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PERSPECTIVES
IN MODERN HPLC

Small-Molecule Drug Discovery:
Processes, Perspectives, Candidate Selection,
and Career Opportunities for Analytical Chemists

This article provides an overview of the small-molecule drug discovery (SMDD) process for analytical scientists. The focus is on the
modern approaches of identifying molecular targets, followed by high-throughput screening and synthesizing molecules with
optimized properties for disease mitigation. The fundamental concepts and studies required in drug candidate selection, the business
landscape, the technology trends, and the career opportunities for analytical chemists are discussed.

Michael W. Dong

This installment is the second of six white
papers on the pharmaceutical industry
written for analytical chemists and others
who want a concise overview of the industry
and its practices. This article describes the
drug discovery process for small-molecule
drugs from the molecular target identifica-
tion and validation, screening compounds
for hits, and synthesizing leading com-
pounds with optimized structural motifs to
maximize efficacy, bioavailability, and safety.
The medicinal chemist uses structure-activity
relationship (SAR) and therapeutic index
concepts to guide the discovery process to
nominate drug candidates for clinical trials.
The business and technology perspectives
and the role of the analytical chemist in drug
discovery are described.

What is Drug Discovery?

Today's approach to discovering new drugs
generally starts with an understanding of the
pathophysiology of a disease and potential
molecular targets, followed by high-through-
put screening (HTS) and the synthesis of a
variety of molecules that bind specifically to
the target (hits and leads), which medicinal
chemists subsequently optimize to devel-
opment candidates. The complex and mul-
tidisciplinary processes in drug discovery
are described in detail in textbooks (1-4)

and short courses (5), using fundamental
concepts in molecular biology, medicinal
chemistry, pharmacology, pharmacokinetics,
pharmacodynamics, and toxicology (6-10).
This paper provides a brief overview of the
processes, criteria in candidate selection,
business landscape, and technology trends
of small-molecule drug discovery (SMDD).

In the rational approach, modern drug
discovery begins with a therapeutic con-
cept or assumption that a molecular target
is associated with a disease state that a
small organic molecule can mitigate (1-3).
The process involves screening a library of
compounds that binds specifically to the
target. Typically, the leading compounds
are comprised of two or more structural
motifs that are then further optimized
through a series of customized syntheses to
increase the binding affinity, selectivity (to
reduce the potential for side effects), effi-
cacy or potency (to mitigate the disease),
metabolic stability (to increase the half-
life in systemic circulation), and bioavail-
ability (having good solubility and perme-
ability). Once a compound that fulfills these
requirements has been identified as a
candidate, the project focus shifts to drug
development to enable human clinical trials.
Successful clinical trials lead to the regulatory
registration as a commercial drug product.
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Glossary and Abbreviations
Table | lists the common terminologies
and abbreviations associated with SMDD.

A Brief Review of Drug Discovery

and Development Processes

Figure 1 depicts the major steps and mile-
stones of the drug discovery and develop-
ment process. The reader is referred to many
excellent books on this complex, expen-
sive, and multidisciplinary process (1-4).
The key stages are basic research, drug
discovery, nonclinical development, and
clinical development, which hopefully lead
and result in regulatory approval of a new
drug product. The regulatory filings are
investigational new drug (IND) for starting
clinical trials in humans and new drug appli-
cation (NDA) in the United States. In the
European Union, they are the clinical trial
agreement (CTA) and marketing authoriza-
tion application (MAA) for gaining approval
to start commercializing drug products.
Primary regulations that must be followed
in drug development are Good Labora-
tory Practice (GLP), Good Manufacturing
Practice (GMP), and Good Clinical Practice
(GCP) regulations. International Confer-
ence on Harmonization (ICH) guidelines are
not regulations, but they provide detailed
technical requirements for late-stage devel-
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opment and production, which sponsors
universally follow. Figure 1 provides per-
spectives on timelines, costs, regulations,
and standard practices for each step.

Basic Research Using the
Molecular Approach
In the preclinical research stage, a therapeutic
concept is formed based on understanding
the pathophysiology and molecular biology
of adisease. The research is often conducted
by molecular biologists, physicians, toxicolo-
gists, pharmacologists, and biochemists
working in academia or research institutions
(1,2). Because most biological functions in the
body are because of the activities of proteins,
a state of health can often be viewed as the
“normal” functioning of proteins. In a most
simplistic view, a disease state can be viewed
as the “abnormal” functioning of proteins,
which an appropriate drug may restore to a
“normal” state.

