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Introduction
The research area Parasite Chemotherapy comprises  
activities in drug discovery and development against  
protozoan parasites, mainly malaria and human African 
trypanosomiasis (HAT), and for helminths. Besides work-
ing on new drugs, the group also collaborates with Afri-
can partner institutes in the Eastern Africa Network for 
Trypanosomiasis (EANETT), focusing on sleeping sick-
ness research and control. A third area of study is trypano-
some transmission through the tsetse fly vector, to gain 
more knowledge about parasite-vector interactions and 
the function of certain surface proteins.

Drug-screening activities increased during the last 2 
years. Our group is a main screening centre for the WHO 
Special Programme for Research and Training in Tropical 
Diseases (TDR) and the Drugs for Neglected Diseases 
initiative (DNDi ) for in vitro screening against protozoan 
parasites. The project “Oral diamidines for sleeping sick-
ness” led by the University of North Carolina has changed 
its name to “Consortium for Parasitic Drug Develop-
ment” (CPDD) and is inviting projects on chemical class-
es other than dicationic molecules. A setback in this con-
sortium was the termination of DB289 in phase III clinical 
trials for first-stage gambiense sleeping sickness based 
on so far unobserved nephrotoxicity. Drug discovery 
work is now focusing on second-stage sleeping sick-
ness, searching for compounds which have the capacity 
to enter the brain. We are also collaborating with part-
ners in the EU project “dUTPase as a drug target for ma-
laria”, which aims to inhibit the enzyme deoxyuridine 
triphosphate nucleotidohydrolase in Plasmodium falci-
parum and thus kill the parasite.

The Parasite Chemotherapy group has an additional 
screening mandate with the Medicines for Malaria Ven-
ture (MMV) mainly as collaborators in the project “Next-
generation synthetic peroxides” and for exploratory ex-
periments. Further development of the molecule OZ277 
was discontinued at the end of December 2006 due to 
differences in plasma levels between volunteers and pa-
tients. The backup programme had already identified 
other peroxides superior to OZ277 from which a new 

clinical candidate was selected in early 2008. In the field 
of malaria drug discovery and development, we are also 
engaged in a major collaboration with the NGBS (see be-
low) consortium under the leadership of the Novartis In-
stitute for Tropical Diseases in Singapore. This consorti-
um has its own R&D portfolio and has close links to 
MMV with funding from the Wellcome Trust. Besides 
being involved in R&D activities for protozoan parasites, 
we are carrying out similar drug screening against 
helminths, mainly schistosomes and food-borne trema-
todes. The helminth work is under the leadership of  
J. Keiser, who received an assistant professorship grant 
from the Swiss National Science Foundation (SNSF). She 
is mainly testing artemisinins and synthetic peroxides 
but also compounds which have demonstrated activity 
against protozoan parasites (see section 6).

EANETT is well established and has incorporated Malawi 
and Zambia as new member countries. The network 
supports research collaboration, an annual conference, 
training workshops and MSc and PhD projects. The net-
work also acts as a platform for clinical trials for new 
medicines and for new diagnostics. 

Fundamental research on trypanosome transmission by 
tsetse flies has continued. In collaboration with the Uni-
versity of Bern, genetically modified trypanosomes have 
been used to elucidate the biological role of different sur-
face proteins during development in the vector. The PhD 
project “Cross-talk between T. brucei and the tsetse fly” 
is a collaboration between the STI, the University of Bern 
and Yale University in the United States.

4.1 �Drug discovery of new antiprotozoal  
compounds

Drug screening for TDR/WHO

The STI has been a partner of TDR’s compound screen-
ing and evaluation network for many years. The network 
allows scientists from academia and industry to submit 
compounds to be screened against protozoan parasites 
free of charge. Our mandate is in vitro screening of com-
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pounds supplied by WHO/TDR or through our own col-
laborations and follow-up of active compounds in mouse 
models of infection. Antiparasitic activity against several 
protozoan parasites and a mammalian cell line can be 
determined using less than 1 mg of a compound. Two 
types of in vitro assays are used, both in 96-well-plate 
format: a medium-throughput screen (MTS) and a serial 
drug dilution assay that determines 50% inhibitory con-
centration (IC50). The MTS uses only one or two com-
pound concentrations to identify active molecules. These 
are then screened in the serial drug dilution assay to ob-
tain an IC50 value. Determining cytotoxicity adds informa-
tion regarding selectivity for the protozoan parasites. We 
are currently screening about 10,000 compounds annu-
ally in the MTS and over 1,500 in the serial drug dilution 
assays against three to four parasites. Seventy percent 
of the tested compounds are supplied by WHO/TDR, 
and 30% are obtained through our own collaborations.  
We have received compounds from over 20 suppliers, 
including groups from university institutes and small 
companies. 

