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...doing
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Método de Aula Durante a
ol - 3 Pandemia COVID-19

a) Plataforma e/ou ferramentas de software a serem utilizadas
Google Meet (kxv-ohem-wnj)

b) Método
Videoaulas

c) Descrigao geral das atividades

(i) Apresentacgéo das videoaulas com conteddo em powerpoint;

(i) oferecimento de artigos cientificos relacionados aos tépicos;

(iii) discussao sobre os topicos abordados com base nos artigos;

(iv) aprendizado baseado em problemas via bancos de dados online;

(v) avaliacéo via apresentacédo de seminario dirigido (individual) e
elaboracao de um projeto virtual de planejamento molecular (em duplas,
quadruplas e consensual).
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Quimica Medicinal
' Matndos » Fusdamenios sm Flazsjamenio de Farmaros
oo
Cap.1 Descoberta de Farmacos

Cap.2 O paradigma atual da MedChem
Cap.3 Desenvolvimento de Farmacos
Cap.4 Farmacos quirais

Cap.5 Forgas intermoleculares T ——
Cap.7 Propriedades fisico-quimicas —

Cap.8 Estratégias do planejamento
Cap.9 Triagem Virtual :
Cap.10 Planejamento baseado no ligante e e
Cap.14 Planejamento de inibidores enzimaticos
Cap.15 Propriedades farmacocinéticas

Cap.19 MedChem e biologia de sistemas
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The discovery of first-in-class drugs:
origins and evolution
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From Big Data to Precision Medicine

| The next level in chemical space
navigation: going far beyond

| enumerable compound libraries
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Enumeration of 166 Billion Organic Small Molecules in the Chemical
Universe Database GDB-17

Enumeration of 166 Billion Organic Small Molecules in the Chemical
Universe Database GDB-17

J. Chem. Inf. Model. 2012, 52, 2864-2875
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Natural Products as Sources of New Drugs over the Nearly Four
Decades from 01/1981 to 09/2019

David . Newman® and Gordon M. Cragg

e Thiz { Ner. Prod, 2000, 83, T70-803 Eﬂm Onling
ACCESS | 1 Metrics & Mose: | & | o
] ABSTRACT: This eview s an updated and expanded wesion af
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H 2004, 2007, 301% and 2016, For al approved therapeutic agents,
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Fundamentals of drug design & discovery
Molecular structure

Properties of chemical substances

Drug properties

The planned genesis of drugs

Molecular design strategies

Biochemical and biological targets

The pharmaceutical, pharmacodynamics and pharmacokinetic
phases

9. Drug repurposing

10.Gene-disease-drug interrelationship

SRR 1) [ 02 1) 1=

ot ¢ 1. Fundamentals of drug

for better,

healthl  Nerv. design & diSCOVEI'y

A PhLLosophioaL Provocatilon

Do not be afraid of the epistemological
pluralism of chemistry
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How Past llluminates Modern Science

latrochemistry (medical chemistry),
Toxicity, Ddse-response relationship,
Etiology (causation)

Tajadod, 2014 . o .
Paracelsus, the first ‘medicinal chemist’.

Registration
end point

Therapeutic
effect (FaC) }
/ Unacceptable

Pharmaceological &
response

/
Pharmacodynamic £ —
biomarker € Pharmacodynamic end point

© Safety end point

Viagnitude of end point m——p

Log (exposure) = Muller & Mitton, Nature Reviews Drug Discovery 2012

Van Helmont - The Chemical Heritage Foundation Archives Montanari, Quimica Nova 2000

Edward Stone (Philosophical
Transactions (RS), 1763

Hippocrafes [ S L =0hh
400 B.C. E. LB i { et In 1897, in two wee
& Hoffmann - Bayer,
synthesized aspirin and
heroin.
y in the 1970s that
y Hydrolysis  HO—% sts‘cracked aspirin
T HOY MoA

Raffaele Piria, 1838

Vane, ] Physiol Pharmacol. 2000

(Prostaglandins and related biologically active substances)
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>-MOLECULES
THAT CHANGED THE

