, were
obtained from examination of thick blood films
taken seven days after the final dose of chloroquine,

RESULTS OF DAILY ADMINISTRATION
OF CHLOROQUINE HYDROXYNAPHTHOATE

AND TANNATE

Number ofI Number of Number of PercentageDailyose das dos infected Iasexual of cases
ma ) dways divse patients infections cleared(mg) was given treated cleared

Hydroxynaphthoate

19 5 25 14 56.0

38 5 30 26 86.7

38 7 27 27 100.0

Tannate

19 5 14 12 85.7

38 5 15 14 93.3

38 7 32 30 93.7
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this period having been found optimal in many
previous drug trials in Tanganyika.

Chloroquine tannate. Chloroquine tannate was
administered in tablet form under direct supervision
in a dose each day of 19 or 38 mg base, the same
regimen being followed as for the hydroxynaph-
thoate. The results are shown in the table.

Parasite clearance
With both hydroxynaphthoate and tannate at

the higher dosage the average densities of parasites
in the surviving asexual infections were lower than
before treatment. In all surviving infections the
predominant parasite was Plasmodium falciparum,
although two of the lower dosage hydroxynaph-
thoate films contained sparse P. vivax, as mixed
infections. The few other cases of P. malariae and
vivax were cleared.

Discussion

For the medication of salt a concentration of at
least 0.3% of chloroquine base in the form of easily
soluble chloroquine compound, such as the diphos-
phate or sulfate, is generally recommended. Where
the daily intake of salt is less than 10 g (containing
30 mg base chloroquine if prepared in accordance

with the recommendation), the proportion of drug
must be increased in order to maintain a weekly
consumption of at least 200 mg base. This is six
times the suppressive dose given to semi-immunes
in Tanganyika (75 mg once every two weeks), so
that, in East Africa at any rate, there would seem
to be an ample margin of effectiveness in the re-
commended dose.

Chloroquine hydroxynaphthoate, when given in
this trial at 38 mg base (approximately the recom-
mended dose of 30 mg base) daily for seven days,
cleared asexual parasites in all the 27 patients treated.
The cumulative quantity of 266 mg (38 mg x 7 days),
effective in every case, is in striking contrast to the
failure of massive single doses of up to 450 mg. It
thus appears that the suggestion that small daily
doses of hydroxynaphthoate might be effective
where large single doses have failed is supported
by the results of this trial.

Chloroquine tannate, on the contrary, proved less
effective when given in small divided doses than in a
single large dose. Of course, if the small doses were
to be continued daily for two or more weeks (as
they would in a medicated salt scheme), it is pro-
bable that enough drug would accumulate in the
body to become effective.

Identification of Anopheles balabacensis introlatus as a Vector
of Monkey Malaria in Malaya
by D. E. EYLES, MCWILSON WARREN & ELIZABETH GUINN, Far East Research Project, Public Health Service,
US Department of Health, Education, and Welfare, Kuala Lumpur, Malaya; and R. H. WHARTON
& C. P. RAMACHANDRAN, Institute for Medical Research, Kuala Lumpur, Malaya.

Previous notes have reported that Anopheles
hackeri and A. leucosphyrus are vectors of monkey
malaria in Malaya.a. b The present note records the
demonstration that Anopheles balabacensis introlatus,
another member of the A. keucosphyrus group, is
also a vector.
A naturally infected female of A. balabacensis

introlatus was captured by the use of monkey bait
in a net trap in the Ulu Gombak area near Kuala
Lumpur. After the glands, which had a moderately
heavy infection, had been examined, some of the

a Wharton, R. H. & Eyles, D. E. (1961) Science, 134, 279.
b Wharton, R. H., Eyles, D. E., Warren, M. & Moorhouse,

D. E. (1962) Science, 137, 758.

sporozoites were injected into an uninfected rhesus
monkey R302 and some into a human volunteer.
The human volunteer did not develop malaria

and two subinoculations of blood to an uninfected
rhesus monkey on the 14th and 20th days after
injection indicated that subpatent infection was not
present.
The rhesus monkey (R302) injected with the

sporozoites developed an infection of the Plasmo-
dium cynomolgi type on the 11th day after the
injection. A very severe infection with a peak parasite
density of over 700 000 parasites per mm3 ensued.
Gametocytes were present in abundance during

the infection in monkey R302 and the infection was
1221c


