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Needs in health care for Needs in health care for 

developing countriesdeveloping countries

• Improving universal health care

• Care for aging and disadvantaged population

• Care for newborns, children and women

• Managing emerging and diseases of the poor 

(malaria, TB, AIDS, Dengue, etc.)

• Ability in producing medicines and health care 

products
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BIOTEC’s drug discovery program 
for infectious diseases of poverty – MALARIA MODEL 

© MALARIA  A TLAS  PROJECT

50% of world’s population at risk

~214 million new malaria cases

438,000 deaths

A child dies every 2 minutes of malaria

50% of world’s population at risk

~214 million new malaria cases

438,000 deaths

A child dies every 2 minutes of malaria (WHO, 2015) 
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Dondorp AM, et al. (2010) Nature Rev Microbiol 8, 272-280. 

Chloroquine

Sulfadoxine
Pyrimethamine

Hot Spots for Drug Resistant Parasites

Areas with reduced efficacy using 
Artemisinin Combination Therapy (ACT)

WHO 2014, Status Report on artemisinin resistance. 



Two major drug typesTwo major drug types

• Small molecules, molecular weight <1,000.

– Mostly compounds from synthesis or natural 

products.

– Work by binding with biological targets

• Biomolecules, molecular weight >10,000.

– Mostly proteins from cloning

– Work as substitutes for natural molecules (insulin, 

erythropoietin, etc.), boosting immune system 

(vaccines) or by killing pathogens, cancer cells, 

etc.

– “Biotech” drugs



Discovery as part of product R&D processDiscovery as part of product R&D process

Discovery

Funding sources

Adapted from R. G. Ridley





Research questions

• What causes drug resistance?

– Target changes (number, binding strength), drug 
breakdown, drug efflux, drug inactivation etc. 

• What changes occur (at the molecular level) in the 
parasite enzymes/receptors that led to resistance?

– Are there new essential proteins in malaria to exploit as 
drug target?

• Can we design new drugs that can overcome the 
resistance? CHEMISTRY

– Can we improve methods for compound screening?

• Can we identify new drug targets to be used in 
rational design/random screening? BIOLOGY



Mechanisms of drug resistanceMechanisms of drug resistance



DHFR is a moving target

Drugs must be guided arrows

Inhibitors



Malaria Drug Discovery Research 
(BIOTEC)

• Why DHFR?

– Essential for parasite survival & known target for pyrimethamine

– Mutations in DHFR results in antifolate resistance

• Research interests

– Rational design of anti-malaria inhibitors against PfDHFR

– Synthesis and screening of PfDHFR inhibitors

– Validate new targets for development of new class of inhibitor

• Research goals

– To obtain lead compounds based on rational design effective against 

wild-type and resistant parasites



P218 development pipeline – New Compound Entity (NCE)

Basic Research Early Discovery Lead Identification Lead optimization
Pre-clinical

development

Clinical

development

Clinical Phase

Registration

P218 R&D
•BIOTEC/NSTDA
•MMV
•CRO

P218

BIOTEC/NSTDA BIOTEC/NSTDA
MMV

LSTMH
Melbourne University

Target structure
2003

Compound design 
and synthesis
2004-2007

Exploratory pre-
clinical 
evaluation
2008-2009

Regulatory         
pre-clinical 
evaluation
2014

Pre-Clinical PhaseDiscovery Phase

FIH trial 
~Sep 
2016



DHFR active site 

J. Yuvaniyama

P. Chitnumsub

P. falciparum DHFR-TS (Yuvaniyama et al., Nature Struct. Biol. 2003, 10, 357-365) 



Drug

Active site



Approximately 1000 molecules were designed, synthesized 

and tested for target affinity and antimalarial activity

Design, synthesis and testing of DHFR inhibitorsDesign, synthesis and testing of DHFR inhibitors

T. Vilaivan B. Tarnchompoo C. Thongphanchang U. Arwon



Yuthavong Y, et. al.(2012) PNAS, 109(42):16823-16828





Different binding conformation of P218 in Pf DHFR-
QM and Hs DHFR

X-ray Structure of 
P218 in Pf DHFR and Hs DHFR

(Vanichtanakul, unpublished)

DHF

P218

Hs DHFR-P218 vs Hs DHFR-DHFPf DHFR-P218 vs Hs DHFR-P218

P. Chitnumsub J. Vanichtanankul



Supannee Taweechai
Sumalee Kamchonwongpaisan



• MMV-funded project : NSTDA/BIOTEC (Thailand), LSTMH (UK), 
Monash University (Australia)

• Excellent malaria enzyme inhibition 

• Specific, tight binding with targets from both sensitive and 
resistant parasites.

