The Social & Scientific
Aspects of
Drug Discovery

Planned Lessons
Week 1:
- Intro to Medicinal Chemistry
- The Drugs of the Antiquity
- Alkaloids
Week 2:
- Intro to Organic Chemistry and Drug Structures
- Alkaloids continued
- Intro to Clinical Testing and FDA approval process
for Drugs

Planned Lessons
Week 3:
- Intro to pharmacology & toxicology
- Viruses and Antiviral drugs
Week 4, 5 and 6:
- W&M Student presentations, various topics
TBA

Chapter 1
INTRODUCTION TO MEDICINAL CHEMISTRY

What is a Drug?

Drug
Noun.
1.

Pharmacology. a chemical substance used in the treatment, cure,
prevention, or diagnosis of disease or used to otherwise enhance
physical or mental well-being.

2.
Ø any substance recognized in the official pharmacopoeia or
formulary* of the nation.
Ø any substance intended for use in the diagnosis, cure, mitigation,
treatment, or prevention of disease in humans or other animals.
Ø any article, other than food, intended to affect the structure or any
function of the body of humans or other animals.
Ø any substance intended for use as a component of such a drug, but
not a device or a part of a device.
3. A habit-forming medicinal or illicit substance, especially a narcotic.

*a book or collection listing medicinal substances and formulas

Major takeaways:

• A drug triggers a physiological response.
We say the compound is bioactive
• A drug is not a food / nutrition
• A drug can be found in nature or be created
synthetically
• Different definitions depending on country

What is a Natural Product ?

Taxol aka Paclitaxel

Q: How many trees required to treat one patient?

Costs:
Developing world: 7-13.5 USD per 100mg vial
UK:
67 GBP = 88 USD per 100mg vial
US:
487 USD per 100mg vial
If 1 kg of Taxol required to treat 500 patients then what is the associated cost for ONE
patient in the US?

Source: G. Dranitsaris, B. Yu; J. King, S. Kaura, A. Zhang. (2015). Nab-paclitaxel, docetaxel, or solvent-based paclitaxel in
metastatic breast cancer: A cost-utility analysis from a Chinese health care perspective. ClinicoEconomics and outcomes
research : CEOR. 7. 249-56. 10.2147/CEOR.S82194.

What is a Natural Product ?
A natural product is a chemical compound or
substance produced by a living organism—that is,
found in nature.
In the broadest sense: natural products include any
substance produced by life.
In organic chem. sense: purified organic molecules.
isolated from natural sources, produced by the
pathways of primary and secondary metabolism.
In medicinal chem. sense: same as above but
restricted to secondary metabolites.

What is Medicinal Chemistry?
A discipline at the interface of synthetic organic chemistry,
pharmacology and various fields of biology.

Deals with:
- Isolation of natural products
- Design, synthesis and development of bioactive molecules (drugs)
- Study of structure-activity relationships (synthetic or
computational)

Metabolites
Metabolites are intermediates and products of metabolism, usually
small molecules.
Primary metabolite: directly involved in growth, development and
reproduction of cells. (e.g. respiration, photosynthesis).
Examples: Amino Acids (Proteins) , Sugars (Carbohydrates), Lipids,
Nucleic Acids (DNA, RNA)
Secondary metabolite:
Not essential to sustain life of cells. Derived from primary metabolites.
No continuous production but produced during non-growth phase of
cells. They may act as defense chemicals and their absence has no
direct effect on the organism.
Examples: alkaloids, steroids, essential oils

What is the differences between Primary
Metabolites and Secondary Metabolites?
Primary metabolites

Secondary metabolites

Essential to cell growth

Not essential to cell growth

Identical among most organisms

Numerous and wide spread, not identical
among organisms
derived by pathways in which primary
metabolites are involve. Therefore, secondary
metabolites are considered as the end
products of primary metabolites.