A critical finding of preclinical research
is the identification of a molecular target(s),
which is typically a receptor, enzyme, sig-
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naling protein, or ion channel of the host
(patient) or pathogen (for example, virus
or bacteria). The disease state may be miti-
gated when a drug molecule binds to this
molecular target. Occasionally, a gene or
messenger ribonucleic acid (MRNA) can be
targeted though the drug delivery system to
such a target that is more challenging than
targeting a protein. This type of research
is conducted by protein chemists, phar-
macologists, and computational chemists.
In the exploratory phase, data are generated
to prove that the modulation of the target
could ameliorate disease using in vitro assays
and validation studies that use experimental
animal models.

Drug Discovery (From

Therapeutic Concept to Leads)

and Medicinal Chemistry

The next step in drug discovery starts
with the high-throughput screening (HTS)
of many library compounds to identify those
molecules that bind to the target. Fragment
screening and results from in vitro assays
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allow for understanding the structural motifs
that will increase the binding affinity and
specificity to the target. Once multiple hits
are found, they are used to generate large
virtual libraries of compounds that are then
further screened for the best drug candi-
dates. To speed up this process, laboratories
may employ:

¢ In silico modeling, which allows predict-
ing compounds’ properties from their
structure without actual synthesis.

e Statistical methods. For example, group-
ing (clustering) compounds by similarity
and selecting just a few representatives
from each group. The whole cluster of
compounds may be screened out quickly
if the representative was ineffective.

e High throughput experimentation
(HTE), which is a set of practices that
allows running many (sometimes thou-
sands) experiments simultaneously.
In addition to speed, HTE helps save pre-
cious material because of miniaturization.
It often implies automation using robotics
like liquid handlers.
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TABLE I: Common terms and acronyms in drug discovery

Target

Hit or lead

Drug candidate:
CRO/CMO/CDMO

API/NCE
DS/DP/CTM

Pharmacokinetics (PK)

Pharmacodynamics (PD)

Bioavailability
Toxicology

ICsp, ECqp LD5, TD5y,,
NOEL, NOAEL

Tl
ADMET

SAR
HTS

US FDA, EMA
IND, NDA, CTA, MAA

GLP, GMP, GCP, ICH
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Generally, a protein (receptor) related to a disease state.

A hit is a compound that binds to the target. A lead is a hit with a high affin-
ity for the molecular target and possibly mitigates the disease state.

A lead with optimized structural motifs to be developed as a new drug.

Contract Research Organization, Contract Manufacturing Organization,
Contract Development Manufacturing Organization.

Active pharmaceutical ingredient, new chemical entity.

Drug substance, Drug product, Clinical trial material.

The study of the movement of drugs through the body, or “What does the body do to the drug?”

The study of the body's response to the drug in terms of biochemical and
molecular interactions; “What the drug does to the body.”

Bioavailability is the extent a drug becomes available to its intended biological destination(s). However, it is
often taken as the amount absorbed and available in systemic circulation vs. the amount administered.

Toxicology is the study of the adverse effects of chemical substances on living organisms.

ICq, is a quantitative measure that indicates how much of a particular inhibitory substance is needed to inhibit a given
biological process by 50%; ECy, is the effective concentration of a drug that produces a response halfway between the
maximum and baseline of no response; LD, is the lethal dose that causes death in 50% of the test animals;
TDy,is the toxic dose that causes the toxic effect in 50% of the test animals; NOEL is the highest dose that
produces no observable toxic effect; and NOAEL is the highest dose that produces no observable adverse effect.

The therapeutic index is the ratio of the toxic dose over the effective dose.

Absorption, Distribution, Metabolism, Excretion, Toxicity.

The structure-activity relationship (SAR): The relationship between the
chemical structure of a molecule and its biological activity.

High-throughput screening of a compound library for bioactivity using automated in vitro assays.

Two regulatory bodies that approve the drug for commercialization are the
United States Food and Drug Administration and the European Medicines Agency.

Regulatory filings: Investigational New Drug, New Drug Application,
Clinical Trial Application, Marketing Authorization Application.

Regulations: Good Laboratory Practice, Good Manufacturing Practice,
Good Clinical Practice, International Conference of Harmonization.

