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216,000,000�Malaria�events/106�countries

655,000��deaths/y,�86%�<5y

216,000,000�Malaria�events/106�countries

655,000��deaths/y,�86%�<5y
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THE�VECTOR

THE�RESULT
THE�CULPRIT
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Ettore Marchiafava Camillo GolgiAngelo Celli

Giuseppe Bastianelli

Alphonse Laveran

Amico Bignami

Sir Patrick Manson Sir Ronald Ross

Giovan Battista Grassi

The�Scientists�that�understood�the�diseaseThe�Scientists�that�understood�the�disease
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Frank� M.� Snowden 2006,�
Yale�University Press,�
New�Haven

Italy�&�MalariaItaly�&�Malaria
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Deaths�x�millionDeaths�x�million

State�Quinine�distribution
education

State�Quinine�distribution
education

Agro�Pontino
reclamation
Agro�Pontino
reclamation

DDTDDT

Italy:�Eradication of MalariaItaly:�Eradication of Malaria

Corporate Preclinical  Development                     Page 7

IV�ARTESUNATE������������������������Eurartesim®

Severe�malaria��������������Uncomplicated malaria

FDA EMA

Validation batches comlpeted REGISTERED

Sigma�tau contributionSigma�tau contribution
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Medicine�for Malaria�Venture�targetMedicine�for Malaria�Venture�target
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GSK�������������������������������Tafenoquine Phase II/III

Rambaxy Arterolane registered only in�India…

Shin Poong Pharm.�����Pyramax ,�EMA�decision based on�article
58�on�17/2/201

Pfizer����������������Azithromycin based combination.��

GSK�������������������Succesfull phase�III�trials.

RepositioningRepositioning

New�Chemical EntitiesNew�Chemical Entities

VaccineVaccine

Protection efficiency?
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Process�Development�&�Life�cycle�management

Medicinal�Chemistry
Drug�Discovery

Drug Discovery &�DevelopmentDrug Discovery &�Development

DELAY
GENERIC

COMPETITION

Phase IV
&

PMS
LaunchClinical 

Phase III
Clinical 
Phase II

Clinical
Phase I

Early
Candidate

to Drug
Candidate

Lead to 
Early

Candidate

Hit to
Lead

Screen 
to Hit

Target 
Validation

Genomic
& Target 

identification

Microdosing

Candidate:� A� compound� that� has� demonstrated� in� vivo�
efficacy� &� safety,� whose� synthesis� can� be� scaled� up�
economically

Validated�target:�A�protein�or�a�clear�biological� target�with�known�function,� �disease�
association�and�involvement.

Hit:�A�compound�with� clear�dose�response�activity� in�a�primary� screen,� known�
confirmed�structure�and�preliminary�SAR�information

Lead:� A� compound� with� appropriate� potency,� selectivity,�
pharmacokinetics,� physical� properties,� novelty� and� acceptable� toxicity�
profile�for�full�optimisation�
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Nature�Review in�Drug Discovery 2011, 10,�82.

2010�FDA�APPROVAL2010�FDA�APPROVAL

5

Vaccines

12

Combinations

2010
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Combinations!!!�Better use of the�available weaponsCombinations!!!�Better use of the�available weapons

Artemisinin�based Combination TherapiesArtemisinin�based Combination Therapies

Artemisinins
Quinine
Pyrimethamine

Mefloquine
Piperaquine
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Combinations!!! Better use of the available weaponsCombinations!!! Better use of the available weapons

Artemisinin-based Combination TherapiesArtemisinin-based Combination Therapies

Artemisinins
Quinine
Pyrimethamine

Mefloquine
Piperaquine
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PRODUCT COMPANY FIRST�APPROVAL

Coartem®
Artemether &�Lumefantrine

1980�/�1970�

Novartis Switzerland

Coarsucam®
Artesunate &�Amodiaquine

1980�/�1946

Sanofi Morocco

Eurartesim®
DHA�&�Piperaquine
1980�/�1960���

Sigma�tau EMA

Fixed Dose�Combinations!!!!Fixed Dose�Combinations!!!!
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QUINGHAOSU
Artemisinin

Q�ng H�o
Artemisia�Annua

1971-1974

O

O

O

O

H

H

O

1977

Traditional�Chinese�MedicineTraditional�Chinese�Medicine
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Beijing: Project�523�Head�Office
Biophysics CAS�Inst.
Traditional Chinese Materia�Medica�Inst.