Drugs for Neglected Diseases initiative

DNDi was founded in 2003 to promote R&D for drugs for 
neglected diseases, focusing on the trypanosomiases 
and leishmaniases. In 2005 the STI became a partner, 
with a screening mandate and a project-independent 
contract. Our group collaborates in several DNDi projects 
that screen compounds for antiprotozoal activity in vitro 
and in rodent models for sleeping sickness. In the project 
on nitroimidazoles for sleeping sickness and Chagas dis-
ease we screened about 600 compounds in vitro and 
over 50 in our acute Trypanosoma brucei rhodesiense 
mouse model. Twelve compounds cured at least three of 
four mice at 4×50 mg/kg applied intraperitoneally, and an 
additional 5 compounds at 4×100 mg/kg given orally.  
Two nitroimidazoles cured the chronic mouse model with 
central nervous system (CNS) infection. The most prom-
ising compound is fexinidazole, which is orally bioavail-
able and cures the CNS mouse model. Fexinidazole  
was selected by DNDi as a clinical candidate. A phase I 
clinical trial is planned for early 2009. We also provide 
training and technology transfer to the members of the 

Pan-Asian Network for Neglected Diseases, which is  
coordinated by DNDi. 

Orally available diamidines

The international CPDD is funded by the Bill & Melinda 
Gates Foundation (BMGF) and was formed in 2000 to 
conduct research on dicationic molecules active against 
trypanosomes and leishmanias. The aromatic diamidine 
pentamidine, a former-generation sleeping sickness drug, 
is still used clinically, but has the major drawbacks that it 
is not orally available, is only active in first stage disease, 
is expensive and has adverse effects. Novel diamidines 
are being synthesised at the University of Georgia and 
the University of North Carolina, which also undertakes 
pharmacokinetic and metabolic studies. Clinical studies 
are carried out by the Pharmaceutical Medicine unit of 
the STI. To improve the oral bioavailability of the dicati-
onic diamidines, the chemists have introduced a prodrug 
approach. This strategy has so far been very successful, 
leading to the first oral drug (DB289) for first stage sleep-Tanja Wenzler reading an in vitro drug assay for African trypanosomes 

in a fluorescence scanner. (Photo M. Cal)
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T. b. gambiense (STIB930) in immunosuppressed mice

T. evansi, T. congolense, T. vivax (animal pathogens) in
mice

Babesia spp. in mice

Schistosoma mansoni in mice or hamster

Parasites and the corresponding hosts used for in vivo drug screening 
at the STI.

DB 829

DB 868

DB 289

Identity

>180

>132

4/4

1/4

10x 20 ip

5x 20 ip

>180

>170
>96

5/5

4/5
0/4

10x 100 po

5x 100 po
5x 25 po

>168

>172

75

3/5

1/5

0/5

5x 100 po

10x 50 po

5x 25 po

Mean

Survival

(days)

Cured/

Tested

Dose

 (No. doses
x mg/kg)

Structure

Efficacy of diphenylfuran diamidines in the mouse model with brain 
infection.

 

ON N

NH2NH2

OO CH3CH3

O NN

N

NH2

N

NH2

OOCH3 CH3

N N
O

NH

NH2

NH

NH2

025-031_Sektion_04.indd   26 13.11.2008   8:01:39



	 27

ing sickness to enter clinical trials. The prodrug showed 
good efficacy in patients with first stage T. b. gambiense 
infection and progressed to phase III trials. Unfortunate-
ly, at that point development was discontinued in Febru-
ary 2008 owing to renal toxicity.

So far, we have screened about 1,850 diamidines in vitro 
and over 1,140 in the acute T. b. rhodesiense mouse 
model. Seventy-two compounds cured at least three of 
four mice at 4×5 mg/kg applied intraperitoneally, and an 
additional 25 prodrugs cured at 4×25 mg/kg given orally. 
These compounds all show superior activity in vivo over 
the parent compound DB75 (furamidine) and its prodrug 
DB289 (pafuramidine), respectively, for first stage sleep-
ing sickness. However, the main challenge is to develop 
a new drug for second stage disease. So far only 5 pro-
drugs have shown a cure in the CNS mouse model  
(≥3/5 mice), simulating second stage sleeping sickness 
in humans: all are derivatives of the lead compound 
DB289. Interestingly, one dicationic parent drug (DB829) 
has shown unexpectedly high potency in the CNS mouse 
model when given intraperitoneally. The parenteral ad-
ministration is fully acceptable for the severe second 
stage of sleeping sickness. Further preclinical studies for 
sleeping sickness are ongoing in an African green mon-
key model (pharmacokinetics and efficacy) in collabora-
tion with the TRC, Nairobi, Kenya.

