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Galileo, Newton, Darwin, & Einstein

O físico Crick & e o biólogo Watson

A equipe do genoma humano.

A pesquisa

científica

através dos

tempos... 



The Sequence of the Human Genome The Sequence of the Human Genome 

J. Craig Venter, Mark D. Adams, Eugene W. Myers, Peter W. Li, Richard J. Mural, Granger G. Sutton, 

Hamilton O. Smith, Mark Yandell, Cheryl A. Evans, Robert A. Holt, Jeannine D. Gocayne, Peter Amanatides, 

Richard M. Ballew, Daniel H. Huson, Jennifer Russo Wortman, Qing Zhang, Chinnappa D. Kodira, Xiangqun 

H. Zheng, Lin Chen, Marian Skupski, Gangadharan Subramanian, Paul D. Thomas, Jinghui Zhang, George L. 

Gabor Miklos, Catherine Nelson, Samuel Broder, Andrew G. Clark, Joe Nadeau, Victor A. McKusick, Norton 

Zinder, Arnold J. Levine, Richard J. Roberts, Mel Simon, Carolyn Slayman, Michael Hunkapiller, Randall 

Bolanos, Arthur Delcher, Ian Dew, Daniel Fasulo, Michael Flanigan, Liliana Florea, Aaron Halpern, Sridhar 

Hannenhalli, Saul Kravitz, Samuel Levy, Clark Mobarry, Knut Reinert, Karin Remington, Jane Abu-Threideh, 

Ellen Beasley, Kendra Biddick, Vivien Bonazzi, Rhonda Brandon, Michele Cargill, Ishwar Chandramouliswaran, 

Rosane Charlab, Kabir Chaturvedi, Zuoming Deng, Valentina Di Francesco, Patrick Dunn, Karen Eilbeck, 

Carlos Evangelista, Andrei E. Gabrielian, Weiniu Gan, Wangmao Ge, Fangcheng Gong, Zhiping Gu, 

Ping Guan, Thomas J. Heiman, Maureen E. Higgins, Rui-Ru Ji, Zhaoxi Ke, Karen A. Ketchum, Zhongwu Lai, 

Yiding Lei, Zhenya Li, Jiayin Li, Yong Liang, Xiaoying Lin, Fu Lu, Gennady V. Merkulov, Natalia Milshina, 

Helen M. Moore, Ashwinikumar K Naik, Vaibhav A. Narayan, Beena Neelam, Deborah Nusskern, 

Douglas B. Rusch, Steven Salzberg, Wei Shao, Bixiong Shue, Jingtao Sun, Zhen Yuan Wang, Aihui Wang, 

Xin Wang, Jian Wang, Ming-Hui Wei, Ron Wides, Chunlin Xiao, Chunhua Yan, Alison Yao, Jane Ye, 

Ming Zhan, Weiqing Zhang, Hongyu Zhang, Qi Zhao, Liansheng Zheng, Fei Zhong, Wenyan Zhong, 

Shiaoping C. Zhu, Shaying Zhao, Dennis Gilbert, Suzanna Baumhueter, Gene Spier, Christine Carter, 

Anibal Cravchik, Trevor Woodage, Feroze Ali, Huijin An, Aderonke Awe, Danita Baldwin, Holly Baden, 

Mary Barnstead, Ian Barrow, Karen Beeson, Dana Busam, Amy Carver, Angela Center, Ming Lai Cheng, 

Liz Curry, Steve Danaher, Lionel Davenport, Raymond Desilets, Susanne Dietz, Kristina Dodson, 

Lisa Doup, Steven Ferriera, Neha Garg, Andres Gluecksmann, Brit Hart, Jason Haynes, Charles Haynes, 

Cheryl Heiner, Suzanne Hladun, Damon Hostin, Jarrett Houck, Timothy Howland, Chinyere Ibegwam, 

Jeffery Johnson, Francis Kalush, Lesley Kline, Shashi Koduru, Amy Love, Felecia Mann, David May, 

Steven McCawley, Tina McIntosh, Ivy McMullen, Mee Moy, Linda Moy, Brian Murphy, Keith Nelson, 

Cynthia Pfannkoch, Eric Pratts, Vinita Puri, Hina Qureshi, Matthew Reardon, Robert Rodriguez, 

