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Farmacos e medicamentos sao”
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Instrumentos essenciais
a atencao farmacéutica,
eficiente e segura, sendo,
portanto, imprescindiveis nas

politicas de saude, promovendo
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a inclusao social e a cidadania.
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Expectativa de vida
nos estados brasileiros 2007
anos

Fonte: IBGE - Sintese de Indicadores Sociais
Elaboragdo: SEPLAG/DEPLAN - 11/2008

www.scp.rs.gov.br/uploads/Expect_Brasil_07p.gif

Os farmacos... salvam vidas !
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(Descobrir)

ato ou efeito de descobrir (algo), retirando-lhe a
protecao, a cobertura, a capa ou involucro que
cobre, esconde; descobrimento;
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(Inventar)

criacao de algo através do conhecimento cientifico,
técnico; coisa inventada; invento;

Invencao
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41° CONGRESS0 BRASILEIRO DE FARMACOLOGIA
E TERAPEUTICA EXPERIMENTAL
BRADICININA 60 ANOS (1949-2009)
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Hessarch team formed Movel chemicals Chemicals testad for Formulation, stability Company files

and objectives sst synthesized efficacy and safety in scak-up synthesis, Imvestigational New
test tubes and animals. chmonic safety in animals Drug (IND) application
Results used to choose with FOA
drug candidate,

. O processo da invencéo de l
:  novos farmacos inovadores :

Clinical studies

ANVISA
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Crug is approved FOA reviens NDA Company files Mew Phese [l large clincal Phase I; studies Phass | studies
for marketing Urug Application (NCA) triaks in many patients In patients (efficacy) in healthy humans
(toleration]

Al 7 1A Lombacgino & TA Lowe IIT Natue: Rev. Dz Dise. 2004, 3,853
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. “The search for new drugs ... is an
evolutionary process that is only

. likely to be successful if new

. methods merge with classical

. medicinal chemistry knowledge”

#% . Hugo Kubinyi, 2003

www.kubinyi.de

.................................



-
-
-
-
-
-

mlaia Pl o it da absticins B

-_—
L5

vencdo de hovos [3rmacos ..

* Science 2000, 287, 1951 (J.Uppenbrink, J.Mervis)

LSS

Dytfej~e
Discoyary ¢

o depende da pesquisa cientifica

“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

eliezer © 2011
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J. D. Watson & F. H. C. Crick
Nature 7953, 171, 737-738
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Sequenciamento do genoma humano
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The Sequence of the Human Genome NS
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 1 -
Bolanos, Arthur Delcher, lan 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, THE
Douglas B. Rusch, Steven Salzberg, Wei Shao, Bixiong Shue, Jingtao Sun, Zhen Yuan Wang, Aihui Wang, HLUAMAN
Xin Wang, Jian Wang, Ming-Hui Wei, Ron Wides, Chunlin Xiao, Chunhua Yan, Alison Yao, Jane Ye, -

Ming Zhan, Weiqging Zhang, Hongyu Zhang, Qi Zhao, Liansheng Zheng, Fei Zhong, Wenyan Zhong, CaE MU |
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, lan 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 lbegwam,
Jeffery Johnson, Francis Kalush, Lesley Kline, Shashi Koduru, Amy Love, Felecia Mann, David May,

Steven McCawley, Tina Mclintosh, 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 Guigé, 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]
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Os farmacos
e 0 Nobel !
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John R. Vane
0] (1927-2004)

Sune K. Bergstrom OH
(1916-2004) oy
Bengt 1. Samuelsson O
(1934- .=
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Os farmacos

Alexander Fleming
1881-1955

= 196 pesquisadores

ganharam o Prémio

Nobel de Medicina
(1901-2010)

5 : . http://nobelprize.org
| € 1945
Howard W. Florey Ernest B. Chain

| 1898-1968 1906-1979
éR\SSOIo@)
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Premio Nobel, 1959

The Two Cultures: Chemistry and Biology'

Arthur Kornberg
= Department of Biochemistry, Stanford University, Stanford, California 94305
Arthur Kornber - Received July 14, 1987
1918-2007 9 “Much of life can be understood in rational terms if

expressed in the language of chemistry... the

historical roots of chemistr Vand biol oLy

are intertwined in many places...

ge=" Pharmaceutical chemistry was until

recently the bastion of organic chemistry...
in the search for alternative or superior

drugs for the treatment of various diseases...”