WORLD _ @ K. C.NICOLAOU +T. MONTAGNON

Montanari e Bolzani, Quimica Nova 2001 Sir James Black
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Cisplatin, “The drug that
changed cancer treatment"
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Smart Drug Discovery Goal: From NCEs to BioNCEs
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'__ Common Decisions that a Medicinal Chemist Faces
s Vi During a Typical Drug Discovery Project

M. Tute, ex-Pfizer, UK

rug Discovery Today

Tute & Montanari et al. [CAMD 1995 . Jenkins , Montanari et al. J.Braz.Chem. Soc. 1998
Lusher et al., Drug Discov Today 2014
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M. Tute, ex-Pfizer, UK

Extended
conformation

L0

e
Common Decisions that a Medicinal Chemist Faces

During a Typical Drug Discovery Project
Rop 23 L7

o

Isohelical
pharmacophoric
conformation

GDL036 (NDB)

Tute & Montanari et al. [CAMD 1995 . Jenkins , Montanari et al. J.Braz.Chem. Soc. 1998
Lusher et al., Drug Discov Today 2014
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From idea to product
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lllustration by David de la Iglesia (Senior Product Designer @jobandtalent)
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Entrepreneurship Can Be
Learned

Mike Pena, Stanford University

...doing o
Entrepreneurship Can Be
for better,

hesthl, S Iearned...

1. a personal passion to solve a problem
2. a vision for what’s innovative
the skills to build a product or service, and a
business around it
3. the tenacity to constantly seek feedback,
iterate and pivot
4. the ability to empathize with and inspire
those around you.

Mike Peia, Stanford University

06/10/2020
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“The overall process from idea to product can therefore take from 9 to 16+ years
to complete. Furthermore, historically only one in 20 compounds that start the
development process ever become marketed drugs.

This is not an enterprise for people
with a low tolerance for failure or for those who need immediate gratification.”

LAMATTINA, J. L. Drug truths - Dispelling the Myths About Pharma R&D. New
Jersey: Wiley, 2009. p. 24-25.
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MAKE

Schneider et al. Nature Reviews Drug Discovery (2019)
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Deterministic Building of the
#34 International Space Station (ISS)

By NASA/Crew of STS-132 - http://spaceflight.nasa.gov/gallery/images/shuttle/sts-
132/hires/s132e012208.jpg(http://spaceflight.nasa.gov/gallery/images/shuttle/sts-132/html/s132e012208.html),
Public Domain, https://commons.wikimedia.org/w/index.php?curid=10561008

.doi ' ..
e, Probabilistic Process of
forbettet @i Bjol MedChem and the

optical illusion of the
duck-rabbit

Por Thomas Kuhn
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Structures

The Chemical "'“‘,;‘;::’%\+
Universe at ”

."'mas. extended beyond
CAS:

> 165.10°

All living organisms: CHONPS 99%*

* pocket, ¥ LE
How many substances can be
synthesized? (Kihlberg et al. J. Med. Chem. 2016 )

??7? CHEMICAL SUBSTANCES
C.H.O.N.P.Sand MM < ??? Da

similar polarity, interactions and affinity

grooves, # LE

o

~ small, internal & | | large, open, flat & |

~ Graphs

114,304,569,097 ““*-\

Sphere

" Hydrocarbons
5,422,153

" Skelefons
1,330,958,530

Molecules
166,443,860,262

(Reymond et al. J. Chem. Info. Model. 2012)

06/10/2020
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Tamanho do Banco de
Dados: Aberto a nossa
imaginacao

GDB-17: Molecules a) Fragment-likeness; b) Sample evenly
166, “'3 860,262 across size, polarity, stereocenters

FDB-17; Fragments
10,101,204

Reymond, Acc. Clien. Res. 2015

Classification

Aj Heavy wtoms oot B} Cyela atom fracsion

Reymond, Acc. Chem. Res. 2015

06/10/2020
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The Unlversal Chemlcal
' Space |

HOW MANY CHEMICAI;S ‘'OUT THERE?

