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Modelagem por homologia das isoformas
do CYP2D6 humano e do rato
e subseqiiente racionalizacao computadorizada
das interacoes com ligantes

permitiu esclarecer as especificidades

moleculares destas interacoes.

a) Potencial eletrostatico no sitio-ative de CP2D6; b) sitio-
ativo, contendo o grupo heme (verde) ao fundo.

NPE Vermeunlen et al., J. Med. Chem. 2003, 46, 74.
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Paul Ehrlich (1909) — Um farmacoéforo "carries (phoros) the essential feature
responsible for a drug’s (= pharmacon’s) biological activity" ', =
(Ehrlich. Dtsch. Chem. Ges. 1909, 42: p.17). g B

Em 1977, Peter Gund atualizou a definicdo: "a set of structural features in a
molecule that is recognized at a receptor site and is responsible for that molecule's
biological activity"

(Gund. Prog. Mol. Subcell. Biol. 1977, 5: pp 117-143).

—

Barreiro & Fraga.

E o conjunto de caracteristicas eletronicas e estéricas que caracterizam um ou

mais grupos funcionais ou subunidades estruturais, necessarios ao melhor
reconhecimento molecular pelo receptor e, portanto, para o efeito farmacologico
desejado.

Farmacoforo nio é uma molécula real, nem associa¢des de grupos funcionais; ao
contrario, ¢ um conceito abstrato que representa as diferentes capacidades de

interagoes moleculares de um grupo de compostos com o sitio receptor.

O farmacoforo pode ser considerado como a “parte” molecular do farmaco essencial

a atividade desejada. /
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Multidisciplinaridade do processo da
descoberta de farmacos
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¥ Farmacos Sintéticos
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Classics

ic Chemistry of Drug Synthesis, Vol. 1-6 . " Synthesis

Daniel Lednicer & Lester A. Mitscher
Wiley & Sons, Inc.; New York Tarpts, Satepion. Miths

raiegies for Organic Drug Synthesis and Design"

icer, 1998; Wiley & Sons, Inc.; New York; ISBN 0-471-19657-6.

“Chronicles of Drug Discovery”
Vol. 1-3
Edited by D. Lednicer
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Projeto original para farmacos anti-angina
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Sildenafila » \ardenafila

| Viagra® Estrategia de modificacao Levitra®

g  Pfizer Molecular: Bioisosterismo* Bayer

= ¥ §
marco 1998 = agosto 2003 PRI

LM Lima & EJ Barreiro, Bioisosterism: A Useful Strategy for Molecular Modification and Drug Design,
Current Medicinal Chemistry, 2005, 12, 23-49




European Journal of Pharmacology 591 (2008) 189-195

Contents lists available at ScienceDirect
European Journal of Pharmacology BIU
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journal homepage: www.elsevier.com/locate/ejphar | ¥ 1

Pharmacological characterization of a novel phosphodiesterase type 5 (PDE5)
inhibitor lodenafil carbonate on human and rabbit corpus cavernosum

Haroldo A. Toque, Cleber E. Teixeira, Raquel Lorenzetti, Cristina E. Okuyama,
Edson Antunes, Gilberto De Nucci*

Department of Pharmacology, Feculty of Medical Sciences, UNICAMP, Carnpinags, SP, 13081-970, Brazd

ARTICLE INFO ABSTRACT
Article history: Mitrergic nerves and endothelial cells release nitric oxide (NO) in the corpus cavernosum, a key mediator that
Received 2 May 2008 stimulates soluble guanylyl cyclase to increase cGMP levels causing penile erection. Phosphodiesterase 5

Received in revised form 10 june 2008
Accepted 15 june 2008
Available online 19 june 2008

(PDES) inhibitors, such as sildenafil, prolong the NO effects by inhibiting cCMP breakdown. Here, we report a
novel PDES inhibitor, lodenafil carbonate, (Bis<{ 2-f 4-[4-ethoxy-3-( 1 -methyl- 7-0x0- 3-propyl-6, 7-dihydro-1H-
pyrazo lo[4,3-d|pyrimidin-5-yl)-benzenesulfonyl]pi perazin- 1 -yl}-ethyljcarbonate) that is a dimer of lodenafil.