A. Kornberg, Science and medicine at the BIOC 1 .
millennium, Braz J Med Biol Res, 1997, 30, W4 DBiochemistry 1987, 26, 6888-6891

1379 r &
M Quimica
eliezer © 2011



Diapositivo 15

EJB6
Kornberg definiu as bases da interdisciplinaridade das ciéncias dos farmacos quando antecipou a necessidade de aproximar-se a
Quimica e a Biologia.
Eliezer J. Barreiro; 04/03/2010
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Drug Discovery —
Editorial

Editor-in-Chief Science 2004, 303, 1717

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

of scientific interest, it entails a fascinating

. Donald Kennedy

[nterplay among a variety of economic,

social, and political instituions..”.
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Mercado Farmaceéutico Mundial

Anos ca. 2X

!

2003 i 2004 2005: 2006 | 2007 | 2008 ; 2009 : 20105
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477,0 i528.4 i559.81605,2 i649,0 712,0 | 785,0 | 850,1*

(10,6%)f (10,4%)t (8,0%)t (6,8%)1 (7,0%)f (6,0%)t (10,0%)t (8,0%)1
USS DilN0ES ccccceecceeccecccecceccccccccecccocccscscscscsccccccnss >

América Latina: *Fonte: R Mullin C&EN, Dec. 06, p.14, 2010

Brasil: 2,6% (10° lugar) = US$ 15,7 bilhées (ca. >20%) & Principais classes terapéuticas:
Top-10: US$ 606,7 bilhoes (USA: US$ 306 bilhoes = 50,4%) oncologicos (6,0%)

éa\sssio@ & anti-lipémicos (4,5%)
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¥4 Os novos farmacos dependem da pesquisa cientifica ™

* Wood and paper
Products

« Cement, Steel, Oil

R&D intensity / market orice

-C_hemi::als
Electric Machi

AutOparts
*Machine Tools

*Advanced Software :

-Pharmaceuticals]
Nutraceuticals
‘Equipment and Electro
instruments
Telecommunications
‘Aeronautics Components
‘Chemical specialties
‘Biotechnology
-Advanced Materials
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Descobridores de Farmacos

I I - ==5wﬁdn?r'1 France I I
elgium

United States

Others

Japan

Germany

switzerland
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Top-10 empresas farmacéuticas mundiais

2009
. Empresa Yendas (US$mi) Sede
Gohmonaohmon | 1 | lohnson & Johnson | 61.897 .LJS
. 2 |- ' Pfizer | 50.009 us
Roche} |3 | Foche 47 256 it zerland
. osk ME | GlaxoSmithKling | 4789 UK
) NOVARTIS |2 - Movartis 44 267 Switzerland
. B | SanehAientis 42.002 ' France
7 Astraleneca 32.604 LIk =weden
: | Abbott 130.765 Us
. 3 Merck & Ca 27.428 us
10 = Lilly and Cnmpany.ET-BS'ﬁ s
. Fonte: LM Jarvis, CE&EN 2010, 22702, 24-26
1

g
L5

US$ 403,5 bilhdes elczer @ 2011
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Mercado farmaceutico mundial
% participacao por regiao

Asia )
6% Japao

Europa 7%

Ameérica do
Norte
52%

Ameérica
Latina
5%

— Brasil 102 lugar mundial com US$ 15,7 bilhdes ,em 2010,
com ~20% de farmacos genéricos
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Os farmacos best-seller em 2010*

F
o Clopidogrel (BMS, 2011)
S{-“I"E'tldl':‘ on @ O _OCH,
o 0
. C25H37NO4 < Cl S
fluticazona

salmeterol
C,6H33F305S

. CSEN-— (GSK, 2012)

Ci6H16CINO,S

S (CrestorR AZ)
Etanercept

{EnbrelR, biofarmaco)

Infliximab (
(RemicadeR, biofarmaco)
e Qlanzapina N
(ZyprexaR,Ely Lilly) -
. Adalimumab @\s C17H19N305S d

(Humira® Abbott)
25 ¢ Quetiapina (AZ, 2012)">°CTePrazO Bl

L C33H35FN, 05
| i y L Atorvastatina
&m io (8,7%) * R Mullin, C&EN 2010 (06/12) 14-21 (Pfizer; 06/2011)

....................................
~v A ONA4



Sobre a quimiodiversidade dos farmacos :®

OCH,;

