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The Making Of An Innovative Medicine – course schedule
Thursday‘s @ 4-6 PM except 14.12/21.12.23 @2-6 PM

Historical perspective: the modern pharmacy

Advent of modern medicines - placebo controlled drug development

Scope of the course _ general organization _ case study   

Embracing a career at the heart of biomedical research !?
Session 1: 

Session 2: 

21.09.23

28.09.23 

12-19.10.23 

26.10.23 

05.10.23 

02.11.23 

Introduction to translational research: crossing the bridge

A chasm has opened wide between biomedical research and patients in need
Session 3: 

Session 4: Therapeutic target identification I & II

“me too” vs a wealth of innovative targets _ small MW cpds vs biologicals
Early front loading of biomarker identification for cohort stratification

Structure based drug design _medicinal chemistry_low/high throughtput

screening assays_ multiple parallel parameters optimization MDO
Setting up screening assays, the robotics, the million cpds librairies

Session 5: 

Session 6: Therapeutic modalities peptides and biologicals: today’s -

tomorrow’s pharmacy NBEs
Challengies (cost of goods - healthcare payers) and opportunities
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AAC108

AAC014

AAC108

AAC108

AA014
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Workshops _ The Making Of 
An Innovative Medicine

(today’s class)

Health
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14 &21.12.2023
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Session 5 – Drug design : 90% of today’s medicines are issued
from medicinal chemistry

• High throughput cpd screens HTS : 
from hit to lead

• Medicinal Chemistry : in silico screen, 
structure activity                    
relationship (SAR)                                   
and drug design by MDO



Adressing a novel therapeutic target : 
small MW chemical cpds versus large biological moieties : what‘s best ?

TWO OPTIONS

On average you are likely to take 15,000 SMW pills during the course of your life time ! 



PRECLINICAL

DRUG 
CANDIDATE

PRECLINICAL 
TEST PK/PD-

SAFETY
TARGET 

IDENTIFICATION

CCSCL

which cpd, 
therapeutic 

modalities can 
help eg. to treat 

chronic pain? 
Diabetes? a rare 

disesase?

is my cpd safe 
in animal 
model? at 

what dose?

POC

ONE 
DRUG

~ 10 years

~ 1’000’000’000  
CHF

~ 10’000 
animals

~ 1000 
patients/ 

volunteers

~ 6500
expt

~ 450
scientists

The Making Of An Innovative Medicine: From Idea to Medicine

Do we have 
compelling 

genetic evidence 
underlying the 

symptoms/diseas
e phenotype?

Is the 
therapeutic 

target 
«druggable» ?

medicinal chemistry (med
chem) involvement

HTS involvement



Moellering RE et al. 2002 Nature 462:182-188

Disease biology_Medicinal Chemistry_Molecular Biology_Drug discovery

• SMALL MW MOIETIES TYPICALLY POSSESS <100 
ATOMS  (MW <1000Da) WHICH ENDOW A SMALL 
OVERALL SURFACE AREA AVAILABLE FOR 
INTERACTION AND PHARMACOLOGICAL 
INTERVENTION

• A DRUGGABLE TARGET IS BEST KNOWN BY THE 
PRESENCE ON ITS SOLVENT ACCESSIBLE SURFACE OF 
AN HYDROPHOBIC “POCKET”

• (INVAGINATION LINED UP WITH HYDROPHOBIC 
AMINO ACID SIDE CHAINS)



The screening cascade 1:10 000 makes it !

m
edicinal chem

istry
HTS



HTS and MedChem : from milions cpd tested to a single medicine



High throughput screening : from hits to lead cpds

HIGH THROUGHPUT SCREEN (HTS) – HIGH CONTENT SCREENS (HCS) :
ARE YOU LOOKING FOR AN AGONIST/ANTAGONIST OR ALLOSTEROIC MODULATOR OF YOUR 

THERAPEUTIC TARGET ?

Do we have the right lead cpd ?



The Making Of An Innovative Medicine: a look at the real world
eg.  «big pharma» Roche Inc. campus Basel Switzerland – 04:39 on -

https://www.youtube.com/watch?v=attNofZ7AnY



Robotics and medicinal chemistry : corner stone of HTS

A million compounds selected on a specific 
therapeutic target in a few weeks time !