bl We therefore aimed to compare the effects of sildenafil, lodenafil and lodenafil carbonate onin vitro human
Keywords: 3 E i i

Erectile dysfunction and rabbit cavernosal relaxations, activity of crude PDE extracts from human platelets, as well as stability and
Sildenafil metabolic studies in rat, dog and human plasma. Pharmacokinetic evaluations after intravenous and oral
Mitric wde administration were performed in male beagles. Functional experiments were conducted using organ bath
Cyclic GMP technigues. Pharmacokinetics was studied in beagles by liquid chromatography coupled o tandem mass
Fro-drug spectrometry (LC-MSMS), following oral or intravascular administration. All PDES inhibitors tested
Dimerizabon concentration-dependently relaxed (0,001 -100 pM) phenylephrine-precontracted rabbit and human corpus

cavernosum. The cavernosal relaxations evoked by either acetylcholine (0.01-100 pM) or electrical field
stimulation (EFS, 1-20 Hz) were markedly potentiated by sildenafil lodenafil and lodenafil carbonate.

- 4 4 Lodenafil carbonate was more potent to inhibit the cGMP hydrolysis in PDE extracts compared with lodenafil
ro - a r l I l a C O and sildenafil. Following intravascular and single oral administration of lodenafil carbonate, only lodenafil
and norlodenafil were detected in vivo. These results indicate that lodenafil carbonate works as a prodrug,

being lodenafil the active moiety of lodenafil carbonate.
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HA Toque, CE Teixeira, R Lorenzetti, CE Okuyama, E Antunes, G De Nucci, "Pharmacological characterization of a novel
phosphodiesterase type 5 (PDE5S) inhibitor lodenafil carbonate on human and rabbit corpus cavernosum”, European
Journal of Pharmacology 2008, 591, 189-95. dliezer © 2010
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Estatinas: do prototipo natural ao super-farmaco
LDL = LIPOPROTEINA DE BAIXA DENSIDADE, COLESTEROL RUIM
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Biossintese do colesterol

HO HO

COH HMG-CoA N CO.H
H3C (o) y H3C‘\ 2
redutase OH

acido mevalonico

3-hidroxi-3-metil-
glutaril-CoA

pirofosfato de isopentenila

colesterol
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As estatinas movimentaram ca. R$ 290 milhdes por ano no Brasil em 2008 dicser © 2010
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Novos Prototipos de
Farmacos Anti-inflamatorios

3

LASSBi0-257
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aceptor-H

CGP 28238 I|{
Futaki, 1995 .
Flosulido safrulido safronamida
C16H13F2NO4S
353.34 C15H1sNO4S C;5H;sNO,S
IS COX-1/COX-2 = 5000 305.34 305.34

1S = indice de seletividade , )
EJ Barreiro et al., Bioorg.Med. Chem. Lett., 8, 183 ( 1998) ‘
IC,, (hWPGHS-1) = 73,2 uyM ‘i‘

IC,, (rPGHS-2) = 0,015 uM
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Effect of new candidates of PGHS-2 inhibitors

in the carrageenan-induced rat paw edema (100 uM, po)
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Nova Classe de Candidatos a
SRS ACOMNSAIL de Segunda Geracio

j’ T

|
’ |
-

Patent: PI 99029

E. J. Barreiro et al., Selective PGHS-2 Inhibitors: A Rational Approach for
Treatment of the Inﬂammation, Current Medicinal Chemistry 2002, 9, 849




= Edema de pata de rato induzido por carragenina (FERREIRA, et al., 1979)
« Potencial ulcerogénico (CHI-CHUNG CHAN et al., 1995)

* Pleurisia induzida por carragenina em ratos: migracao celular e permeabilidade
(TOMLINSON et al., 1994; HARADA et al., 1996)

= Artrite induzida por adjuvante em ratos: inflamacao cronica (NEWBOULD,1963)
= Contorcao abdominal induzida por acido acético em camundongos:

analgesia periférica (COOLIER et al., 1968)