Jinan: Materia�Medica�Inst.
Parasitic Diseases Inst.

Shanghai: Materia�Medica�CAS�Inst.
Organic Chemistry Inst.

Chongqing: Sichuan�Materia�Medica�Inst.
Jiansu Province: Gaoyou Country Health Dept.
Guangzhou: Univ.�of Chinese Traditional Medicine
Kunming: Yunnan Materia�Medica�Inst.
Guilin: Guiling Pharmaceutical Factory

Only 541�Scientists Were Exempt
From the�Re�education Process

Only 541�Scientists Were Exempt
From the�Re�education Process
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THE�FIRST�TO�DISCOVER�AND�SHARETHE�FIRST�TO�DISCOVER�AND�SHARE

Milutin Stefanovic
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Artemisinin derivatives�Artemisinin derivatives�

the�drug

Coartem

CoarsucamEurartesim
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DIHYDROARTEMISININ
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schizogony

Erythrocites
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The Malaria�CycleThe Malaria�Cycle

t ½ 1h

t ½
22d
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Heme
Protein
alkylation

PfATP6
(SERCA)

Parasite
membranes

Mitochondria
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Potential�Targets�Artemisinin DerivativesPotential�Targets�Artemisinin Derivatives
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Parasitaemia�and�fever�clearance�Parasitaemia�and�fever�clearance�
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Total�QualityTotal�Quality

� Preclinical Development GLPGLP

GCPGCP

GMPGMP EH&SEH&S GREEN�CHEMISTRYGREEN�CHEMISTRY

� Clinical Development

� DS/DP
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EURARTESIM�LOGISTICSEURARTESIM�LOGISTICS

China
Vietnam
Kenya

Artemisinin

Suppliers 2
PQP

Supplier 1
DHA

Sigma�Tau
Drug Product

GMP

Collaboration with the�
International�Pharmacopoeia

Collaboration with the�International�
Pharmacopoeia and�the�USP
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Artemisia��annua FIELDSArtemisia��annua FIELDS
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Artemisia�annua glandular trichomes ArtemisininArtemisinin

O2 + light

Pharmacophoric mojety

THE�KEY�PHARMACOPHORICTHE�KEY�PHARMACOPHORIC
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1972.�Artemisinin isolation.�Milutin Stefanovic
1979.�Artemisinin identification.�Chinese Research Group
2007.� Identification and� isolation of all the� impurities by

Sigma�tau .�J.�Chromatogr.�A� 2011,�1218, 6838.

ArtemisininArtemisinin

artemisinin epi-artemisinin artemisiteneartemisinin epi-artemisinin artemisitene
Response factor 1�������������������������������������1�������� 37

Artemisinin WWArtemisinin WW
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DHA�The ProcessDHA�The Process

Artemisinin DHA crude

DHA pure

NaBH4

methanol 

crystallization

Artemisinin DHA crude

DHA pure

NaBH4

methanol 

crystallization
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Review
Stereodynamic Investigation�of�Labile�Stereogenic Centres in�Dihydroartemisinin

Ilaria�D’Acquarica 1,*,�Francesco�Gasparrini 1,*,�Dorina Kotoni 1,�Marco�Pierini 1,
Claudio�Villani�1,�Walter�Cabri�2,�Michela�Di�Mattia�2�and�Fabrizio�Giorgi�2

1�Dipartimento�di�Chimica�e�Tecnologie�del�Farmaco,�Sapienza�Università di�Roma,�P.�le�Aldo�Moro�5�
00185�Roma,�Italy

2�Analytical Development,�R&D Department,�sigma�tau�S.p.A.,�Via�Pontina�km�30,400,�00040
Pomezia,�Italy

Molecules 2010,�15, 1309�1323
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JOC 2011,�76, 1751–1758
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JOC 2011,�76, 4831–4840
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Piperaquine tetraphosphate tetrahydratePiperaquine tetraphosphate tetrahydrate
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piperazine
MW 86.14

Reflux

4-piperazinyl 7-Cl-quinoline
MW 247.73

1-Br-3-Cl-propane
MW 157.44

H3PO4, H2O

4,4'-(propane-1,3-diylpiperazine-4,1-diyl)bis(7-chloroquinoline)
tetrakis (phosphate) tetrahydrate