Chemistry, Manufacturing, and Control is an organization responsible for the technical process development for

M : : : : : :
CMC CTM production (both DS and DP) with the appropriate oversight to ensure drug quality and regulatory compliance.
—_ The medicinal chemist with an organic
Clinical GCP, GMP chemistry background serves as the proj-
Basic and Pre- .. .
2°5 Years { clinical Research 12y S;L‘:;e,,}(' ect lead by synthesizing compounds with
1 eaesaaation £ optimized physiochemical properties such
M E . . .. . . ..
Drug Target > ' g as binding affinity, bioavailability, and phar-
Selection/ Validation g Phase 2 3 . ) N
{ 8| 12y Efﬁdcacy, dose g macokinetics and drug metabolism (PKDM),
¥ 2 inding, POC . ) . . i X
Drug Lead = g using both in vitro and in vivo studies (7).
23y ID, optimization 2 v a L. . L. . -
I 5| 35 Phase 3 Common principles in this iterative optimiza-
Yy Commercial POC ti the SAR th ti ti
Dev. Candidate -GMR ch ion process are the , therapeutic ratio,
Nomination .. Cu . .
m" : NDA and the Lipinski “Rule of Five" for drug-like
— Drug Product properties that are described later (7,11).
1-2 y+ Preclinical Launch . .
continuing Development GMP Total time 11-16 Years A major pharmaceutical company that has
Cost ~ $1-2b o .
Phase 4 ot " a SMDD organization often has many proj-
IND Post-Commercial . . T
ects focusing on one or more disease indi-

cations (for example, oncology, immunology,

FIGURE 1: Major steps in drug discovery and development are shown with typical time
lines, costs, regulations, and regulatory filings, using the United States as an example.
Time and cost estimates are highly variable and dependent on disease indication, the com-
plexity of the molecule, and other factors. ID = identification, POC = proof of concept.

central nervous system, cardiovascular, pain,
and others). To increase the productivity of
the organization and the quality and purity of
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the leads, a centralized compound manage-
ment system and analytical support group
are employed to purify and characterize the
leads before they are archived in a central
depository. Case studies on the workflow
and separation techniques used in the high-
throughput purification and characterization
are published in the literature (12,13).

The main focus of a drug discovery pro-
gram is to nominate drug candidates for
clinical trials. A GLP toxicological study is
initiated when a lead candidate is ready for
development. A GLP toxicology study can
cost over a million dollars and is required
for filing an IND. The GLP toxicology study
evaluates if the candidate is safe enough to
be administered to a human.

Preclinical Drug Development and
CMC (From Drug Candidates to IND)
Before conducting a GLP toxicology study, a
multidisciplinary technical development proj-
ect team is formed, consisting of a process
chemist, analytical chemist, pharmaceutics
scientist, regulatory specialist, quality control
specialist, project manager, and team leader.
This chemistry, manufacturing, and controls
(CMC) team is charged with the detailed
characterization of the drug candidate,
driving process development for the pro-
duction of the clinical trial materials (CTM)
(ooth days supply [DS] and drug product
[DP)), and filing regulatory documents
(IND) required for conducting clinical trials.
These processes and practices in nonclinical
drug development will be discussed further
in the next installment of this series.

Clinical Development (From IND to NDA)
Clinical trials in humans commence a month
after the filing of the IND (unless the study is
placed on a clinical hold by the regulatory
agency). The purpose of Phase 1 trials is to
assess the safety and pharmacokinetics (PK)
of the new chemical entity (NCE) using dose
escalation studies.

In Phase 2 trials, the goals are dosing find-
ings and evaluating the efficacy of the NCE
using blinded studies (to establish proof of
concept [POC] of the NCE). Phase 2 studies
are completed using patients with the disease.

Phase 3 clinical trials aim to establish the
commercial POC of the dosing regimen
using a larger patient population with near-
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FIGURE 2: Response curves (fractional occupancy) vs. effective concentration.
Inset: Log (drug) concentration vs. % Response curves for D,, D,, and D,.

commercial formulations and scale. Upon
the successful completion of the clinical trials,
clinical data are analyzed by biostatisticians
and clinicians. The data is compiled into the
new drug application (NDA), an extensive
document for drug approval submission to
the regulatory authorities.

Fundamental Concepts for Candidate
Selection in Drug Discovery)

In this section, we discuss the fundamen-
tal studies and concepts used in select-
ing drug candidates in drug discovery.