C16H16CINOZS

C17H19N303S C33H3sFN,Ox
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Sobre a quimiodiversidade dos farmacos

Caracteristicas estruturais comuns farmacos
mais vendidos 2010
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> Pertencem a 3 classes terapéuticas distintas: > ;

Possuem elementos quimicos CHON F

possuem heteroatomos - ' unidades heterociclicas;

3

sao ciclicos (< cinco anéis); “ //%?
possuem unidades a u, N -
Todos séao sintéticos como 85% farmacos no mercado;
alcano,
alceno, alcool haleto, éter, tio-éter,

cetona, éster, tio-éster,

Sao moléeculas mas muito valiosas

g
L)
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/\/NH2

@ JANSSEN-CILAG N —0
)EE\/ pravastatina

& merck| simvastatina |
Phior M risperidona US$ 2,6 bi

US$ 5,6 bi

US$ 5,0 bi US$ 4’3 bi OH Dalichi-Sankyo
1 H
Ci F N o] N CH;

A~ -Cl <~ _N 3

| H3c CH3 AstraZeneca
N HsCO metropolol

© US$ 1,9 bi
) ,N—CH3
FV ) H3C Cl |/\N/\/OVC02H

HN zolpidem ‘ N \)

CH3 US$ 2,3 bi CHj

CH;

CHj3
sertralina Ill Z CH;

US$ 3,7 bi
cetirizina terbinafina
US$ 1,5 bi US$ 1,3 bi
r\{ ondansetron '

e
CH; US$ 1,8 bi QJ
Labastu -..,-hmm.s.m!g @ eliezer © 2100
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CHEMICAL & ENGINEERING NEWS

UFR

A IF global observara redugoes nos oito principais
mercados (EUA, Jpn, Fr, Ale, It, Ch, Sp, UK)

USss 45 *
bilhoes

30

PHARMA REFORMULATES

As estratégias de negocios | 15
mudam na IF que descobre
moléculas inovadoras:

Novas fusoes, alternancia
geografica, ajustes de metas| O

terapéuticas (osteoporose, | 2003 2005 2007 2009 2011 2013
sistema respiratdrio, trombose, 2004 2006 2008 2010 2012

esclerose  multipla,  altismo,

céncer), participagéo no mercado * Trés blockbusters perderao protecdo patentaria: e.g.
de medicamentos genéricos (ca. atorvastatina, clopidogrel & seretide

US$ 80 bi em 2009; Aventis & | o e 5)AInsworth, C&EN 2009 (07/12) 13-21

Medley, BR; Eurofarma & Pfizer,
BR; Pfizer & Teuto, BR;)

IEEEEEN
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....... o Sitaroda Sebsanins Bodins eliezer © 2010
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Editorial overview
Alan Cuthbert
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120 w6 \%
Allocation of the 252 new drugs approved by the U5 Food and Drug Administration between 1998 and 2007. “
. :
£ =====D> universidade
2 g4 64
=
=]
=1
L]
o
=
.=
°
£ - ——— . .
3 universidade
0 EE; ——
2
g 7
£
4|:| —
28.7
. Ul}
453 23.0 208 5.5
20 24 05 14 37
20+ 0.5 ;
23 ] 14 24 10
131 1.1
14 06
188 18.0 171 20 : 169 68 65
Bl e | 32 e
0 25 H 1.0
United Japan LK Germary Switzerlnd Frarce Other Carada and Crthers
States Europ=an Australia
B Large phamaceutical compary 0 University -discovered, transferred to pharmaceutical compary B Biotechnology company; or university-discovered,
O small phamaceutical company £ University-discovered, transferred to biotechnology company transferred to bictechnology compary in the

in a different regicn same region
' ®
éﬂ_\SSOio R Kneller, Nature Rev, Drug Discov. 2010, 9, 867
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Invencao & Criatividade

Dean Keith Simonton
http://psychology.ucdavis.edu/simonton/

UrRj

“discoveries and inventions become virtually

CREATIVITY IN inevitable (1) as prerequisite kinds of knowledge
SC I EN C E accumulate in man’s cultural store; (2) as the
attention of a sufficient number of investigators

is focused on a problem - by emerging social

needs, or by developments internal to the particular
science, or by both”

Robert K. Merton (1961)

Dean Keith Simonton The role of genius in scientific advance. New Scientist, 12, 306-308
Un California, Davis

