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The resistance of Plasmodium falciparum
to many drugs and the reduced number of new
antimalarial drugs accepted for clinical use,
have led to a tendency to treat malaria patients
attacked by resistance strains with a combina-
tion Of drugslﬂ. 19, 210.21, 25. 27, 39, 40, 54_ FOI' thls reason,
it is necessary to learn about the interaction
among the available drugs to which the parasite
is sensitive.

The classic antimalarial drugs (chloroquine,
primaquine, amodiaquine, proguanil, sulfones,
sulfonamides, pyrimethamine and mefloquine)
are characterized by having a benzene ring in
their molecular structure!® and therefore are oxi-
dants capable inducing of the superoxide radi-
cals (O, ) production®. These radicals are very
reactive and capable of producing oxidative
stress!® ¥- % inside the erythrocyte in addition
to contributing to parasite death?® 2*-37 1t should
be pointed out that this is not the main pharma-
cological mechanism in the fight against plas-
modia, though these parasites are particulary
sensitive to O,  radicals due to their high po-
lyunsaturated lipid econtent and weak antioxi-
dant defense system? 0.

In the red blood cells of normal individuals,
superoxide dismutase transforms O, to H,0.,%,
which is later transformed to H,O and O, under

the action of catalase and glutathione peroxi-
dase® ! 3, Glutathione peroxidase needs appro-
priate levels of reduced glutathione®. The latter,
after being oxidized, is reduced by glutathione
reductase, which in turn depends on flavin-ade-
nine-dinucleotide (FAD) and NADPH# ¥ 10. 11. 12
FAD is a phosphorylated riboflavin derivative
and NADPH is generated by the pentose path-
way, glucose-6-phosphate dehydrogenase
(G6PD)being the modulating enzyme of the enti-
re system?® ¢ 181112 The diagram below is a sum-
mary of the main effects of antimalarial drugs
on erythrocyte metabolism?® 10-12. 33,

Individuals with inborn or acquired defects -
in these metabolic pathways such as G6PD-, glu-
tatione reductase-, glutathione peroxidase and
riboflavin-deficient subjects may suffer hemoly-
sis when treated with these drugs* & & 9 10 1L
12.38. 46 This is due to the fact that the oxidative
stress on the erythrocyte ultimately leads to the
formation of methemoglobin, oxidation of :SH
groups and peroxidation of red blood cell mem-
brane lipids. These alterations produce Heinz
bodies, leading to hemolysis and consequent
anemia& 6. 10. 26, 46'

Among genetic defects, G6PD deficiency is
quite frequent in populations living for a long
time in regions where malaria is endemic8 38 6,
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This deficiency is intimately related to the hemo-
lytic anemia caused by antimalarial drugs®® *.
In a study of the prevalence of G6PD-deficient
individuals in a population from an endemic zo-
ne of malaria, BARRAVIERA et al® detected
5% prevalence in the Amazonian population of
Humaita (AM). This value was close to that re-
ported for the population of the Brazilian Nor-
theast* and higher than that detected among
Indians (0%)%*. MEIRA et al.*, in a study of the

frequency of histocompatibility antigens, poin-
ted out the higherrate of undetermined antigens
(blancks) among Amazonians. JOBIM et al.* ob-
tained similar results when studyng histocom-
patibility antigens among Tukuna Indians. The
se authors®® ** attributed the elevated rate of
undetermined antigens to the phenomenon of
homozygosis, frequently occuring among native
populations.

Effect of antimalarial drugs on erythrocyte metabolism?® ' % #
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—SH—w -8 - S~ (GSSG)
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Hemolysis Riboflavin Pentose pathway

FMN = flavin-mononucleotide
FAD = flavin adenine dinucleotide
NADP + = nicotinamide-dinuacleotide phosphate

COLAUTO et al.® pointed out the homoge-
neous behavior of blood group systems in the
Amazonian population of Humaita, with a preva-
lence of group 0, positive Rh. The same authors®
detected a similar frequency of hemoglobinopa-
thy S arnong the inhabitants of villages located
along the basin of the Madeira river in the town-
ship of Humaita when compared with the popu-
lation of the Northeast.