4 C.H.O.N. Psa}pd W<5oona
S
102" DRUG-LIKE MOLECULES
- ORE::, .0 iy
+A SIELY NUMBER (109)?

..doing
science

eeerer L Data continue to grow...

health! et

CAS REGISTRY® contains more than 165 million
unique organic and inorganic chemical substances,
such as alloys, coordination compounds, minerals,
mixtures, polymers and salts, and more than

68 million biosequences

06/10/2020
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P ROYAL SOCIETY
- OF CHEMISTRY

Chem Soc Rev

REVIEW ARTICLE View Article Online

R e——

| B creckorganes. QSAR without borders

Eugene N. Muratov, " Jargen Bajarath, 9° Robert P Sheridan, @7

oy SRS oot v, Tetko, B Dimitry Fiimonoy, @' Vidimir Poraikov, @' Tudor |. Oprea, @7
Igor |, Baskin, " Alexandre Vamek, (3 Adrian Roitberg, &' Olexandr isayey, §°
Stefano Curtalolo, (™ Denis Fourches, (5" Yoram Cohen, £° Alan Aspuru-Guzik, @7
David A Winkder, ' Dimitris Agrafiotis, @ Artemn Cherkasow 8 ang
Alexander Tropsha (3 +*

30 Usported Licence.

Fradicion of chemmical boacthity and physical propartes has been one of the most important applcations.
of ststical and more recently, machine leaming and anficial Imeligence methods i chemical soences
Tis ekt of sesaarch, Droadly known 5 CLantitAe SIRUCtUR—acIVLy reationships [DSAR] modeling, hes
dowioped many important sigostnms and has found 2 Hoad range of appkcatons i physcal crganic and
medicinal chemsiry in the past 55+ years Ths Perspectve summarzes recent technoiogical advances.
" CSAR modeling bt It also highlights the appicabiity of algorthirs, modeling methods, and waikiaton
practices develaped in OSAR t0 3 wice ange of resesich aress outsce of badtional OSAR boundaies

includng myrthesis planning. ranctechroicgy. materials sclence, blomateriss. and chrical rormatics.
TR O by YL A moderm research mathods generite apdy ncrasng amounts of Gala, e knowiedge of robust data-
o0 methods o he GSAR field can become exsertal for sclentias working both

within and cutsioe of chemical research. We hape that hes coninbution hightightng. the generalzable
commponents of ISAR modsing wil sena 10 i e chaliengs

|

Introduction linear ar non-inear relationships between values of chemical
descriptors computed from molecular structure and experi-

:
é
E
]
!
]
H
i
.
§
|
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Drug design/discovery

endeavor 1s...

ey S

to search the needle in a haystack!

...doing

science HOW tO dlSCOVCI‘ a HCW drug?
for better,
health! [

1

First=in-class drug

50 -

a0 3%

30

207

Percentage of NMEs

10

0=
Follower drug

[ Phenotypic [l Targer- [l Modified [ Biologics
screening based natural

screening substances Sir James Black

‘the most fruitful basis for the
discovery of a new drug is to
Nature Reviews | Drug Discovery start with an old drug’

(Swinney & Anthony. NAT. REV. DRUG DISCOV. 2011)

06/10/2020
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No 3D, No ligands 3D, No ligands

Combichem, VS, HTS

No 3D, Ligands 3D, Ligands

Pharmacophores,
3D similarity Target-based design
QSAR 3D

doing “48 Challenges of drug discovery:
o Finding a substance with multiple
health! Nori aggregated values

Farmaco-
Ly

06/10/2020
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MM SAR QSAR 2D and 3D Synthesis
Target - Pre- and Drug
Validgtion Ligands Leads clinical approval
phases
Calorimetry ) s
(MOA/TD signature) i

JraE

Chem-Bio
[s1 - space
Enzyme @ gana i
kinectics similar Optimized
(MOA) TD PD & PK
(MoB)

(Montanari. et al. J. Med. Chem. 2000; Montanari. et al. Burger's MedChem 2010. vol.7. 685)

sk
.doing *0

;;;ﬁ:;;eigj Integrating Technologies...

health! et

Inéertfi
ante-receptor
Estereoelet?émca -
stereodinamica
Collgauvas
3D
2D

RUEST S

DB Social molecules Chemical space Screening X ray (PDB)
navigation

o o
4 f]l
Cloning. -
Expression. i ) )
pre . Receptor mapping Pharmacophore - wLA
Isolation. Docking hypothesis
Purification A

