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Multitarget drug discovery may represent a promising therapeutic approach to treat
Alzheimer’s and neglected tropical diseases.
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In the past decade, scientific advances in netvpdrkrmacology have laid the foundations fc*
a polypharmacological approach to discovering newgd for complex diseases. There is now
a comprehensive understanding that many incuraisieades are multifactorial in nature and
consequently, conventional drugs directed to a lsingolecular target are inadequate. Te
achieve a desired clinical outcome, a polypharmagichl approach seeks to intervene in the
diseased network using either combinations of mldtidrugs or single small molecules
modulating multiple targets. Both these approaches equally feasible from a clinical

standpoint. However, for various reasons which v discussed in this review, the latter
approach may be favoured for Alzheimer’s diseas®)(/and neglected tropical diseases
(NTD). With each passing year, an increasing nuntfanultitarget drugs and drug candidates
are being identified, and several proof-of-concefis treating these two diseases have
emerged. Herein, with an awareness of the obstaléschallenges faced, we explore smal!
molecules that seek to modulate multiple targetth whe ultimate goal of harnessing network
pharmacology for therapeutic applications in AD aeD.

Introduction perturbations, with modulation of individual comons
through single-targeted drugs having only a litilmctional
consequenc¥. It thus follows that, to impact disease

The multitarget approach is fast becoming one déyts most athogenesis, interventions need to be multimadiagit highly

fruitful drug discovery areas, particularly in déM®ENg gelective too. In other words, the modulation ofesel drug

medicines against major complex disedsEsr more than two targets through a well-concerted polypharmacoldgiparoach
decades, an ever-increasing number of papers aokshd g necessary to achieve the desired therapeugctéff

have appeared in the literature, with multitargetgs (MTDS) After an initial predictable resistance, the phazenaical

and drug candidates entering the ffaJhis growth can be community has moved from a Mendelian perspectiveeofain

traced to an increased understanding of the bicdbgigiseases to steadily embracing a polypharmacolog;
complexity of major incurable diseasesn the 1990s, the viewpoint!® 14 The one-drug-one-target-one disease paradigm
advent of systems biology illuminated drug disc@veryas dominant in the post-genomic era, but has pravebe

revealing that pathologies such as neurologicabrders, jnadequate to address complex diseases. It has dmeaised
cancer, diabetes and infectious disease are uylitelarise ;5 g major cause of the current clinical failuresl dow

from a single gene/protein deféct! Systems biology is @ productivity of the pharmaceutical indusify.

branch of biology whose holistic approach not anigps all the The ever-increasing acceptance of polypharmacaibgic
components (genes, proteins) in a biological systemt also concepts can be seen in analysis recently perforoyetu et
reveals the functions of the components, such &sr thy 16 They retrospectively and prospectively assesseaianie-
interrelationships. Indeed, proteins rarely funatio isolation; pased relationships between drugs approved by 8# Eood
rather, they operate as part of highly interconegotellular ang prug Administration from January 2000 to Decen2009
networks known ainteractome networks.” Building on systems ang their targets. They found that the averagestargmber for
biology, network pharmacologyhas shown how complex gach drug is 2.5. This is higher than the 1.8 repbrby
diseases arise from alterations in multiple pathevay the vi|dirim @ et al. in a similar study in 2006. Indeed, drugtna

interactome networks, which have evolved to be very robusg, single targets appear to be the exception noyséaa
and redundan Hence, they are relatively insensitive to
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1 Multitarget ligands — smart medicines for rich
and poor

We have fostered the development of MTDs as theogpjate
option for two diseases that conventional singtgét drugs
cannot cure: neurodegenerative diseases and negjleopical
diseases (NTDs). At first glance, drug discovergrapches for
Alzheimer’s disease (AD) and NTDs may appear agtiical.
However, both AD and NTDs are major health problend
leading causes of death worldwide, with no drugilakée that
can change the prognosis of these diseases otdeadramatic
recovery. In this light, links in methodology andeaming
become apparent.

As of 2013, there were an estimated 44.4 millioogbe with
dementia worldwide (46% in more developed regionsih a
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palliative effects during the initial stages ofetise. They were
joined in 2003 by the NMDA receptor antagonist matiree,
whose neuroprotective activity is still questiorféd.