Produced during growth phase

Produced during non-growth phase of the cell

Accumulated in large quantities

Accumulated in very small quantities

Not involved in defense

Involved in defense reactions

e.g. Proteins, carbs, lipids

e.g. steroids, alkaloids, essential oils

More about Natural Products:
• Unique structural diversity
• Novel low molecular weight lead compounds
• Only 10% of the world’s biodiversity has been
evaluated for potential biol. activity

FDA approved drugs
1981 - 2010

Chapter 2
The Drugs of Antiquity

History of Natural Products
• 2600 B.C. : earliest documentation on clay
tablets in Mesopotamia

Clay tablet
found in Syria in the 1970s
Language:
Sumerian Cuneiform Script

Clay Tablets mention oils from

Cupressus sempervirens
(cypress)

Commiphora
(myrrh)

Papaver somniferum
(poppy juice)

Still used today to treat coughs, colds & inflammation

• Egyptian Medicine
Records dating back to 2900 B.C.
but best known pharmaceutical record is from

1500 B.C. - Ebers Papyrus:
110 page scroll, 20 meters (!) long, probably
copied from older documents
Documents 700 drugs (mostly plant-based)
Also includes formulas for gargles, snuffs, poultices , infusions,
pills and ointments.
Solvents used: beer, milk, wine, honey

Ebers papyrus
Current location:
Library of University of
Leipzig / Germany
Discovered and purchased
by German Egyptologist
Georg Ebers in 1874
Location of discovery:
Ancient Egyptian city of
Thebes (Luxor temple ruins)

Examples for remedies from the Ebers Papyrus:
• Birth control: mix dates, acacia and honey into a paste, smear
it over wool and use it as a pessary to prevent conception
(a pessary works like a diaphragm preventing sperm passage)
• Dracunculiasis (Guinea Worm)
Wrap the emerging end of the worm around a stick and slowly
pull it out. (3,500 years later, this remains the standard
treatment.

Picture:
Worm pulled from patient’s leg
Wrapped around a match

• Traditional Chinese Medicine (TCM)
The most well-known Chinese Materia Medica
(medicinal documents):
1100 B.C. Wushi’er Bingfang, lists 52 diseases
and 247 known prescriptions for treatment
(discovered in a tomb in 1973)

Photo of the Wu Shi’er Bing Fang (Prescriptions
for 52 Ailments), found at Mawangdui (1973
CE).
Written on silk (mostly) and bamboo
https://chinesemedicalclassics.wordpress.com/
2015/01/13/early-chinese-medicine-aninterview-with-donald-harper/

Prescriptions from Wushi’er Bingfang

Out of the 247 drugs listed
2/3 are herbal and
1/3 are derived from
animal or mineral sources

Among identified herbal components are

All above drugs are still commonly used in traditional Chinese medicine.
Some have been extensively studied by modern scientific methods, including
chemical analysis and biological assays.
Others have barely been examined.
Most studied by American scientists: qinghao, licorice and huangqi.

qinghao
artemisia annua, aka sweet wormwood
Native to Asia but naturalized
in North America

Aside: Hemoglobin
• Is an oxygen transport protein found in blood
• The protein contains an prosthetic group called
heme.
• Heme contains iron which is responsible for binding
the oxygen for transport

Heme b group

Artemisinin
An anti-malarial
Drug isolated from
Qinghao
A precursor can also be
bio-engineered by yeast
How does this drug work?
Malaria is caused by a parasite called P. falciparum
This parasite has different life-cycles. One inside a mosquito and
one inside human red-blood cells (RBC).
Mechanism of Action:
Not fully understood in this case but it’s hypothesized that:
O-O single bond cleaved by Iron from Heme in the RBC. This generates free radical species,
Which attack and damage proteins that the parasite needs to survive.

