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Goal 
To develop affordable and accessible medi-

cines for malaria 

Background
Falciparum malaria is a disease which in its dan-

gerous form mainly affects preschool children, 

pregnant women and tourists.

Our work focuses on redox milieu-targeting drug 

combinations against pediatric malaria.

The biochemical networks that maintain the cyto-

solic redox potential at values below –250 mV are 

based in many organisms on a dual system, the 

glutathione system and the thioredoxin system 

(Buchholz et al 2010). We study these systems 

primarily in the protozoal parasite Plasmodium fal-

ciparum, its insect vector Anopheles gambiae and 

the human host. Differences in the proteins of the 

redox networks are exploited for the development 

of species-specific and stage-specific therapeutic 

agents. We focus as targets on the disulfide re-

ductases glutathione reductase and thioredoxin 

reductase, as well as dihydrolipoamide dehydro-

genase. The phenothiazine methylene blue (MB), 

a subversive substrate and inhibitor of disulfide 

reductases, is currently tested as a partner in an-

timalarial drug combinations (Bountogo et al 2010, 

Müller et al 2009, Schirmer et al 2008).

Research Highlights
When reducing MB, the disulfide reductases 

utilize the flavin cofactor and not the active site 

cysteine pair (Fig.1) for electron transfer (Buch-

holz et al 2008).

Pyocyanin, a social signal and respiratory pig-

ment from Pseudomonas aeruginosa is a natu-

ral counterpart of the synthetic drug methylene 

blue (see legends of Figs 1 and 2; Schirmer et 

al 2008). 

Antimalarial MB-combination therapies like MB-

artemisinine and MB-amodiaquine are currently 

studied by Olaf Müller, Peter Meissner and Bou-

bacar Coulibaly in clinical trials at the Centre de 

Recherche en Santé de Nouna (CRSN) in Burki-

na Faso. Coulibaly did his thesis work at the BZH 

and, in 2004, was the first Burkinabé to obtain a 

PhD in biochemistry. MB is not only active against 

Plasmodium schizonts but also against Plasmo-

dium gametocytes (Coulibaly et al 2009) which 

means that MB can block transmission of the 

disease from patient to patient via the mosquito. 

Thus MB-containing antimalarial drug combina-

tions may become important for malaria elimina-

tion programs. 

Up to June 2010, the combination of MB and 

amodiaquine was considered an ethical drug; this 

drug combination is effective, safe, affordable, ac-
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cessible and available in sufficient dosages. The 

rumours, however, that cationic MB might inter-

fere with the growth of phospho-tau filaments and 

thus delay the onset of Alzheimer disease have 

recently contributed to a shortage of and a price 

explosion for MB as a cGMP-grade raw material 

from less than € 150 to € 30000 (http://www.alzfo-

rum.org/new/Schirmer.asp). If this situation does 

not change MB has no future as a drug for malaria 

as a disease of the poor. As a consequence, we 

study the cell biochemistry of azure B, the major 

metabolite of MB in man. Azure B (see legends 

of Figs. 1 and 2) may indeed be the active form 

of MB in a number of therapeutic indications, with 

MB serving as a pro-drug of azure B. 
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Fig. 1: Cytosolic hu-
man glutathione re-
ductase homodimer 
with bound pyocya-
nin (PYO). Pyocyanin 
(blue) and FAD (yel-
low) are represented 
as ball and stick 
models. Additionally, 
the surfaces of the 
catalytic cysteines 
Cys58/Cys63 and 
Cys58’/Cys63’ (green) 
and of PYO (blue) 
are shown. Azure B 
(monodemethyl MB), 
the major metabolite of 
MB, binds to the same 
site as pyocyanin. The 
MB structure itself is 
too large to be accom-
modated here (Karin 
Fritz-Wolf, personal 
communication).

Fig. 2 Methylene blue as an H2O2-producing subversi-
ve redox-cycler. The enzyme glutathione reductase and 
other disulfi de reductases of the malaria parasite catalyze 
the reduction of methylene blue to leucomethylene blue. 
Leucomethylene blue auto-oxidizes instantaneously regen-
erating MB and producing parasitocidal H2O2. Pyocyanin and 
azure B can undergo the same redox-cycling as MB. 
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