NTDs are also a difficult area for drug discovelty.the new
millennium, NTDs pose an even greater global pnobiean at
the beginning of the last century. It is estimatiedt over one
billion people are affected worldwide, primarilyoge living in
the poorest and most remote areas of the pfangtey
challenges include many years of scarce resourak$uading,
as well as limitations peculiar to developing coig#, such as
stringent cost-of-good constraints, the lack of usib
infrastructure to effectively deliver and administelrug
therapy, and socioeconomic considerations in endemag?
Of the NTDs, sleeping sickness, Chagas diseaseyiandral
leishmaniasis are those with the highest rateeaftd® For all

societal cost of US$604 billion annually (77% in mmo three, vaccine research has long been a globalritgrio
developed regionsf:*° This will increase to an estimated 75.6{owever, it has been impeded by some key techhisailes?®

million in 2030, and 135.5 million in 2058.In parallel with
the rise in cases, drug research has acceleratecainly. But

As a consequence, chemotherapy seems to be the o:l-

therapeutic option for controlling infection, bubme of the

despite huge investments and a strong commitmemrin fravailable drugs is effective. This is because theffer from

industry and academia, no effective drug has endéfaD is
currently one of the most frustrating areas of ddigrovery.
Since 2006, more than 200 AD drug candidates haiedfin

toxic side effects, lack of efficacy, and developmeof
resistance. Novel strategies are desperately netxdetbfeat
these diseasés.

clinical trials?* Hence, the only drugs available for patientdgainst this backdrop, we propose a polypharmadodbg

remain the four
inhibitors. These restore the cholinergic tone tchieve

marketed acetylcholinesterase (ACh&pproach. In particular, MTDs capable of modulatingetwork

of AD- and NTD-related targets (Fig. 1)

ALZHEIMER’S DISEASE

2

NEGLECTED TROPICAL
DISEASES

.

MULTITARGET DRUG

Fig. 1 Polypharmacological action of a multitarget drugcl$ a molecule might be particularly suitable toduiate theinteractome networks underlying
Alzheimer’'s and neglected tropical diseases’ pathegis. The interaction networks were obtainedgutlie STRING databasét(p://string-db.org/*®
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might be more efficacious, tolerable, and simplieant the
single-target drugs available on the mafRét Herein, we
substantiate these concepts (at a conceptual aatiqal level)
by providing selected examples taken from our recesearch.

2 Polypharmacology: multitarget drugs vs drug
combination

Polypharmacology can arise from one drug bindingntdtiple
targets (i.e. MTDs) and from multiple drugs thanhdito
different targets (i.e. drug combinatiori$)®**In principle, both
approaches are equally feasible for reaching thsiratk
outcome. Indeed, both have been pursued in acadanda
industry, and both are already used for the cliniemtment of
cancef® and neurological diseas®s® However, in a
risk/benefit analysis, we believe MTDs may be sigreto
combinations, especially for AD and NTBs.

An intrinsic risk of combinations is drug-drug inaetions
(DDIs). These are commonly caused by the inhibition
induction of the hepatic drug metabolism. CytocheoR450-

dependent monooxygenases are a large family of -her

containing enzymes that mediate the oxidative nwisin of
endogenous and exogenous chemicals. Drugs thatendu

inhibit CYP450 enzymes may decrease or increa: Regimen

respectively, concentrations of co-administeredgdrthat are
CYP450 substrates. Changes in drug concentratiesisiting
from DDIs can lead to treatment failures or toxast
Combinations frequently cause concern to presgilsnce
DDlIs in AD patients can be serious and even lifedtening®

Persons aged65 use an estimated 4.5 prescription agents an
over-the-counter preparations per d%yand the number of

concurrently used drugs is a significant prediatbradverse
drug reactions.

Interactions are also known to occur in NTDs, altjo the
pharmacovigilance data are quite scdfc@®eople suffering
from these diseases are debilitated patients andgyohildren,
often with malnutrition or concomitant immunosupgsive
diseases, thus particularly exposed to the ridkis.*?
Another inherent advantage of MTDs relates to
simplification of the therapeutic regimen. NTDs amgost
prominent in resource-poor settings, which requéss staff-
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relationships should be substantially less complbgn dealing
with a single agent, rather than two or more. Sanyl

manufacture and formulation should be easier watpect to a
mixture. This may be the foremost advantage of MTiDthe

field of poverty-related NTDs. It further reducdeetpotential
for cost to be a barrier to access to therapy.

Since the end of the 1990s, motivated by theseiderations
(outlined in Table 1), our medicinal chemistry effohave
sought to identify multitarget ligands for AD andTNs.

Working in academia, we exploited our insights anelativity

to develop informative chemical probes. Althougmoeed
from real clinical application, we hope that oufoefs will

translate into innovative research, inspiring miedis that
ultimately benefit patients.

