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“The Drug Discovery Pipeline”
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= Purificacidn del principio activo de una planta o extracto vegetal usado en
medicina tradicional y popular (“folclérica”),: e.g. “digitalicos”, morfina,
efedrina, reserpina, paclitaxel, artemisinina

= Disefio, sintesis y evaluacién de analogos del principio activo (incluyendo
venenos) presente en una especie animal o vegetal: e.g. AAS, metformina,
neostigmina (=prostigmina), docetaxel, hirudina®%>, warfarina

= Disefio, sintesis y evaluacion de peptidomiméticos y moléculas pequeias a
partir de péptidos naturales con la actividad bioldgica buscada: e.g.
desmopresina (~vasopresina), buserelina (~GnRH), captopril

= Busqueda de actividad (o indicacidn) en productos obtenidos de fuentes
naturales, incluyendo microorganismos del suelo: e.g. antimicrobianos,
hipocolesterolemiantes, toxina botulinica, ivermectina

= Modificaciones estructurales sistematicas en una molécula “cabeza de serie”:
e.g. arsenicales organicos, sulfamidas, sulfonilureas, tiazidas
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Hagel et al.
Biosynthesis of amphetamine analogs in plants.
TRENDS T Pant Soorca Trends in Plant Science, 17(7): 404-412 (2012)

Observaciones clinicas en pacientes
tratados con un remedio tradicional
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Reserpina

Rauwolfia serpentina
v’ La raiz utilizada en la India (Sarpaganda), durante siglos para el tratamiento de
enfermos mentales agitados.

v El alcaloide fue utilizado durante afios para tratar la hipertensidon arterial:
= un ~20% de los pacientes desarrollaban estados depresivos e incluso ideas suicidas.
= sus efectos fueron determinantes para el desarrollo de la hipétesis monoaminérgica de la
depresion.
= hoy sabemos que inhibe la captacidn y almacenamiento de NA y DA en las vesiculas
sinapticas al bloquear a los transportadores vesiculares de monoaminas (VMAT).




Otro ejemplo de DESCUBRIMIENTO procedente de plantas Otro ejemplo de DESCUBRIMIENTO procedente de plantas

1993 1995 1997 1998
® 1979 1985 In further developing TAXOL, Bristal-Myers Squibh The semisynthetic FD & appraves semisynthetic TAXOL FD & appraves semisynthetic TAXGL
e Paclitaxel's unigue mechanism of The NCI begins phase Company files 3 supplemental Mew Drug Applcations with form of paclitazel, for the second-fine treatment of in cambination with cisplatin, for the
. action - tubulin stabilization - is 1l trials of paclitaxel. the Food and Drrug Administration (FOA). One of these manufactured fraom AlDS-related Kaposi's sarcoma. In first-line treatment of advanced
aC]ItBX 1 identified by Susan Horwitz, Ph.D., supplemental Mew Drug Applications was the result of renewahle sources, June, Bristol-tyers Soubh Company carcinoma of the ovary. To facilitate
p e at Albert Einstein College of Bristal-tyers Sguibb Company discovering that there receives clearance for files supplemental Mew Drug mare efficient preparation of TAXOL
Medicine, Mew York, Paclitaxel were medical advantages to giving TAXGL infusions over marketing from the Applications for TAXOL for non-small for administration to patients,
prevents cell division by promoting a shorter time period compared to 24-hour administration. FDA cell lung cancer and for the first-line Bristol-tyers Souibb Company
the assembly of and inhibiting the Also, the company ends Pacific yew bark harvesting for treatrment of ovarian cancer. introduces TAXOL 300-my multidose
disassembly of micratubules - the manufacture of TAXOL and begins ta develop other vials.
skeletal structures that assermile renewable sources for the drug.
and divide throughout the life of a
cell.

1993 1994 1995 1996 1997
e 1994 1996 1999

1958 1963 191 1983 1989 d for use after failure of Bristal-Myers Squibh Company receives FDA FDA appraves the FDA approves semisynthetic TAR OL in combination with
The U. S. National Ag part of a National Cancer Drs. Monroe Wall and .C. Wani of The NCl sponsors phase | clinical Researchers 3 Jent chemotherapy for the clearance of its TAXOL supplernental New clearance of TAXOL cisplatin, for the first-fine treatrnent of non-small cel lung cancer
Cancer Institute Ingtitute program to screen plant Research Triangle Institute, North trials of paclitaxel agairst patients with 2 static carcinoma of the Druy Applications for: treatment of breast multidose vials in patients who are not candidates for potentially curative surgery
(NClinitiates a species for articancer actiity, the Caroling, idertify cormpound 17, the active  numerous cancers, However, shortages stil RADA, inless than two cancer after failure of combination aned/or radiation therapy, FDA approves semisynthetic TAXGL
JrOgramm to soreen 1.5, Farest Service collects Pacific ingredient in Pacific yew tree hark, as allergic reactiong, attibuted to the injust 15 triak s Souibh Cormpany had chemotherapy for metastatic disease or far the adjuvant treatrnent of node—positive breast cancer
35,000 plant species yew tree bark and ships it to the paciitaxel. However, development is later salvent in the farmula, cause some ovarian cancel ity and production relapse within sk manths of aduvant adrmiisterei seouentialy to standard doxorubicin-contairing
for anticaricer activity. NCI for study. Drs, horroe 'Wal suspendzd hecause experimental models trials to be discontinued and others irwitation to pt aninitial FDA marketing chematherapy, with the stipulation that prior cornbination chematherapy. In the clinical trial, there was an

and M.C. Wani of Research o not show superior activity and there are 1o be delayed. cormimercial de an producing and ) therapy ;ihuuld have m.ulu.ded an anthracycline overal favureltb\e eﬁeu; n d\s\ease%ree and Uygral\ survival in the

Triangle Institute, North Cardlina problerms with producing, extracting, and ncirer about T&XOL for all the patients urless ql\nlcal\y cnntralnd!cated;. also for a total pnpulatlnn.nf patients with receptnﬁ—p05|t\ve anid .

subsenuently find that an extract processing pachtasel. (CRADA) and 3-hour infusion schedule in ovarian and breast receptor-negative tumars, but the henefit has heen specifically

= cancer patients. dernonstrated by awailable data (median follow-up 30 months)

of the bark has antiturmor actiity. Company arm
Y [P anly in the patients with estrogen and progesterone
receptor-negative tumars. (Please see TAXCL label information

for details on the clinical study.

‘bioactivity-directed fractionation’
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Farmacos recientes de origen marino
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= Riesgo de acidosis lactica (9:100000

personas/afio): uso escaso y restringido

durante mucho tiempo (la fenformina
fue retirada por esta causa).

= Ampliamente utilizado hoy dia como
un antidiabético muy eficaz.