Interesting in vitro activity was also found for Trypano-
soma cruzi and Leishmania donovani, but the efficacy in 
the corresponding rodent model was not that promising. 
Novel diamidines did show high activity against Plasmo-
dium falciparum and several protozoans pathogenic to 
animals, such as Babesia divergens and Trypanosoma 
evansi, in the corresponding mouse model. In a proof-of-
concept experiment, goats infected with T. evansi were 
treated with DB75 and DB867 at 1.25 mg/kg on days 32, 
34, 36 and 38 post-infection. In all goats parasitaemia 
disappeared and the animals were cured, whereas the 
untreated control animals were not able to overcome the 
infection.

Scientists:	 R. Brun, M. Kaiser, T. Wenzler
Technicians:	 C. Braghiroli, M. Cal, G. Riccio, S. Schneeberger
Students:	 K. Gillingwater, E. Nally, R. Wüest
Collaboration:	 DNDi, Geneva; Georgia State University, Atlanta  

(D. Boykin); INBio, Santo Domingo, Heredia, Costa 
Rica; Institute of Organic Chemistry, Würzburg, 
Germany (G. Bringmann); Instituto de Química

	 Médica, CSIC, Madrid, Spain (C. Dardonville); Medi-
vir, Stockholm; Merck-Serono, Geneva; Penta-
pharm, Basel; Pfizer Inc., Sandwich, UK; Tohoku 
University, Senday, Japan (M. Ihara); University of 
Basel (M. Hamburger, U. Séquin); University of 
Dublin, Ireland (I. Rozas); University of Dundee, UK 
(I. Gilbert); University of Geneva (R. Perozzo); Uni-
versity of Graz, Austria (W. Seebacher); University 
of London (D. Tasdemir); University of North Caro-
lina, Chapel Hill (J.E. Hall, R. Tidwell); WHO/TDR 
and various academic groups worldwide

Funding:	 BMGF; DNDi; TDR Genomics and Discovery Re-
search; EU

4.2 Malaria drug discovery

MMV

The STI collaborates with MMV and contributes in vitro 
screening of compounds for antimalarial activity and in 
vivo efficacy in rodent models. Collaboration with MMV 
started in the year 2000 in the framework of the “Syn-
thetic peroxide” project dealing with water-soluble triox-
olane compounds of the ozonide (OZ) series, which in-
cluded partners from the University of Nebraska, Omaha 
(USA), Monash University, Victoria (Australia) and F. Hoff-
mann-La Roche in Basel. Peroxide #277 (OZ277) was 
tested in phase II dose-ranging clinical trials at various 
sites against uncomplicated Plasmodium falciparum  
malaria. In December 2006 MMV decided to discontinue 
funding of this molecule due to differences in plasma 
levels between volunteers and patients. The mechanism 
behind this behaviour seems to be related to the stability 
of the compound in blood (uninfected and infected). 
Meanwhile the “Next-generation OZ” project was initi-
ated, which addresses the weakness of OZ277. New 
lead OZs were indeed identified that showed much  
better in vitro blood stability. These molecules show a 
dramatic increase in potency: a single oral dose is cura-
tive for Plasmodium berghei-infected mice. In 2007 this 
programme was selected MMV Project of the Year. A 
highlight of the “Next-generation OZ” project was the 
selection of OZ439 as a preclinical candidate in spring 
2008. 

Our MMV mandate also includes exploratory work on 
novel compounds submitted from various sources, al-
ways with the goal of identifying novel chemical entities 
that could be added to the MMV portfolio.

Sergio Wittlin and Jacques Chollet 
receive the Award “MMV Project of 
the Year 2006” from His Excellency 
Mr Yoweri Museveni, the President 
of Uganda, at the Stakeholder 
Meeting in Kampala 2007.  
(Photo MMV)
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NGBS malaria programme

In June 2006 the new NGBS programme in malaria drug 
discovery was initiated as a collaboration between the 
Novartis Institute for Tropical Diseases (NITD), the Ge-
nomics Institute of the Novartis Research Foundation 
(GNF), the Biomedical Primate Research Centre (BPRC) 
and the Swiss Tropical Institute (STI). This programme 
aims at solving two fundamental medical needs. The first 
is a one-dose cure for P. falciparum malaria, which would 
represent a breakthrough in solving compliance prob-
lems, and logistical and cost issues. The second basic 
medical need is to identify targets that enable effective 
cures for P. vivax infections.