Table 1 Pro and cons of drug combinations vs. multitadyegs.

Drug vs. Multitarget
Combinations Drugs

Drug-drug X

interaction

R . X

simplification

Patient

compliance X

Pharmacodynamics

and pharmacokinetics X

prediction

3 Multitarget approach vs. Alzheimer’s disease

3.1 Bivalent ligand approach and dimebon-based bivant
compounds in AD

the

The bivalent ligand strategy is a viable approach dsing
purposely designed small molecules to effectivatgét a wide

intensive therapies. Development of a more convenigange of therapeutically relevant protefiidt has emerged as

treatment would greatly alleviate staff burden amidthe same
time, will influence more patients to seek treatm@&tTDs are
also more manageable than combinations for forgeifid
patients and their caregivers.

Moving to drug discovery issues, the advantagea sfandard
approval process of an individual active pharmacalt
ingredient (API) compared to a combination cannetrbled
out. The prediction of pharmacodynamic and pharrkiaetic

3 | MedChemComm, 2014, 00, 1-10

particularly promising in an AD multitarget drugsdovery
context** % Bivalent compounds - small molecules consistin
of two identical pharmacophores joined via an appate
spacer - have exhibited an improved biological ipgoivith

respect to the corresponding monovalent countexp@fig.
2)-43,46

This journal is © The Royal Society of Chemistry 2014
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Monovalent

Binding
site

Y

Bivalent
ligand

Fig. 2Mechanism of interaction of a monovalent and albivialigand.

Indeed, it is conceivable that molecular duplicatioould
increase the binding affinity of monovalent ligaridsa relevant
target. Furthermore, the improved potency obsefeedsuch
bivalent compounds is even higher than that ofstine of the
two single pharmacophores, suggesting a synerfgctéf

In the AD field, this approach has inspired the igiesof

numerous drug candidates over the past decadeyatetti by
the peculiarity of the molecular architecture opratotypical
AD target, the enzyme ACHhE®® The molecular similarity
between the AChE catalytic (CAS) and peripheraloaiti
(PAS) sites has been exploited to develop bivaleGhE

inhibitors that contact the two recognition sit@adtaneously,
resulting in inhibitors with markedly improved poty3!

Furthermore, it has recently emerged that bivdigands may
link independent recognition sites on other AD-gated
targets, such as amylofl{Ap) peptides?® >3 In fact, several
amyloid-binding compounds share a common
structure, and the concept of “bivalent tweezergs lbeen
particularly fruitful in understanding the amylo&tructure>®

Considering the oligomeric and repetitive featuoégibrillar

aggregates, a bivalent molecule can interact sanatiusly
with two binding surfaces, achieving higher potenapd
significantly enhancing the recognition processidiay, and
selectivity?3 54 %5

We recently exploited the bivalent ligand approasta tool for
improving the in vitro anti-AD multitarget profilef dimebon.

Medicinal Chemistry Communications

hAChE:
1: ICy,= 8.5 uM

2:1Cq,= 0.195 uM
3: ICq,= 0.692 uM
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N
’
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1 : Dimebon

AB42 (%of inhibition
at 10 pM):
1: not.active

NMDA (100 mV):
1: IC4,=13.9 pM
2:1Cqy= 11,0 pM
3:I1C4o= 12.6 uM 2:35:6%
3:352%

2:n=4
3:n=5

Fig. 3 Design strategy and multitarget activitiesles.

Huntington's diseases, and more recently schizat® In
2008, it attracted considerable interest within tA®
community, following the completion of a small sixenth
clinical trial in Russia, in which it showed impsage
cognition-enhancing effects in patients sufferingmi mild to
moderate ADY" %8 However, dimebon showed heterogeneous
results in further replication traif$;*° and, although it seemed
to generally improve cognitive scores, it failed ¢sert a
significant beneficial effect. Initially, dimebon®mechanism of
action was unknown, but it seemed to fulfil thempree of an
effective multitarget drug for treating Af. It has been
proposed that it may modulate several crucial ARgdts,
including voltage-gate C& channels, mitochondrial
permeability transition pore, and several neurcmnaitter

bivaleftceptors and enzymes. In particular, early rebesuggested

that the therapeutic benefits of dimebon resultemnf the
combination of cholinesterase inhibition with thedunlation of
both the NMDA receptor and mitochondrial permeéapili
transition pore, producing a synergic effect of askable
clinical efficacy®® However, this hypothesis has beer
potentially disproved by studies from Giorgetti et.,
demonstrating that dimebon brain concentrationeraficute
oral administration to rats, is too low to signditly affect
AChE or NMDA pathways (nanomolar vs. micromol%r).