2004

Sociologia do conhecimento

....... sresptrmhemveltn eliezer © 2011
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, aria, ilha do Fundao,
|o de Janeiro, RJ

Criado em 19/04/1994 IL.aboratorio de Avallacao e Sintese de Substanc1as Bioativas

Modelagem

)
&}sssh Farmacologia

eliezer © 2011




Quimica

UFR]!
Metabolismo Ensaios bioguimicos Tgia
# 10uM
Estabilidade / Solubilidade . Ensaios celulares
D S ‘ Grupo farmacoforico

Propriedades Série congénere

Contribuicdo toxicoforica

Ensaios farmacologicos
In vivo

Composto-prototipo

M  In silico

E
Desenho estrutural
(T)

Indicacéo ‘ Disciplinas
afins (seletividade)

@ Estratégias de planejamento
Uil tarspaites Anélogos inativos & modlificacdo molecular
Alvo- rerapeur.fco . Diversidade de g uimiotipos

Quimica
Medicinal

Atividade
(Poténcia)

=)

In sifico

Atividade Otimizacéo do protdtipo

NBQSX 0N

PRy
%

Abordagem fi: s,fo!ogfca Meroa'os computacionals  Mecénica & Dindmica moleculsr
Meétodlos industriais Baseados na estrutura do ligante . :
Quimica combinatoria-HTS Baseados na estrutura do alvo Meétodos hibridos

FBLD
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-
IHCt instituto nacional
Lg) de ciéncia e tecnologia

;MW VAW I'lr'l['l*ﬂr.*'*"\.llrr'.t"‘r
fQcneq @ansm @ e 09

| e — f e e SR R e R
| m 1 et 0 emgten o et B B g

de Farmacos e Medicamentos

i

-

Project CNPqg 573.564/2008-6

Lol A missao do INCT-INOFAR

Team z A * : r i 2
i Ol'gE'II'IIZEII' as CﬂmpEtEI‘ICIEIS CIEI‘ItIfiCE‘IS nacionails em uma

Scientific adviser board rede efetiva de pesquisa em farmacos;
(SAB)

s Apoiar projetos de pesquisa cientifica multi-institucionais
ReSaonCh promss voltados para novos farmacos;
Research people T i & 4

s Contribuir para a inovacao incremental e radical em novos

Useful articles farmacos e genéricos;

Publications s Estudar e desenvolver a sintese total de genéricos,
intermediarios avancados e matérias-primas;

® Contribuir para a formacao cientifica qualificada de pessoal
em quimica medicinal & farmacologia;

s Promover a divulgacido das ciéncias dos farmacos e dos
medicamentos, assim como seu uso racional e seguro;

-
-
-
-
-
.

-_—
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European Journal of Medidnal Chemistry 45 (2011) 349355

Contents lists available at ScienceDirect

European Journal of Medicinal Chemistry

journal homepage: http://www.elsevier.com/locate/ejmech

Original article

3 4-methylenedioxybenzoylhydrazine (LASSBi0o-294) by rat liver
microsomes and human recombinant CYP enzymes

Aline Guerra M. Fraga®", Leandro Louback da Silva *,
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Resumo conclusivo

* Farmacos e medicamentos sdo imprescindiveis paraa ¢ 32
qualidade & expectativa de vida das pessoas; &ﬁ\

 Aimportancia da Quimica Medicinal e da interdisciplinaridade
no processo de invencao de novos farmacos ;

. * O mercado mundial de farmacos é significativo (ca. USS 480

bilhdes em 2010);

« O faturamento mundial de um farmaco pode atingir RS 22
bilhGes/ano (e.g. atorvastatina = USS 13 bi em 2010);

A guimiodiversidade dos farmacos é singela;

 Farmacos verdadeiramente inovadores sao raros hoje em dia;

 Ha uma grave crise em inovacao na IF que “inventa” farmacos;
 Ainventividade que leva a inovacao depende da criatividade;

* LASSBio-UFRJ, a “Casa” da Quimica Medicinal & a inovacao
Asm@) radical & incremental em farmacos: a sede do INCT-INOFAR.
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Brasil desponta como novo polo
de inovacdo

A mudanga em curso na indistria

farmacéutica global faz com que as
grandes empresas olhem para os

paises emergentes com mais
atengéo e o Brasil comecga a se
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