Yu-Hui Rogers, Deanna Romblad, Bob Ruhfel, Richard Scott, Cynthia Sitter, Michelle Smallwood, 

Erin Stewart, Renee Strong, Ellen Suh, Reginald Thomas, Ni Ni Tint, Sukyee Tse, Claire Vech, 

Gary Wang, Jeremy Wetter, Sherita Williams, Monica Williams, Sandra Windsor, Emily Winn-Deen, 

Keriellen Wolfe, Jayshree Zaveri, Karena Zaveri, Josep F. Abril, Roderic Guigó, Michael J. Campbell, 

Kimmen V. Sjolander, Brian Karlak, Anish Kejariwal, Huaiyu Mi, Betty Lazareva, Thomas Hatton, 

Apurva Narechania, Karen Diemer, Anushya Muruganujan, Nan Guo, Shinji Sato, Vineet Bafna, Sorin Istrail, 

Ross Lippert, Russell Schwartz, Brian Walenz, Shibu Yooseph, David Allen, Anand Basu, James Baxendale, 

Louis Blick, Marcelo Caminha, John Carnes-Stine, Parris Caulk, Yen-Hui Chiang, My Coyne, Carl Dahlke, Anne Deslattes Mays, 

Maria Dombroski, Michael Donnelly, Dale Ely, Shiva Esparham, Carl Fosler, Harold Gire, Stephen Glanowski, Kenneth Glasser, Anna Glodek, 

Mark Gorokhov, Ken Graham, Barry Gropman, Michael Harris, Jeremy Heil, Scott Henderson, Jeffrey Hoover, Donald Jennings, 

Catherine Jordan, James Jordan, John Kasha, Leonid Kagan, Cheryl Kraft, Alexander Levitsky, Mark Lewis, Xiangjun Liu, John Lopez, 

Daniel Ma, William Majoros, Joe McDaniel, Sean Murphy, Matthew Newman, Trung Nguyen, Ngoc Nguyen, Marc Nodell, Sue Pan, Jim Peck, 

Marshall Peterson, William Rowe, Robert Sanders, John Scott, Michael Simpson, Thomas Smith, Arlan Sprague, Timothy Stockwell, Russell Turner,

Eli Venter, Mei Wang, Meiyuan Wen, David Wu, Mitchell Wu, Ashley Xia, Ali Zandieh, and Xiaohong Zhu

Science 2001 291, 1304-1351 [DOI: 10.1126/science.1058040]



What makes a successful research team? 

J. Whitfield, J. Whitfield, NatureNature 20082008, , 455455, 720, 720

““A good scientist is someone who succeeds in getting the A good scientist is someone who succeeds in getting the various scientific disciplines to work together various scientific disciplines to work together 

harmoniously just as the fingers of a hand can function properlyharmoniously just as the fingers of a hand can function properly only if they work in concert.only if they work in concert.”” P. JanssenP. Janssen



A pesquisa científica contemporânea se faz em ambiente de rede.

EJB15
E4
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EJB15 
Para completudide em sua atuação com plena formação de M&D,l a PG precisa interagir além de sua própria arena, sem ir de lado mas com 
decisão.
Eliezer J. Barreiro; 04/03/2010

E4 Eliezer; 22/04/2010
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“We live today in a world of drugs. Drugs for pain, drugs for 
disease, drugs for allergies, drugs for pleasure, and drugs 
for mental health. Drugs that have been rationally designed; 
drugs that have been synthesized or purified from nature. 
Drugs fermented and drugs engineered. Drugs that have been 
clinically tested. Effective. Safe.”

zoomzoom

EJB29
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EJB29 Eliezer J Barreiro; 02/05/2010



The production of knowledge

M. Gibbons M. Gibbons et alet al., The new production of knowledge: the dynamics of ., The new production of knowledge: the dynamics of 

science & research in contemporary societies, SAGE, London, 1994science & research in contemporary societies, SAGE, London, 1994..

EJB30
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EJB30 The production of knowlegde
Eliezer J Barreiro; 02/05/2010



10

Obrigado

Nobel Prize, 1959Nobel Prize, 1959
“for their discovery of the mechanisms in the

biological synthesis of RNA and DNA”

“We have the paradox of the two cultures, 

chemistry and biology, 

growing further apart even as they

discover more common ground....