= Suprime la gluconeogénesis hepatica
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Metformina: del uso tradicional de una planta a la
terapia oral de primera linea actualmente
para la diabetes tipo 2
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Metformin: from the old medicine

cabinet to modern prospects

OCT1 = Transportador de cationes organicos
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Scans: That Is the Question

( wmn VIN T
To Hold or Not to Hold Metformin for FDG PET

Metformina

Steve ¥. Clo, MD

Cytoplasm

Hasmid:

Radiology 2018; 289:426-427 & b/, org/10.1 14Slealiol 2018181566 Content codes [B1] ® ©RSNA, 2018

Rm]:ns of fluarine 18 fluorodeoxyglucose (FDG) PET
scans are familiar with the typical radiotracer patern
that results fram high levels of heterogencous FDG uptake
in the bowel, especially the large bowel, arributed w

However, in

can potentially confound detection and  assessment
of treatment response in both primary malignancy and/or

merastatic FDG-avid intra-abdominal discase. A strategy
to ameliorate this confounding effect is to prepare patients
for FDG PET
to FDG administration. However, there are no accepted
or recommended guidelines for the length of time w
n prior to FDG PET imaging.
for 1 t0 2 days is typically

s by discontinuing medormin prior

discontinue metf

Discontinuation of metformi
recommended before any imaging swdies involving
iodinated contrast agent or for certain patients before
surgery due to concems of lactic acidosis from metformin
retention in the body. However, discontinuing metformin
inF [)(‘ PET sc

increasing serum glucose levels and thereby adversely

with diabetes raises the

us for patie

ng the image quality of FDG PET scans. In chis
issuc of Radiology, Hamidizadeh and colleagues (3) present
a prospective, randomized contrel wial o compare the
ects of 24- and 48-hour metformin discontinuation on
)G bowel activity prior to FDG PET/CT.
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for 2 days prior 1o sca mmm_(#
threc other groups:

30) were compared with
s with diaberes who contin-

ued on metformin (n

), par
on metformin (= 31), and |
(= 52). The high inte
ticipants with diabetes on y
reduced after their discontinuation of metformin. There
was no significant difference in incestinal FDG compared

ipants with diaberes ot

with the other nonmecformin control groups. Impor-

Iy, the authors reporced there were no staris

significant differences in che blood glucose levels mmn;,
the three groups of study participants with diabetes. Also
of note, two study participants who discontinued met-

formin were found to have FL

colorecral malig-

nancies that were previ hidden due to reduced back-

ground bowel FDG act

Another 2010 prospective study by Ozulker et al

sants who each underwent
wo FDG PET/CT scans, one before and a second af-
ter metformin discontinuation for 3 days. The study re-

evaluated 41 study parti

ported that metformin-related bowel FDG uprake was
significantly decreased after metformin discontinuarion
(8), However, four study participants had elevated blood
glucose levels above 11,11 10200 mg/dL); they re-
quired intravenous inje ing insulin ac
feast 90 minutes before FDG istration with
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Observaciones en animales:

descubrimiento de los anticoagulantes orales
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Paul Ehrlich (1909):

“The discoveries of those uncivilized peoples represented the sum of limitless testing of thousands of
natural materials. By contrast with their selection of medicines by pure chance, we have to find first
certain compounds, for example some arsenic derivatives, which show at least a low degree of
therapeutic effect. Once this is done through more or less laborious tests, the purely empirical
screening is replaced by preparing chemical variations, homologs and other derivatives whose
efficacy has to be tested. But even at best chemical drugs are not magic bullets, and will not
always hit only the center of the target, that is the disease-causing organisms. Moreover, nothing is
as simple as to ascertain the lethal or the maximal well-tolerated dose, and the curative dose in a
given animal species. In humans the determination of dosages is infinitely more difficult as one has
to start with low doses and increase them gradually until they become therapeutically active. This is
further aggravated by the occurrence of congenital or acquired idiosyncrasies from most medicines...
and it cannot justly be demanded that a decision be made within a few months as to the merits or
demerits of such new agents.”

El primer agente quimioterapéutico moderno: la arsfenamina
(606 / Salvarsan) para el tratamiento de la sifilis y la tripanosomiasis.

\compueStO n°606 sintetizado para su ensayo !!!
; NEO-SALVARSAN IS NO. “g14.”

¥erman Newspapers Just Publishing
the Facts About New Serum.
" Bpeclal Cable to THE NEW YORK TIMES,

Sahachiro Hata
Paul Ehrlich
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LOOK’S NEW MOVIE PREVIEW

iR MAGIGBUERER
HOLLYWOOD'S FIRST MAJOR FEATURE ABOUT SYPHILIS

THE STORY OF DR. EHRLICH, WHO DISCOVERED 606"
A HE BATTI 1 wrh n




Alexander Fleming (1881-1955) descubri6
los efectos bactericidas del Penicillium
notatum cuyo principio activo (penicilina) fue
identificado y purificado 15 afios mas tarde
por Ernst B. Chain y Howard W. Florey.

The Nobel Prize in Physiology or
Medicine 1945

"for the discovery of penicillin and its curative effect in various

infectious diseases"

Sir Alexander
Fleming

® 1/3 of the prize

Ernst Boris Chain

® 1/3 of the prize

Sir Howard Walter
Florey

® 1/3 of the prize

“Without Fleming, no Chain or Florey;
without Florey, no Heatley;
without Heatley, no penicillin.”

Sir Henry Harris
(sucesor de H. Florey como Professor of Pathology)

NORMAN HEATLLY
DM

1911=2004

Biochemist

cey member of th
penicillin team |

12 Oxford Road,
Old Marston

Penicillin’s Forgotten

Man:

Norman Heatley |

Although he's been overlooked, his skills in growing
penicillin were a key to Florey and Chain’s elinical trials

FOR HALF A CENTURY, NORMAX HEATLEY
has lived in the shadow of Alexander
Fleming, Howard Florey, and Eenst Chain
Asoft-spaken biochemist, Heatley wasa key
member of the Oxford University team that
helped launch a new era of medicine 50
years ago, when it proved that 3 substance—
penicillin—sccretcd by an obscurc mold has
remarkable healing powers. But while
Fleming, who discovered the moid in 1928,
and Florey and Chain, who demonstrated
pemicillin’s medicinal properties 12 years
Taxer, went on o receive fame. glory, and the
Nobel Prize, Hearley had gone largely un-
recognized—until recently. Last October,
Heatley, now B0 years old, was awarded an
honorary Doctorate of Medicine from Ox-
ford, What makes the horor particularly
remarkable is that Hearley is the only person
10 receive that award in the university's 800-
year hisory.

The honor recognizes Hearley's singular
coatribution to the penicillin projeet: 1o
produce the compound in sufficient quanti-
ties to carry out the first clinical rials. Bulk
production of penicillin had defeated previ-
‘ous workers, but Heatley did it by devising
new extraction methods and by cobbling
togecher an amazing amay of makeshifs
equipment. “All of us following the Oxford
project knew Norman Heatley's exceptional
work,” says Rollin D. Hotchkiss, emeritus
professor of Rockefeller University who
worked on_gramicidin in 193940, But
Hoxchkiss also recalls that once the 1945
Nabel Prize was awarded to Heatley's col-
Teagues and posiwar jockeying for markes
share of penicillin began, “Norman's crucial
role faded in world memory."

Nosable for his modesty, Heatley shows
noe a trace of bitterness. Speaking of his
award, which was presenred during peni-
cillin's golden jubilee year, Heatley says in a
gentic voice, chooting his words carcfully:
Thisisan enormaus privilege, since 1 am not
medically qualified.... have been picked out
o represent the whole team involved in the
difficult process of extracting and purifing
penicillin. [ am absolutely staggered that this
award has been made at all.™

Heatlcy is asmall, almast vanishingly thin,

an !
Florey appoinied himsel
team that investigated penicillin’s biologi-
cal, and later clinical, efiects. And he chose
Heatley 3 his personal assistant and put him
in chargs of producing snough penicillin for
the rescarchers to study.

At that time, a erude mold juice containing
penicillin could be easily grown. Bur no one
knew how to<xtract an active substance from
temperamental mold cultures, Earlicr chem
ists had eried, had encountered pemicillin’s
Rotorious instability, and concluded penicil-
lin vanished while they loaked on.

