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Abstract
Like many tropical diseases, malaria poses great threat to mankind in the under developed and developing
countries. Control of malaria majorly depends on early diagnosis and thereafter effective treatment by antimalarials.
However, malaria treatment is severely hampered by evolution and spread of drug-resistant malaria parasites,
including the currently used drug artemisinin. Malaria control programs therefore need an antimalarial that can not
only promptly kill the parasites with minimal side effect to humans, but also is affordable by the community and the
chance of evolution of resistance is minimal. A wonder drug (named DDD107498) that can bear all the above
properties has recently been developed and about to enter human clinical trial. Among other properties, (i) Effect on
multiple species of malaria parasites at several life cycle stages (ii) Single dose effectiveness, (iii) Good
pharmacokinetic properties and (iv) Low risk of parasite transmission due to active gametocyte clearance make the
compound a perfect new-generation antimalarial.
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Description
Malaria is a primordial disease that has been affecting human race
since their origin. Albeit the parasite shows parallel divergence with
hominids [1], it has evolved so finely and shaped its genome to a great
extent to invade, dodge and damage hosts defence system. Small
generation time, pressure to survive and grow under adverse
environmental conditions inside host, ability to disguise and escape
host immune system; help the parasite to succeed the evolutionary
arms race [2]. Hence, malaria associated morbidity and mortality is a
major public health concern especially for underdeveloped and
developing countries of the globe. Though many malaria control and
eradication strategies have been followed since ages, but none of them
are successful in an overall control program. In the absence of a
competent vaccine for malaria prevention and at the same time
emerging resistance against currently available antimalarials, the
ongoing malaria control programs have been severely hampered.
Besides that, cross resistance among drugs due to their alike chemical
combination is also well evidenced [3]. As a result of which, the
current malaria control program has been adversely affected by the
development and spread of parasite resistant strains to the working
antimalarial, ACT (Artemisinin-based Combination Therapy) [4].
Therefore, the need of the hour is to develop a drug not only that has a
quick and deep action in the parasite, but also by delaying the
emergence of drug resistance. Bearing these facts in mind, Baragana
and co-workers5 have recently designed a multiple stage antimalarial
compound, which not only can treat malaria with single dose but also
help in chemo-protection and blockage of transmission with less
chance of development of resistance by the parasite.
To initiate the process of development of such a compound, the
scientific team [5] searched the chemical compound library at drug
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discovery unit (DDU) of University of Dundee that consists of around
4700 compounds and screened against blood stage asexual forms of the
deadliest malaria parasite Plasmodium falciparum 3D7 strain. The
screening process filtered out a compound class based on a 2,6disubstituted quinoline-4-carboxamide scaffold, which seems to have
activity against malaria parasite, although it shows poor physicochemical properties. The research team [5] further optimized the
compound to attain drug-like properties through cycles of design,
synthesis and testing. The significant optimization process included (i)
Replacement of Bromine with Florine to reduce molecular mass and
lipophilicity, (ii) Replacement of the 3-pyridyl substituent with an
ethyl-pyrrolidine group and (iii) Addition of a morpholine group via
methylene spacer. The final compound generated was named as
DDD107498, and was experimented both in-vitro, in-vivo and ex-vivo
methods using humanized mouse model and other model organisms
against P.falciparum, P. vivax and P. berghei to confirm its efficacy. The
compound was further evaluated for its drug-like properties, mode of
action and safety measures. A comparative study with presently
available drugs was also done to confirm its better efficacy, unique
mechanism of action and ability to act at multiple stages of the parasite
life cycle.
With a view to assess drug-like properties of DDD107498, several
experiments were conducted, which provided evidences the compound
had good metabolic stability, oral bioavailability, solubility, long plasma
half-life, low protein binding and no or very less toxicity to the host
system. The compound was further compared with presently available
drugs (chloroquine, pyrimethamine, atovaquone and artemisinin) in
terms of efficacy, dose concentration, and ability to reduce
parasitaemia, and was found to be superior in each aspect from others.
The minimum parasiticidal concentration of the compound was found
to be 10-13 ng/ml. for asexual erythrocytic stage of infection using the
blood of P. falciparum 3D7 infected NOD-scid IL-2R_null mice
engrafted with human erythrocytes (Figure 1).
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Figure 1: Schematic representation of (A) different processes involving development and (B) mechanism of action and properties of the new
antimalarial compound DDD107498.
Further, stage-specificity study of P. falciparum using synchronized
cultured in SCID mouse model revealed the fatal activity of the
compound in each stage of the malaria parasite. At the concentration
of 4 nM for 24 hours, the compound ceased production of normal
trophozoite from ring stage, prevented schizont formation from
trophozoites, and ring formation from schizont with reduction of
parasite, providing evidence of its efficacy to hinder growth and
development of all asexual blood stages of the parasite. Furthermore,
the compound interrupted the life cycle of parasite at multiple stages
(pre-erythrocytic, erythrocytic and post erythrocytic), meaning greater
chemo-protection and transmission blockage characteristics.
Specifically, it was found that the molecule can act on the intrahepatocyte parasites, thereby could be considered as a chemoprotective agent as well as gametocytes-disrupting, blocking malaria
transmission process. To this respect, the compound was found to be
more efficient than currently used atovaquone along with proguanil as
a chemo-protective agent and also provides protection during
intermittent infection. The chemo-protective potential of the
compound was assessed in vivo by treating the mouse with
DDD107498 at 3 mg/kg. Two hour later, the mouse was infected with
P. berghei and there was no sight of parasitemia after 30 days. This
demonstrates that the compound is a potent chemo-protective agent.
In addition, the team performed standard membrane feeding assay and
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used P. berghei infected mouse model to unravel its role and strong
potential to block transmission.
Since the important aspect of drug development lies in the
evaluation of toxicity of the drug to humans, various experiments were
performed to evaluate toxicity of the newly developed compound
DDD107498. The concentration at which the compound reduces
maximum parasitemia was exposed to human cell lines (hepatocytes
and MRC5) and it was found that the compound was non-toxic to
human cell even at higher concentration. Also, it neither caused excess
inhibition nor induction to the activity of Cytochrome P450 isoforms,
therefore, probability of drug-drug interaction was fairly negligible.
This is because, Cytochrome P450 and its isoforms serve important
role in drug metabolism process and its excess inhibition or induction
hampers the drug efficacy. In addition, very low inhibitory response to
other ion channels, non-mutagenic characters and long half-life of
DDD107498 have made it fairly promising single-dose cure that can
provide once-in-a-week chemo-protection against malaria parasite
infection.
With the knowledge on the strong potentiality of the DDD107498
compound that can be an effective antimalarial, the research team5
further searched for the target of action of this compound in the
malaria parasite P. falciparum. This is important, as the efficacy of the
compound at each stage of parasite development could be fully
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acknowledged once the actual target site in the parasite is known. For
this, the team5 first developed P. falciparum resistant strains by
continuously exposing DDD107498 to the drug sensitive (3D7) and
multi drug resistant (7G8 and Dd2) P. falciparum strains. Thereafter,
whole genome sequencing of both the sensitive and resistant strains
followed by comparative genomic analyses pointed towards a gene
named PfeEF2 (Plasmodium falciparum translation elongation factor
2) which had mutations in all parasite strains resistant to DDD107498