Clinical candidate selected ! Patent pending !

High throughput screen (HTS) :
agonist/antagonist to the therapeutic target

Automated CPD repository

Every day thousands of novel cpds are 
synthesized and registered in cpd repositories

Do we have the right lead though ?



Roche Basel automatic cpd repository: millions of SMW awaiting HTS 



AUTOMATED CPD REPOSITORY : CAN HOLD UP TO >1 MILLION OF PURIFIED 
MOLECULES IN THE RANGE OF FEW HUNDREDS kDa

CPD REPOSITORY : MOST VALUABLE ASSET OF A DRUG DISCOVERY FACILITY

CPD LOGISTIC : ALIQUOTS STORAGE IN 100% DMSO UNDER 
ARGON VAPOURS !

Every day MedChem synthesises thousands of novel cpds registered in cpd repositories



Hit confirmation at single dose, followed by DRC and potency

Often hit confirmation and potency assay need larger scale MedChem synthesis



High throughput screening assays formats for all season :
miniaturization (2-10 µl – 1536 wells) means cost effective HTS

High throughput screen (HTS) :
agonist/antagonist to the therapeutic target

Every day thousands of novel cpds are 
synthesized and registered in cpd repositories

Below layout of a 384 plate with controls !

Nous ne pouvons pas afficher l’image.



Finding the perfect match: most novel medicine design starts with an 
HTS (eg TECAN «Freedom EVO platform») see video on robotics



Automatic liquid handling device : data validation, robustness 

High throughput screen (HTS) :
signal to background ratio (Z’value)

Data management, analysis
Do we have the right lead though ?



Finding the perfect match: layout of an automatic HTS  platform : 
assessing whether the response in a particular assay is large enough

(3(SD of high  control) + 3(SD of low control)

robustness

Z’=1- _______________________
(mean of high control-mean of low control)

Maximum value Z’ is 1
Good robustness Z’ > 0.5
Unsatisfactory assay Z’ < 0.5

liquid handling 
devices

bulk reagent
dispensers plate sealer

temperature controlled
storage

incubators

detection devices

plate conveyor



“Needle screens” of selected bioactive molecules: 
fast track to the clinical candidate



The Making Of An Innovative Medicine: iPSC in translational research

http://www.authorstream.com/Presentation/lonewalkerdevi
l-1539797-induced-pluripotent-stem-cells/



Any robust biological readout may serve as HTS :
PHENOCOPY SCREENS, eg Danio rerio, D. mel, C. elegans, S. cerevisiae etc

Phenocopy screens primarily generates ”orphan” drugs 
Genome wide screens identify the therapeutic target (eg Warfarin deorphanized as VitK epoxyde reductase)



Phenocopy vs target based cpd screens

From hit to lead cpd : once a primary HTS screen has been performed,  eg
FRET secondary assays



Benchtop low throughput screening LTS assays:
confirmation of first HTS hits (secondary assays)

Secondary lowthroughput screen : TECAN instruments leading 

Table top precision liquid handling robotics once 
a primary “first hit” cpd has been selected



From HTS hits to lead cpd and clinical candidate identified

m
edicinal 

chem
istry

On average you are likely to take 15,000 SMW pills during the course of your life time ! 

Why SMW medicines/cpds ? advantages, cost of 
goods etc ! from ancient herbal medicine to 
modern chemotherapies, HAART etc !



Medicinal chemistry step by step

Bai XC. 2015

How to reduce pre-screening costs ?  $$$



Medicinal chemistry : optimization of the target – a major challenge



medicinal chemistry driven drug design :
which one is the good one ?