Heatley was well suited o Florey's task
and team. This Cambridge-trained bio
chemist, according 1o Florcy's biographer,
historian Gwyn Mcfarlane, had “iechnical
skills of optics, ghass and mesal-warking,
plumbing, carpentry, and as much electric
work as was needed, Above all he could

Green thumb. Heatley's penchant for training things to grow extends fram penicillin
cultures 10 a four-tiered espaliered pear tree in the garden of his Oxford home.

duly honoted, was in training things to
grow. Indecd, he sill doss it, provdly ex-
hibiting an immense espaliered pear tree in
his garden, one of the Jargest he knows, The
one cxception 1o his desire to see things
grow is appareatly his own renowa: When it
comes 10 discussing the precious units of
penicillin. he grew at Oxford in 194041,
Heatley becomes reticent; *1 was a third-rase
scientist whose anly merit was o be in the
right place at the right time.” Not so. What
his modesty will not allow him to admit is
that he was also just the ri
I

Kl ndh

ight person.
n 1939, when Florey assembled 2 group
imicrob lud

tostudy

pry fin 1w
and mouth, His specialsy, for which he was

L

the penicillin discovered 11 years earkier by

improvise—making use of the mast unlikely
bits of laboratory or household equipment
10 do a job with the least passible waste of
time.” Heatley's gifts of improvisation and
micro-cngincering were to proe invaluable
in establishing the world's fist penicilin
ctory in the liboratorics of Ofard's Sit
William Dunn School of Pathology.
Heatley's initial contribution—the firs in
4 remarkable series—was the “cylinder
plate.” or “penicillinder,” to determine how
powerful this unknown substance was. The

assay plates contained short lengths of glass
tubing embedded into bacteria-luden agar,
and cach rube was filled with a different
penicillin solution. The diamercr of the
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The following drama is based on
real people and events.

For the purposes of the narrative
some scenes have been invented.




Estructura de la penicilina obtenida a
partir de los mapas cristalograficos de
difraccién de rayos X (D. Hodgkin, 1946)

LT Ye)

... I became captivated by the

edifices chemists had raised threugh
experiment and imagination — but still
I had a lurking question. Would it not
be better if one could really 'see’
whether molecules as complicated as
the sterols, or strychnine were just as|
experiment suggested?"

Dorothy Heodgkin

Nuevos farmacos aprobados entre 1981y 2014; n = 1562
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Esquema de los pasos tradicionales de aislamiento guiado por la bioactividad
en el descubrimiento de farmacos a partir de productos naturales.

Problem 1

Not possible to culture the
organism out of the natural
habitat

Problem 2

Relevant NPs are not produced
when the organism is taken out
of the natural habitat

Problem 3
Presence of NPs that are known

Problem 4
Presence of NPs that do not
have drug-like properties

Problem 5
Bioactive NPs are present in
insufficient amounts

Solutions for 1 and 2

* New methods for culturing
* New methods for in situ
analysis

Solution for 2

New methods for NP synthesis
induction and heterologous
expression of biosynthetic genes

Multiple

rounds of

Problem 6
Unknown molecular
targets for NPs
identified with
phenotypic assays

fractionation

Crude
extracts

Solution for 3
New methods for
dereplication

Solution for 4 and 5
New methods for
extraction and
pre-fractionation

of extracts

Atanasov AG, Zotchev SB, Dirsch VM;

International Natural Product Sciences Taskforce, Supuran CT.
Natural products in drug discovery: advances and opportunities.
Nat Rev Drug Discov. 20(3):200-216 (2021)

Solution for 6
New methods
for molecular
mode of action
elucidation

Single
compounds




Gerhard Domagk (1895-1964) protegid con Prontosil rubrum a
ratones y conejos frente a dosis letales de estafilococos y
estreptococos.
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Sulfanilamides as Therapeutics
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NCC: Co-transportador de Na*y Cl- (= symporter Na*/Cl") %\i r\f{
Se expresa en el rifién en el tdbulo contorneado distal. L
Diana de diuréticos tiazidicos, e.g. hidroclorotiazida. e
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Co-transportador de Na*, K*y CI-
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Estrategias en Identificacion y
Diseno de Farmacos (2/3)

= |dentificacion de moléculas candidatas mediante cribado de
actividades farmacoldgicas utilizando quimiotecas (colecciones de
pequefias moléculas) de origen natural, procedentes de quimica
combinatoria, antiguas colecciones corporativas, etc

= Disefio de “antimetabolitos”, e.g. 6-tioguanina, aciclovir, trimetoprim

= Disefio de agonistas y antagonistas a partir de agonistas enddégenos o
productos naturales con afinidad por una diana macromolecular dada

= “Serendipia”, e.g. clonidina, litio, valproato, talidomida, sildenafilo

= Disefio de inhibidores enzimaticos a partir de la estructura (calculada)
del estado de transicion, e.g. inhibidores de la proteasa del VIH

La estrategia de descubrimiento de farmacos

mas habitual hoy dia:

proceso iterativo de
sintetizar y ensayar

s. XXI: una nueva era debido a la
sinergia de:

v" Gendmica y Protedmica

v Grandes colecciones de
moléculas biolégicamente activas

v Ensayos de altas prestaciones
(high-throughput)




Descubrimiento de Farmacos Guiado por la Gendmica

T Bavesde Datos de T SCCUONCIas geNOmIcas e

secuencias de genes Dianas terapéuticas secuencias de proteinas
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-Polimorfismos de un unico nucledtido

- Andlisis de los sitios

-Blisqueda de motivos de secuencia EStl’UCtUTaS 3-D

de proteinas
P—
: Sitios de union de ligandos

Disenio de ligandos
basado en la estructura

!

Nuevos Bailey, D. et al.
candidatos Nat. Biotech., 19, 207-209 (2001)

Construccion de quimiotecas:
QUIMICA ORGANICA COMBINATORIA

CRIBADO AMPLIO
¢ Quimioteca de tamaifio inmenso
* Diversidad estructural lo mayor posible

¢ No hay una meta estructural inicial
especifica

¢ Bloques de construccion variopintos
¢ Orden de reaccidn indefinido
o Estrategia sintética flexible

¢ Espaciador no crucial

¢ Posibilidad de que el ligando no se
pueda desacoplar

* Evolucion por seleccion simple

ANALOGOS QUIMICOS / OPTIMIZACION

¢ Quimioteca de tamaiio modesto

¢ Diversidad estructural relativamente
estrecha

¢ Meta estructural especifica

* Bloques de construccion
retrocombinatoriales especificos

* Orden especifico de combinacion
¢ Estrategia sintética bien definida
* Espaciador crucial

¢ El ligando deberia ser liberable

¢ Evolucion acumulativa de la seleccion

COMPONENTES DE UNA QUIMIOTECA DE BENZODIAZEPINAS

(uno de los farmacoforos mas notables de la Quimica Médico-Farmacéutica)
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Almacen de compuestos automatizado en la empresa Bayer HealthCare (Berlm)

https://www.ddw-online.com/enabling-technologies/p217861-1library-logistics:-managing-comprehensive-compound-collections.html




Procesado de compuestos en un instrumento de altas prestaciones (Bayer HealthCare, Berlin)

Compound Loglstlcs Lab

Evolucion del cribado farmacologico y el
descubrimiento de nuevos cabezas de serie

(1) cribado fenotipico

(2) cribado basado en la estructura 3D de la diana

Discovery of
penicillin

1973: Recombinant
DNA technology

Combinatorial chemistry and high
throughput screens

Medicinal chemistry
and pharmacology

Receptor biology
and binding assays

In vitro phenotypic
screens

1900 ... 1930 1950 1960 1970 1980 1990 2000 2010

In vivo phenotypic Enzymology & Tissue/organ Molecular target-based
screens Enzyme kinetics phenotypic screens screens

Zheng W, Thorne N, McKew JC.
Phenotypic screens as a renewed approach for drug discovery.
Drug Discovery Today 18(21-22):1067-73 (2013)

Pioneros de los
antimetabolitos

P =
George Hitchings (1905 - 1998) and Gertrude Elion (1918 - 1999)

Tabie 11. Clinfcal use of drugs developed by tlion and Hiichings.

