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What is Pharmacology ?

Etymology:
Pharmakon: medicine, drug - Logos: science

|
A
{

William Paton (1986) I W

“If physiology 1s concerned with the function, anatomy with the
structure, and biochemistry with the chemistry of the living
body, then pharmacology 1s concerned with the changes in

function, structure, and chemical properties of the body brought
about by chemical substances” Kenakin, A pharmacology primer, Chap.1, 3rd Ed., 2009
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... and in a modern perspective

Box 1 | Various attempts to define Pharmacology

* The scientific study of medicines and drugs. -
* The branch of science relating to drugs and medicines. I l I li H4.R
* The study of substances that interact with living systems intemationdwnion Of pharmacology

through chemical processes, especially by binding to
regulatory molecules and activating or inhibiting normal body processes.

* The science studying the interactions between chemicals and living beings directed to prevent,
ameliorate or cure the deleterious consequences of their diseases.

* The study of the manner in which the function of living systems is affected by chemical agents.

* The science that deals with the mechanism of action, uses and adverse effects of drugs.

* The scientific discipline that deals with the interaction between chemical agents and the living
organism.

* Pharmacology is what pharmacologists do.

Fredholm et al. Nat. Rev Drug Discov. 1:237-8, 2002
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Antiquity
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Antiquity
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Antiquity

Shen-nung pen ts’ao ching

(I and II B.C.)

Li Shih-chen

Pen ts’ao kang mu
(1518-1593 A.D.)
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Antiquity

Ayurveda (“Science of Life”)

Ayurveda

\

VATA KAPHA PITTA

® 60 © O

ETHER AR EARTH WATER FIRE

Copyright SBFTE_2020 8



Greece and Occidental Medicine

Hippocrates (460-377, B.C.)

Hippocratic
oath

Roman “portrait” bust
(19th-century engraving)
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Greece and Occidental Medicine

Theophrastus (372-287, A.D.)

Liu .-'4.??'( /A {_?-\:}

DELL'HISTORIA B9
ST TON ['ather of Botan
Tradutti noudmente in lingua -

Atalianada Michel Ange=
loBiondo Medico .
&

PER CAGION DI Q VEI, CHE,
ne unane Paltra lingua poffedeno, Effendo
per cio,la fia dottrina,molto neceffu=
ria, non folamente & gli agricol=
tori, md, anchoraai Ret=

toridi corpibumani, ct
a quei chetrat=

i ®  “Historia Plantarum”

QVAI SOPRANO IN DISCA=
cidre li morbi, ¢ in conferudre 4 fa=
nitd ,del buomo,glialeriillu=
[trercmo inbreue.

€ o o, e v, Development of Pharmacy
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Greece and Occidental Medicine

Dioscorides (40-90, A.D.)

J

“Father of Pharmacognosy’

De Materia Medica
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Greece and Occidental Medicine

Claudius Galenus (131-201, A.D.)

A pioneer of experimental

physiology

Pharmacy: "galenic" preparations
of plant active principles
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Medieval Period (5-15th centuries)

First pharmacies (Bagdad, 754 A.D.)

wlEF= Al-Biruni (973-1050, A.D.)

Kitab al-Saydalah
(“The book of drugs”)

Copyright_SBFTE_2020 | 1959 13



Renaissance period (16th century)

Nuovo Receptario Composito
(Florence, 1498)
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Renaissance period (16th century)

Paracelsus (1493-1541)

“Father of Toxicology”
& ”Grandfather of Pharmacology
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Renaissance period (16th century)

Codex Badianus (1552)

vvvvvvv

Martin de la Cruz
(Nahua)

Colegio de Santa
e e e e Cruz de Tlatelolco

CODICE MARTIN DE LA CRUZ-BADIANO
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Until the end of the 18th century

Medicinal plants continued to be used without
definition of their active principles

Examples: T\

- Opium (poppy latex, Papaver somniferum) ¢ @ 8l

-

- Belladonna fruit extract (Atropa belladonna)
- Quinquina peel powder (Cinchona officinalis)
- Tea of coca leaves (Erythroxylon coca)

- Tea of Ephedra Branches (Ephedra sinica)

- Tea with foxglove leaves (Digitalis lanata)

Copyright_SBFTE_2020
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17-19th centuries:
Advances in Physiology and Chemistry

William Harvey (1578-1657)

EXERCITATIO

ANATOMICA DE

MOTV CORDIS ET SAN-
GVINIS IN ANIMALL
BVS,
GVILIELMI HARVEI ANGLI,
~ Medsci Regii , €5’ Profefforis eAnatomiz in Col-
Meds .