It should be emphasized that the Amazo-
nian population of Humaita may be a represen-
tative sample of large part of the Amazonians
living in the Amazon region. This because, accor-
ding to AZEVEDO?, the Amazon region was
strongly affected by the Northeastern element
inits colonization. However, the natives also par-
ticipated in the formation of these populations®
Ultimately, all indications are to the effect that
Indians and inhabitants of the Northeastern hin-
terland played an important role in the forma-

tion of the Amazonian population. The G6PD de-
ficiency and hemoglobinopathy S genes may
have beer. brought by the Northeasterners and
the increased prevalence of these defects may
be related to the selective pressure exerted by
malaria®?.

This is relevant, since these genetic defects
carried by the genes of Negroes* 1% 46 on the one
hand are related to resistance to malaria®® and
on the other may play a fundamental role in the
hemolytic anemia triggered by drugs* ¢ 9.

Anotherinteresting, probably acquired phe-
nomenon observed among Amaczonians is the
fact that these individuals have decreased gluta-
thione reductase activity®. Hereditary deficiency
of this enzyme is very rare, with few cases repor-
ted thus far® 3. However, this deficiency in gene-
ral is related to riboflavin deficiency® # % 1. BAR-
RAVIERA et al.’ detected decreased glutathio-
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ne reductase activity in approximately 80% of
the individuals studied. Among the factors con-
tributing to this phenomenon are the feeding
habits of the Amazonians, who subsist on ma-
nioc flour and fish and consume reduced
amounts of vegetables, legumes, fruits or eggs,
which are foods rich in riboflavin®. Furthermore,
this population shows a high rate of infestation
by the parasite Ascaris lumbricoides’, a hel-
minth that deplets albumin, vitamin C and ribo-
flavin'.

On the other hand, studies on animals fed
riboflavin-free diets and inoculated with plasmo-
dia have shown attenuated infection and low pa-
rasitemia®*. BATES et al.! and THURNHAM et
al.®? found riboflavin deficiency among children
living in regions where malaria is endemic.
THURNHAM?! related these finding to physio-
logical adaptation that results in decreased se-
verity of malaria.

On the basis of these considerations, the au-
thors?suggest that the glutathione reductase de-
ficiency detected among Amazonians probably
occurred because of a deficiency in theriboflavin
derivative FAD. This was due to the fact that
this population consumes a peculiar diet, has
a high prevalence of helminthic infestation and
is submitted to the selective pressure exerted
by malaria*®.

If on the one hand riboflavin deficiency pro-
tects individuals against malaria® ', on the
other it makes the erythrocytes quite suscep-
tible to the hemolysis due to oxidative stress
caused by drugs!!-'# ' In this case, oxidant anti-
malarial drugs should be used with caution, sin-
ce the antioxidant systems of these erythrocytes
are impaired. This phenomenon would worsen
if any one of these individuals also had a conco-
mitant genetic defect, such as, for example,
G6PD deficiency.

Considering this information as a whole, pre-
ference should be given to antimalarial drugs
that do not have an important oxidant effect
on red blood cells to treat patients from endemic
regions in which genetical or acquired altera-
tions in erythrocyte metabolism occur.

In this respect, clindamicyn, as an antibio-
tic, acts, in a different manner than antimalarial
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drugs. This drug was first used by MILLER et
al.¥® to treat patients with infection caused by
Plasmodium falciparum resistant to multiple
drugs. These authors*® combined the drug with
quinine for 3 days in order to obviate the slow
action of the antibiotic in reducing parasitemia.
In Brazil, ALECRIM et al.! first used clindamy-
cin alone for the treatment of infection by resis-
tant Plasmodium falciparum in patients from
the Amagzon region. Later on PEREIRA et al.¥’
and MEIRA et al.¥ working in the township of
Humaita (AM), used clindamycin alone for the
treatment of malaria caused by Plasmodium fal-
ciparum, obtaining good therapeutic results.