(Montanari et al. Eur. J. Med. Chem. 2008) (Gaudio e Montanari J. Comput.-Aided Mol. Des. 2002

Montanari et al. Bioorg. Med. Chem. 2008)

06/10/2020
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Prediction-Based Molecular Design
The Flexible Lock-and-Key Concept

30- % top scores

l"-"l

Post -docking analyses

Filtered DB

1-

[ SAR by catalogue
Conformers

]

Flex docking
' (Hybrid, Poses)

30- % top scores

[ w )

Wiggers, Montanari et al. Mol. Inf. 2011, 30, 565

39
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healthl W.rc Data-driven
Hypothesis-driven

‘ Chemical Structure |

Molecular Design...

‘ Experimental Data }

Chemical Space

Hypothesis, Design,
Experiment, Data, Data
analysis, Results,
Hypothesis

Artificial Intelligence (Al)
Machine Learning (ML)

Target potency/selectivity ]

Models

[

Drug candidate ] Train, Test, Evaluate

40

06/10/2020
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S s Science4.0
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* Chemical intuition

= Combinational approaches
* Molecular modelling

* De novo methods

Deduction

Design %, Synthesis

\
E‘Ei%; -~ Hypothesis Test — @
.I'{\‘

\
Learning ™ Assay
Induction
» Chemical intuition
» Team intelligence

* (Q)SAR medelling
» Machine learning

Schneider, Nature Rev. Drug Discov. 2017 41
...doing
science .
for better) o | Drugs, genes, diseases
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Model / Schema / Metagraph
(Subnetwork for GraphGist)

INTERACTS

06/10/2020
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Drugs

0 20 40 60 80 100¢y
Analgesics (Cox-2)
Depression (SSRD)
Asthma
Arrhythmia
Schizophrenia

\ -Vl
Alzheimer's disease

Cancer

https://medicalxpress.com/

AS

|SAY “BAYER ASPIRIN'- ol |

The most promiscuous drug in the history of the pharmaceutical industry?

A little bit of history*

.

Uses of Aspirin

= As analgesic (300 to 600 mg during 6 to 8 h) for headache,
backache, pulled muscle, toothache, neuralgias.

* As antipyretic in fever of any origin in the same doses as for
analglesia. However, paracetamol and metamizole are safer,
and generally preferred.

= Acute rtheumatic fever. Aspirin is the first drug of choice. Other

drugs substitute Aspirin only when it fails or in severe cases.

Antirheumatic doses are 75 to 100 mg/kg/24 h (resp. 4-6 g

daily) in the first weeks.

Rheumatoid arthritis. Aspirin a dose of 3 to 5 g/24 h after meal

is effective in most cases. Since large doses of Aspirin are

poorly tolerated for a long time, the new NSAIDs (diclofenac,
ibuprofen, etc.) in depot form are preferred.

Waheed, Nonsteroidal anti inflammatory drugs (NSAIDS), 2014

06/10/2020

22



A little bit of history*

SAY “BAYER ASPIRIN"- daslee

The most promiscuous drug in the history of the pharmaceutical industry?

Uses For Aspirin ™=

Preventing Heart Attack

A
m‘?

ASPIRIN

Uses For Aspirin -

Keeping Cur Flowers Fresh Longer

&

(et ts me. shotuge of wses fah
apitin. {Tnabher example is fo ke
ke cuf evrota faaf famget Shaf
deusowsives shealel ot sk, T
an gffcive way e help flowers fhosh

1 _ ot & Lok B aller Deing
Uises Fov Aspiein fot & oo Bime aylles deingy en
iendieg ."")wm"u\i,f

https://vkool.com/uses-for-aspirin/
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How to handle
a chicken
for
medical
treatment

Paultr:
by Y Y
'

"Take two aspirins and stick your head in the sand."”

06/10/2020
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https://www.drugbank.ca/drugs/DB00945
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End of the video lesson

06/10/2020
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NEQUIMED/IQSC/USP/BioNCE at https://bionce.now.sh/

MNioubbn

...doing
science
for better,
health!