Pharmaceutical chemistry was until 

recently the bastion of organic chemistry…

…in the search for alternative or superior

drugs for the treatment of various diseases.”

Arthur Körnberg
Biochemistry 1987, 26, 6888-6891

EJB17
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EJB17 Rio de Janeiro, 05 de março de 2010, Prof. Eliezer J. Barreiro, LASSBio, UFRJ.
Eliezer J. Barreiro; 04/03/2010



A A interdisciplinaridadeinterdisciplinaridade éé indispensindispensáávelvel

para a solupara a soluçção de problemas ão de problemas 

ou desafios complexos !ou desafios complexos !

As As ciências dos fciências dos fáármacosrmacos são complexassão complexas

e diversas: e diversas: SSaaúúde, de, BBioliolóógicas, gicas, EExatasxatas
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A inovainovaçção tecnolão tecnolóógica gica é um 

dos processos 

mais dinâmicos da atividade 

industrial. Este dinamismo se 

expressa de forma 

acentuada  na inovação 

tecnológica 

farmacêutica que, mais do 

que qualquer outra,

depende da efetiva interação 

entre 

Ciência & Tecnologia



A inovaA inovaçção em fão em fáármacos depende...rmacos depende...

... da pesquisa cient... da pesquisa cientíífica !fica !



•• ScienceScience 20002000, , 287287, 1951 (, 1951 (J.Uppenbrink, J.Mervis)J.Uppenbrink, J.Mervis)

ScienceScience 20042004, , 303303, 1713 (Donald Kennedy Ed), 1713 (Donald Kennedy Ed)

•• Rethinking Drug DiscoveryRethinking Drug Discovery

•• Surviving the Blockbuster SyndromeSurviving the Blockbuster Syndrome

•• Orphan Drugs of the Future?Orphan Drugs of the Future?

•• Protein Kinase Inhibitors: Insights into Drug Design Protein Kinase Inhibitors: Insights into Drug Design 

from Structurefrom Structure

•• Polyketide and Nonribosomal Peptide Antibiotics: Polyketide and Nonribosomal Peptide Antibiotics: 

Modularity and VersatilityModularity and Versatility

•• Organic Chemistry in Drug DiscoveryOrganic Chemistry in Drug Discovery

•• The Many Roles of Computation in Drug DiscoveryThe Many Roles of Computation in Drug Discovery

•• Drug Delivery Systems: Entering the MainstreamDrug Delivery Systems: Entering the Mainstream

“Science is made of facts, just as houses are made of stones; but a mere collection of facts is no more 

science than a pile of stones a house”

Henri Poincare, 1902



>> 85% do arsenal >> 85% do arsenal terapêuticoterapêutico

são de são de ffáármacosrmacos sintsintééticos ticos ……

Os Os ffáármacos: rmacos: 

sintsintééticos ...ticos ...



cimetidinacimetidina

imatinibeimatinibe

maravirocmaraviroc

indinavirindinavir
losartanalosartana

propranololpropranolol

celecoxibecelecoxibe

FFáármacosrmacos

InovadoresInovadores



Pesquisa & Criatividade 

O ambiente propO ambiente propíício cio àà criatividadecriatividade existe,existe,

naturalmentenaturalmente,, na Academia (= na Academia (= liberdade acadêmicaliberdade acadêmica), ), 

favorecendo a favorecendo a criacriaççãoão do conhecimento novo do conhecimento novo 

e e a pesquisa cienta pesquisa cientíífica inovadora fica inovadora !!



Distribuição dos pesquisadores ativos

Adaptado de C. H. Brito Cruz & C. A. Pacheco, “Conhecimento & Inovação: Desafios do Brasil  no

Século XXI”, em www.inovacao.unicamp.br/report/intc-pacheco-brito.pdf (2/01/2009)



D. Butler, Nature 2008, 453, 840

EJB32
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EJB32 Nature 2008, 453, 840
Eliezer J Barreiro; 02/05/2010
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122 projetos INCT122 projetos INCT’’ss





Governance committeeGovernance committee

Foreign scientific consultantsForeign scientific consultants

INCT-INOFAR

Dr Simon CampbellDr Simon CampbellDr Simon CampbellDr Simon CampbellDr Simon CampbellDr Simon CampbellDr Simon CampbellDr Simon Campbell



Research partnersResearch partners
INCT-INOFAR





* A. Mullard, 2010 FDA drug approvals, Nature Rev. Drug Discov. 2011, 10, 82.