Pharmacology and
Dose-Response Curves
Pharmacology is the study of drug action
or the interactions of a living organism and
exogenous chemicals that alter normal bio-
chemical functions (). Paul Ehrlich proposed
an important pharmacology concept in 1913
in a statement that reads as thus: “Corpora
non agunte nisi fixata,” which translates to ”A
substance will not work unless it is bound” (1).
Most drugs bind to the target reversibly
and either inhibit or activate its functions
(antagonist or agonist). The binding kinetics
can be described using the equation below.

k
Drug + target == Drug: target — response

off

(1

Figure 2 describes the relationship between
the target response (fractional occupancy)
and the concentration of the drug. EC is the
effective drug concentration that can produce
a response halfway between the maximum

and baseline and measure the potency of the
drug. The figure inset shows that drug D, is
more potent than D, because its EC is lower,
whereas D, is less efficacious than D, because
the response is approximately half while the
ECy, of both drugs is the same.

Early Animal Studies

Although early screening in drug discovery
using HTS is based mainly on in vitro cell
and tissue-based assays (mostly assays using
radioactivity, fluorescence, enzyme-linked
immunoassay (ELISA), the use of in vivo ani-
mal studies is required in rodents (for exam-
ple, a mouse or rat) for the target validation
and assessment of the efficacy, safety, tolera-
bility, and bioavailability (8-10). The data that
are collected include mortality, weight loss,
observations for disease manifestation, and
efficacy (for example, tumor volume, viral
RNA, anti-inflammatory response, biomark-
ers, and bioavailability) (14). Animal studies
are single dose, repeated dose, or dose-
escalating in the short- or long-term to assess
safety as lethal dose for 50% (LD, or toxic
dose for 50% (TDgy), no-observed-adverse-
effect level (NOAEL), pharmacokinetics (PK),
and aid candidate selection using concepts
such as the therapeutic index (Tl). Data are
also used to define the route of admin-
istration, dose, and dosing frequency for
clinical studies.

GLP toxicology studies in rodent and non-
rodent test animals are pivotal safety studies
with regulatory scrutiny to collect essential
data such as organ toxicity. Before filing the
IND, the GLP toxicology studies are com-
pleted to justify that the NCE s sufficiently
safe for human clinical trials.
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Therapeutic index
= toxicity/efficacy

Therapeutic
index

¢ Binding

* Specificity

* Bioavailability

* In vitro screening
* Animal models

® Human trials
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(Safety)
® Acute, chronic

* Organ, hERG
* Drug-drug interaction

Pharmacokinetics
ADME

Bioavailability, drug-like properties, stability,
tractable API synthesis, can be formulated,
IP protection, marketing position...

FIGURE 3: Principles in candidate selection are guided by testing for efficacy while mini-
mizing toxicity. Other factors such as PK, bioavailability, and IP also play important roles.
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FIGURE 4: Sample workflow in a central analytical support group in a pharmaceutical
organization. Figure excerpted from reference (12).

Pharmacokinetics (PK)

and Metabolism

Foradrugtobe active, itmust be able toreach
the site of action. One underlying assumption
is that the pharmacodynamics (PD) is related
(proportional) to the concentration of drug
binding to the target. Because these data is
challenging to measure, the drug concentra-
tion in the systemic circulation is collected in
PK studies as they may correlate with those at
the target (8,9). Because the preferred route
of administration for small-molecule drugs
is peroral for convenience and marketability
(for example, tablets or capsules), the solubil-
ity and permeability of the API (to Caco-2 cells
in the intestines) are the important factors in
oral bioavailability. Metabolism is another
critical consideration since rapid metabolism
of the APl in the body will reduce the dura-
tion and maximum concentration of the drug
in circulation (6-9).

What is a Lead? Lipinski's “Rule

of Five"” of Drug-Like Properties

The small-molecule drug product should
preferably be a peroral formulation (a tab-
let or capsule) with a shelf life of two years
for marketability and convenience to the
patient. Lipinski’s “Rule of Five,"” proposed
by Christopher A. Lipinski of Pfizer in 2000
(15), describes the drug-like properties of
the orally available candidate with promis-
ing physicochemical properties for aqueous
solubility, absorption, and bioavailability.

