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Planejamento = ato ou efeito de planejar;

Racional = que procede da razao; que
tem por objeto a razao,
em que ha coeréncia,
l6gica, inteligente;
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Planejamento Racional de farmacos
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E o farmaco formulado galenicamente...§ &=
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CHa
=)
Hessarch team formed Movel chemicals Chemicals testad for Formulation, stability Company files
and objectves sst syntheseed efficacy and safety in scak-up synthesis, Imestigational hew
_‘ e test tubes and animals. chmonic safety in animals Drug (IND) application
Com posto-prototipo  Results usedto choose with FDA
drug candidate.

O processo de descoberta/invencgio de: l
novos farmacos € complexo...

Crug is approved FDA reviens NDA Company files Mew Phese [II: large clinical Phase I; studies Phass | studies
for marketing Urug Application (NCA) traks in many patients In patients (efficacy) in healthy humans
(toleration]

JA Lombardino & JA Lowe III, Nature Rev. Drog Dise. 2004, 3, 333
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barbitiricos +—1923
cloroquina < 1934

sulfonamidas 19
penicilina < 1942
nitrofurano «—1992
progesterona < 1953
talidomida 1954
haloperidol < 1958
verapamil «—1962

indometacina 196

propranolol «—1964
salbutamol «—1968
prostaglandinas < 1970
oxamniquina « 1970
cimetidina nifedipina 1975
atenolol 1976
captopril 1977
tamoxifeno 1978
praziquantel . 1979
oxicams < 1980
ranitidina aciclovir 1981
1985

A

mefloquina misoprostol
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Cronologia da descoberta de farmacos

e

FEEEE

1986 » ciprofloxacina fluoxetina

1987 _ zidovudina lovastatina

1988 _, cetirizina, enalapril

1989 _, ozagrel mifepristona

1990 » salmeterol, amlodipina ,_‘

1991 » alpidem, paroxetina I:‘%:]

1992 » paclitaxel =l

1993 » tacrina, fanciclovir '

1994 _, irinotecan, pimobendano

11%%56 —» indinavir, losartano

—> docetaxel, atorvastatina

1997 » zafirlukast, montelukast

1998 » infliximabe sildenafila efavirenz

1999 » celecoxibe orlistate oseltamivir

2000 » galantamina rofecoxibe

2001 » imatinibe rosiglitazona

2002 » voriconazola, etoricoxibe i

2003 » gefitinibide, aripiprazola s

2004 , rosuvastatina, rofecoxibe I

2005 , pregabalina, Caduet?

2006 » risperidona, erlotinibe o —_—
etairis

2007 » maraviroc*, ambrisentam ambrisertan

2008 » etravirina B

2009

—> pltavaStatl ha eliezer © 2010



@ 1994
vorinostat / m 1995

marawroc

atorvastatina | g 1997
X m 1998

o 1999
3‘1 = 2000
indinavir | O @

Iosartana 36

28

l il Zic‘}""tid"* 2? / / 01996

adalimumab * \f"ﬂ " 20n2

fos== | 32003

- 39 L | 2004

N ’/I o 2005
aripripazola =i 35

montelucaste W 2006

o l m 2007

imatinibe esomeprazola ceIeCOX|be —- —

sildenafila a’ﬁﬁiﬁ;

Inovacoes terapéuticas

ca. 30 novos farmacos langados / ano
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Mercado Farmaceéeutico Mundial

Anos 2X

\ : : : : : ]

: 2002 2003 (2004 2005 i2006 2007 2008 | 2009

(10.6%) (10.4%) (8.0%) (6.8%) (7.0%) (9.0%) (8.0%) (5.2%)1
USS DIlNBES «euneeneeneenenneneencanennensanens eeenenreresenencnsd

*Fonte: SJ Ainsworth C&EN, Dec. 07, p.13, 2009

America Latina: —====Z Principais classes terapeéeuticas:

Brasil:1,6% (102 lugar) = US$ 11,6 bilhoes
Top-10: US$ 561,9 bilhoes (USA: US$ 300 bilhoes = 40%; Jp, Fr, Al.)

oncologicos (6,9%)

& anti-lipémicos (4,7%)

l §427,o 5498,45559,8 5605,2 5649,0 712.0 768.0 5783,0*

2010-2013: osteoporose,DRG, .,
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Os farmacos

=

7

1945 - Alexander Fleming 1945 - Ernest B. Chain  1945- Howard W. Florey

http://nobelprize.org

Inter-alia:
Propranolol
Cimetidina
Aciclovir

% 195 pesquisadores
ganharam o Prémio
Nobel de Medicina
desde 1901

1988 - J.W. Black 1988 -G.B. Elion 1988 -G.H. Hitchings
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e 0 Nobel !

R

1982 —J.R. Vane

JAMES D. WATSON

DN A

f ke TR S

¢ 157 pesquisadores
ganharam o Prémio
Nobel de Quimica
desde 1901

Arthur K&r“berg

1937 -Albert Szent-Gyorgi 1959- Arthur Kornberg
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Nobel Prize, 1959 o

“for their discovery of the mechanisms in the

biological synthesis of RNA and DNA”

“We have the paradox of the two cultures,

chemistrynd biology;

growing further apart even as they

discover more common ground....