Purine and pyrimidine analogues

Indications

G=Mercaptopurine, thioguanine
Azathioprine

AlTopurinol

Acyclovir
Pyripethamine

Trimethoprim
(often combined with suifa}

Leukemia

To prevent refection aftar organ trans-
plantation

Autofmmune dfseases
Gout

Uric acid accumulation after treateent
with cytostatic drugs

Herpes virus infections
Malarta

Sacterfal infections, mafnly urinary
tract {nfection

Pulmonary infections caused by a.
Pneumocystis carinif lcuulrcaﬂen ta
decreased fmmune defence at transplan-
tation and AIDS)

R i AT Y
i

DNA, RNA|

|
i

Intermed iy Metsbolsm

6-tioguanina: metabolito producido por
la bacteria Erwinia amylovora, causante
del “fuego bacteriano” en rosaceas.

a A Journal of the Gasm‘fsclmft Daumherchem:kar ' I

lntematwnal Edrtran Ch em ’ e

www.angewandte.org

2013-52/40

The molecular basis for the biosynthesis of the
antimetabolite 6-thioguanine (6TG) was unveiled in
Erwinia amylovora, the causative agent of fire blight.
Bioinformatics, heterologous pathway reconstitution
in E. coli, and mutational analyses indicate that the
Atificial Leaves GAngewvardhe protein YcfA mediates guanine thionation in analogy
Membrans Transprt 12 = to 2-thiouridylase. Assays in planta and in cell
P mtvowfmj“‘j"fj:,f,'f:jmt 2o WILEY-VCH cultures reveal for the first time a crucial role of 6TG

Bipolar Electrochemistry
view by R M. Crooks es ol

in fire blight pathogenesis.
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El transportador de péptidos hPepT1
(human peptide transporter 1)

= Se expresa en la membrana luminal del epitelio
mucoso intestinal

Farmacos transportados por hPepT1:

= penicilinas: amoxicilina, ampicilina

= Es un transportador de oligopéptidos acoplado
al transporte de protones

= cefalosporinas: cefalexina, cefadroxilo
= |[ECAs: captopril, enalapril

= Presenta baja afinidad y alta capacidad = antivirales: valaciclovir, valganciclovir
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Premio Nobel en Fisiologia o Medicina (1957): Daniel Bovet
“for his discoveries relating to synthetic compounds that inhibit the action of

certain body substances, and especially their action on the vascular system and
the skeletal muscles".

MEPIRAMINA
HISTAMINE PYRILAMINE - HISTAMINE
em/HO _0.000 1.0 0.001

Fig. 7. Antagonistic action of pyrilamine with respect to the vasodilating effects of
histamine in cerebral circulation.

Dog, under chloralose anaesthesia - A = femoral artery pressure (mmHg); V,=

pressure measured in catheter introduced centrifugally in the external jugular vein

(nun H,0); V,= pressure in the internal jugular vein (mm H,0). Injections in the
saphenous vein, doses in mg/kg. (After Virno, Gertner, and Bovet, 1956.)

/ / CHa CHa N(CHa),

Pyrilomine
MEPYRAMINE

- Studies in animals of the relationships between the chemical structure and the biological effect.

- Systematic variations and progressive structural simplifications led to simple chemical compounds
which proved themselves, which proved themselves, from the point of view of specificity and the
absence of undesirable side-effects, much more useful than naturally occurring substances.
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Intrinsic Activity = Efficacy

A personal view of pharmacology.
Ann. Rev. Pharmacol. Toxicol. 36:1-33 (1996)
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Sir James W. Black

The Nobel Prize in Physiclogy or Medicine 1988
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Gran potencial farmacoterapéutico de
farmacos que bloquean (o activan)
receptores de neurotransmisores
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Sir James W. Black

The Nobel Prize in Physiclogy or Medicine 1988
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Otro ejemplo de eliminacion de eficaciay
aumento de afinidad por los receptores opioides
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MORFINA
agonista opioide L

NALORFINA
antagonista opioide (L
agonista parcial opioide Kk antagonista opioide K

N\/\\

NALOXONA
antagonista opioide

Ejemplos de pequefias modificaciones estructurales que convierten Agonistas GPCR en Antagonistas
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Ruta desde subestructuras de citisina Distincidon entre descubrimiento e

(R=H) y morfina hasta la varenlcllna invencion
H H N
N N Descubrimiento: elucidacion de algo que existia previamente, lo
entendamos o no (por ejemplo, la estructura del ADN o la accién
N antibacteriana de la penicilina).
O)\;”R \
0B, NACHR La invencidn no existe hasta que el investigador la ha creado
(P_E;'éi:'c:‘;:‘:‘ zﬁgé‘:’s;sﬁ (por ejemplo, la molécula de propranolol).

Sir James W. Black

The Nobel Prize in Physiclogy or Medicine 1988

g adp2
HN o4B, NAChR 48, NAChR
antagonist partial agonist |
Benzazapine Vareniclina Y

"Research is to see what everybody else has seen, and to
think what nobody else has thought."

Rollema H, Coe JW, Chambers LK, Hurst RS, Stahl SM, Williams KE.

O . d Rationale, pharmacology and clinical efficacy of partial agonists of - AI be rt SZent-Gy6 I’gl
M f- pIOI a4B2 nACh receptors for smoking cessation. . .. , I i
orfina antagonist Trends Pharmacol Sci. 28(7):316-325 (2007) Premio Nobel en Fisiologia o Medicina 1937

RESUMEN DE LAS MODIFICACIONES ESTRUCTURALES REALIZADAS SOBRE
LA ADRENALINA PARA LA OBTENCION DE FARMACOS ANTIASMATICOS

. . Struct s Duration Activity
ompoun ructure = of action | a1 a2 B1 P2

* broncodilatador eficaz A ¢
produce ansiedad ’s, v
estimulacion del corazon
* aumento presion arterial

02 Receptors
Activation of the
receptor decreases
production of cAMP,
leading to an inhibition
of further release of
norepinephrine from
the neuron.

Clonidina e

vesicle

adrenalina

mayor eficacia sobre la
relajacion de la
musculatura bronquial y la

Table 3

contraccion del corazon

Gl

Clinical Utility of Clonidine*
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Serendipity... You will understand it better by the
derivation than by the definition. | once read a silly
fairy tale, called 'The Three Princes of Serendip”: as

their Highnesses traveled, they were always
maRing discoveries, by accidents and sagacity, of
things which they were not in quest of.

‘Serendib’ que se transformé en
‘Serendip’ es la palabra persa y
urdu (hablado en India y Pakistan)
para Ceilan (hoy Sri Lanka)
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Serendipitous Discovery of a Potent Influenza Virus
A Neuraminidase Inhibitor?