The “Rule of Five” are as follows: a
molecular weight <500; the partition coef-
ficient of LogP <5, the number of H-bond
donors <5, and the number of H-acceptors
<10 (11,15,16). These rules of thumb guide
candidate selection in drug discovery.
Compounds of high hydrophobicity gener-
ally tend to be more potent, but they are also
less soluble or permeable even though they
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have a higher binding affinity to the target
than candidates with lower hydrophobicity.
In contrast, more hydrophilic molecules are
readily excreted by the body, resulting in less
uptake. According to Lipinski, the rule was
developed to counter Pfizer's observations
that rely on results from HTS binding assays,
which biased those hits with higher hydro-
phobicity and later tumned out to be difficult
to develop (16). Therefore, aqueous solubil-
ity and permeability data must be provided
to medicinal chemists as early as possible to
avoid oral absorption problems. Lipinski also
pointed out that substrates for transporters
and natural products are the exceptions to
the “rule of five.”

Guiding Principles in

Candidate Selection

The selection of drug candidates from
thousands of hits and hundreds of leads
by the medicinal chemist is both an art
and science and is often compared with
finding “needles in a haystack.” The two
primary guiding principles in candidate
selection are SAR and TI. Figure 3 depicts
the myriad factors in the selection process
used in balancing the desirable attributes
that affect efficacy with those on safety and
toxicity. Other significant attributes are bio-
availability, stability, intellectual property (IP)
rights, and the marketing landscape (17).
Although the risk of failure is great in new
drug development, the payback in rev-
enues and the benefits to patients with
serious ailments are substantial to the com-
pany’s bottom line and public health.

Business Landscape in Drug Discovery
Sales of new innovative drugs for serious
diseases are the lifeblood of the pharma-
ceutical industry and represent the primary
revenue source for established companies
because most revenue is lost after pat-
ent expiry because of competition from
generic products (17). Nevertheless, many
pharmaceutical companies do not conduct
basic research or drug discovery because
they are expensive and the return on invest-
ment is uncertain. Most pharmaceutical
companies acquire development candi-
dates through licensing, collaborative part-
nership, and merger or acquisition. A case
in point was the acquisition of Pharmasset
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by Gilead Sciences for $11 billion in 2011
for its phase-2 drug candidates for chronic
hepatitis C virus infection (18), or a recent
2022 acquisition of Biohaven by Pfizer for
$11.6 billion for Biohaven's migraine thera-
pies pipeline (17).

For those companies that engage in
drug discovery, many choose to offshore or
outsource the internal programs because
of their lower cost. In recent years, there
has been a proliferation of startups whose
business model is to take promising mol-
ecules into early phase trials with the inten-
tion to be acquired by larger companies.
These startups are mostly virtual (with mini-
mal staff and limited laboratory facility by
relying on contract development and manu-
facturing organizations (CDMOs) and funded
by venture capitalists or private equity firms.

It is essential to mention that SMDD
is quite different from those in biologics
(monoclonal antibody [mAb] biotherapeu-
tics) (1,2), with distinctively different modes
of action, targeted binding, and longer
pharmacokinetics (1,2,5). Biologics requires
more expensive production facilities using
recombinant DNA technology, fermenta-
tion, and bioprocessing. Biological thera-
peutics are also not orally available and there-
fore must be administered as parenterals.

Technology Perspectives:

Automating Drug Discovery

Using Artificial Intelligence_

SMDD can be viewed as a multidimen-
sional problem in which various charac-
teristics of compounds—efficacy, phar-
macokinetics, and safety—need to be
optimized in parallel to provide drug
candidates. Past innovations and con-
cepts, such as combinatorial compound
synthesis, HTS, microtiter plate automa-
tion, fluorescence-based binding assays,
3D imaging, computer-aided drug design
(CADD), and acoustic micro dispensing,
have all contributed to the improvement
in the speed, cost, and quality of the
decision-making process in the iterative
molecular design cycle by the medicinal
chemist (19). Recent advances in micro-
fluidics-assisted chemical synthesis and
biological testing systems incorporating
artificial intelligence systems to provide
feedback analysis may provide the basis
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TABLE II: Summary of high-throughput methodologies for purity determination and

identity confirmation.