Moo s N & s e [ ) =

06/10/2020

25



...doing

science

for better,
health! [

O 0 & g | i

TRAC BY THE C4.0BE OF

Motecutar Welght
by Formls SMILES

...doing

science

for better,
health! [

A

=}
TvRass
o = Salicylic
o acia
o
Asparin
ARGIZ0

Figure 1. Aspirin chemical reactivity. (A) Aspirin can easily enter cells and react with many
react with water to form the hydrolysis byproduct salicylic acid. Aspirin can also react with

produce acetylated products. (B) Aspinn can bind to enzyme active sites and modify

Acetytated
SEAs30

=

Aspirin chemical reactivity

acetylates SERS30, rendering the enzyme inactive. (C)

. . aspinin active site
catalytically inactive functional groups, within the now-dead en

Y

— =3
T con
saticyic acia

Argeast

TvRass

Eﬂ

o R =

o = s

c¢e>< Motabcate o S Salicylc
—.>dW -~ % acie

odw Provein i

Asparin o

on . ARGiZ0
ot

Figure 1. Aspirin chemical reactivity. LA} Aspirin can easily enter cells and react with many
react with water to form the hydrolysis byproduct salicylic acid. Aspirin can also react with

produce acetylated products. (B) Aspirin can bind to enzyme active sites and m:

callutar For . aspirin can
op a-. gl or 1

aroups. For ple in COX-1 aspirin

. > o sites of on aspirin. In this
aminc acds. Then the pool of is it et probes to reveal

Acetyiated

=

scetylates SERS30, rendering the enzyme inactive. (C} Schematic of

P te.g-. gi or o 1o
A aroups. For in COX-1 aspirin
o sites of on aspirin. In this

experiment. aspirn

active site amino acds. Then the pool of
catalytically inactive functional groups. within the now-dead enzyrmes.

probes to reveal

Bhat et al. British Journal of Cancer (2014) 111, 61—67 | doi: 10.1038/bjc.2014.271
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A Aspirin
O, .OH o, OH
OH [s]
o OH
Y & — B
0 o
Active protein Dead protein
(e.0.-COX2) (e.0.-COX2)
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Figure 2, Aspirin reactivity with RNA. (A] Aspirin reacts with serine
hydroxyl groups in the active site of enzymes. This acetylation renders
the enzyme inactive. (B) RNA acetylation can be performed by
introducing electrophiles into cells. In this case reactivity of 2'-OH
groups is facilitated by RNA structure and the praximity of the 2'-OH ta
the phosphate backbone. (C} Chemical reaction between aspirin and
RNA, acetylating RNA 2/-OH groups.

Bhat et al. British Journal of Cancer (2014) 111, 61-67 | doi: 10.1038/bjc.2014.271
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https://www.cgl.ucsf.edu/chimera/

UCSF Chimera - Getting Started: https://www.cgl.ucsf.edu/Outreach/Tutorials/GettingStarted.html
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What is a biochemical/biological target?
What is a ligand (binder)?

Aligand is a substance A target is anything within a living organism
that forms a complex with to which some other entity (like an

a biomacromolecule to endogenous ligand or a drug) is directed
modulate a biological and/or binds, resulting in a change in its
function. behavior or function. ...

Biological targets are most commonly
proteins such as enzymes, ion channels,

and recepto IS (https://en.wikipedia.org/)

Cruzipain EC Tree
3 Hydrolases
3.4 Acting on peptide bonds (peptidases)
3.4.22 Cysteine endopeptidases
3.4.22.51 cruzipain
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Number

of Target /] : 900

Proteins

Number

o o (D2

hvdrolases

Number
549

pl‘OtEdS es

~ 12,257 drug molecules
(+ 2 mi assayed...)
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FDA targets

Table 1| Molecular targets of FDA-approved drugs

Class of drug target Species Number of
molecular targets

Targets of approved drugs Pathogen and human 114
Human genome targerts of approved drugs. Human 266
Targets of approved small-maolecule drugs Pathogen and human 248
Targets of approved small-molecule drugs Human 207
Targets of approved oral small-molecule drugs  Pathogen and human 227
Targets of approved oral small-molecule drugs — Human 186
Targets of approved therapeutic antibodi Humar 15
Targets of approved biologicals Pathogen and human 76
VOLUME 5 | DECEMBER 2006 | 993