The programme has its own pipeline with projects rang-
ing from target identification based on the sequenced 
genome of P. falciparum through lead optimisation to 
preclinical studies. Our responsibility consists of in vitro 
screening and in vivo evaluation of the compounds 
emerging from the different projects. A promising exam-
ple is the “Natural products” project. Natural product-
derived molecules have historically been very successful 
for developing new anti-infective therapies. This is espe-
cially true for antimalarial drugs, for which the most suc-
cessful compound class, the quinolines and the artemi-
sinins, were developed following identification of the 
active pharmacophore in plants. The Novartis Natural 
Products Unit (NPU) in Basel has built a library of over 
10,000 compounds extracted from a wide range of natu-
ral sources. To identify new antimalarial drugs, this library 
was screened with a high-throughput cellular prolifera-
tion assay at GNF. The hits from that screen were ana-
lysed at the STI, and approximately 20 new compounds 
showed antiplasmodial activity. Already one new com-
pound class that displayed good oral in vivo efficacy in 
the mouse model, with a favourable pharmacological 
profile, was translated into a successful medicinal chem-
istry programme to further improve efficacy. 

Collaboration with Actelion Pharmaceuticals

A formal collaboration between Actelion and our group 
began in January 2007. The goal here is to discover a 
clinical candidate for a new antimalarial drug. The original 
focus was on plasmepsin inhibitors of the Actelion chem-
ical library. The poor correlation between enzyme assay 
and whole-cell parasite assay resulted in the discovery of 
new antimalarial molecules with unknown mechanisms 
of action. The elucidation of the mode of action of ACT 
173890 is now the goal of the PhD thesis of R. Brunner.

Scientists:	 R. Brun, J. Chollet, M. Rottmann, S. Wittlin
Technicians:	 C. Fischli, S. Keller-Märki, M. Maurer, P. Papasto-

giannidis J. Santo Tomas, C. Scheurer, C. Snyder
Students:	 O. Abiodun, R. Brunner, S. Stupan, C. Thouvay,  

L. Tritten
Collaboration:	 Actelion Pharmaceuticals (C. Binkert, W. Fischli,  

S. Meyer); BPRC, Risjswijk, Netherlands; GNF, San 
Diego, CA; F. Hoffmann-La Roche, Basel (H. Mat-
ile); MMV Headquarters, Geneva (I. Bathurst); 
Monash University, Victoria (S. and W. Charman); 
NITD, Singapore; Novartis Pharma, Basel; Universi-
ty of Nebraska Medical Center (J. Vennerstrom)

Funding:	 Actelion Pharmaceuticals; MMV; Wellcome Trust

4.3 EANETT

In the year 2000, institutions in four East African coun-
tries together with the STI established EANETT, building 
on the long-standing relationship our group had already 
had with the Trypanosomiasis Research Centre (TRC) of 
KARI, Kikuyu, Kenya (formerly Kenya Trypanosomiasis 
Research Institute) and the Livestock Health Research 
Institute (LIRI) in Tororo, Uganda. The founding countries 
of the African network are Kenya, Sudan, Tanzania and 
Uganda. In 2005 EANETT expanded to Malawi and in 
2008 to Zambia.

EANETT was awarded core funding from the SDC for  
a total of 6 years (2001–2006). In 2007 the network  
received bridge funding from the SDC to enable the  
network to find new core support. Each year an annual 
conference is held for auto-evaluation, planning and as a 
platform for young scientists to present their research 
results. EANETT is a functional regional network that has 
an excellent reputation in Africa and beyond. Links and 
collaborations have been established with major interna-
tional organisations as well as with research groups in 
Europe, Japan and the United States. Co-opted mem-
bers were incorporated to complement the available ex-
pertise in the network. Today EANETT is an ideal plat-
form for clinical and diagnostic trials and for field 
research. 

Over the last 2 years EANETT research activities have 
focused on surveillance of patients, tsetse fly distribu-
tion and transmission potential, isolation of T. b. gambi-
ense to determine drug resistance and public health  
issues. For disease surveillance, thousands of people  
in old and new sleeping sickness foci were screened, 
infected people were treated, and villages and health  

Pipeline of natural product screen in the NGBS Consortium. Starting 
with 12,000 compounds only 3 orally bioavailable molecules remain 
after stringent screening for antimalarial activity and pharmacokinetics.
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Public Health. The objectives of these collaborations are 
(i) to acquire a deeper understanding of the life cycle of 
trypanosomes in the tsetse fly, (ii) to study the host-para-
site interaction in the vector and (iii) to transmit trypano-
somes cyclically through the tsetse vector because this 
part of the life cycle cannot be imitated in culture.