““In the 10In the 10--year period between 1999 and 2008, the FDA approved 183 year period between 1999 and 2008, the FDA approved 183 

smallsmall--molecule drugs...molecule drugs...””, , 

D Swinney & J Anthony,D Swinney & J Anthony, Nature Rev. Drug Discov.Nature Rev. Drug Discov. 20112011, , 1010, 507., 507.

...is going up !

The pharmaceutical industry invest The pharmaceutical industry invest caca. 10. 10--15% year in R&D15% year in R&D

The Big Pharma innovation crisis...

The drug world market, in 2010 = US$ 850 biThe drug world market, in 2010 = US$ 850 biThe drug world market, in 2010 = US$ 850 biThe drug world market, in 2010 = US$ 850 biThe drug world market, in 2010 = US$ 850 biThe drug world market, in 2010 = US$ 850 biThe drug world market, in 2010 = US$ 850 biThe drug world market, in 2010 = US$ 850 bi

228*228*

200*200*



“…“…the search for new drugs, the search for new drugs, 

especially in leadespecially in lead--optimization,optimization,

is an evolutionary process that is is an evolutionary process that is 

only like to be successful if new only like to be successful if new 

methods merge with classical  methods merge with classical  

Medicinal Chemistry knowledgeMedicinal Chemistry knowledge……

combinatorial chemistry combinatorial chemistry 

& high& high--throughput screening throughput screening 

approaches resulted from approaches resulted from 

inappropriate compound selectioninappropriate compound selection…”…”

Hugo Kubinyi
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www.inctwww.inct--inofar.ccs.ufrj.br/download/aar/2010.pdfinofar.ccs.ufrj.br/download/aar/2010.pdf

Annual Activities ReportAnnual Activities Report

Interdisciplinar & multiInterdisciplinar & multi--teamteam

research projectsresearch projects

•• Radical innovationRadical innovation

painpain, , inflammationinflammation,,

asthmaasthma, , CNSCNS,,

neglected diseasesneglected diseases,,

cardiovascular systemcardiovascular system,,

anticanceranticancer

•• Incremental innovationIncremental innovation
SUS (BR healthcare)SUS (BR healthcare)

new generic drugsnew generic drugs



Radical InnovationRadical Radical InInnovationnovation



L. M. Lima L. M. Lima et al.et al., , Bioorg. Bioorg. Med. Chem. LettMed. Chem. Lett., ., 1212, 1533, 3067 (2002) ; P. R. M. Rocco , 1533, 3067 (2002) ; P. R. M. Rocco et alet al., ., Eur. Respir. JEur. Respir. J., ., 2222, 20 (2003) ;, 20 (2003) ;
L. M. Lima L. M. Lima et alet al., A., Antiintii--nflammatory & Antinflammatory & Anti--allergy Agents in Medicinal Chemistryallergy Agents in Medicinal Chemistry, , 33, 9 (2004) ; J. V. Bevilaqua , 9 (2004) ; J. V. Bevilaqua et al.et al., , 
Applied Biochem. Biotechnol.Applied Biochem. Biotechnol., , 121121, 117 (2005); M. S. Alexandre, 117 (2005); M. S. Alexandre--Moreira Moreira et alet al., ., International ImmunopharmacologyInternational Immunopharmacology, , 55, , 
485 (2005); H. S. Campos 485 (2005); H. S. Campos et alet al., ., Braz. J. Med. Biol. ResBraz. J. Med. Biol. Res., ., 3939, 283 (2006) ; L.M. Lima , 283 (2006) ; L.M. Lima et alet al., ., AntiAnti--inflammatory & Antiinflammatory & Anti--alergy alergy 
Agents in Medicinal ChemistryAgents in Medicinal Chemistry, , 55, 79 (2006), 79 (2006)
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Drug Discovery –
Editorial

Donald Kennedy
Editor-in-Chief

“... The process of drug discovery is not only 

of scientific interest, it entails a fascinating 

interplay among a variety of economic, 

social, and political instituions..”.