Pharmaceutical chemistry was until
—= recently the bastion of organic chemistry...

in the s}ﬁﬁz for alternative or superior
drugs for the treatment of various diseases.”

Arthur Kornberg
: ' 1 'r‘; Biochemistry 1987, 26, 6888-6891

eliezer © 2010



Diapositivo 11

EJB2
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



—
;.

y

|
U}

#*| Quimica

Interdisciplimaridade



o

>

O Paradlgma

de Ehrlich &
Fischer

—

-“_ -'-
fo
! }: T N,
Ui



0 paradigma de el | Fise
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LOCK-& KEY, oA P |

CONCEPT

é?‘ ‘baseado no sitio de

Emil Fischer reconhecimento

1852-1919 - BSRM
Planejamento
1902 racional
BL-AA
O, =

‘%;% :_-r\ :, cr‘r: = F.’r\
M%ﬂ [ O AL
A abordagem ' V'lIWWV

THE LANCET baseado no ligante
/ analogo-ativo

Paul Ehrlich ==~
1854-1915 - P. Ehrlich, Chemotherapeutics: é i ®
1908 I scientific principles, bt i.

— methods and results. Lancet 1913, 2, 445
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CHa
=)
Hessarch team formed Movel chemicals Chemicals testad for Formulation, stability Company files
and objectves sst syntheseed efficacy and safety in scak-up synthesis, Imestigational hew
_‘ e test tubes and animals. chmonic safety in animals Drug (IND) application
Com posto-prototipo  Results usedto choose with FDA
drug candidate.

O processo de descoberta/invencgio de: l
novos farmacos € complexo...

Crug is approved FDA reviens NDA Company files Mew Phese [II: large clinical Phase I; studies Phass | studies
for marketing Urug Application (NCA) traks in many patients In patients (efficacy) in healthy humans
(toleration]

JA Lombardino & JA Lowe III, Nature Rev. Drog Dise. 2004, 3, 333
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0s biorl’eCeptO'
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atuam em alvos

terapéutica de oS
farmacos contemporaneos.
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Biorreceptores
L . T

Norm:l :
Target Cells / T &

Lipid molecules
in membrane
Open ion Closed ion
channel channel

Canais i0nicos
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Modelo Chave-Fechadura

Enzyme Catalysis

Enzyme + Substrate Enzyme - substrate
complex ]

‘ Resposta

Bioldgica

reconhecimento
molecular

eliezer © 2010
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Inibicdo Competitiva e Nio—competitiva
A
n Sustrato
Sitio Activo
H
C

N

Inhibidor -
Competitivo

\_»

i,

Inhibidor
no Competitivo
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A maioria dos biorreceptores dos farmacos
contemporaneos sao enzimas ...

Erzymes 47% GFCRs 3056

DA 1% lon channek 7%
Irtscrins 1%
Fizoolanoous 29 Trancportors 4%
Muclzar harmana
Chher recectors 4% receptors 4%

Figura 4 | Marketed small-melecule drug targets by biochemical class.
GPCR, G-protein-coupled rmceptar,

..de apenas 130 familias distintas de proteinas !

www.Nature.com/ reviews,/drugdisc
Hao pia;mﬁ.L&Grca‘nGHTh drugoable genoma
Mt Bev: Drug Discow: 4, T27-30 (2002), eliezer © 2010
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Siegfried Schwarz

EARGER

Ky (arboraratos
e L ipideos

acidos mucleicos
proteinas
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Model Compound Bound to the Minor
Groove of a DNA Molecule
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Estrutura Primaria das Proteinas

RESIDUO DE AMINO ACIDO

O ( Rl) H|l ©
N N NH
CADEIA PROTEICA N b N Y, .
| T|/ | CADEIA PROTEIC/
@) Rs H @)

T wochadura”

[ LIGACAO PEPTIDICA ]

Essenciais: His, lle, Leu, Lys, Met, Phe, Thr, Trp, Val

AMINO ACIDOS:
Nao-essenciais: Ala, Arg, Asn, Asp, Cys, Glu, Gin, Gly, Pro, Ser, Tyr

...a maioria dos biorreceptores de farmacos sjo proteinas !

eliezer © 2010
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O " glfabeto” protéico ...

o d e d S

i
ﬁH“g;, MH.
glicina (gly) Hz e
alanma valma isoleucina (lle) leucina
0 OH 0O o
HO OH '\' H- -3
sz 3 JH HoC CH
MH
z NH NH_
- cisteina (Cys) , o
Serina treonina (Thr) meticonina

y 5 )K “/\HLDHHDW N

lisina (Lys) arginina
0 acido glutammo acido aspartico

prolina __NH CH asparagina (Asn)
H o
e M
MH, T
: 0oH OH [y ™
@Q . | Ny on
NH2 LHﬂ L MH, — Ak,
- R
triptofano (Trp) i fenilalanina (Phe) tirosina (Tyr) histidina
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A quimiodiversidade na natureza...