2015 Nobel Prize in Physiology / Medicine

In addition to being isolated straight form the plant
Artemisinin can be
1. Bioengineered by live organism
An engineered Yeast species produces a pre-cursor
that can easily be converted to Artemisinin
The drug is considered semi-synthetic
(part bio-engineered part synthesized)
1/3 global annual supply produced in this manner
2. Chemical Total Synthesis
e.g. Zhou et Al. 21 steps from R-(+)-Citronellal with
~ 0.2% overall yield)

1. How semi-synthetic Artemisinin is generated at large-scale by pharmaceutical industry:

H

engineered produces
yeast
(biosynthesis) H 3C

H

CH3

H

several steps
(organic synthesis)
in the lab

O

OH

Artemisinic Acid
(precursor to
the active drug)

Artemisinin
(active drug)

2. Total Synthesis of
Artimisinin by Zhou
et Al. (1986)
starting from
R-(+)-Citronellal
(compound 13)
(this is just one of many
examples

From
https://www.researchgate.net/publication/312406470_Synthetic_Strategies_for_Peroxide_Ring_Construction_in_Artemisinin

Take home message:
Drugs can be generated in 3 fashions
A) Isolation: Drug is Isolated from plant or animal
material
B) Biosynthesis: (engineered) live organisms
biosynythesize the drug, which is then isolated
C) Total Synthesis: Drug is synthesized in the lab by
a chemist using organic chemistry reactions.
Note: Drugs generated by method C) alone are called synthetic drugs. The more complex
the drug molecule (large size, high number of stereocenters) the more difficult is it’s
total synthesis and will require a large number of steps.
When a drug is manufactured in part by biosynthesis and in part by chemical rxns in the
lab, it is called a semi-synthetic drug.

Earlier we said
TCM Herbs most studied by American scientists:
qinghao, licorice and huangqi.

What about the other two herbs?
Although modern studies of these ancient drugs
have yielded the new antimalarial artemisinin
from qinghao, they have not been able to derive
any exciting new "modern" drugs from the other
two. Yet, these herbs continue to be two of the
most widely consumed in China.

Now back to TCM documents:

100 B.C. Shen Nong Herbal , 365 drugs
Shen Nong was a mythical emperor, lived ca 5000 years ago.
Considered founder of herbal medicine, grew and tested
various plans himself. Knowledge passed down verbally over
generations. This is the 1st written documentation

Shen Nong
Statue in
Zhuzhou, China

Shen Nong Herbal
Describes 365 drugs
Including sources, properties,
classification (superior, medium or inferior),
applications and even incompatibilities.
Many of these drugs are still in use today and
their use can be scientifically justified

Scientific rationale for some herbs from Shen Nong Herbal:
haizao (Sargassum spp.) Type of seaweed):
treatment of swelling of the neck (goiter)
can be explained by its high content of iodine;
it rectifies thyroid deficiency caused
by lack of iodine

guanzhong (Rhizoma Dryopteris) type of fern:
treatment of intestinal worms
Contains organic molecules that have confirmed
anti-parasitic and anti-bacterial activity

Indian Ayurvedic Medicine
about 1000 B.C.

Indian Ayurvedic Medicine
about 1000 B.C.

The term “Ayurveda” combines the Sanskrit words ayur (life) and veda
(science or knowledge).
Based on belief that health and wellness depend on a delicate balance
between the mind, body, and spirit.
• one of the oldest systems of medicine in the world.
• practices predate written records and were handed down by word
of mouth.
• Three ancient books known as the Great Trilogy were written in
Sanskrit more than 2,000 years ago and are considered the main
texts on Ayurvedic medicine: Caraka Samhita, Sushruta Samhita,
and Astanga Hridaya.
This system formed the basis for the primary text of Tibetan Medicine,
Gyu-zhi (Four Tantras) translated from Sanskrit during the eighth
century A.D.

Pseudoscience ?
Often practiced as “alternative medicine”
Fact: there aren’t enough well-controlled clinical trials and
systematic research reviews—the gold standard for Western
medical research—to prove that the approaches of ayurvedic
medicine are beneficial.
Research suggests that some of the substances might be
developed into actual medicines but no significant scientific
evidence exists to date !
Also: use of some commonly used components such as heavy
metals (e.g. lead, arsenic) can be very harmful !