= Bioensaio da formalina: hiperalgesia/dor inflamatoria (HUNSDAAR et al, 1987)

= Agregacao plaquetaria em PRP citratado de coelhos: COX-1 (BORN & CROS, 1963)
% Dosagem de PGE,/EIA: Modelo de “Air Pouch” em ratos (SMITH et al., 1998)

= Atividade sequestrante de radical livre: DPPH (TAIT et al., 1996)
< Ensaios de toxicidade (GAD & CHENGELIS, 1989): histopatologico (figado, SNC, pulmao)

omportamental, sanguineo ( inter-alia:TGO, TGP, glicose, uréia, creatinina, hematocrito)

eliezer © 2006




Ensaio de Toxicidade Aguda
LASSBio 715 & 1LASSBio 455

DOSE 600 e 1400 ug/Kg, (Via oral, dose unica)

# Sem alteracoes comportamentais (e.g. cata
movimentacao);

# Registro do peso diario: sem alteracao;

= Aspecto do pelo: normal;

# Consumo de racao e agua: normais;

% LASSBio715 e 455 nao apresentaram efel
em 1.400 ug/Kg.




ED., =750 uM/kg = o
Sem toxicidade aguda em protocolos
com roedores e caes;
Sem efeitos histopatologicos

(figado, pulmao, rins, SNC);

Sem efeito ulcerogénico (p.o. cronico);

Novo NSAI LD, /ED., > 45 vezes
de segunda geracao

“rimeiro canaidato a ensaio CiiniCo ae rase 1€eSCODEerto no LA 21




S Novos Compostos-Prototlpos Descobertos no
LI..‘I‘ST ir»

USPTO Patent # 7.091.238
August 15, 2006

2nd license agreement

ORD, UM Maryland,

Baltimore, USA

LASSBi0-39%

Thienylhydrazon with'digitalis-like properties

itive i - & o, ,0 K
(positive inotropic effects) N\ B
August 15, 2006 x S
Publication Number: 07091238 ’ ..'

N
t“ H :
CO.H
Sob contrato ¢/ empresa
'x‘ farmacéutica nacional ,:'

Otimizacao

Otimizacao

Otimizacao

BT

ia by s lia:oe e Siskaie da Saktamin Im

®
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Novo prototipo de farmaco cardioativo: LASSBio-294

Matéria-prima abundante & sustentavel

0 P Bioforo i
< O natural ﬂkss SBi _®

Anel Safrol
benzodioxola l

Formula molecular C,,H,,0,
Pé&so molecular 162.19
Densidade 1.096 g/cm3
P.F. 11 °C

P.E. 232-234 °C

CAS # 94-59-7

eliezer © 2010




UFR

Novo Prototipo de Farmaco Cardioativo

30:»40-294 R WS

V‘botlﬂlw g a‘-'---

iis ﬁ%t?;pfo etoraﬁ

A‘lvﬂmﬁma'l,," - a

. "

Sk?ﬁ"-’l’oxm%aﬂ@&‘ﬂﬂd’;;, |

Estru];lm,eﬁ% 5"1‘.P|95}f

et : CItO ou genotoxicidade.
em otimos rendimentos,

Patente

através de metodologia NAH @
—— classica, escalonada (1,0 M), ) \ 1{;}
a partir de produto natural /N ERRS “

J °

abundante, acessivel.
—“Thienylhydrazon with digitalis-like properties (positive inotropic
effects)” - Patente 07091238 (USPTO), 15 de agosto de 2006;
WO 2000-078754 (65 paises) .




Estudos de Toxicidade Aguda e Sub-aguda

v A toxicidade sistémica aguda e sub-aguda foi investigada em
ratos, por duas vias de administracao, p.o. e i.p., nas doses de
1000 utM/kg e 73 uM/kg, respectivamente (i.p., administrando-se
2 vezes ao dia, durante 15 dias seguidos: ~ 100 vezes superior a

ED., in vivo).
g "' Novo proioigpedc
N3o tem efeito letal, ndo provoca ﬁlmm

letargia, nao reduz a motilidade,
nem altera o péso dos animais.