Science 2004, 303, 1717



Biolab Sanus Farmaceutica Ltda 
Cristália Produtos Químicos Farmacêuticos Ltda
EMS - Sigma Pharma 
Eurofarma Laboratórios Ltda 
Genom Farmacêutica Ltda 
Laboratórios BIOSINTÉTICA 
Laboratório Neo Química Indústria Farmacêutica Ltda 
Laboratório Teuto Brasileiro 
LIBBS Farmacêutica 
Medley S/A Indústria Farmacêutica
Mantecorp 
Zambon Laboratórios Farmacêuticos Ltda

O O ““Caminho das Caminho das ÍÍndiasndias”” dos dos 

nossos fnossos fáármacos (genrmacos (genééricos!)ricos!)

Precisamos resolver, com urgência, a grave situaPrecisamos resolver, com urgência, a grave situaççãoão

de dependência das importade dependência das importaçções de fões de fáármacos, rmacos, 

invertendo o sentido do invertendo o sentido do atual Caminho das atual Caminho das ÍÍndiasndias……



Inovação IncrementalInInovaovaçção Incrementalão Incremental

�� O grave O grave gargalogargalo do escalonamento !do escalonamento !
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SunitinibeSunitinibe
20062006

• Sintetizado, em 1999, pela Pfizer

• Patente de 2001 (US)

• Inibidor BCRBCR––ABL TyrABL Tyr--quinase quinase 

•• Indicado para CaIndicado para Ca--estômago/rimestômago/rim

• Nova síntese Prof. Angelo da Cunha Angelo da Cunha 

PintoPinto & Dr BBáárbara Vasconcelos rbara Vasconcelos 

IQ-UFRJ, em 2011, pelo INCT-

INOFAR

SutentSutentRR

S Aggarwal, Nature Rev Drug Discov  2010, 9, 427

Vendas de tinibes no Vendas de tinibes no 
mercado mercado 

nortenorte--americano: americano: 

US$ 18,5 bi (2009)US$ 18,5 bi (2009)
ImportaImportaççõesões

caca. US$ 3 milhões/ano. US$ 3 milhões/ano

50 mg / 28 caps 50 mg / 28 caps ca.ca. R$ 20.837,90R$ 20.837,90



Os fármacos best-seller em 2010*

13,313,39,19,1
8,48,46,56,5

8,48,4
11 2,02,0

em US$ bilhõesem US$ bilhões

Esomeprazola (AZ)Esomeprazola (AZ)

fluticazonafluticazona

salmeterolsalmeterol

(GSK, 2012) (GSK, 2012) 

AtorvastatinaAtorvastatina
(Pfizer; 06/2011)(Pfizer; 06/2011)
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Quetiapina (AZ, 2012)Quetiapina (AZ, 2012)

Clopidogrel (BMS, 2011)Clopidogrel (BMS, 2011)

C16H16ClNO2S
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SCl

O OCH3

5,65,6--6,26,2

75,075,0
(8,7%)(8,7%)

N

S

N

N
O

OH

* R Mullin, * R Mullin, C&EN C&EN 2010 (06/12) 14(06/12) 14--2121

RosuvastatinaRosuvastatina
(Crestor(CrestorRR, AZ), AZ)

EtanerceptEtanercept
(Enbrel(EnbrelRR, biof, biofáármaco)rmaco)

InfliximabInfliximab
(Remicade(RemicadeRR, biof, biofáármaco)rmaco)

OlanzapinaOlanzapina
(Zyprexa(ZyprexaRR,Ely Lilly),Ely Lilly)

AdalimumabAdalimumab
(Humira(HumiraR,R, Abbott)Abbott)
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HOAtorvastatinaAtorvastatina
19911991

• Sintetizada, em 1985, por Bruce D. Roth

• Patente US 5273995 Pfizer (1991)

• Nova síntese Prof. Luiz Carlos Dias &

Dr Adriano Siqueira, IQ-UNICAMP, em

2010, pelo INCT-INOFAR

• B. D. Roth, BD (2002). "The discovery 

and development of atorvastatin, a potent 

novel hypolipidemic agent”, Prog Med 

Chem 2002, 40, 1–22

• K. Maggon, "Best-selling human 

medicines 2002–2004“, Drug Discovery 

Today 2005, 10 , 739–42

super blockbustersuper blockbustersuper blockbustersuper blockbustersuper blockbustersuper blockbustersuper blockbustersuper blockbuster––––––––drugdrugdrugdrugdrugdrugdrugdrug