• Hippocrates of Kos (460 – 377 BC, Greece) “Father of Medicine”
- Proponent of Four humours: body is extension of universe.
Universe made of 4 elements: earth, wind, fire and water. Linked to
4 humours (bodily fluids): blood, phlegm, black bile and yellow bile.
Disorders of body result from imbalance of humours. Medicine and
hygiene: restore the balance
e.g. bloodletting: reduces excess blood, purging removes excess black
bile

Hippocrates continued:
- Moved European medicine from realms of superstition and magic to science
- Established medicine as its own field distinct from other
disciplines with which it was traditionally associated ( Philosophy, Theurgy*) à
Medicine became a profession
- Coined Hippocratic Oath

painting by Robert Thom, 1950's.
*Theurgy = practice of (magical) rituals evoking the presence or actions of gods

A 12th-centuryGreek
manuscript of the Oath

The oath
I swear by Apollo the Healer, by Asclepius, by Hygieia, by Panacea, and by all the gods and
goddesses, making them my witnesses, that I will carry out, according to my ability and judgment,
this oath and this indenture.
To hold my teacher in this art equal to my own parents; to make him partner in my livelihood; when
he is in need of money to share mine with him; to consider his family as my own brothers, and to
teach them this art, if they want to learn it, without fee or indenture; to impart precept, oral
instruction, and all other instruction to my own sons, the sons of my teacher, and to indentured
pupils who have taken the physician’s oath, but to nobody else.
I will use treatment to help the sick according to my ability and judgment, but never with a view to
injury and wrong-doing. Neither will I administer a poison to anybody when asked to do so, nor will
I suggest such a course. Similarly I will not give to a woman a pessary to cause abortion. But I will
keep pure and holy both my life and my art. I will not use the knife, not even, verily, on sufferers
from stone, but I will give place to such as are craftsmen therein.
Into whatsoever houses I enter, I will enter to help the sick, and I will abstain from all intentional
wrong-doing and harm, especially from abusing the bodies of man or woman, bond or free. And
whatsoever I shall see or hear in the course of my profession, as well as outside my profession in my
intercourse with men, if it be what should not be published abroad, I will never divulge, holding such
things to be holy secrets.
Now if I carry out this oath, and break it not, may I gain for ever reputation among all men for my
life and for my art; but if I break it and forswear myself, may the opposite befall me.[

Modern facetious version of the Hippocratic Oath:
I swear by Humana and the American Hospital
Supply Corporation and health maintenance organizations and preferred-provider organizations and all
the prepayment systems and joint ventures, making
them my witnesses, that I will fulfill according to
my ability and judgment this oath and this covenant:
To hold the one who has taught me this business
as equal to my corporation president, and to live my
life in partnership with him, and if he is in need of
capital to give him some of mine, and to regard his
offspring as equal to my colleagues and to teach
them this business — if they desire to learn it — for
a fee and under contract; to give a share of my
practice-management techniques and computer systems and all other business acumen to my children
and the children of those who have taught me, and
to students who have signed the contract and have
taken an oath according to Medicare law, but to no
one else.
I will apply dietetic measures for the benefit of
the obese, the alcoholic, the smoker, and the drug
addict, but because these days everyone has the
right to do his or her own thing, I will seldom be able
to keep them from self-harm and injustice.

I will neither give a deadly drug to anybody if
asked for it, nor make a suggestion to that effect.
Similarly, as an internist, I will not perform an abortion. In fear of malpractice I will guard my life and
my business.
I will not use the knife unless I am a surgeon,
but I will try to learn some form of endoscopy.
Into whatever clinics I may enter, I will come
for the benefit of the insured, keeping myself far
from all except capitated care for the underprivileged,
especially if they are not covered by the group contract.
Things that I may see or hear in the course of
treatment or even outside treatment regarding the
life of human beings — things that one should never
divulge outside — I will report to government commissions or administrators, or will use in my book.
If I fulfill this oath and do not violate it, may it
be granted to me to enjoy life and business, and to be
able to retire at the age of 50 in the Sunbelt; if I
transgress it and swear falsely, may Milwaukee be
my lot.

David L. Schiedermayer, M.D.
Medical College of Wisconsin , Milwaukee, Wisconsin
The New England fomnal of Medicine, January 2, 1986, page 62.

Declaration of Geneva
Revision of the Hippocratic Oath after WWII:
The 'Declaration of Geneva was adopted by the General Assembly of the World Medical
Association at Geneva in 1948.
It was amended in 1968, 1983, 1994, editorially revised in 2005 and 2006 and amended in
2017.