“De Motu Cordis”
(1628)

Sumptibus GVILIELMI FITZERL Copyright_SBFTE_2020 18
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17-19th centuries:
Advances in Physiology and Chemistry

The French vivisectionists

Francois Magendie
(1783-1855) | S

Claude Bernard
(1813-1878)

“Formulaire”
(1822)

pure alkaloids

Extrait du Cahler de notes de Claude Bernard. |l sagit d'un apparell
pour injecter le sang dans un organe isolé. A gauche, un réservoir de
sang immergé dans |'eau chaude et muni d'un piston. A drolte, le sang
v | estinjecté dans I'artére d'une patte de grenouille.
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17-19th centuries:
Advances in Physiology and Chemistry

Robert Boyle (1627-1691)

iR

Frederick W. A. Sertiirner (1783-1841)

A 11 Journal Der Pharmacie Fur Aerzte,
N \ ' .

S, Ueber das Morphium , eine neue [alzfihige Apotheker Und Chemisten
ﬁ,‘f:: - Grundlage, und die Mekonfdure, als 13: 229, 1805
T Hauptbefiandtheile des Opi

N e auptbeflandthe: es Opiums, \1/
A\ T ‘ . . vyon A

s SERTUERNER, Annalen der Physik

’J T Pharmac. za Eimbeck im Konigr. Hannover.

55: 5689, 1817
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17-19th centuries:
Advances in Physiology and Chemistry

1826:
Pierre Joseph Pelletier
& Joseph Caventou

Production of 1800 kg of pure and crystalline quinine

sulphate from 150 tonnes of quingquina
commercial natural product to be producec

peel, the first
IN a process

which may be considered as the embryo of a
company Copyright_SBFTE_2020
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17-19th centuries:
Advances in Physiology and Chemistry

Heinrich Emanuel Merck (1794-1855)

alkaloids (Heinrich
Emanuel Merck

*n

Engel’s pharmacy in Darmstadt _
(Friedrich Jacob Merck-1668) Copyright_SBFTE_2020



17-19th centuries:
Advances in Physiology and Chemistry

James Blake (1815-1893)

Concept of Structure-Activity Relationship

“there exists some intimate connection between the chemical
properties of substances and their physiological action”

(Edinburgh Medical and Surgical Journal, 56:124, 1841)
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19th century: Pharmacology as a new
discipline and profession

Rudolf Bucheim (1820-1879) ’
1849: first professor of Pharmacology‘
1%t Institute of Pharmacology

BEITRAGE

ARZNEIMITTELLEHRE. Book (1849)

. 1 ! IT O, i,

e Contributions
1 e i to the study
5 of medicines
gE—— ST s (bioassays)
1860: University of Dorpat 5

Estonia Copyright_SBFTE_2020



19th century: Pharmacology as a new
discipline and profession

Oswald Schmiedeberg (1838-1921) g |

ARCHIV
EXPERIMENTELLE PATHOLOGIE

PHARMAKOLOGIE
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rasbourg (1872):
Institute of Pharmacology

Teaching and world influence

- Paul Ehrlich, Otto Loewi

- John Jacob Abel (1857-1938

1908: founded the American Society for Pharmacology and
vee Experimental Therapeutics

'ASPET

EDITORIAL ANNOUNCEMENT S S L

Investigators in the various biological and medical sciences, as also The Jesrnal of
the members of the medical profession at large, find it greatly to their
convenience that researches in each department of knowledge should ) A D IVala N/
be published in a separate journal. Up to the present time pharma- [ l l .\ I-\l\.'\ ,\(_/ (-) L() (J\
cologists and students of experimental therapeutics in this country 4 4
have published their work in journals devoted to other experimental Ang Experments! Therspoutics
sciences, but the activity of investigators in these fields would now
appear to justify the existence of a separate journal. It has been
decided, therefore, to found & journal in which may be publ the
results of investigations in the closely related subjects of pharmacology
and experimental therapeutics

Without rigidly defining the scope of the new journal, it may be
stated that its pages will be open not only to pharmacologists and
workers in experimental therapeutics, but also to the representatives
of any of the biological or medical sciences who may wish to offer

. .
papers that have a close relationship to pharmacological or thera-
— peutical questions.
The editors have obtained the hearty codperation and cordial sup-

rming Discoveries Into Therapies

CoTaroNr

port of their fellow-workers in this country and feel assured that they
will be able to fill the pages of the journal with scientific papers of
high order. It is also a matter for congratulation that a number of
distinguished European representatives of pharmacology and thera-
peutics have expressed a strong interest in the new journal and have
given it their good will and support as collaborators.
Ttis believed that the journal will also receive the cordial support of
members of the medical profession, s the time is at hand when every
. physician who has the best interests of his profcssion atheart fecls that 6
C O py r I g h t S B FT E 2 O 2 O he must become more familiar with the methods and principles and, ArGumm s Attt £

above all, with the actual objective results which are placed at his

disposal by the sciences here represented. Paul Ehrlich, the eminent



End of 19th century-beginning of 20th century:
- first synthetic drugs
- birth of the German pharmaceutical industry