Dr. Sankar Mohan, Dr. Philip S. Kerry, Nicole Bance, Prof. Dr. Masahiro Niikura,
Prof. Dr. B. Mario Pinto &

View issue TOC
Volume 53, Issue 4
January 20, 2014

- . P 1076-1080
First published: 11 December 2013  Full publication history e

DOI: 10.1002/anie.201308142 View/save citation

Abstract

We have previously reported a potent neuraminidase inhibitor that comprises a carbocyclic analogue
of zanamivir in which the hydrophilic glycerol side chain is replaced by the hydrophobic 3-pentyloxy
group of oseltamivir. This hybrid inhibitor showed excellent inhibitory properties in the neuraminidase
inhibition assay (K=0.46 nM; K; ,,namivin=0-16 nM) and in the viral replication inhibition assay in cell
culture at 1078 M. As part of this lead optimization, we now report a novel spirolactam that shows
comparable inhibitory activity in the cell culture assay to that of our lead compound at 107 M. The
compound was discovered serendipitously during the attempted synthesis of the isothiourea derivative
of the original candidate. The X-ray crystal structure of the spirolactam in complex with the N8 subtype
neuraminidase offers insight into the mode of inhibition. PDB 4MJU

MEFENESINA: conservante para la penicilina — efectos sedantes en roedores

(Myanesin)
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* Clase D durante el embarazo: riesgo
aumentado de defectos en el feto y pasa a la
leche materna, pudiendo afectar al lactante.
* 1970: sustancia controlada por ser capaz de
producir dependencia fisica y psiquica.

* retirado del mercado en la UE en 2012.

- Miltown

e

MEPROBAMATO

el primer psicotropo “blockbuster” de la historia
en EE.UU. (farmaco milagro en 1954)

H. Meunier, G. Carraz, Y. Meunier,
P. Eymard and P. Aimard,
“Propriétés Pharmacodynamiques
de L acide nDipropylacétique”,
Therapie, 18:435-438 (1963)
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Valproate

antiepiléptico mas
vendido del mundo
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Observaciones en pacientes tratados por otra causa: restriccion de sal
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1929: Bib-Label Lithiated Lemon-Lime Soda

El farmaco mas pequeno de
la farmacopea: el ion litio
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@ Mas frecuentemente prescrito como carbonato de litio.

@ Introducido por el australiano Cade en 1949 para controlar
episodios maniacos en pacientes hospitalizados.

@ Potencial de producir intoxicaciones por sobredosis:
necesidad de monitorizar concentraciones plasmaticas.

@ Eficaz en el tratamiento de la mania en el trastorno bipolar.
@ Sin efectos psicotrépicos en personas normales

@ Ejemplos de mecanismos de accion propuestos:

= Inhibicion no-competitiva de la enzima inositol monofosfatasa, con
el resultado final de una menor formacién de inositol trifosfato.

= Inhibicion de la glucégeno sintasa kinasa 3 (GSK3pB)

http://www.who.int/docstore/bulletin/pdf/2000/issued/classics.pdf

Observaciones en el propio investigador:
el caso de Albert Hofmann (1906—2008)

H

Cornezuelo del centeno
(Claviceps purpurea)

Dietilamida del acido lisérgico
(LSD-25)

» Quimico suizo que trabajaba en un programa para purificar y sintetizar principios
activos aislados de plantas medicinales para su posible uso como farmacos.

> Probd con la punta de la lengua una cantidad minuscula de una sustancia que
estaba intentando cristalizar.

> Al poco tiempo experimentd una “condicion de intoxicacién no-desagradable,
caracterizada por una imaginacion extremadamente estimulada...”.

> Repitid la experiencia (con una cantidad de 250 microgramos) tres dias después en
presencia de su asistente: efectos psicodélicos.

http://es.wikipedia.org/wiki/Albert_Hofmann

Sorpresas en la interconversion de

neurotransmision excitadora e inhibidora

{3

glutamato GABA
co descarboxilasa aminotransferasa
2 (GAD) + _ (GABA-AT)
S AN OHC -
HJ\JJ\/\COE — HzN CO, ~"co
-CO
glutamato ? GABA PLP PMP NADP*
RS SSADH
PLP: piridoxal-5'-fosfato Glu -KG
NADPH
1. Hipdtesis de trabajo: la inhibicién selectiva de o
GABA-AT sin inhibir GAD por parte de 2 "c0;
moléculas capaces de atravesar la BHE podria
. P s s P Hjj/y\coo’
conducir a nuevos agentes antiepilépticos. / J\
2. Sintesis de analogos mas lipdfilos de GABA, g #
gue no solo no inhibian GABA-AT sino que By

resultaron ser activadores de GAD y poseian
actividad anticonvulsivante: T[GABA]

N
R.B. Silverman s/

Angew. Chem. Int. Ed. 47, 3500 — 3504 (2008)




Sorpresas en la interconversion de
neurotransmision excitadora e inhibidora

3. Desarrollo de la pregabalina (Lyrica®) y OH
descubrimiento de que su verdadera diana es la
subunidad o, del canal de calcio operado por voltaje
(a la que también se une de forma selectiva la
gabapentina). Su unién al canal ocasiona una
atenuacion del flujo de iones Ca?* hacia el interior de ~~ Gabapentina
la neurona, inhibiéndose asi la liberacion de sustancia ~ H,C__CH,

Py glutamato de terminales nerviosas excitadoras.

H,N O

4. La J[Glu] cumple el mismo objetivo que la T[GABA].
H,N

5. Pregabalina es mucho mas potente que otros
analogos porque atraviesa la BHE de forma activa al
ser sustrato del transportador de leucina, pero es
inactivo sobre todos los receptores de GABA
ensayados, no afecta a la captacion o la degradacion
de GABA, y no modifica las concentraciones
cerebrales de GABA.

(5)-(+)3-isobutil-GABA =
Pregabalina

Indicaciones:

- Dolor neuropatico (diabetes y
neuralgia postherpética)
- Fibromialgia

Origen de las quinolonas antibacterianas

7 I :
N HO I
HN

CH

| A
) CH,

3 CH, HsC
cloroquina acido nalidixico
(esqueleto de 1,8-naftiridona)
HO
||
Cl acido pipemidico
H3c) (esqueleto de piridopirimidina)

“impureza o producto secundario
activo” en la sintesis de
cloroquina (@Sterling, 1950s)

ciprofloxacino (“cipro”)
(esqueleto de quinolona)

enoxacino
levofloxacino
moxifloxacino

DOI: 10.1021/jm501881¢

Ventas globales en 2014 por Pfizer: 5.168.000.000 $ J. Med. Chem. 58, 4874-4882 (2015)

Chemistry World | July 2009 |

Temozolomide -
birthof ablockbuster

The history of anticancer drug temozolomide can be traced back over 30 years —
and itall started with some novel nitrogen chemistry, says Clare Sansom

CONH, CONH;

Prof. Malcolm Stevens

EBI E‘*P!B

EC 3.4.23.16 HIV-1 retropepsin.