N3ao se observaram efeitos
Nao provoca alteracoes na neurotoxicos em culturas

contagem de células sanguineas, de neurdnios hipocampais
hematocrito, nem altera a taxa de de ratos, tratadas com

glicose, uréia, TGO, TGP, LASSBio-294 (500 uM).
creatinina.

Efeito neuroprotetor
Nao altera histopatologicamente foi observado em < doses.
orgaos vitais, tais como figado,
pulmao, SNC.
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LASSBio-294

Estamos falando do LASSBio-294, um farmaco desenvolvido pelo Labaoratario de Avaliagao de
substancias Bioativas (LASSEI0) da Universidade Federal do Rio de ...
whntwy redetec. arg. briinventabrasil/barreiro.htm - Em cache - Similares

Climica Mova - Strateay of molecular simplification in rational ...

de EJ Barreiro - 2002 - Citado por 1 - Artigos relacionados

A descoberta de novo prototipo cardiotdnico LASSBie-294 (37) ... De fato, a hipdtese de
inibigao de PDES e 3 no mecanismo de agao de LASSBio-294 foi ...

whnnwd, 2Clela. briscielo. phpypid.. sci... - Em cache - Similares

EATE FORTE CORACAD - . Portal dos Farmacos @

Estudos realizados com o LASSBioe-294, um novo composto descoberto pela UFRJ, ... Os
resultados promissores do LASSBio-294 em roedores infartados foram ...

whnnwi. portaldosfarmacos. cos. uft). brfatualidades _coracao.html - Em cache - Similares

synthesis and vasodilatory activity of new M-acylhwdrazone ... - [ Traduzir esta pagina |
de A Silva - 2005 - Citado por 21 - Adigos relacionados

Ir para General procedure for the preparation of 3 4-methylenedioxybenzoyl ... ... derivatives
LASSBio-294, LASSBio-737, LASSRI0-78Y, and LASSBio-790, ...

linkinghub. elsevier. camdretrieve/pid S0P6E0E9605001 94 - Similares

American Journal of Hypertension - Abstract of article: LASSBIo ...- [ Traduzir esta pagina |
de DG Costa - 2010

29 Jul 2010 ... LASSBio-294, A Compound With Inotropic and Lusitropic Activity, Decreases

Cardiac Hemodeling and Improves CaZ+ Influx Into Sarcoplasmic ...

wwewr. nature. comfajhdjournalfvaop/ncurrent/absfa b 2010157 a html
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LASSBio 294, a novel compound having digitalis-like cardiotonic properties and

the potential to reduce muscle fatigue
Cocket Code: EA99-040

SUMDIARY

LASSBio-294 is a heterocyclic organic compound derived from a natural plant product, It is an effective
and specific cardiotonic agent, and also increases twitch and reduces fatigue in skeletal muscle, The
functional groups incorporated in the synthetic compound were selected to avoid hepatotoxicity and
discourage gastric ionization, thus assuring a reliable oral absorption. The synthesis method developed for
compound LASSRIo-294 has been optimized to allow production on the scale of grams.

APPLICATIONS
Effects on Cardiac Function:

» LASSP10-294 13 a cardiotonic agent, which enhances the motropic properties of the heart in
mtact dogs with cardiac meufficiency and congestive heart falure. =~ _ _

+ However, ih dogs without congestive heart failure the agent has no significant motrogm: effect.