The procyclins, consisting of EP and GPEET (amino acid 
repeats), are the major surface glycoproteins expressed 
by T. brucei in the mid-gut of the tsetse fly. While GPEET 
disappears after 7–9 days, EP remains on the surface. 
When trypanosomes migrate to the salivary glands, they 
differentiate into epimastigote forms and express stage-
specific brucei alanine-rich proteins. The specific roles of 
EP and GPEET are still under investigation. Surprisingly, 
even procyclin knockout trypanosomes were able to in-
fect fly salivary glands, but at a lower rate compared with 
wild-type trypanosomes. Tsetse fly experiments showed 
that the procyclic stage surface antigen (PSSA2) is not 
only expressed in procyclic but also in epimastigote 
trypanosomes and that it is important for an effective 
salivary gland infection. The procyclins of T. congolense 
are closely related to T. brucei procyclins. Besides the 
two protease-resistant surface molecules and glu-ala-
rich proteins already described, a third protein was dis-
covered. This protein consists of 13 heptapeptide re-
peats and is expressed continuously during mid-gut 
infection.

facilities were georeferenced. In addition to humans,  
domestic animals were screened in Uganda, Kenya,  
Sudan and Tanzania. The distribution of tsetse flies was 
monitored in selected areas of the network by determin-
ing tsetse species and density. At TRC, scientists are still 
working on establishing a T. b. gambiense monkey mod-
el. This turned out to be difficult because it took a long 
time until the animals developed parasitaemia, and para-
site loads were very low.

In Uganda, scientists were involved in evaluating a new 
molecular diagnostic tool for HAT. Loop-mediated iso-
thermal amplification (LAMP) of DNA is a promising new 
molecular technique that shows high sensitivity and spe-
cificity. The test can be carried out with a minimum of 
equipment.

Malawi health workers in trypanosomiasis case manage-
ment and laboratory diagnosis received refresher train-
ing provided by collaborators of LIRI, Uganda and WHO-
Afro Harare. The target group for the training included 
medical officers, clinical officers, nurses, laboratory tech-
nicians and health officers from three endemic foci of 
Rumphi, Nkotakota and Kasungu. All these foci border a 
game park, and each has a district hospital in its locality 
where the HAT cases are diagnosed and managed. 

Scientists:	 R. Brun, M. Kaiser
Students:	 N. Adelbert, O. Balmer, N. Maina
Collaboration:	 LIRI, Tororo, Uganda; Médecins sans Frontières, 

France and Switzerland; Ministry of Health, Lilongwe, 
Malawi; National Institute of Medical Research, 
Tabora Station, Tanzania; Trypanosomiasis Research 
Centre of KARI, Kikuyu, Kenya; Tropical Medicine 
Research Institute, Khartoum, Sudan; Tsetse and 
Trypanosomiasis Research Institute, Tanga, Tanzania.

Funding:	 SDC; WHO

4.4 Tsetse fly transmission studies

Primary collaborations are maintained with the group of 
I. Roditi at the University of Bern, Institute for Cell Bio-
logy, and with the group of S. Aksoy at the Yale School of 

Board meeting of EANETT in Nairobi May 2008 with the represen-
tatives of the six African countries and of the STI (Marcel Kaiser). 
(Photo EANETT)

Infected tsetse salivary gland with red fluorescent trypanosomes. 
(Photo C. Kunz)
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We hypothesised that the tsetse innate immune re-
sponse activates antimicrobial peptides (AMPs) when 
trypanosomes enter and adapt to the mid-gut. Analyses 
of the messenger RNA of infected tsetse flies suggests 
that the two AMPs attacin and defensin are not specif-
ically up-regulated. Nevertheless, barriers severely re-
duce trypanosome population size during migration to 
the salivary glands. Investigations into whether these re-
ductions could influence diversity revealed that in fact 
diversity was not lost in the salivary glands. This finding 
shows the ability of trypanosomes to acquire and main-
tain traits such as resistance to human serum or drugs. 
The STI is the only place in Switzerland that enables  
extensive research on tsetse flies. For this reason, it  
constitutes a unique and valuable national resource. 

Scientist:	 R. Brun
Technician:	 C. Kunz Renggli 
Student:	 M. Oberle
Collaboration:	 Institute for Cell Biology, University of Bern (I. Roditi);  

Yale School of Public Health, New Haven, CT  
(S. Aksoy)

Funding:	 Novartis Foundation; Roche Research Foundation; 
SNSF and Howard Hughes Foundation (both to  
I. Roditi)
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