• Poor binding with human enzyme. 

• A subsequent slow, tighter binding found - target still 
inhibited even after blood level is depleted.

• Potency against blood stage, liver stage infection, and 
transmission stage

• Efficacy across broad range of multi-drug resistant P. 
falciparum isolates

MMV/BIOTEC DHFR team

P218 selectedP218 selected



• PK Properties:

• Rapid absorption and moderate half-lives (7.3 hours)

• Good oral bioavailability across all species (30-60%)

• Preliminary toxicity

• Negative genotoxicity and minimal cytotoxicity

• Reversible GI toxicity in rodent and canine model

• Rat:  NOAEL at 100 mg/kg/d

• No formulation Issues expected

Summary of P218 properties



Global Portfolio of Antimalarial Medicines

Footnotes: Brand names 1: Coartem® Dispersible; 2: Artesun®; 3: Euratesim®; 4: Pyramax®; 5: CoarsucamTM ASAQ/Winthrop®; 

6: SPAQ-COTM

Translational Product development Access

SJ733
St Jude/Eisai

MMV048
UCT/TIA

OZ439/PQP
Sanofi

Rectal Artesunate *
Cipla/Strides/WHO-TDR

Preclinical
Patient 

confirmatory
Post approval Human 

volunteers

Patient 

exploratory
Regulatory 

review 

1 project
Novartis P218

(Biotec)

DSM265
Takeda

Tafenoquine 
GSK

2 projects
GSK

Orthologue Leads
Sanofi

Tetraoxanes
LSTM/Liverpool

DHODH
UTSW/UW/Monash

Open Source Drug 

Discovery
Univ. Sydney

Pf NMT
Imperial College

London

PA92 
(Drexel/UW/GNF)

MMV253
(AstraZeneca)

OZ439/FQ
Sanofi

KAE609
Novartis

KAF156
Novartis

Artesunate 

for injection 
Guilin 

Dihydro-artemisinin-

piperaquine 
Sigma-Tau 

Pyronaridine-

artesunate
Shin Poong

Artesunate-

amodiaquine *
Sanofi/ DNDi

Artesunate-

Mefloquine *
Cipla/DNDi 

GSK030
GSK

DSM421
(UTSW/UW/

Monash)

Pyronaridine-

Artesunate Paediatric
Shin Poong

SPAQ *
Guilin

Dihydroartemisinin 

piperaquine
Paediatric

Sigma-Tau

Research
Lead 

optimization
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1

2

4

5

6

DDD498
Merck Serono

(Univ. Dundee)

NPC1161B
Mississippi

JPC2997
Jacobus

MK4815
Merck

ACT840
Actelion

Heterocycles
UCT

dUTPase

Inhibitors
Medivir

Heterocycles
Celgene

Whole cell
St Jude/Rutgers/USF

Diversity Oriented

Synthesis
Broad/Eisai

Imidazolidine

diones
WRAIR

Pf NDH2
Imperial College

London

Pantothenamides
TropIQ/Pansynt

TI Pharma

CDRI 9778
Ipca

N tert butyl
Isoquine

LSTM/Liverpool/GSK

Fosmidomycin 

Piperaquine
Jomaa Pharma/GmbH

Methylene 

Blue/AQ
Heidelberg

SAR97276
Sanofi

Artemisone
UHKST

AQ13
Immtech

DF02
Dilafor

Co-trimoxazole

ITM Antwerp

Artemisinin 

Naphthoquine * *
KPC

Artemether sub-

lingual spray 
PhotoPharma Ltd

Arterolane/PQP
Ranbaxy * *

AN13762
Anacor   

Artemether-

lumefantrine

Dispersible  
Novartis 



Team for drug developmentTeam for drug development



Team for drug developmentTeam for drug development

Poor or not existing

Some capability



Conclusion and SuggestionConclusion and Suggestion

• Developing countries in Asia-Pacific have 

potentials to develop modern pharmaceuticals, 

both for own use and for export markets

• However, many countries are still weak in many 

critical areas, such as pre-clinical stage 

development and coordinated clinical trials 

• Co-operation among the private and public 

sectors across countries can help to enhance 

capability in pharmaceutical R&D production.



AsiaAsia--Pacific developing countries Pacific developing countries 

in transitionin transition

• From looking for help from outside

• To helping ourselves and helping others 

to help themselves

• Health care, with capability in 

pharmaceutical R&D and production, 

should be the main example
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