Declaration of Geneva latest version
(2017)
•
•
•
•
•
•
•
•
•
•
•
•
•
•

AS A MEMBER OF THE MEDICAL PROFESSION:
I SOLEMNLY PLEDGE to dedicate my life to the service of humanity;
THE HEALTH AND WELL-BEING OF MY PATIENT will be my first consideration;
I WILL RESPECT the autonomy and dignity of my patient;
I WILL MAINTAIN the utmost respect for human life;
I WILL NOT PERMIT considerations of age, disease or disability, creed, ethnic origin, gender,
nationality, political affiliation, race, sexual orientation, social standing or any other factor to
intervene between my duty and my patient;
I WILL RESPECT the secrets that are confided in me, even after the patient has died;
I WILL PRACTICE my profession with conscience and dignity and in accordance with good medical
practice;
I WILL FOSTER the honour and noble traditions of the medical profession;
I WILL GIVE to my teachers, colleagues, and students the respect and gratitude that is their due;
I WILL SHARE my medical knowledge for the benefit of the patient and the advancement of
healthcare;
I WILL ATTEND TO my own health, well-being, and abilities in order to provide care of the highest
standard;
I WILL NOT USE my medical knowledge to violate human rights and civil liberties, even under
threat;
I MAKE THESE PROMISES solemnly, freely and upon my honour.

Medical School Surveys on Oath
• 1989 survey of 126 US medical schools:
3 used original oath
33 used the Declaration of Geneva,
67 used a modified Hippocratic Oath, the rest did not respond or used
different documents
• 1993 survey:
only 14 percent of medical oaths prohibited euthanasia,
and only 8 percent prohibited abortion.
• 2000 survey of 122 US medical schools:
All medical schools administered some type of profession oath.
62 used the Hippocratic Oath, or a modified version of it.
60 schools the original or modified Declaration of Geneva, Oath of
Maimonides, or an oath authored by students and or faculty.

Hypocrites vs Hippocrates
from Greek hupokrisis ‘acting of a theatrical part’

Medicines of the Ancient Western World
Greeks contributed substantially to the rational development of
herbal drugs
- Theophrastus (~300 BC) “History of Plants” describes medicinal
properties of herbs.
Considered “Father of Botany”
Studied under Plato and was friends with Aristotle

Aristotle and Theophrastus on
fresco at Univ of Athens

Front cover of Historia Plantarum (1644 edition)

• Dioscorides (100 AD), Greek Physician
Travelled through the (then known) world with
Roman Army. Recorded the collection, storage &
use of medicinal herbs.
Wrote a 5-volume Greek encyclopedia –
“De Materia Medica” - on herbal medicine
widely read for ~1500 years !

De Materia Medica,
printed version, France 1554

De Materia Medica in Arabic,
Spain, 12-13th century

• Galen of Pergamon (130-200 AD) : practiced and taught pharmacy
and medicine in Rome.
Known for complex prescriptions and formulas for Drugs. Some drug
“cocktails” containing dozens of ingredients
Arguably most accomplished and prominent medical researcher of
antiquity.
Originals written in Greek
translated into many different
languages (e.g. Latin , Arabic)

He wrote and documented so
much that ½ of all texts (!!!)
that are preserved from
ancient Greece are texts
by Galen !
http://www.apexbeat.com/galen
Fun read!

Statue of Galen in Turkey
(Pergamon is now part of Turkey)

18th century portrait by G P Busch

The Gladiatorologist

Illustration from the 19th century book “Vies des Savants Illustres”

Arabs
Middle ages: monasteries in Europe (e.g. England,
Italy, Ireland, France, Germany) preserved some
remnants of western medicinal knowledge
BUT: Arabs preserved and improved much of the
Greco-Roman expertise.
They were able to expand knowledge and included
their own resources together with Chinese and Indian
herbs – unknown to Greco-Roman world.
First to establish privately owned drug stores in 8th
century AD