HPLC
Normal-phase
Reversed-phase (C18)

Small organics/
amino acids

Reversed-phase

Mid-size organics HPLC (C18)

Reversed-phase
HPLC (C8, C18)

Large-size organ-
ics/peptides

Superecritical
fluid chromatog-
raphy (SFC)

lon chromatography
HPLC

Gas
chromatography (GC)

Chiral organics

Salt determination

Residual Solvents

UV (chromophoric)

ESI-MS (polar)
(S?RIOIIE;_‘LSIIS) APCI-MS (neu?ral)
GC-MS (volatile) GC-MS (volatile)
UV (chromophoric) +ESI (basic)
CAD, ELSD (non- -ESI (acidic)
chromophoric) APCI (neutral)
UV +ESI-MS (basic)
-ESI-MS (acidic)
CAD, ELSD HRMS
uv ESI-MS
CAD APCI-MS
Conductivity MS
CAD CAD

Flame ionization Headspace GC-MS

CAD = Charged Aerosol Detector, ELSD = Evaporative Light Scattering Detection, ESI = Electrospray
ionization, APC| = Atmospheric Pressure Chemical lonization. Table extracted from reference (13).

for the next level of adaptive automated
de novo drug design systems (19).

Pharmaceutical Career

Opportunities for Analytical

Chemists in Drug Discovery

Analytical chemists’ most significant
employment segment (particularly sepa-
ration scientists) is in new drug develop-
ment and quality control in the pharma-
ceutical industry (20). The drug discovery
segment offers significantly fewer job
opportunities for reasons mentioned
earlier in the business landscape section.
For analytical chemists, the skill require-
ments in discovery are different from
those in development because there are
no GMP or regulatory compliance require-
ments. Those working in centralized ana-
lytical groups deal with thousands of com-
pounds rather than a few drug candidates
in development.

The technical skills sought after in drug dis-
covery are HTS, automation, high-throughput
purification and characterization, bioanalysis
for pharmacokinetic assays and biodistribu-
tion analysis, high performance liquid chro-
matography (HPLC), gas chromatography
(GQ), mass spectrometry (MS), supercritical
fluid chromatography (SFC), preparative LC,
and chiral separation and purification. Details

of the workflows and separation techniques
used in a central drug discovery support
group are shown in Figures 4 and Tables Il and
IIl. Readers are referred to the original publica-
tions for details (12,13).

Summary

This article provides an overview of the
drug discovery process of small-molecule
drugs for the analytical chemist. It includes a
description of the modern rational approach
of finding a compound binding to the
molecular target and optimizing its structural
motifs for efficacy and safety. Concepts for
candidate selection, business landscape,
technology trends, and career opportunities
in this pharmaceutical segment for analytical
chemists are also discussed.
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TABLE Ill: Summary of high-throughput methodologies for quantitation and physico-

chemical properties measurements.

Non-volatile

LC/MS/CAD MW>250
amu
DMSO stock LC/MS/ Containing
QC and :
itati CLND nitrogen
quantitation nitogen
LC/UV/MS phoric
lonizable
Detect
UV plate etect
reader precipitation
Aqueous Turbidity Chromo.
solubility Ty horic
LC/UV/CLND ~ Containing
nitrogen
Chromo-
LC/UV phoric
Lipophilicity - S
LogD '
phoric
LC/MS/MS
lonizable
Chromo-
LC/UV phoric
iy LC/CHI Chromo-
LogD '
phoric
LC/MS/MS
lonizable

Universal
calibration High Lol
Nitrogen
calibration High Al
Cmpd- 10nM -
specific Low TuM
calibration H
Kinetic
N/A solubility
20 ym
Cmpd- High
specific Equilibrium
calibration Low solubility
(10 uM)
Single High
nitrogen Equilibrium
calibration solubility
(2 uM)
Cmpd-
specific
calibration S 2uM
Modeling .
based High 2uM
Gmpd High 10nM
specific
calibration
Cmpd-
specific
calibration b 2t
Modeling .
based High 2uM
Cmpd High 10nM
specific
calibration

MW = Molecular weight, Cmpd = compound, CHI = Chromatographic index, CLND = Chemical Lumines-
cence Nitrogen Detector. Table extracted from reference 13.

Disclaimer

This paper provides a brief overview of the
drug discovery process, concepts in drug
candidate selection, and the business and
technology landscape. The information
presented here stems from books, journal
articles, and internet resources collected for
my short course in drug development (5) and
often reflects personal experience and opin-
ions. It is challenging to present a concise
and general overview of this complex and
diversified process from the perspective of
an analytical chemist, as some levels of sim-
plification or interpretations are unavoidable.
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