Nova sNova sííntese da atorvastatinantese da atorvastatina

* Prof. Luiz Carlos Dias & Dr Adriano  V Siqueira, IQ* Prof. Luiz Carlos Dias & Dr Adriano  V Siqueira, IQ--UNICAMPUNICAMP

LC Dias, AS Vieira, EJ Barreiro, Processo de obtenLC Dias, AS Vieira, EJ Barreiro, Processo de obtençção ão 
de atorvastatina cde atorvastatina cáálcica utilizando novos intermedilcica utilizando novos intermediáários rios 
PI  018110015039 (pPI  018110015039 (protocolado no INPI, em 25/04/2011)rotocolado no INPI, em 25/04/2011)



A equipe do INCTA equipe do INCT--INOFARINOFAR

Universidade Federal do Rio de Janeiro, março 2011

Primeira reunião de avaliaPrimeira reunião de avaliaçção e acompanhamento de 2011ão e acompanhamento de 2011



ConsideraConsideraççõesões

FinaisFinais



07 October 2009 vol 1, issue 1, 95-101

PG Wyatt, PG Wyatt, The emerging academic drugThe emerging academic drug--discovery sectordiscovery sector. . Future Med. Chem.Future Med. Chem. 20092009, 1, 1013; R , 1, 1013; R 
Kneller, Kneller, The importance of new companies for drug discovery: origins of aThe importance of new companies for drug discovery: origins of a decade of new drugsdecade of new drugs. . 
Nature Rev. Drug Discov. Nature Rev. Drug Discov. 20102010, 9, 9, 867; AJ Stevens , 867; AJ Stevens et al., et al., The role of publicThe role of public--sector research in the sector research in the 
discovery of drugs and vaccinesdiscovery of drugs and vaccines. . N. Engl. J. Med. N. Engl. J. Med. 20112011,, 364364, 535., 535.

Novos arranjos institucionais são necessNovos arranjos institucionais são necessááriosrios



OpenOpen--InnovationInnovation

“Most innovations fail. 

And companies that don´t  

innovate die”

Henry Chesbrough

BigBig--PharmasPharmas estão adotando estestão adotando estáá estratestratéégia para minimizargia para minimizar

sua crise de produtividade. Novos paradigmas de gestão dasua crise de produtividade. Novos paradigmas de gestão da

pesquisa cientpesquisa cientíífica  para chegar a ffica  para chegar a fáármacos inovadores estãormacos inovadores estão

em curso de se desenharem.em curso de se desenharem.



Pôle de recherche interdisciplinaire pour Pôle de recherche interdisciplinaire pour 

le mle méédicamentdicament

Julia Paranhos & Lia Hasenclever, Julia Paranhos & Lia Hasenclever, Is industryIs industry--university interaction real & viable in the Brazilian university interaction real & viable in the Brazilian 

pharmaceutical system of innovation?pharmaceutical system of innovation?, VIII Triple Helix Conference, Madrid, Spain, October 2010., VIII Triple Helix Conference, Madrid, Spain, October 2010.

The effective and productive industryThe effective and productive industry--university interaction in university interaction in 

Brazilian pharmaceutical sector is poor, superficial and occasioBrazilian pharmaceutical sector is poor, superficial and occasionalnal..



Nossa capacitação para a

inovação no setor de fármacos,

exige mais do que 

investimentos ou parcerias entre

universidade, empresa 

pública/privada e  governo! 

Exige pessoal qualificado,

ações articuladas, integradas, 

vontade política, superação dos

gargalos e coragem empresarial.



O O estestáágiogio atualatual da da inovainovaççãoão
farmacêuticafarmacêutica no no BraBrasilsil

UniversidadeUniversidade

EmpresaEmpresa

GovernoGoverno

Etzkowitz & Etzkowitz & 

LeydesdorffLeydesdorff



A sede do

INCT-INO
FAR

www.inct-inofar.ccs.ufrj.br