The action of this antibiotic on Plasmodium
falciparum seems to occur by inhibition of the
synthesis of function of the parasite’s mitochon-
dria, as reported by GEARY et al?% 332 in “in
vitro” studies. Clindamycin is known to penetrate
bacteria and to act by interaction with the 50S
subunit of ribosome 708% 31 %2, DIVO et al.?® de-
monstrated that Plasmodium falciparum has a
single mitochondrion and exhibits a complex
growth, development and replication pattern
during erythrocyte schizogony, when evidence
of metabolic mitochondrial activity has been ob-
served. Since 708 ribosomes virtually identical
to those of the bacteria are present in the mito-
chondria of the plasmodium cells, the current
opinion is that clindamycin may act on the plas-
modium exactly at the mitochondrial level.

SEABERG et al.* conducted *in vitro” stu-
dies on the behavior or chloroquine-resistant
and sensitive Plasmodium falciparum strains in
the presence of different clindamycin concentra-
tions. The authors® concluded that the effect
of the antibiotic in eliminating assexual parasi-
temia does not depend on the dose used, but
rather on the time of plasmodmm exposure to
the drug, with growth inhibiton occuring after
24 hours of exposure and maximum inhibition
after 72 hours.

Since clindamycin does not act rapidly on
malarial parasites, prolonged treatment (at least
5 to 7 days) is needed! 17 42. 47 4. 53 BARRAVIE-
RA’s® concern was that the proposed use of clin-
damycin as an antimalarial drug might cause
the same side effects as observed with other anti-
malarial drugs. Thus, the author® studied the
effect of clindamycin on G6PD and glutathione
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reductase activity in normal red blood cells
using the drug concentration recommendes for
patient treatment, i. e. 20 mg/kg body weight/
day. Red blood cells were incubated with the
drug and G6PD and glutathione reductase acti-
vities were evaluated!®. No significant difference
was observed between groups, showing that the
antibiotic did not change NADPH generation
inred blood cells, leaving the normal functioning
of these enzymes unaffected.

BARRAVIERA et al.® also tested G6PD and
glutathione reductase activity in a G6PD-defi-
cient Black Amazonian patient with malaria
caused by Plasmodium falciparum. This patient
was treated with clindamycin according to the
schedule recommended by MEIRA et al.*? (7
days), wi.™ good therapeutic results. At the end
of treatment, the patient showed slight anemia
which was explained by the natural evolution
of the disease, with no hemolytic crises detected.
It should be pointed out that the bilirubin levels
ofthe patient were within normal limits through-
out the observation period. BARRAVIERA
et al.® tested 31 patients with malaria caused
by Plasmodium falciparum for glutathione re-
ductase activity. Eleven of these patients were
deficient and were treated with clindamycin as
recommended by MEIRA et al*?, with no hemo-
lytic crises occurring.

On the basis of these considerations, au-
thors® & has suggested that even though clinda-
mycin has a slow schizonticide effect, it can be
an alternative choice for the treatment of pa-
tients with malaria caused by Plasmodium falci-
parum and with genetic or acquired erythrocyte
alterations that render them vulnerable to he-
molysis due to oxidative stress. Thus, G6PD-,
glutathione reductase-, glutathione peroxidase-
and riboflavin-deficient patients will benefit
from this type of treatment, which would prevent
the hemolysis frequently occurring with the use
of other antimalarial drugs. Since clindamycin
is not an oxidant drug?, it does not induce pro-
duction of O, radicals and therefore does not
cause oxidative stress on red blood cells as a
conseaquence of drug-induced hemolysis. Becau-
se of the characteristics of this antibiotic, the
concomitant use of oxidant antimalarial drugs
such as quinine, as suggested by some investiga-
tors®: 4! is permitted without any damage to
red blood cells.
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