Overington et al. Nat. Rev. Drug Discov. 2006

...doing
science
for better)
healthl Neore

FDA targets

Total human proteins: 19,613

“Undruggabls®
3,131 (165}

Approved targets
672 (3%)

Potential targats
4,285 (7%)

Mon disease-
related
14,545 (74%)

Saures: Human Protein Atlas, CrugBarik, KS analysis

https://www.proteinatlas.org/
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Number of FDA Orphan Drug Approvals

50 9
40 39
33
0 | 26 26 |
2020
20 1517
13 14 43
1 50 10 11

10 T

.=uill “

o L L I O I I I ........ 1L
BEERBEEREREEFEE aﬁ§§§§§§8§88 HZH"“’::E:
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Arare disease is generally considered to be a disease that affects
fewer than 200,000 people in the United States at any given time.
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For instance, acute
intermittent porphyria,
variegate porphyria, and
hereditary coproporphyria

Acquired hemophilia A.

Acral lentiginous melanoma.
Acromegaly.

Acute intermittent porphyria.

Acute lymphoblastic leukemia.
Acute myeloid leukemia.

Acute promyelocytic leukemia.
Adenosine deaminase deficiency...

...between 5,000 and 8,000 depending on the source

Oprea et al. Nat. Rev. Drug Discov. 2020
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Atorvastatina, ICy, = 8 nM

Tipo 2

Lipitor: each C atom = US$ 142 mi!

. BLOCKBUSTER DRUGS

Best selling pharmaceuticals of U.S. Market [edit]
The top 5 best selling pharmaceuticals 2015-2019. Sales in billion USD.!"]

Rank Drug Main indication Trade name 2015 2016 2017 2018 2019
1 adalimumab rheumatoid arthritis  Humira 10.1 | 13.5 163 184 214
2 apixaban anticoagulant Eliquis 16 (30 |48 |71 9.9
3 etanercept rheumatoid arthritis  Enbrel 72 (76 (79 |8.0 |84
4 ustekinumab . psoriasis Stelara . 20 |26 |37 |50 |66
5 pembrolizumab oncology Keytruda 04 |07 |22 |43 |65
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Best selling pharmaceuticals of 2017/18 [edit]

The top 16 best selling pharmaceuticals of 2017/18.121

2
]
3
x

adatimumab
apixaban
lenatidomide

nivolumab

etanercept

trastuzumab

00 NOO LB

bevacizumab

10 rituximab

Drug

pembrolizumab

Main indication

rheumatoid arthritis

Trade
name

Humira

anticoagulant Eliquis
P ¥

oncology Opdivo

oncology Keytruda

rheumatoid arthritis  Enbrel

breast cancer Herceptin

colon cancer Aorastin

non-Hodgkin's.
Iymphoma

Rituxan,

MabThera

Best selling pharmaceuticals of 2017/18 [edit]

The top 16 best selling pharmaceuticals of 2017/18.[21

adalimumab
apixaban
tenalidomide

nivolumab

etanercept

trastuzumab

KOW%U)UIJ\Q-‘E
3
¥

bewvacizumab

o

rituximab

Drug

pembrolizumab

Main indication

rheumatoid arthritis
anticoagutant
multiple myeloma
oncology
oncology
rheumatoid arthritis
breast cancer
colon cancer
non-Hodgkin's
Iymphoma

Trade
name
Humira
Eliquis
Reviimid
Opdive
Keytruda
Enbret
Herceptin
Avastin
Ritusxan.

MabThera

2018 sales (million
usD)

19 936

ea72

os8s

7570

7171

7126

s981

6847

750

2018 sales (million
usD)

19 936

o872

osas

7570

7471

7126

so81

&847

s7s0

. BLOCKBUSTER DRUGS

2017 sales (m
usD)

18427
7395
8187
s763
ss09
7aes
7013
a6

7298

2017 sales (million
usD)

18427

T35

8187

5763

aasoeg

Tass

7013

se86

Tzos

Rank # Drug

Adalimumab

Rosuvastatin

Trade

name

Humira

Crestor

Drugs with sales above $5 billion in 2015 included:'*l

Main
¢ Y
Type indications
Rheumatoid
Biologic i
arthritis

Small

Cardiovascular

molecule diseases

AbbVie Inc.