I—EC 3.-.-.- Hydrolases. [22,337 PDB entries]

}—Ep 3.4.-.- Acting on peptide bonds (peptide hydrolases). [7,266 PDB entries]

@ EC 1 @ EC2-("ggy... )y @ EC 4o @ ECSov

@ EC6.-.-.-

897 PDB entries

H,NOC HaNOC Aston University, GB
hlﬂe H N }—EC 3.4.23.- Aspartic endopeptidases. [1,530 PDB entries]
X, —N xn,—N =y~ ~N = SN .
N\\_ \\N/ N b M N\\_ \foN by NN ) I\ll N | EC 3.4.23.16 HIV-1 retropepsin. [897 PDB entries] SPDBe
N N \= ~ g NN Temozolomida 1a30
H H T ™Z HIV-1 protease complexed
. o} 0 with a tripeptide inhibitor
Dacarba'zma (DTIC) MTIC . Mitozolomida Reaction: Specific for a P1 residue that is hydrophobic, and P1' variable, but often Pro.
[profarmaco] ——— [metabolito activo] (Azolastona) 157 —o— 100 mg/m? Other name Human immunodeficiency virus type 1 protease
—0—150 mg/m? (s):
DNA 5 200 mg/m? Comments: Fresent in human immunodeficiency virus type 1. Contributes to the maturation of the viral particle, and is a target of
i il antiviral drugs. Active enzyme is a dimer of identical 11-kDa subunits. Similar enzymes occur in other refroviruses.
e —— 250 mg/m’ Belongs to peptidase family A2

TMZ plasma concentration, pg/ml

Temodal
Capsules
oy e

Temodal
Copaies
oy |

Glioblastoma multiforme

Links: BPDBe [intEnz] [ExPASy] [KEGG]

There are 897 PDB entries in enzyme class E.C.3.4.23.16

escherichia coli bl21. Expression_system_taxid: 511693.
Chains: A, B (99 residues) CATH domain: 2.40.70.10

: Oxidoreductases - [ 15227 Entities ]
: Transferases - [ 27267 entities ]
: Hydrolases - [ 25706 Entities ]

ADN metilado : Lyases - [ 6195 entities ]
: Isomerases - [ 3314 Entities ]
e ) :_:- PDE code Protein I.I:igasells -[ 2.27_.2 [Entmes ] . :
[~ s 1a30  HIV-1 protease complexed with a tripeptide inhibitor - : fransfocases - L 1ao entities
.’f."& Source: Human immunodeficiency virus 1. Organism_taxid: 11676. Strain: isolate hxb2. Expressed in:
e
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Estrategias en Identificacion y
Diseno de Farmacos (3/3)

» Diseflo basado en una hipdtesis de “farmacoforo”

= Diseflo de novo basado en la estructura tridimensional del
sitio receptor en la macromolécula receptora

= Cribado virtual sobre la estructura tridimensional de Ia
macromolécula diana mediante técnicas automatizadas de
acoplamiento ligando-receptor (“docking”) para:
= priorizar posibles ligandos existentes en las quimiotecas
virtuales (Ligand-Based Drug Discovery, LBDD).
= |dentificar fragmentos con afinidad por el sitio de union
(Fragment-Based Drug Discovery, FBDD).

Estructuras cristalograficas del receptor cannabinoide humano CB,
(6 oy
A Bﬁirmz \ ) N/Ij |

A A3y

¢ i
S J N-N
SN
Cl . Rimonabant

(O Am1) N

L, | o

LN N Am 3/.:
Otenabant | |
\h=hm y

TR

Antagonist WF ‘

Binding Region % B ArE’\Z&x
Taranabant

Rimonabant Taranabant
-

Codigo PDB: 5TGZ




Journal of Medicinal Chemistry| Drug Design by the Method of Receptor Fit

© Copyright 1984 by the American Chemical Society

Peter J. Goodford

Volume 27, Number 5 May 1984

Laboratory of Moleeular Biophysics, Oxford, England. Received October 17, 1983

What, then, does the method of receptor fit offer for a
future in which the stygucture and function of
macromolecules wi{ be understoBHRRHIE where doctors

may have direct acc ss 7 dsh/fu \erg "code of every
patient? K""

5
H

Il
v One should e de,‘si" ‘
affinity Fomhm e¥-stte
v Systems ama(ynsz*i of an ke, biocHe athway will

enable the mogt apprggiate tarﬁet site to be identified,

v Sequence varigtiop$gdy be explpited to improve
specificity, beccg:{g syfematic d el}év%ces of protein
sequence can often be detected near ligand binding sites.

v All receptors are different until proved identical.

O\Ge(“ﬁ*lg‘ugsug_ﬁ very high

Journal of Medicinal Chemistry) Drug Design by the Method of Receptor Fit

© Copyright 1984 by the American Chemical Society

Peter J. Goodford

Volume 27, Number 5 May 1984

Laboratory of Molecular Biophysics, Oxford, England. Received October 17, 1983

These tentative forecasts point toward.:

> a new generation of more potent, specific, effective
therapeutic agents with less toxicity, reduced side
effects, and fewer aberrant responses, which is what
people and society at large are seeking.

> more costly research, which is the price that must
be paid.

One last conclusion seems very probable. Mountaineers
climb because the mountains are there and offer
them a worthwhile challenge, and scientists will try to
design drugs to fit receptors for similar reasons.

Ejemplos de estructuras de alta resolucion
de complejos farmaco-receptor

(c) — 1\
Neuraminidasa del virus de la gripe + zanamivir -

Ber-Abl kinasa + imatinib

De la farmacologia in vivo

e in vitro

.. a la farmacologia in silico




Extracellular

Farmacologia in silico %o e
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Cribado Virtual (CV)
Virtual Screening (VS)

=17
e W Ligando
(

flexible)

Uso de filtros en CRIBADO VIRTUAL in silico y
DISENO FOCALIZADO DE QUIMIOTECAS

Estructuras “casi perfectas” en un mundo imperfecto

Grupos toxicos o
quimicamente reactivos

compuestos

Proteina

(generalmente rigida)

Quimioteca

} : : : REQS « Indeseables
Motor de busqueda Evaluacién Available Chemicals e
Muestreo sistemético Campos de fuerza de MM Directory Filtos de “drug- | filtros farmaco- Compuestos
Muestreo estocastico Datos empiricos likeness” cinéticos (ADME) “ 0y
Muestreo determinista Potenciales de fuerza media World Drug Index ! \ drug-like
Ky
Pose + Tanteo MedChem Database... no-farmacos
/8 deteccion de
. P compound C tos - " “frequent-hitters”
Objetivo del CV: - databases ompuestos “promiscuos’,
. . . ) r
discriminar entre verdaderos moléculas coloreadas o ‘

fluorescentes

ligandos y sefiuelos candidatos a

farmacos

priorizacién de candidatos REOS: Rapid Elimination of Swill = eliminacién rapida de bazofia

PWILEVVCH

Edited by
-
Fragment-based
Approaches

Dos estrategias para el ensamblado de

ZINC is provided by the Irwin and Shoichet Laboratories in the Department
of Pharmaceutical Chemistry at the University of California, San Francisco

ZINC15

Welcome to ZINC, a free database of commercially-available compounds

for virtual screening. ZINCJcontains over 100 millionjpurchasable

compounds in ready-to-dock, 3D formats.

http://zincl5.docking.org/

Getting Started Ask Questions

 Getting Started

* What's New

« About ZINC 15 Resources

+ Current Status / In Progress

+ Why are ZINC results "estimates"?

patterns? (150)

You can use ZINC for general questions such as

« How many substances in current clinical trials have PAINS

« How many natural products have names in ZINC and are not for
sale? (9296) get them as SMILES, names and calculated logP

(UCSF). We thank NIGMS for financial support (GM71896).