but not in the susceptible ones. The function of the protein expressed
by the gene PfeEF2 was identified to play a major role in the protein
synthesis process by translocating the ribosome along the mRNA in P.
falciparum. As a further confirmation measure, a metabolic labelling
assay was performed which revealed that the strains which developed
resistance to DDD107498 showed quite normal protein synthesis while
in wild types protein synthesis was greatly reduced (Figure 2).

Figure 2: Global portfolio of antimalarial medicines released by MMV, 3rd Quarter 2015. To be noted, the name of the compound DDD107498
has been changed to DDD498 (source MMV).
In addition, fluorescent microscopy assay of transgenic parasites
expressing wild type and mutant PfeEF2 revealed endogenous
expression of PfeEF2, which further confirmed the gene PfeEF2 as the
primary molecular target of DDD107498. These chains of experiments
therefore provided evidence that the DDD107498 compound inhibits
protein synthesis in cytoplasm which is contrary to drugs like
tetracycline and azithromycin whose site of action is the apicoplast of
the parasite.
How important is the discovery of such a new-generation
antimalarial compound to the control program? Worldwide malaria
control measures principally rely on prompt effective treatment, as this
not only reduces morbidity due to malaria, but the available parasites
in the population for transmission is also minimized [6]. However,
malaria treatment is majorly hampered by non-availability of a suitable
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antimalarial that can stay in the control program for long [7] due to
quick evolution and spread of resistant forms of the malaria parasites
[8]. Although several antimalarials have been used at different time
points which had proved highly efficient in reducing malaria mortality
and morbidity to a great extent, evolution and spread of parasites
resistant to almost all the antimalarials had grossly hampered malaria
control programs of the endemic countries of the globe [9]. In this
concern, the antimalarial compound DDD107498 appears to be
promising with its ability to work (i) On different genus of
plasmodium (P. falciparum, P. vivax, P. berghei and P. yoelli), (ii) On
different stages of parasite life cycle, (iii) At very minimum
concentration (iv) With very less or no toxicity in human and (v)
Having different mode of action than the presently used antimalarials
make it a promising antimalarial of the future. Furthermore, (vi)
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Possession of good pharmacokinetics property and (vii) Global
monomorphic nature of the target gene PfeEf2 make this antimalarial
not only with no/minimal side effect to human, but also with less

chance of immediate evolution of resistance by the malaria parasites
(Figure 3).

Figure 3: Detail information of the compound DDD107498 (DDD498); source MMV (URL).
The principal property of the DDD107498, which is now
undergoing safety testing through medicines for malaria venture
(MMV) with a view to entering human clinical trials within the next
year, lies in its potential to treat malaria with a single dose and very
cost effective (~1 USD for a dose), preventing malaria transmission to
a significant extent in populations. As with every other newly
developed antimalarial compound, it remains to be seen that how
DDD107498 behaves in the field once it enters into human clinical
trials. Also, like other antimalarials, this molecule must follow
combination therapy with a fast acting compound to control initial
infection [10]. Therefore, immense care should be taken while
choosing the second compound, as efficacy of the DDD107498 might
also be greatly influenced by the partner drug. Whatever the case may
be, on the basis of promises so far DDD107498 has shown [5], once
cleared by all ethical guidelines; it is expected to prove to be a boon for
malaria treatment and control in future.
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