= MG PN
1863: Friedrich Bayer ;% Al
dye factory :

v
1899: Aspirin® (“The wonder drug”)
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End of 19th century-beginning of 20th century:

Paul Ehrlich (1814-1915) 5

“Father of Chemotherapy” S\NY

¢ Ehrlich’sche
is-Heilmittel
e Dezember 1910 g

dei | n Marke
n

il | :
| ,SALVARSAN* 1909:
| 4| Arsphenamine

Ehrlich, Proc. R. Soc.
Lond. 66:424-448, 1900



Kinetics of distribution of substances
administered to the body. I  The
extravascular modes of administration.

Time Unifs
Fic. 3
R i oaraieael Tcorell, Arch. Int. Pharmacodyn. Ther. 57: 205-225, 1937
mistration in the absence of tissue In-
activation.
(R, = o.2; ky = o0.0I; Ry = 0.005;

ie. “blood ” volume/" tissue ” volume Copyright_SBFTE_2020

is 1:2: k, = o0.005; ks = O).
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First period of Drug Discovery (1820-1930)
“classic” period of Pharmacology

- First generation: essentially alkaloids, isolated
and purified from natural products

- Second generation: synthetic substances
- (analgesics, hypnotics and chemotherapeutic agents)

- Techniques used: essentially isolated organs and in
U1V0 assays.
- Receptor concept (Langley, 1878)

- Beginning of quantitative pharmacology (Clark, 1930)
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Modern era (1935-present): the golden years of drugs

- Third generation (1935-1960): sulfonamides, other
antibiotics and hormones

- Fourth generation (1960-1980): semi-synthetic
antibiotics, psychopharmaceuticals (antipsychotics,
antidepressants) and drugs that work on the CVS
(B-blockers, antihypertensives, diuretics)

- Fifth generation (1980-present): enzymatic inhibitors
(ECA, COX, H*/K* -ATPase, virus enzymes (HIV) and

tumor cells) and biopharmaceuticals

Copyright SBFTE_2020 =y



The Pendulum of History

Back to Natural Products

Copyright SBFTE_2020
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NOBEL PRIZE (2015):
lvermectin & Artemisinin

Artemisinin

Malaria
Youyou Tu: Artemisinin

-~

Ivermectin

Microfilaria
William C. Campbell: Ivermectin  copyright SBFTE_2020 e



Modern era (1935-present): concepts and techniques used

- Biochemical phase (1948-1970):
Techniques - purification of receptors
Concepts - intrinsic activity, spare receptors,
desensitization & allosterism

- Molecular phase (1970-1986):
Techniques — binding & recombinant systems
Concepts — GPCRs and ternary complex model,
oligomerization and internalization of

receptors
Copyright SBFTE_2020 34



Modern era (1935-present): concepts and techniques used

-  Genomic phase (1987-present):

Techniques — FRET or BRET, electrophysiology;,
imaging, X-ray crystallography, genetically
modified animals

Concepts — constitutive activity, allosteric
modulators & residence time

- Systems pharmacology phase (2003-present):
Techniques — “omics” (proteomics, metabolomics,
epigenomics), molecular networks & DREADDs
Concepts — multidimensional efficacy & functional
selectivity Copyright_SBFTE_2020 2



Pharmacology of the future

Biopharmaceuticals
Nano-drugs
Individualized therapy based on pharmacogenetics

RNA interference-based therapies (RN A1)
Cell therapy, with stem cells or cells producing
”drugs"

@ls therapy Copyright_SBFTE_2020 36



Drugs that made history

MO E
i SULPHATE
I 1-4 GRAIN

PROPRANOLOL
HYDROCHLORIDE B

TABLETS
10 mg.

&

S e
@ Rituximab
RITUXAN"

2001

U NovARTIS woc s 8T J
Gleevec™
(imatinib mesylate) |
Capsules

100 mg

Each capeute containe 10mg
of imatind® troe

120 Caps:
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Pharmacologists who made history

Emil Fischer
(1852-1919)

(1875-1968)

John R. Vane
(1927-2004)

James W Black
(1924-2010)

Henry H. Dale

Alfred J. Clark
(1885-1941)

Robert F. Furchgott
(1916 2009)

Daniel Bovet
(1907-1992)

Solomon H. Snyder
(1938-presente)

1)

p20GH

Alfred G. Gllman

(1942-2015) Robert J. Lefkowitz

(1943-presente)
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Let’s have a look on Brazilian Pharmacology

o %\ 40{.‘;'3‘.
dae . o £ oy

WWW. rasie‘\ll‘. : I CO py r—l-é h t_S B FT E_z O 203v SR e ‘;".