AstraZeneca

Largest selling pharmaceutical products of 2015 [edit]

Company

. BLOCKBUSTER DRUGS

Sales (USD - Avs

millions/year) 2014

14,012

1.469

5.017 (495)
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Best selling pharmaceuticals of 2013 [edit]

Far the fourin quartar of 2013, the largest saling drugs ware:H!!

Chan,
2 Iremﬂe Disease/Medical Fim e
Rank & Brand Name{s) . Generic Name ¢ 20w s T e Companylies) ¢ i ® Approval ¢ Expiration
5 X6
Date Date! 18
2013
(5000}
3 Psychosis,
1| Asility Aripiprazole 1602329 2.23%  Ganerc Mov-2002  2014-Oct
daprassion
Crohn's diseass,
2 Humira Adafimumab 1,561,881 386% AbbVie Dec-2002 2016-Dec
Riwumatoid arthritis
Gastrointesti
3 Naxum Esomegrazols 1,536,435 0.74% Ganeric v Mar-20040 2014-May
dmorders
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Esomeprazol:
Chiral switch.
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Worldwide drug market accounted for just over 50% (skincare, haircare, others ~ 45%)

i
'“ I

Pfizer's cholesterol-lowering drug Lipitor
amounted to 1.9 billion U.S. dollars in 2019

USA market 2019: US$ 521 million

The American College of Cardiology and
American Heart Association, states that

“Aspirin should be used infrequently in the
routine primary prevention of
atherosclerotic cardiovascular diseases
due to lack of evidence"

...doing
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Worldwide drug market accounted for just over 50% (skincare, haircare, others ~ 45%)

What about the famous "old"?

M branded
M generic
65%
Pfizer lost exclusive 0%
rights to the drug in
December 2017 5%
T : _
USD 1.65 billion in 2016 Viagra Cialis Levitra

and is expected to reach a
valuation of USD 2.95
billion by 2023

SOURCE: GoodRX, prescriptions filled from Dec. 1, 2018 - Jan. 31, 2019
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World Health Organization
Model List of Essential Medicines
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2. MEDICINES FOR PAIN AND PALLIATIVE CARE

2.1 Non-opioids and non-steroidal anti-inflammatory medicines (NSAIMs)

Suppository: 50 mg to 150 mg.

Tablet: 100 mg to 500 ma.

Oral liquid: 200 mg/5 mL.

ibuprofen [ Tablet: 200 mg: 400 mg; 600 mg.

B Mot in children less than 3 months.

Oral liquid: 120 mg/5 mL; 125 mg/5 mL.
Suppository: 100 mg.

paracetamol® Tablet: 100 mg to 500 mg.

acetylsalicylic acid

* Not recommended for anti-inflammatory use due to lack of
proven benefit to that effect.

12.8 Lipid-lowering agents

Tablet: 5 mg; 10 mg; 20 mg; 40 mg.
* For use in high-risk patients.

0O simvastatin®

...doing . . .
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healthl N+ pPharmaceutical Phase

Disintegration of the Dosage Form Drug and
Drug Dissolution

Pharmacokinetic Phase l,
Fl‘o m (Time course of ADME processes) Metabolism

- /
dose @l"—’m l

['0 Excretion
effect! '—*Actwe Site
Pharmacodynamic Phase 1

| Pharmacological Effects |

/ =
Therapeutic Effects ‘ Toxic Effects

https://images.slideplayer.com/26/8564082/slides/slide_1.jpg
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compounds

Pharmacokinetic phase: what
does the body do with the drug?

Pharmacodynamic phase: what

does the drug do in the body?

Pharmacao-
dynarmics

Metabolisng

. Plasma Protein

https:/ /en.wikipedia.org/wiki/Pharmacodynamics
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compounds

Pharmacokinetic phase: what
does the body do with the drug?

Pharmacodynamic phase: what

does the drug do in the body?

. Mt abak,
Bacterial pla

cell

Pharma
ceutical

tion \ b Mersbolic
/ anzymes Building
“ lacks
>+
Enargy

. Plasma Protein

Human cell

https:/ /en.wikipedia.org/wiki/Pharmacodynamics
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