Dimebon (latrepirdine) I in Fig. 3) is an old antihistamine Although exposure levels of in plasma and cerebrospinal

drug. In the last few years, it has been proposad tlie
treatment of neurodegenerative disorders such aamfD

Despite its conflicting story, dimebon may still bensidered
an interesting starting point in pursuing a mulgtt design
strategy. Accordingly, in 2013 a new series of diorebased
bivalent derivatives was obtained by connectingyticarboline

fluids have not been reported, it is likely thag game situation
could be replicated in humafis.
cholinesterase and NMDAR-blocking activiti¥sThe dimebon
congeners resulted in new multitarget compoundsh wét
markedly improved in vitro biological profile.

Derivatives 2 and 3 (Fig. 3), with sub-micromolar activity

moieties ofl with variable-length polymethylene spacers arabainst AChE (I = 0.19 and 0.69M, respectively), were

heteroatom or aromatic linkers, in an attempt tbagrce the

4 | MedChemComm, 2014, 00, 1-10

454- and 128-fold more potent than the parent camgpand

This journal is © The Royal Society of Chemistry 2014
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also more active than the marketed drugs galan&afi@, =

2.01 um$® and rivastigmine (1 = 3.03uM).%® The molecular
duplication increased inhibitory potency againsth&Cbut had
no negative effect on molecular recognition at NMR
providing inhibitory profiles close to that of theference drug
memantine. More importantly, the bivalent stratedjpwed 1

to be transformed from an ineffective compound msfain

vitro amyloid aggregation into a series of effeetinhibitors.
This reinforces the concept that bivalent ligandaynbe
effective tools in amyloid recognition. These psitresults
support further evaluation of the bivalent ligangpreach in
multitarget drug discovery, and serve as the bdsis
developing new dimebon-based bivalent ligands ttatld

yield more consistent clinical benefits.

3.2 Memoquin-like quinones bearing non-steroidal ati+
inflammatory fragments in AD

Memoquin @ in Fig. 4), one of the first rationally designec
multitarget drug candidates against ADpresents a remarkable
in vitro profile, including a free-radical scavemgaction and
inhibition of AB aggregation and AChE activity. It also acts i
several AD mouse models as an effective cognitiveaacer®

69

Building on 4, a new series of conjugates bearing memoqui
like quinones combined with non-steroidal anti-amiimatory
fragments, have recently been reported as secamel-atéoon
multitarget ligands for AG°

The 2,5-diamino-benzoquinone scaffolddohas been deemed
to have a crucial role in conferring the multipletiaties,
particularly inhibition of amyloidogenic protein gggation
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1§ hAChE:
4: ICq,= 1.55 1M
» 5:1C, =154 M

6: IC4 = 0.60 pM

N\/\/\/\
N
H

AP42:

4:1C, = 5.93 pM
5: 1Cq, = 3.11 pM
6: IC,, = 4.83 uM

/ o
0

I

H
N

4 : Memoquin

h H H H
NN
R\N/\/\N/\/\N
H H H 3

5:R=

6: R
Fig. 4 Design strategy and multitarget activitiesies.

The 2,5-diamino-1,4-benzoquinone fragment can thoes
considered a truly privileged motif for interferimgith protein-
protein interactions and a useful starting point designing

(Fig. 5)’*"® This hypothesis is further supported by the antrovel multitarget ligands against AD. Accordinglynew series
aggregating capability displayed by several hybridlecules of hybrids was designed and synthesized by commeeitie 2,5-
featuring a 2,5-diamino-1,4-benzoquinone core coting two diamino-benzoquinone core with several non-stetomtati-
aromatic appending moietié%®° inflammatory drugs (NSAIDs), such as ibuprofen,irsisc,
indomethacin, diclofenac, and flurbiprofen, throwagpropriate
polyamine linkers. This specific NSAID subset wdsosen
because it directly inhibits A fibril formation, destabilizes
preformed 4 fibrils,®* and affects the production of p&2
Furthermore, epidemiological studies have indicatidht
NSAIDs may lower the risk of developing AD.
The most striking result was that all quinone-NSAIC
conjugates inhibited B aggregation in the low micromolar
range. In agreement with the anti-aggregating ptase
reported for some NSAIDE, the presence of the anti
inflammatory fragments led to an inhibitory potersiynilar to
that of the parent compourd Notably, the diclofenac hybrisl

This journal is © The Royal Society of Chemistry 2014 MedChemComm, 2014, 00, 1-10 | 5
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and

interaction

Fig. 5 Schematic between p42 the 2,5-
diaminobenzoquinone scaffold. Due to the possilyiérdgen bond anat-
stacking interactions, it can be considered an-aggregating privileged

motif.