20 amino-acidos essenciais

400 dipeptideos
8.000 tripeptideos...

64.000.000 hexa peptideos

10400 proteinas com PM ~ 30 kD

L J

l 100 amino-acidos modificados

ca. 1.000.000.000.000 hexapeptideos...

... € apenas 4 bases nucléicas codificam todos os organismos !

eliezer © 2010
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“ligacoes” de hidrogenio ...

Pyrimidines
Thymine o @

TR

c N
C c
e NN
H N o
| a
aH
Nitrogenous Bases of DNA
H H
Wy 0% 4
Adenine | Guanine

NH, .'ﬂ
NT N N/H>

H d Purines
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CHEMICAL INFORMATION
MODELIMG

eliezer © 2010




Mini-curso: Planejamento racional de fhrmacos — UFAL (19/02/2010)

Complexo formado entre LASSBio-257 (verde) e o LASSBio-258 (rosa)
com o sitio de reconhecimento molecular da PGHS-2.

eliczer © 2010
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> n_eFr_ﬁ ¥ payA @Aj X

Estruturas cristalograticas disponiveis no PDB

PDE4B - 1F0J PDE4D - IMKD
351 residuos 328 residuos
Metodo: Difragao de Raio-X Metodo: Difracao de Raio-X
Resolugdo: 1.77 A Resolucdo: 2.90 A

1 1P 11 =

eliezer © 2010



Access the PDB FTP:

RCSB PDB PDBe PDB;j
Archive Download

Chemical Component
Dictionary

Deposit Data to the PDB:
RCSB PDB PDBe
PDBj BMRB

RCSB PDB PDBe
PDBj BMRB

PDB Archive Snapshots:
RCSB PDB PDBj

Instructions to Journals

Annotation and Policies

l Search for Structures:

Home

wwPDB Agreement | Statistics | FAQ = News  Contact Us

The YWarldwide Protein Data Bank {(wwPFDE) consists of arganizations that act as deposition,
data processing and distribution centers for PDB data. The founding members are RCSB PDB
(USA), PDBe (Europe) and PDBj (Japan). The BMRB {USA) group joined the wwHDB in 2006
The mission of the wwPDE is to maintain a single Protein Data Bank Archive of
macromalecular structural data that is freely and publicly available ta the global community.

This site provides information about semices pravided by the individual member organizations
and about projects undertaken by the wwFDEB.

wwPDB Statement on Retraction of UAB PDB Entries

16-December-2009
Coordinated wwPDB Release of Data

The PDE archive can be accessed at FTP sites at the RCSE PDE, PDBe, and PDE|. The
update schedules for these sites have been coordinated to be simultaneous. All updates now
occur at the target time of Yednesday 00:00 LITC {Coordinated Universal Time).

There is no change to the timeline for structure release requests. Any author correspondence
required to release a FOB entry should be sent to the appropriate wwFDB member site by 12
noon local time on Thursdays in order for the entry to be prepared for release. This
correspondence (which can include citation infarmation, responses to outstanding 1ssues,
etc.) should be sent to:

eliezer © 2010
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e @,  Atualmente, os novos

i : ‘J

2 R farmacos,

q"l'lél‘quer

alvo-terapeéutico, sao
por
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O Centenario Modelo "Chave-Fechadura”

Complementaridade do modelo
Chave-fechadura

Sitio ionico

itio ionico

complementaridade molecular

eliezer © 2010
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O

A
OH
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A hierarquia dos grupos funcionais
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1 Regioisoméros do acido acetil salicilico (AAS)
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O Centenario Modelo "Chave-Fechadura”
sitio receptor |atividade intrinseca|

agonista natural
I
* resposta
___.’ . .
L'

Farmaco  Enzima Acido PGHS-1

Substrato - Alvo araquidénico PGHS:2 P(,}.E2
natural terapéutico icosanoide

Quimica
Sitio-ativo |atividade intrinseca|

— I —» | bloqueio da"
resposta

biologica ‘
:

Inibidor;:AAS PGHS-1

NSAI = antiinflamatorios nao-esteroides
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Modélo topografico das interacoes AAS-R

Sitio Receptor

Hidrofdbica

-
-~
-~

lr

L ]
-
w

Hidrofilica

Hidrofébica

6a= amino-écido)
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Modelo “Chave-Fechadura”

Reconhecimento
Molecular

v Complementaridade
Y Molecular

eliezer © 2010
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’ - L] L] ~
Quimica EI|m|na(i*ao
rena

Bile, fezes, pulmao

Agente de

depdsito ST TR
P [Bioinativacéo |

Complexo =
tissular l ‘

Distribuigéo Hepatica,plasmatica, entética

Absorcao—Metabolismo F-R E.T

Polimotrfismo, idade,
Complexo | Inducio / raca, Sexo
plasmatico | jnibicao
PQF - pKa enzimatice
D Afinidadé

chépci.
. J4 - b s lr”.
Vida-média || Agentede Sinefgismo

co-solubilidade

Farmaco

Fase farmacocinética

(ADME) Fase farmacodinamica
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