se Mirror, 1928 - Magritte
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History of Pharmacology in Brazil

Alvaro (1882-1952) \.i & Miguel (1890-1953;
Osorio @, de Almeida

They began their scientific work
in the area of physiology in a
laboratory installed in the

basement of their residence
(1910 - Rio de Janeiro)
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Mauricio Rocha e Silva (1910-1983)

e
RS

“Father of Brazilian Pharmacology”

rw
- Disseminated the use of bioassays

- 1949: He discovered that the enzymes of the snake venom

Bothrops jararaca act on blood proteins, releasing a substance
called bradykinin

BRADYKININ, A HYPOTENSIVE AND SMOOTH MUSCLE ‘\
STIMULATING FACTOR RELEASED FROM PLASMA | o My~ :
GLOBULIN BY SNAKE VENOMS AND BY TRYPSIN (|} NSENEE. ., Am.]. Physiol.

M. ROCHA & SILVA, WILSON T. BERALDO' Axp G. ROSENFELD: oAl s / | 156(2):261-73, 1949
4 | | |
.o Jobo

“rom the Department of Biochemistry an harmacodynamics, Instituto Biologico I -
I the Department of Biocl try and Pharmacodyna Instituto Biolog _

SAQO PAULO, BRAZIL
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José Ribeiro do Valle (1908-2000) .UN IFESP.

UNIVERSI E FEDERAL DE SAO PAU

- First Professor of Pharmacology
- Graduated many successful pharmacologists
- Scientific contributions: Endocrinology

Lauro Sollero (1916-1982)

- "Matrix of Masters in Pharmacology’

Copyright_SBFTE_2020 42



Sergio Henrique Ferreira (1934 —2016)

T T,
IIIII."-:'L-L- A0 COMLEC
-

- s Py i (" .
a gostar de Utencia fazendo.

I

O wina atividade actesanal
que VOCE Ft-:'u.:'u

. n
COM 08 Selld mesbies,

1961: He discovered that the venom of Bothrops Jararaca, besides generating
bradykinin, was also able to potentiate its pharmacological effects

A BRADYKININ-POTENTIATING FACTOR (BPF) PRESENT

IN THE VENOM OF BOTHROPS JARARACA

BY

: iy S. H. FERREIRA
His studies led to the development of new innovative antihypertensive agents,

such as Captopril (Bristol-Myers Squibb), the first ACE inhibitor

Copyright SBFTE_2020 g



1969-1975: postdoctoral fellowship with John R. Vane (UK)

| B
p )

5
responsible for the elucidation of 4
- the mechanism of action of aspirin
- the participation of prostaglandins
in the inflammatory response

Brazil: Work in the area of pain: demonstration of a peripheral

component in morphine analgesia
19038-19043 | PNAS | December9,2008 | vol. 105 | no.49

Teleantagonism: A pharmacodynamic property

of the primary nociceptive neuron

Mani I. Funez, Luiz F. Ferrari, Djane B. Duarte, Daniela Sachs, Fernando Q. Cunha, Berenice B. Lorenzetti,
Carlos A. Parada, and Seérgio H. Ferreira’
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The first "Book" of Brazilian Pharmacology ?

Jovelino (Arminio de Souza) Mineiro

C1 180

CURSO DE PHARMAGOLOGIA

I[) H .'\ H !'\l] :(\ [:“L” [] l A velino Mineiro
,,,,,,,,,, % Escola de Farmacia
de Ouro Preto
At e (1839)

1925

BELLO HORIZONTE
IMPRENSA OFFICIAL

1st Edition - 1911 25t Edition - 1925
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SBFTE - Iniciativas Educacionais
(SBFTE — Education Initiatives)

Education 2= : : 3 o . .
Initiatives Construindo Divulgacdo e Educacao Cientifica

AVAYAYA, em Farmacologia e Terapéutica Experimental

AVAVAVAV o

(Dl =1 [ =)

"AVAVAVAVAYS (Building on Scientific Information and Education

VaAVAVAY

SBFTE iIn Pharmacology and Experimental Therapeutics)

Informac0des e contato para envio de

materiais:
(contact information for material contributions)

forumppgsfarmacologia@gmail.com
Sociedade Brasileria de Farmacologia e Terapéutica Experimental (SBFTE)

www.sbfte.org.br
Email: sbfte@sbfte.org.br
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SBFTE - Iniciativas Educacionais

Este material foi disponibilizado pelo autor Francois
Noél para integrar o portfolio de materiais divulgados
na pagina online e midias sociais de conteudos da
Iniciativas Educacionais da SBFTE.

O conteudo € da responsabilidade do autor.
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