(Fig. 4), with a remarkable kg of 3.15uM, was not only the
most active compound of the current series, bui #ie top-
ranked among all thé derivatives tested so fat.”® 80 8
Additionally, the current series retained the ahediterase
inhibitory activity, which nicely complements thataamyloid
one. The new hybrids are 3-fold less potent tAamut still
retain good inhibitory potencies in the micromoleange

against human AChE (hAChE) and human BuChE (hBuCh

Notably, the ibuprofen derivativé (ICso = 0.60 uM) was the
most active of the series, being more potent thenmarketed
drugs galantamin® and rivastigmin&®

Thanks to a balanced micromola3/8holinesterase profile,
these quinone-NSAIDs hybrids could be a promisitagtiang
point in the search for new multitarget ligandsiagAD.

4 Multitarget approach vs. Neglected tropical
diseases

4.1 Target-based and phenotypic approaches for NTDs

Nowadays, both target-based and phenotypic appesaeahe
widely used in NTD drug discovefy.

The two approaches are not mutually exclusive, shduld

rather be viewed as complement&tyAs reported below, the
integrated combination of both phenotypic and talgsed
approaches was particularly productive when seagchbr

multitarget ligand$®

To identify multitarget hit compounds, natural pucts are
attractive for several reasons. First, it is reéegeh that natural
product fragments offer evolutionarily selected &imlogically

pre-validated frameworks with high hit rates formgmound

collection developmerff: 8 Second, due to their mode o

generation, natural products are intrinsically atbebind to
multiple target$® This
structure and their synthesis involves a rangenaf/mes, each
of which has distinct architectures and moleculedlrig

6 | MedChemComm, 2014, 00, 1-10

is because they have a comple
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cavities. The synthesised molecule must be abiletéoact with

all of thesé® Third, natural products serve plants and anima s
as potent defence chemicals with an intrinsic plepoc
mechanism of actioff.

In natural product chemical space, naphthoquinar ather
related quinone derivatives have been reportednasod the
major classes with significant activity against faposoma and
Leishmania parasité$:®® For instance, lapachol (2-hydroxy-3-
(3-methyl-2-butenyl)-1,4-naphthoquinone),  obtainedrom
Tabebuia avellanedae, exhibits a marked anti-trypanosomal
activity, while displaying a good safety profitéln view of the
well-known biological properties of this compouniass, it is
highly conceivable that naphthoquinones exert their
trypanocidal activity by means of a multitarget tmagism.

We have reported a focused library of 16 naturgpired 1,4-
naphthoquinone and 1,4-anthraquinone derivativieswisg a
promising anti-trypanosomatid profile in a phenatyp
screening® The lead of this series, 2-phenoxy-1,4-
naphthoquinone?( B6 in Fig. 6), showed an Epof 80 nM
againstTrypanosoma brucei rhodesiense. Its selectivity index
(ratio of the compound’s EJg values on mammalian cell lines
and trypanosomes) was 74, which is very close te .~
specifications required by WHO/TDR to be considesedanti-
trypanosomatid hit® The putative molecular target(s) of B6,
initially undisclosed, were subsequently fished dudm
trypanosomal cell lysates, by means of chemicalepmics®’

Ig’wo potential targets of B6 have been identifiedamely

g?ycosomal glycerol kinase (TbhGK) and glycosoma.
glyceraldehyde-3-phosphate dehydrogenase (TbGAPDH).
biochemical experiments, B6 inhibited both enzymwéih ICsq
values in the micromolar randéGK may be considered a sub-
optimal drug target because it does not play aangisd role in
the trypanosome’s metabolism under most physiodgic
conditions. However, GAPDH is a vital parasitic ymz and a
well-validated molecular target for antiparasiticrugl
discovery’® Accordingly, evidence from several experimentt
suggests a GAPDH covalent inhibition, probably tigio a
cysteine trapping mechanism, which is still to lbbafocmed by
ongoing studies. To fully account for the nanomeiiicacy of
B6, and considering that chemical proteomics issudtable for
identifying non-protein targets, other mechanisraeded to be
considered’ Based on a vast literature reporting on the génera
properties of quinones and naphthoquinones to gémdree
radicals and interact with the mitochondrial reamiry chair’®
102 we evaluated oxygen consumption in permeabilizeu
trypanosomes and production of reactive oxygenispdR0OS)
in trypanosome mitochondrial cell fractions. We ghu
demonstrated that B6 also interfered with the respiy chain
by generating ROS, supporting the likelihood thétiBteracts
with additional targets located ih brucei’s mitochondrion®’
Ithough the phenotypic approach is useful and miighit the
attrition rate in NTD drug discovery, we found thtte
subsequent target deconvolution step is not sigbktfarward.
owever, identifying the molecular targets involvisdcrucial