The Islamic Golden Age (8th-13th Century AD)
- Most of today’s islamic world was ruled by various caliphates
- Science flourished during that time because Muslims were assimilating the scientific
knowledge of the civilizations that were conquered
- Scholars from various parts of the world with different cultural backgrounds were
mandated to gather and translate all of the world's classical knowledge into the Arabic
language.
- Significant contributions to Astronomy, Math (algebra, geometry calculus), chemistry
biology, engineering AND MEDICINE J

Expansion of the Islamic Caliphate under different Rulers ca. 7th - 8th century AD)

• Avicenna 980 – 1037 AD
Persian Polymath
(person who’s has expertise in several areas)
- The Book of Healing
- The Canon of Medicine
The latter is a a medical encyclopedia that was
standard text in medical universities until as
late as 1650 !

reduction techniques for spinal deformities,
Illustration from the 1556 edition of Iranian
physician Avicenna’s The Canon of Medicine,
( a translation by medieval scholar Gerard of
Cremona. )
Avicenna treated spinal deformities using the
reduction techniques introduced by Greek
physician Hippocrates. Reduction involved the
use of pressure and traction to correct bone
and joint deformities.

Galen, Avicena, & Hippocrates, the 3 authorities on medical theory and practice (woodcut from early 15th-century Latin medical book).

DRUG DISCOVERY AND DEVELOPMENT IN THE MIDDLE AGES
• Middle Ages ~400 to 1500 AD, decline of Roman influence.
Plagues scourged many parts of Europe. Diseases such as
bubonic plague, leprosy, smallpox, tuberculosis, and scabies
were rampant. Many millions of people succumbed to these
diseases.
The Early Church
• There are some references to herbs in the Bible. However,
the Church’s main contribution to medicines is the
preservation and transcription of Greek medical manuscripts
and treatises. This enabled the knowledge developed in the
ancient times to be continued and later used in the
Renaissance period.

• In ancient times drugs were discovered by trial and error,
observation of human and animal reactions and as a result of
ingesting
• Not only physical remedies but also associated with religious and
spiritual healing
• Traveling ancient traders helped spread medical knowledge so that
different cultures had similar treatments for certain diseases

Incorporating Tradition and Future
TODAY: Traditional use of medicine is recognized as way
to learn about potential future drugs
2001: researchers identified 122 compounds used in
mainstream medicine that are derived from
“ethnomedical*” plant sources
80% of these compounds were used in the same or
related manner as in traditional use
Also: World Health Organization (WHO) estimates that
approximately 80 % of the world’s inhabitants rely mainly
on traditional medicines for their primary health care
*Ethnomedicine = traditional medicine practiced by various ethnic groups

What has changed since ancient times?
• Drug discovery started following scientific
techniques in the late 1800s.
• More and more drugs were discovered, tested
and manufactured in large-scale.
• Drugs were synthesized in lab as opposed to
extracted in small quantities from plants
• After WW I modern pharmaceutical industry was
firmly established. Drug discovery and
development started rigorously following
scientific principles

Chapter 3
Alkaloids

Alkaloids
A class of naturally occurring organic
compound that contains basic Nitrogen atoms.
Some examples for famous alkaloid drugs:

Morphine

Strychnine

Atropine

LSD

Cocaine
http://www.uni-heidelberg.de/institute/fak14/ipmb/phazb/pubwink/1998/20.%201998.pdf

Morphine
Analgesic drug (pain medication)
Opiate
Acts directly on central nervous system (CNS)
Administered orally, intravenously,
subcutaneously or intramuscularly
• Max effect between 20 mins and 1h but
effects can linger up to 3h - 7h.
•
•
•
•

Opium poppy contains at least 50 different
alkaloids, but most of them are of very low
concentration. Morphine is the principal alkaloid
in raw opium and constitutes roughly 8–26% of
opium. Morphine is isolated via extraction.

Papaver somniferum

• Opiate: natural substances derived from opium plant
• Opioid: more modern term. Includes substances,
both natural and synthetic, that bind to opioid
receptors

Opium plants
(Papaver somniferum)
in a poppy field.
Afghan farmers
Harvesting opium sap