Bai XC. 2015



MedChem : impact on clinical practice : HAART

1981 Discovery of HIV, shortly after monotherapy of AIDS patients on AZT

1982-1990  Monotherapies proved ineffective, due to HIV’s ability to develop
resistance to single drug treatments. death toll still massive

1995 Development of HIV drug cocktails was introduced and is known today
as HAART for HIGHLY ACTIVE ANTI RETROVIRAL THERAPY 

AIDS patients experience a long life expectancy in seropositivity THANKS TO ESSENTIALLY 
only 3 PILLS A DAY ( yesterday patients swallowed « the entire pharmacy » 



MedChem : impact on clinical practice : HAART



Medicinal chemistry : cryo EM allows prediction of enzyme function
and medicinal chemistry driven drug design

535:212-217



Medicinal chemistry : cryo EM allows prediction of enzyme function
and medicinal chemistry driven drug design

Bai XC. 2015 Nature 535:212-217



MDO : parallel Multiple Drug Optimization



MDO : Multiparameter Drug Optimization

MDO simplified (drug likeliness or Pfizer’s rules)

• Solubility

• Lipophilicity (clogP) octanol water partition <5)

• Number of H donors (<5)

• Number of H acceptors (<10)

• Molecular weight (generally <500 Da

• Permeability (PAMPA assay)

• CYP450s screen (eg. adverse drug metabolites

• Metabolic stability (PK, PD, ADME)

• Cardiac ion channels (hERG, “torsade de pointes”

• CEREP screens, kinase panels, GPCR panels



Why SMW cpd ?  Practical dosage form, with a glass of water and more ! 

P. Leeson. 2012. Nature 481:455-456

• MedChem has still a bright future even with the advent of many other therapeutic 
modalities (MAB, RNA, DNA etc.

• Drug candidates are developed from the optimization of “lead” molecules (SAR) –
selectivity versus off target (safety)– pharmacokinetics/pharmacodynamics – large 
production – cost of goods - manufacture 

• Like all rules in biomedical research, Lipinski rules can be misleading (some cpd may 
pass through and dwell toxic in clinical trials, some excellent potential medicines may 
fail because of one criteria was not satisfied (eg high cLogP) 

Medicinal chemistry : what properties a drug need to have ?



Medicinal chemistry : what properties a drug need to have ?



«Pfizer’s» rules or «rule of five»

Prof RG Clerc « the making of an innovative medicine »



medicinal chemistry

Physico chemical criteria such as 
those defined by the “rule of 

five” are used to predict 
whether a cpd is drug like or not 

«Pfizer’s» rules or «rule of five»



Medicinal chemistry : drug like compounds

Used to be a “last resort” antibacterial
Oxazolidinone -Linezolid

(peptidyl transferase center (PTC) blocker)



SAR : eg. from poppy seeds to modern analgesics

μ-opioid receptor (μOR) agonists are the most effective medicines in treatment of severe pain



SAR : eg. from poppy seeds to modern analgesics

μ-opioid receptor (μOR) agonists are the most effective medicines in treatment of severe pain



Medicinal chemistry : antibacterials

a combo winner :sulfammethoxasol/trimetoprim : 
nice charged groups, loves water : broad spectrum
gram negative urinary tract infection



Medicinal chemistry : the cephalosporin example



Ceftriaxone (Rocephin) : a cephalosporin third generation

The scafold



Medicinal chemistry : covalent binding medicines time line



MedChem: covalent binding medicines pros and cons



An example of assay read out 
and medicinal chemistry MDO 

Clerc RG. and Niesor EJ. American Heart Association Washington DC. USA 



Secondary assays to validate on/off therapeutic target

From hit to lead cpd : on- resp. off-target validation (undesired pharmacological adverse effects !)

eg. the dual role of TGFb
from tumour supressor to 
cancer metastasis



Advanced ……………. : peripheral ischaemia-necrosis

MEDICAL NEED : IMPROVE 
…………… USING A MEDICINAL 

CHEMISTRY DESIGN

MACRO- AND MICROVASCULARIZATION IMPAIREMENTS



Advanced ……………. : peripheral ischaemia-necrosis

MEDICAL NEED : IMPROVE 
…………… USING A MEDICINAL 

CHEMISTRY DESIGN



Advanced type II diabetes : peripheral ischaemia-necrosis

MEDICAL NEED : IMPROVE 
INSULIN SENSITIVITY USING A 

MEDICINAL CHEMISTRY 
DESIGN

Metabolic syndrome – when patients become insulin resistant
MACRO- AND MICROVASCULARIZATION IMPAIREMENTS