This journal is © The Royal Society of Chemistry 2014
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for understanding the underlying mechanisms andhdéur Conclusions

optimizing the identified active compountfs.
P g P If the positive features of MTDs are over-emphaskisbey may

Page 8 of 11

be seen as a panacea. This would be rather naide an

overoptimistic, given the various challenges andlurfas
already experienced in MTD development.

T. brucei:

23,48 TR
. 525:322:},} . ,/"\‘ 7 /V ::Rx'c50=9.0u.w Although seductive, there is much about the MTDoequt that
9 ECy=0026uM € SN B2 is problematic, and the rush to use '"MTD ideas'rhasahead of
. many fundamental conceptual, theoretical, and malct
questions.
GAPDH: R & bl From a systems biology perspective, the major deakilis that
312223,1‘\1' . > RQS ~ we only partially know the pathways/mechanisms cadngn

diseases at the molecular level. It is exceedimifficult to
derive a full polypharmacological network withouhet
complete data?

From a medicinal chemistry perspective, this arddl s
represents a major challenge, despite the
8 recognized potentidl? Lead identification and optimization
are a central and mainly unsolved problem in MTDDis
unclear how to optimize a compound series for rldttargets.
In most cases, we do not even know how much potahegach

Thus, in para||e| to the phenotypic approach we alsed Single target is required and what the desired noalais
hypothesis-driven target-based design to develai-dugeted between the potencies. We have only just begureteldp the
inhibitors of trypanosomatid enzym¥4.0f particular interest concepts and methodologies that can address thedvaature
were inhibitors directed towards GAPDH and trypaimte Of these problem¥? 2

reductase (TR), another promising NTDs drug tatyet®®we How to overcome the challenges that lie ahead awoitighe

took B6 as a suitable starting point because ofaitdity to risk of stagnation in MTDD?

inhibit GAPDH and TRin the micromolar range. For this, weOne proven route to the discovery of new drugsiivation
used a framework combination approach’ which |qumt|y thrOUgh Synergistic industrial-academic CO”a.bﬂmmile4 With

exploited in multitarget drug desidgl” 1% The 2- increased interaction, mutual understanding, aspee for the
phenoxyquinone structure of B6 was combined, thhougespective priorities, it should be possible tatfer bridge the
merging and fusing strategi¥®¥, with an aminoalkoxy 9ap and translate the large public investment sicbsciences

o

Fig. 6 Design strategy and multitarget activities7es.

tremendo*:

coumarin scaffold. We selected the coumarin casatained in
chalepin, a natural product GAPDH inhibitor (@4 uM),°
to potentially enhance the anti-GAPDH profile of,Béth the
amino tail theoretically allowing selectivity forRFThGR (the
human counterpart, glutathione reductase). Thussaught to
exploit the structural differences between the smaymes?!?
Of the merged derivatived (Fig. 6) showed an I§ value of
5.4 uM against TbGAPDH and a concomitant Ki of 2uKi

against TR. This molecule is the first derivatineereported
that shows a truly dual
trypanosomatid pathways. However, when tested agaire
whole parasites, the in vivo data did not mirrog #mzymatic
inhibitory potencies. This suggests that otheratrgnight be
involved in the mechanism of action. Despite thmnpoundd

(Fig. 6) belonging to the fused series displayeceraarkable
ECs, value forT. brucei parasites (0.026M) combined with a
very low cytotoxicity towards mammalian L6 cells 93 uM).

This promising low toxicity might be because it doaot
interfere with hGR and has a low propensity to ast a
subversive substrate against this enzyme. Collegtivthese
results point to multitarget drug discovery being extremely
complex task. However, the potentially high rewanfl$iTDs
may make their development a risk worth taking.

This journal is © The Royal Society of Chemistry 2014

into drugs that can effectively cure these and rotlevastating
diseases.
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