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Combinations of 4-aminobenzoic acid competitors
and dihydrofolate dehydrogenase inhibitors
in the chemotherapy of malaria
A commentary*

A. B. G. LAING I

Potentiating combinations of 4-aminobenzoic acid (PABA) competitors, such as
sulfadoxine, sulfalene, or dapsone, and dihydrofolate dehydrogenasea (1.5.1.4) inhibitors,
such as pyrimethamine or proguanil, have been subjected to various trials over the last
decade. By and large they have proved to be effective agents against drug-resistant strains of
malaria parasites, and with the small doses required they have been free of toxic effects.
Parasite resistance to such combinations has seldom occurred but may be associated with
cross-resistance to other combinations. These combinations should be reserved for the
treatment of chloroquine-resistant infections andfor use as adjuvants in organized malaria
eradication campaigns.

Several combinations of PABA competitors and
dihydrofolate dehydrogenase (DHFDH) inhibitors
have been examined for their antimalarial properties
in experimental studies and clinical trials over the
last decade, in the continuing search for a solution to
the problem of growing parasite resistance to stan-
dard antimalarial drugs, in particular the resistance
to chloroquine of Plasmodium falciparum in south-
eastern Asia and South America. The original con-
cept of using a combination of two drugs that inhibit
parasite growth by acting at two different sites in the
folic acid metabolic pathway-a form of potentia-
tion or synergism-was developed by Greenberg et
al. (1), who showed a quarter of a century ago that
sulfadiazine and proguanil potentiated each other
markedly in their action against P. gallinaceum.
Further studies (2-6) helped unravel the pharmaco-
logical characteristics of this form ofdrug interaction.
The first demonstration of the potentiating effect of a
sulfonamide combined with a DHFDH inhibitor on
human malaria was made by Hurly (7) in 1959 in the
Gambia, where small subtherapeutic doses of sulfa-
diazine with pyrimethamine were effective against
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a Formerly known as dihydrofolate reductase.

P. falciparum, P. malariae, and P. ovale. Later, Basu
et al. (8) in India used a combination of a sulfone
(dapsone) with pyrimethamine successfully against
P. falciparum and P. vivax. In the Gambia also,
McGregor et al. (9) in 1962 were the first to use such
a combination (sulfadiazine with pyrimethamine) in
malaria caused by a drug-resistant strain, in this case,
pyrimethamine-resistant P. falciparum.

Research activities in malaria chemotherapy have
recently been directed largely at exploring the various
possible potentiating combinations of sulfones or
sulfonamides and DHFDH inhibitors, a develop-
ment that has been fully reviewed by Peters (10). The
principal combinations tested have been sulfadoxine
and sulfalene in association with pyrimethamine or
trimethoprim, and dapsone with pyrimethamine or
proguanil. In addition, the development of injectable
repository antimalarials led to the formulation of a
combination of acedapsone and cycloguanil embon-
ate. All have proved effective to a greater or lesser
degree, and fears that these combinations would
cause serious toxic effects, such as Stevens-Johnson
syndrome or agranulocytosis, have not been realized,
as the doses required are remarkably small.

In fact, one of the astonishing features of poten-
tiating combinations in malaria chemotherapy is that
such small doses are required. In the Gambia, for
example, a trial of fortnightly doses of 40 mg of
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sulfadoxine with 2 mg of pyrimethamine in school-
children (and half this dosage in a small group of
infants) achieved complete suppression over a 6-
month period when malaria was seasonally hyper-
endemic (11). Previous hospital trials had shown that
this dosage was more than sufficient to eliminate
heavy P. falciparum infections (12). In Nigeria weekly
doses of 125 mg of sulfadoxine with 12.5 mg of
pyrimethamine proved as effective as higher dosage
regimens in suppressing malaria in schoolchildren
over a 12-month period (13). In both these trials
weekly doses of 25 mg of pyrimethamine alone failed
to prevent the appearance of patent parasitaemia
in some subjects, indicating that the sulfona-
mide-DHFDH inhibitor regimens were clearly supe-
rior in this respect.

Several other long-term trials lasting 4-6 months
and using various drug combinations in higher doses
have been carried out. Michel (14) found that 500 mg
of sulfalene with 25 mg of pyrimethamine given
fortnightly effectively suppressed malaria over the
malaria season in Senegal. Similarly, Donno et al.
(15) reported favourably on a trial among children in
Nigeria in which weekly doses of sulfalene with
trimethoprim and sulfalene with pyrimethamine were
found to be equally effective. Also in West
Africa, Ricosse et al. (16) successfully suppressed
malaria in schoolchildren in the Upper Volta with a
weekly dose of 50 mg of dapsone with 12.5 mg of
pyrimethamine. Harwin (17) found that 100 mg of
dapsone with 12.5 mg of pyrimethamine given weekly
achieved complete suppression in non-immune sub-
jects moving into an endemic area in Rhodesia. In
none of these trials were any toxic effects noted, and
there was no suggestion of any parasite resistance
developing.