Le Monde

Type II diabetes and metabolic syndrome global pandemia _ 2025 : WHO



Metabolic syndrome pandemia and short cuts:
BMI body mass index, WHR waist hip ratio, viceral fat content



Clinical Endpoint: Metabolic Syndrome

Deteriorated

Impaired

Impaired

Lipid profile

Insulin sensitivity
Insulinemia
Glycemia

Susceptibility
to thrombosis

Inflammation
markers

Endothelial
function

CHD Risk LowHigh

Abdominally
obese
High waist

Improved

Improved

Improved

Improved

Improved

Reduced
obese
Low waist

Visceral
adipose
tissue

Visceral
adipose
tissue

Subcutaneous AT
Subcutaneous AT

Diet
Physical activity

10% Weight loss
~ 30 % Visceral AT loss

Adapted from Després et al. BMJ (2001) 322:716-720



Type II diabetes and metabolic syndrome pandemia :
a cartoonist view of a threat or towards the end of obesity ?



Type 2 diabetes develops as a consequence of the metabolic syndrome
diabetes is also known key risk factor for developing severe/fatal COVID-19 

Diabetes itself is pandemic just like COVID-19 is pandemic :
two pandemia that did clashed - looking at the underlying molecular mechanisms 

overactivity of the immune system - cytokine storm  and more

Nature News July 21. 2023



Metabolic syndrome : when patients become insulin resistant

Metabolic Sydrome and Tissue-Tissue Cross Talk
MEDICAL CHALLENGE : COMPLEX TRAITS DISEASE : 
GENETICS AND ENVIRONEMENT PLAY A COMBINED ROLE

Gubener Plastinate GmbH
Guben Germany



Progression to type II diabetes :
pathophysiology of pancreatic beta cells exhaustion

b-cell failure and
insulin resistance

Early diabetes

Late diabetes
hyperglycaemia

Pre-diabetic/obese
Impaired
glucose

tolerance

Obese
Peripheral

insulin
resistance

Prevention
• insulin sensitization
• organoprotection ?
• decrease vascular risk? 

Intervention
• Normalize glucose        
• Preserve b-cell insulin?
• decrease vascular risk? 

Vascular
complications

modified from MR Taskinen

    diet

Stage      I                      II               III                   IV

insulin
Environment + “obesigenes”

“+diabetogenes”



Cell based assay: type II diabetes and insulin resistance

advantage of cell
based assay : 
removing of toxic
cpds !

PPAR/RXR-dependent cellular signaling

TZDs
fibrates
PUFAs

Rexinoids

ApoA1
AdipoQ
Glut4
aP2
IRS2

PPRE

PPAR RXR

PPAR
RXR

POL2coregulator

MedChem project_BALANCED PPARa-PPARg_ AGONIST



Type II diabetes and insulin resistance :
The underlying molecular mecanism



Goal: balanced pharmacological 
activation of PPAR alpha-gamma

receptors
A medicinal chemistry approach to 

treatment
of type II diabetes

Medical need : improve insulin sensitivity and dislipidaemia :
assay development

HOMA-IR > 2.9



RXRa co-crystal structure assisted modeling

NHRs-dependent cellular-nuclear signaling

unliganded liganded                                        liganded



Molecular Bases for Agonism vs, partial agonism vs 
antagonist: ERa co-crystals

Co-regulator box LXXLL



Primary biochemical HTS screen : 
cell free nuclear hormone receptor ligand affinity assay

SPA BEAD

GST

3H-T090

Ant-GST antibody

PPAR

GST PPARhigh light
emission

3H-T090

SPA BEAD

GST

Ant-GST antibody

PPAR

GST PPARlower light
emission

3H-T0901300

3H-T090

3H-T090

3H-T090

3H-T090

3H-T090

non-competing compound X

competing compound Y

GOOD competitor

NON competitor

Outcome : high IC 50 values in µM range !

Outcome : low IC 50 values in mM range !