To cite ZINC, please reference: Sterling and Irwin, J. Chem. Inf. Model,
2015 hitp:#/pubs.acs.org/doi/abs/10.1021/acs jcim.5b00559. You may also
wish to cite our previous papers: Irwin, Sterling, Mysinger, Bolstad and
Coleman, J. Chem. Inf. Model, 2012 DOI: 10.1021/¢i3001277 or Irwin and
Shoichet, J. Chem. Inf. Model. 2005;45(1):177-82 PDF, DOI.

ZINC15 News

= 2016-03-14 - Massive purchasability update.

= 2016-03-14 - ZINC15 is going to ACS. See you in
San Diego.

* 2015-09-28 - ZINC15 is released! Follow us on
twitter @chem4biclogy Known limitations What's
new

« How many endogenous human metabolites are there? (47319) and

Explore Resources

Chemistry

Tranches, Substances, 3D
Representations, Rings, Patterns
And More

Catalogs, Genes, ATC Codes

approved drugs? (94)

trials? (60)

how many of these can | buy? (827 1) How many are FDA
* How many compounds known to aggregate are in current clinical
« How many epigenetic targets have compounds known? (53) and

Which of these substances can | buy? (278}
« How many ligands are there for the NMDA 1 ion channel GRIN1?

Caveat Emptor: We do not guarantee the guality of
any melecule for any purpose and take no
responsibility for errors arising from the use of this
database. ZINC is provided in the hope that it will be
useful, but you must use it at your own risk.

(662) and How many of these are for sale? (60)

* More.

Teague Sterling & John J. Irwin
ZINC 15 - Ligand Discovery for Everyone
J. Chem. Inf. Model. 55(11): 2324-2337 (2015)

una molécula a partir de fragmentos
dentro del sitio de unién

in Drug Discovery

= Crecimiento secuencial:

= Colocacion de fragmentos
y posterior conexion:

g Discavery Today

bolsillo de unién en la superficie de una proteina
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BCR-ABL oncogene
1(9;22)(q34;q11)

Regulacioén fisiolégica por la proteina ABL normal y desregulacién por la BCR-ABL
oncogénica de procesos celulares claves, como proliferacion, adhesion y apoptosis

Un ejemplo de éxito real: Glivec (STI571/ Imatinib)
un farmaco antitumoral dirigido desarrollado racionalmente
sobre una base estructural frente a una diana especifica: Bcr-Abl
H | |
| N N R1
7
0

a N _N b
actividad frente a tirosina

actividad kinasas
cabeza de serie
celular
aumentada
T H
|
c N N\H/F"

abolicién de actividad
inhibitoria indeseada
frente a PKC y Cdk1
(“metilo bandera”)

solubilidad y biodisponibilidad
oral aumentadas

O NovarTIS
glivec 100 mg
capsulas, duras

nnnnnnnn

Calendario del desarrollo de Glivec

May 2001 —
Approved by
FD#A for CML.

June 1998— | |June2000- | [November 2001 -

1990 - Lead compound 1996 — i vivo activity shown First patient with | | Phase Il trials | | Approved in
identified in a screen for in BCR-ABL -transformed CML treated. |initiated. Europe and Japan
inhibitors of PKC. cells in syngeneic mice, | | for CML.

February 2002 -
Approved by the
FDA for GIST.

THERE IS NEW
IN THE WAR AGAINST

Typical development timeline

Nuevos inhibidores:
- dasatinib
- nilotinib, ...

A 4 Clinical /[
| Discovery | development
\ Typically -8 years - Typically ~7 years. ‘\

Mature Reviews | Drug Discovery

Protein-Drug Complexes

Download the 2016 Calendar

A Year in Protein-Drug Complexes
from the Learn Section at
pdb101.rcsb.org
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PROTEIN DATA BANK

Note: PDB IDs can be fo :




@ amboceptor

"Considering the enormous number of
chemical combinations which are taken into
consideration in a struggle with diseases, it
will always be a caprice of chance, or
fortune, or of intuition, which decides which
investigator gets into his hands the
substances which turn out to be the best
materials for fighting the diseases or the
basal substances for the discovery of such"

Paul Ehrlich

"Address in Pathology on Chemotherapeutics: Scientific
Principles, Methods, and Results"
The Lancet, 445 (1913)

100 years

DESCUBRIMIENTO DE NUEVOS FARMACOS

HTS FBDD

High-throughput Screening (HTS) Fragment-based drug discovery (FBDD)

X v, d~
%h SAAA

CRIBADO ORIENTADO

Mitosis

Untreated

Treated
with
Monastrol

A DlANA(S)
CRIBADO FARMACOLOGICA(S)
FENOTIPICO
(respuesta biologica Target-based drug discovery

en células enteras u
organismos modelo)

it e [

Phenotypic-based drug discovery

Assay
(1901) development
Spiroindolones, a Potent Compound
o Class for the Treatment of Malaria
1251 A 12000 compounds tested;
§ 275 active; 1 with favorable
TS0 PK properties and a
N ad mechanism of action distinct
H S§ ™ from that of existing
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J Med Chem. 53(14):5155-5164 (2010) // Science 329(5996):1175-1180 (2010)

Sci Rep. 6:27806 (2016)




¢Qué es un mejor farmaco?
¢CAmo se puede reconocer?

“A better drug is obviously not a new molecule

There are a great many medical problems that remain unsolved. And there
could be a whole lot more to come. There is 2 global need for new treatments

From Molecule
to Medicine

%
[ Candidate drug

for (chronic) diseases - such as HIV, cancer and central nervous system
disorders.
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The chances of any one chemist discovering a drug that works—a molecule that is safe
and improves people’s lives in a meaningful way—are small.
The chances of discovering an actual cure? Minuscule.

Infection and replication of HCV
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Advancing Therapeutics.
Improving Lives.
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(’:OMPARACI(’)N ENTRE EL DESCUBRIMIENTO Y DESARROLLO DE
FARMACOS DE NOVOY EL REPOSICIONAMIENTO DE UN FARMACO

a De novo drug discovery and development
* 10-17 year process
* <10% overall probability of success

Target discovery  Discovery & screening Lead optimization ADMET Development Registration
* Expression analysis| e Traditional « Traditional * Bioavailability and
* In vitro function « Combinatorial medicinal systemic
| * In vivo validation; chemistry chemistry (absorption,
for example, | e Structure-based * Rational clearance and
knockouts drug design drug design distribution)
* Bioinformatics Screening
* In vitro
* Ex vivo and in vivo
* High throughput
2-3 years 0.5-1 years 1-3 years 1-2 years 5-6 years 1-2 years
Drug repositioning
* 3-12 year process
* Reduced safety and pharmacokinetic uncertainty
b
Compound Compound
identification acquisition Development Registration

* Novel insights Phase | or
* Specialized Phase |l stages Market
screening * Internal sources * Ability to
leverage existing
data packages

1-2 years

0-2 years 1-6 years 1-2 years

Ashburn TT, Thor KB. Drug repositioning: identifying and developing new uses for existing drugs. Nat Rev Drug Discov. 3:673-683 (2004)

EJEMPLOS DE REPOSICIONAMIENTO O
“CAMBIO DE PROPOSITO” DE UN FARMACO

Reconocimiento (en gran medida, de forma no intencionada o “por serendipia”)
de efectos sobre una diana diferente de la original (off target) o de efectos sobre
la misma diana que podrian ser utilizados para identificar una nueva indicacion.

» AAS: menos utilizado como AINE por sus efectos gastrolesivos
pero amplio uso a dosis bajas como antiagregante plaquetar.