PQP
MW 999.56

90
°

30°

4,7-DI Chloro-quinolin
MW =198.05

7-Cl-4-[4-(3-Cl-propyl)-
piperazin-1-yl]-quinoline

7-Chloro-4-[4-
(3-piperazin-1-yl-
propyl)-piperazin-
1-yl]-quinoline

H+ H+

4 X H2O

piperazine
MW 86.14

Reflux

4-piperazinyl 7-Cl-quinoline
MW 247.73

1-Br-3-Cl-propane
MW 157.44

H3PO4, H2O

4,4'-(propane-1,3-diylpiperazine-4,1-diyl)bis(7-chloroquinoline)
tetrakis (phosphate) tetrahydrate

PQP
MW 999.56

90
°

30°

4,7-DI Chloro-quinolin
MW =198.05

7-Cl-4-[4-(3-Cl-propyl)-
piperazin-1-yl]-quinoline

7-Chloro-4-[4-
(3-piperazin-1-yl-
propyl)-piperazin-
1-yl]-quinoline

H+ H+

4 X H2O

PQP��THE�PROCESSPQP��THE�PROCESS
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Piperaquine HPLC�method
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Complete control of the processes, the logistic.
Identification and control of all decomposition pathways. 
All impurities have been qualified from a toxicological 
point of view. Genotoxic evaluation was generated 
according to the more recent ICH, EMA and FDA 
guidelines.
Our suppliers have established a complete  
Environmental, Health and Safety control.
Satisfactory 2y stability data  at 30

Eurartesim® is free from genotoxic impuritiesEurartesim® is free from genotoxic impurities

We Achieved :We Achieved :
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301�patients

278�patientsi

223�patients

447�
patients

304�patients

Phase�III�trial�in�Africa:��5�countriesPhase�III�trial�in�Africa:��5�countries
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Manhiça,�MozambicoManhiça,�Mozambico
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Coartem (6�dose�regimen�for�children�>15�<25�Kg:�12�tablets�over�56�hours12�tablets�over�56�hours)

Day 1 Day 2 Day 3

0 8 Morning Evening Morning Evening

Eurartesim (3�dose�regimen�for�children�>13�<23�Kg:�3�tablets�over�48�hours3�tablets�over�48�hours)

24 480

Day 1 Day 2 Day 3

24

Dose�Regimens for childrenDose�Regimens for children
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92.0

81.0

94.7 95.3

50

60

70

80

90

100

uncorrected PCR-corrected 

Eurartesim

Coartem

p<0.001p<0.001

97.5%CI>7.97.5%CI>7.
66

p=NSp=NS

97.5%CI> 97.5%CI> --3.03.0

PopulationPopulation
““ Per ProtocolPer Protocol””

Eurartesim�is�equivalent�to�Coartem��28�dEurartesim�is�equivalent�to�Coartem��28�d
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24.0
%

13.6% Eurartesim

Coartem

Eurartesim�protect�the�patient�better�then�Coartem�from�
new�infections

Eurartesim�protect�the�patient�better�then�Coartem�from�
new�infections
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Malaria map (1882) byMalaria map (1882) by

sensen. Luigi . Luigi TorelliTorelli

The map was developed to 
verify the health and hygienic 
conditions along the railway 
lines.

About 8331 kilometers of 
railways, 3762 were well in 
malarial areas.

1882�Italy�&�Malaria1882�Italy�&�Malaria
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Analytical�Development� Chemical�&�Pharmaceutical�Development
Fabrizio�Giorgi Silvia�Armaroli
Michela�Di�Mattia Giulio�Carzana
Cristina�Di�Giovanni Marco�Torri
Silvana�Lalli Stefano�Banfi
Giuseppe�Marazzi Roberto�Castagnani
Elena�Badaloni Andrea�Quattrociocchi
Michela�Forte
Fabrizio�Piccirilli Technical Support
Roberto�Deias Emanuela�Tassoni (MedChem)
Lucilla�Mastrofrancesco Lia�Dell’uomo�(Scientific staff)
Gianfranco�D’amore Mosè Santaniello�(Developability)
Lucia�Critelli Maria�Grazia�Cima�(Developability)
Marco�Quaglia
Massimiliano�Ricci Metabolism

Silvia�Pace
Toxicology Carlo�Tallarico

Rita�Lucreziotti Francesco�Manera
Giancarlo�Gramiccioli
Domenico�Intorre General Pharmacology
Daniela�Pesce Franco�Borsini
Rosangela�Ferretti Giovanni�Mattera

Maria�Antonietta�Stasi

Professor�Francesco�Gasparrini &�Professor�Guy Mazue
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