In south-eastern Asia, a recent trial of 500 mg of
sulfadoxine with 25 mg of pyrimethamine given
monthly for 5 months achieved virtually complete
suppression of malaria (including vivax malaria) on a
Malaysian rubber estate, in contrast to a chloroquine
regimen (450 mg weekly), which proved inadequate
(18). A prolonged trial of 500 mg of sulfadoxine with
25 mg of pyrimethamine, given either weekly or
fortnightly, and of sulfamonomethoxine (half-life
24 h) with pyrimethamine given weekly in the same
doses was carried out in Laos among Japanese (non-
immune) and Laotian (partially immune) workers by
Ebisawa et al. (19, 20). This trial, lasting over one
year and testing 9 different regimens, including
placebo and chloroquine, demonstrated the efficacy

of weekly sulfonamide-pyrimethamine regimens in
suppressing falciparum malaria in an area of " hard-
core" chloroquine resistance, but vivax malaria
relapsed in many subjects after the cessation of
medication. It is difficult to draw definitive conclu-
sions from this complicated trial, which is still in
progress, but a 5-10% incidence of leucopenia was
noted in subjects treated with a sulfonamide-pyri-
methamine combination and created concern, al-
though agranulocytosis did not occur.
The combination of sulfamethoxazole with trime-

thoprim is widely used as an alternative to antibiotics
for the treatment of bacterial diseases, but this
combination has also been shown to have potent
antimalarial properties (21, 22). This might be of
relevance in tropical areas, where malaria and bac-
terial disease commonly coexist.
The commercial preparation of acedapsone com-

bined with cycloguanil embonate, now withdrawn
from the market, was successful in suppressing ma-
laria in partially immune subjects with a regimen of
4-monthly injections (23, 24) and had no toxic
effects, although in some subjects local inflammatory
reactions made repeated injections unpopular.
Further research might well solve this problem. It is
sincerely hoped that the idea of repository antimalar-
ial formulations has not been discarded altogether.

In the many trials of sulfone- or sulfona-
mide-DHFDH inhibitor combinations for malaria
suppression, parasite resistance has been singularly
absent, and at least one pharmaceutical firm now
claims that its combination of sulfadoxine with
pyrimethamine is " recommended for prophylaxis."
However, Verdrager et al.a and Chin et al. (25) have
observed relatively easy induction of cross-resistance
to combinations of this type and Almeido Notto et
al. (26) have recently reported a rising failure rate of
sulfadoxine with pyrimethamine in the treatment of
multi-drug-resistant P. falciparum infections in South
America. In view of these reports, it is surely
essential that such combinations be reserved as a
second line of defence for the treatment of established
cases of malaria resistant to chloroquine or as an
adjunct in malaria eradication campaigns conducted
in areas where resistance to chloroquine or to
DHFDH inhibitors is present and in which well-
supervised drug distribution can be undertaken.

a VERDRAGER, J. ET AL. (1968) Action de I'association dia-
ph6nylsulfone-pyrim6thamine sur le paludisme a Plasmodium
falciparum au Cambodge (unpublished document WHO/Mall
68.664).
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RI-SUM1E

ASSOCIATIONS DE COMPETITEURS DE L'ACIDE PARA-AMINOBENZOYQUE ET D'INHIBITEURS
DE LA DIHYDROFOLATE DESHYDROGENASE DANS LA CHIMIOTHERAPIE DU PALUDISME:t

UN COMMENTAIRE

Des associations synergiques de competiteurs de
I'acide para-aminobenzoique, comme la sulfadoxine, le
sulfalene ou la dapsone, et d'inhibiteurs de la dihydrofo-
late deshydrogenase, comme la pyrimethamine ou le
proguanil, ont fait l'objet de divers essais au cours de la
derniere ddcennie. En regle gendrale, ces associations
medicamenteuses se sont rdvelees efficaces contre les
souches pharmacoresistantes des parasites du paludisme,

et depourvues d'effets toxiques aux faibles doses utilisees.
Des cas de resistance des parasites ont e rarement
observes, mais le danger d'apparition d'une resistance
croisee ne doit pas etre sous-estim6. I1 importe donc de
reserver 1'emploi de ces associations au traitement des
infections resistantes A la chloroquine et a la chimiothera-
pie d'appoint dans le campagnes d'eradication du palu-
disme
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DISCUSSION

CmN: The use of sulfonamide-antifol combinations
is well accepted for the treatment of chloroquine-
resistant falciparum malaria, but their use-both as
suppressive and as curative regimens-in areas where

chloroquine-resistant falciparum strains are not pre-
sent would be most unwise. In areas where parasites
are still sensitive to chloroquine, chloroquine should
beused, reserving the combination regimens for a time
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when chloroquine-resistant strains may finally
emerge.

BRUCE-CHWATT: It should be stressed that chloro-
quine is still useful in many areas of the world.
Trimethoprim as an associated antimalarial is ques-

tionable since it has only one-tenth the value of
pyrimethamine.

CAMBOURNAC: Although I agree with Dr Laing's
caution that the sulfonamide-antifol combinations
should be reserved as a second line of defence for
cases of chloroquine-resistant falciparum malaria,
there are fears that the continued use of chloroquine
may result in the emergence of strains resistant to
chloroquine.

JANSSENS: The distinctions between prophylactic and
acute treatment of the nonimmune or semi-immune
and between individual and mass therapy are equally

important to pharmacodynamics and should be
taken into account when discussing treatment.

BENAZET: Trimethoprim is an excellent antimicro-
bial, but it has no advantage over pyrimethamine as

an antimalarial. The best combination is probably
pyrimethamine with sulfadoxine or with sulfalene.
However, there is no advantage in using these
combinations in areas where strains of chloroquine-
resistant falciparum are not present.

LAING: The inclusion of cotrimoxazole in my pre-

sentation should not be taken as an attempt to
promote the use of this product. It does, however,
have antimicrobial and antimalarial action, whereas
1 have reservations about the use of chloro-
quine-which only has suppressive effect-as the
drug of choice for the mass treatment of malaria in
Africa. I prefer pyrimethamine or proguanil, which
are true prophylactic drugs.
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