» The compound, even at extremely hugh concentrations, does not have any significant effect on
the electiical properties of the heart fauscle. _ _ _ _

» The mechatism undetlyng the cardiotonic effect of LASSBi0-294 involves a direct action of
the comgound on calciur uptakee into and release from the sarcoplasmuc reticulum,

» The LD350 tor the agent i rice is ver% high (2 glleg), which makes the agent practically

mnocucus as a toxc agent (see below).
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Volume 1, Ndamero 1, laneiwo-Marco 2000
O medicamento € instrumento essencial @ preservagio, manutengio e promogdo da
Satide. O acesso oo medicamento representa um importante fator de inclusdo social
gue depende do disponibilidode do farmaco — principio ativo contido no medicamento
e gue em 85% dos cosos € de origem sintético. Neste cendrio, o importdncia do saber-
fazer farmacos e medicomentos passa a representar um componente estratégico para
o pleno exercicio do soberonio de nosso Pois. A universalizocdo do acesso oo
medicomento, parg o cumprimento do preceite de nossa Carta Magna de 1988,
guanto oo direito de todos os brasileiros e brasileiras g Soude, depende, mais do que
possa parecer, deste componente.

1. Ainovagdo em farmacos: O processo de planejamento racional

E
T I e

mad | 2. O principal paradigma da quimica medicinal moderna: A descoberta do composto-
protatipo

3. Novos compostos-protétipos descobertos no Laboratorio de Avaliagio e Sintese de
Substdncias Bioativas {LAS5EI0Y)

A Quimica Medicinal e o paradigma do composto-protdtipo

Barreiro, E. J.*

Rev. Virtual Quim., 2009, 1 (1), 18-26. Data de publicaco na Web: 30 de Janeiro de 2005
http:/fwww.uff.br/rvg
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American Journal of Hypertension - Abstract of article: LASSBIio ... - [ Traduzir esta pagina |
de DG Costa - 2010

29 Jul 2010 ... LASSBio-294, A Compound With Inotropic and Lusitropic Activity, Decreases

Cardiac Remodeling and Improves CaZ+ Influx Into Sarcoplasmic ...

whnnw. nature. comdajhdournalivaopincurrentfabsfath2010157 & html

LASSBio-294 A Compound With Inotropic and Lusitropic Activity ... - [ Traduzir esta pégina |
de D5 Costa - 2010

29 ul 2010 ... ResultsCardiac hypertrophy occurred at 4 weeks post-M| and was partially

reverted by treatment with LASSBio-294. LASSBio-294 treatment also ...

whnnwy, NCbi.nlm.nih. gow/pubmed/Z2067 1720

scientific Commons: A Contribuicdo do LASSBio® no desenvolvmento ...
de LM Lima - 2009

A Contribuigao do LASSBio® no desenvolvimento de novos candidatos a prototipos de
farmacos antiasmaticos LASSBio®E's contribution in the development of novel ...
en.scientificcommaons. argfd4224077 - Estados Unidos - Em cache

roF] Eliezer J. Barreiro LASSBio Universidade Federal do Fio de Janeiro
Formato do arquivo: PDF/Adobe Acrobat - Visualizagdo rapida

eliezer @ 2004, Eliezer J. Barreiro. LASSBio. Universidade Federal do Rio de Janeiro. Page 2.
eliezer @ 2004, Page 3. Mercado. Farmacéutico Mundial&. Anos ...

whntwy finep. gov. brfarquivas/naoticias/. . feliezer_barreiro. pdf - Similares




s e -8 sores Lidid M Lima, A;; ; uisa P &Lnda, G?arlis N\_Efaga (LASSBIo)

1

-
_!f
y

. V|

$c

OFAR & IN(




UFR

alguem que do fu
E . umpogo..: *“

AR B ...contemple‘o

.-\-

. -
h‘ & "
wt o™ i
o ] . - b o :""!{:_
B v “n . &,ﬂ’}‘g #
S| el -t . - i - & - -
* v el
" S LT, - ; _ L s
R - - L

..‘

I".;-g" P et -{"- *

T oachara~ pﬂequeﬂ

eliezer © 2010




i

il s

Prefeitura de Saguarema - Secretaria Municipal de Turismo

“..Para achar agua ¢ preciso
descer terra adentro,
Encharcar-se no lodo.

Mas ha os que preferem
olhar os céus,
E esperar pelas chuvas...”

Oduvaldo Vianna Filho

(em “Cumplice da Paixdo”, Dénis de Moraes
Fota: Waldo Siqueira Ed. Nérdica, RJ’ ]99])
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