> Talidomida: retirada del mercado por sus efectos teratogénicos,
se ha demostrado su utilidad en el tratamiento de la lepra y del
mieloma multiple.

» Sildenafilo: originalmente desarrollado como antihipertensivo,
sus indicaciones actuales son la hipertensidn arterial pulmonary la

disfuncidn eréctil
o-J

(> S 2 000 000 000 de ventas mundiales en 2012).
“Knowing is not enough; we smust apply.

» Minoxidilo
» Finasterida
Willing is not enough; we must do.”
—Goethe

"~ DRUG REPURPOSING
~ AND REPOSITIONING

»> Bimatoprost, etc.

http://www.ncbi.nlm.nih.gov/books/NBK202175/




Activity

How well the drug
candidate binds to its
target and generates the
desired biological response

=N

National Institute of
General Medical Sciences

Basic Discoveries for Better Health

' Solubility
Affarte h. 1 +h. drug

A drug candidate must pass many hurdles to
earn the description “good medicine”. It must
have the best possible activity, solubility,

orbed
orally

bioavailability, half-life, and metabolic profile.

Half-Life

How long the drug
candidate stays in its
active form in the body

https://publications.nigms.nih.gov/structlife/structlife.pdf

Attempting to improve one of these factors
often affects other factors. For example, if you
structurally alter a lead compound to improve
its activity, you may also decrease its solubility
or shorten its half-life. The final result must
always be the best possible compromise.

S —

jidate
ate

tissue(s) 1n ts active form
h/vhen given orally
A drug candidate must pass many hurdles to earn the description
“good medicine”. It must have the best possible activity, solubility,
bioavailability, half-life, and metabolic profile. Attempting to
improve one of these factors often affects other factors. For
example, if you structurally alter a lead compound to improve its

activity, you may also decrease its solubility or shorten its half-life.
The final result must always be the best possible compromise.

Nuevos medicamentos que contienen dosis fijas de varios farmacos en una
misma forma farmacéutica para prevenir enfermedades cardiovasculares:

Table 1 | Fixed-dose combination strategies for cardiovascular prevention

Polypill name Company Indication Active components (mg)
Red Heart Dr. Reddy’s Laboratories Secondary Aspirin (75), atenolol (50), lisinopril (10),
[P AL (Hyderabad, Andhra prevention simvastatin (20)
Pradesh, India)
Red Heart Dr. Reddy’s Laboratories Primary Aspirin (75), hydrochlorothiazide (12.5),
Pill 2™ prevention lisinopril (10), simvastatin (20)*
Polycap® Cadila Pharmaceuticals Primary Aspirin (100), atenolol (50),
(Ahmedabad, Gujarat, India) prevention hydrochlorothiazide (12.5), ramipril (5),
simvastatin (20)
Polycap® DS Cadila Pharmaceuticals Primary Atenolol (100), hydrochlorothiazide (25),
prevention ramipril (10), simvastatin (40)
Zycad-4™ Zydus Cadila Healthcare Secondary Aspirin (75), atorvastatin (10),
(Ahmedabad, Gujarat, India) prevention metoprolol (50), ramipril (5)
Ramitorva™  Zydus Cadila Healthcare Secondary Aspirin (75), atorvastatin (10),
prevention ramipril (5)
Polytorva™ usv Secondary Aspirin (75), atorvastatin (5),

(Govandi East, Mumbai, India)  prevention?

Polylran 1™ Alborz Darou Primary or
Pharmaceutical Company secondary
(Tehran, Iran) prevention?
Polylran 2™ Alborz Darou Primary or
Pharmaceutical Company secondary
prevention?
Polypill¥ Hypermarcas SA Primary
(Sao Paulo, Brazil) prevention?
Ferrer Internacional Secondary
(Barcelona, Spain) prevention

ramipril (10)

Aspirin (81), atorvastatin (20),
enalapril (5), hydrochlorothiazide (25)

Aspirin (81), atorvastatin (20),
hydrochlorothiazide (25), valsartan (40)

Atorvastatin (10), lisinopril (50),
hydrochlorothiazide (12.5)

Aspirin (100), ramipril (2.5, 5, or 10),
simvastatin (40)

*In a new formulation, the dose of simvastatin has been increased to 40 mg. *No trade name given.
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nature
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Sanz, G. & Fuster, V.

Polypills for cardiovascular prevention: a step forward?
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2013.157 (2013)

Farmacos me-too (“yo también”)

S0, DOES ANYONE
HAVE A [DEA FOR
A NEW DRUG?

Goddard Cartoon @PhamaVentures; all rights reserved

Un farmaco que sigue (en un momento dado) a una terapia “primera en su clase”
(first-in-class) y actia esencialmente a través del mismo mecanismo, pero.....

- no hay dos farmacos que sean realmente iguales (e.g. inhibidores de kinasas en oncologia)

- si varias compafiias estan trabajando sobre el mismo tipo de farmaco, intentando superarse unas a
otras en el camino hacia la comercializacién, podria parecer que el resultado final es un farmaco
“imitamonos” (copycat) que se ha desarrollado a costa y riesgo de la molécula que llegd primero al
mercado (e.g. vildagliptina y sitagliptina como inhibidores DPP-IV para la diabetes.

- los farmacos me-too crean competencia y, en consecuencia, los precios pueden bajar.
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Patents
expiring in

2011

» et oles 3610)
Total:

$13.8 billion
Atorvastatina

1\

LIPITOR
Pfizer
High cholesterol
$7.4 billion

ZYPREXA
Eli Lilly & Co.
Schizophrenia,
bipolar disorder

$3.5 billion

Olanzapina

Levofloxacino

LEVAQUIN
Johnson & johnson
Infection

$1.3 billion

Metilfenidato

CONCERTA

Johnson & Johnson
ADHD/ADD
$929 million

PROTONIX
Pfizer
Stomach acid

$690 million

Pantoprazol

NO CONFUNDIR CON:
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&

GEN

Patents
expiring in

2012

(approx. U.S.
annual sales, 2011)
Total:
$22.1 billion

PLAVIX
Bristol-Myers Squibb
Blood clotting
$6.5 billion

Clopidogrel

SINGULAIR
Merck
Asthma, allergies
$4.4 billion

Montelukast

SEROQUEL
AstraZeneca
Schizophrenia,
bipolar disorder
$4.5 billion

Quetiapina

“mere. | Etanercept
Anhn“:fr:ies:rinsfs

$3.4 billion

ACTOS

Takeda
Diabetes

$3.3 billion

Soures: nugs com;Soptarm

Pioglitazona
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What's on the regulator’s mind?

Availability of
other therapies Restricted
distribution

Adverse event
incidence

Target
population

Treatment
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“BIG PHARMA” | “ACADEMIA" g effect Risk L
Pharma Companies Universities Trial design N P " management
« Expiring patents on e Access to and conduct SRS ‘. b Education
blockbuster drugs pharma’s expertise disease \/ > Study
e Limited internal ¢ Emphasis on Risk of products - 5 & population Labeling
product pipeline translational medicine in same class Trial /X
S  Declining opportunities ¢ Access to pharma'’s drop-outs | Statistical Patient
N with biotech companies compound libraries Clinical relevance ) significance preference
« Streamlined access to ¢ Funding concerns Serious adverse

university IP of endpoint effect incidence Relative Efficacy in

Larger-scale collaboration Expected patient Off-label Risk in efficacy subgroups

and umbrella agreements compliance potential chronic use
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