COMPETITION RADIOLIGAND BINDING SCREENING BY SCINTILLATION PROXIMITY DETECTION 

scintillation proximity assay beads – (release b-particles)



Primary biochemical HTS screen : 
cell free nuclear hormone receptor ligand affinity assay



Secondary LTS screen : cell based NHRs screening assay

Principle of Transactivation Assay
(nuclear proteins)

receptor plasmids reporter plasmid
HR reporterHREP

mRNA

HR
cellular assay _ transient expression of 
nuclear receptors _ reporter gene assay 



Principle of Transactivation Assay II (EC50 values)
(nuclear proteins !)

receptor plasmids reporter plasmid
HR reporterHREP

mRNA

HR

+ ligands
(have to be membrane soluble !

protein assay eg : 
GFP, GH, LUC, etc

mRNA
ligand

Secondary screen : cell based NHRs screening assay



Competitive medicinal chemistry : «me too» compounds - time to market
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Rosiglitazone (Prototypical PPARgamma Agonist)

GSK-Tail (Phenyloxazole) Benzothiophene Spacer (Boehringer "Invention")

Aleglitazar
Roche 

Phenyloxazol
GlaxoSmithKline 
patent space

benzothiophene
Boehringer Manheim 
patent space

Rosiglitazone 
GSK 

2-4 Thiazolidinedione
controversial head 
piece in PPARg

Replacement of
thiazolidinedione
controversial head 
piece in PPARg

Edaglitazar
Boehringer Inc



Early steps/assessment across the value chain :
from „hits“ to lead compounds

THE BIGGEST RISK IN DRUG DEVELOPMENT IS NOT TO GET A MEDICINE : “FAIL EARLY” STRATEGY



A pharmacological model of insulin resistance

obese (ob/ob) leptin mice pharmacological model are obese, 
hyperphagic, hyperglycemic and hyperinsulinemic (insulin 
resistant). They are commonly used as animal pharmacological 
models for developing diabetes medicines

-/- wt



Cynomolgus monkey
Acute (3 hr.)
Glucose / Insulin

7-21 day p.o
Lipid profile 

dbdb SD Chol ZDF ZDF ZDF fafa Hamster

4 day p.o
Glucose
Insulin

> - 40%
† TG

4 day p.o
TG

> - 30%
† HDL

>SUs
† Hypoglycemia
Rebound & duration

7-10 day p.o
Glucose, Ins, TG

OGTTDose-response

> -40% >-30%AUC

Clamp

GIR
† Insulin sensitivity

† LDL
† Efficacy
cf TZD/class best

Only the combination of several critical animal pharmacological models may predict the 
therapeutic value of an innovative medicine in future first-in-human clinical 
settings/trials 

Type II diabetes animal pharmacological screening cascade

Knock out, Knock in, TG animal models to reduce the amount of protein/RNA in the 
disease animal pharmacological model



PPARs and insulin sensitization and lipid disorder

rosiglitazone is a PPARgamma agonist in clinical use for
insulin sensitization under the trade name of Avandia

pioglitazone is a PPARalpha gamma agonist in clinical use for
insulin sensitization under the trade name of Actos



Type 2 diabetes develops as a consequence of the metabolic syndrome
diabetes is also known key risk factor for developing severe/fatal COVID-19 

Diabetes itself is pandemic just like COVID-19 is pandemic :
two pandemia that did clashed - looking at the underlying molecular mechanisms 

overactivity of the immune system - cytokine storm  and more

Nature News July 21. 2023



Is PPARg polymorphisms associated with an 
«unthrifty allele» ?

« A DAY WITHOUT UNI SPORT IS NOT A SUCCESSFUL 
DAY ! «

100 stairs a day !



Type II diabetes and metabolic syndrome pandemia :
best preventive medicine : exercise every day !

Risk factors involved in life expectation reduction in developed countries (loss of lived years) 
(adapted from WHO 2009)

Lack of 
physical
acitvity





Type II diabetes and metabolic syndrome pandemia :
best preventive medicine : exercise every day !

BENEFITS OF PHYSICAL ACTIVITY :
THE SEDENTARITY DISEASES



Metabolic syndrome : a public health challenge



Protein : protein interactions as drug target :
flat contact surface with lack of surface groove/pockets

stapled peptides ?
macrocycles ?
macrolides ?
cyclic peptides ?

PD1

PD L1

MDM2
p53



The druggable space : cyclic peptide therapeutics and macrocycles (medium sized
molecules) covers undruggable targets between SMW cpds and biologicals



Session 5


