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Abstract:

A common name for drug design is rational drug design or just rational design. The study of molecule
shape is defined as figuring out how molecules adhere to cell receptors or connect to other molecules to
trigger a certain reaction .1t is supported by Instead of blindly evaluating hundreds of molecules to discover
if one or more of them bind cellular or molecular targets, one might use the shape or architecture of the
molecules themselves. The drug is an organic substance. When a biomolecule attaches to the target site,
it can either inhibit or increase the activity of the biomolecule, producing a therapeutic effect.
Development of drug is an very complex process which can take up to around 5-10 years and cost $1.8
billion. A novel development's inspiration might come from a number of places, such as market demands
at the time, newly emerging diseases, academic and clinical research, the private sector, etc.[1-2]

Keywords: Drug design, Drug Discovery, Design techniques, Drug development , Clinical research (
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Introduction:

The creation of new medications is an expensive, risky, and challenging process. Its success is heavily
reliant on the close coordination and interaction between several divisions within the drug development
organization, external investigators and service providers, in continual communication with regulatory
authorities, patients, academic experts, organizations for patients and practitioners. Drug development is
by far the most complex of the several stages of the drug life cycle, the most important factor in
determining a drug's initial and ongoing success on the market. The study's initial results would be the
identification and examination of certain receptors (targets) in the area of expertise. The detected targets
must then be modified to change their engaging in protein receptor or target action. Finally,

A drug scientist finds the healing substance in order to interact with the receptor, the medicinal substance
might either artificial or naturally occurring. Drug development, among the several stages of the drug life
cycle, is by far the most important aspect for the beginning and ongoing success of a drug development.
.Once a compound that fulfills all of these requirements has been identified, it will begin the process of
drug development.[3-5]

Objectives-[6]

Identify the stage-specific success rates for experimental drugs.

« Describe pre-clinical research.

» Describe Phase I, Phase 11, and Phase 11 investigations for Investigational new Drug Applications.
« Clarify the new Drug Application
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« Describe investigations in Phase IV.
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Period in drug discovery and development process-[7-11]

According to estimates, the entire drug research and development process takes between 5 and 10 years
to complete, costs $1.8 billion, and takes between 5 and 10 years to effectively bring a medicine to market.
The several stages/phases in the discovery and development of drugs are: [7-11]

Period of Drug Discovery [12-18] Discovery and development include:

Target identification

¢ Target validation

Lead identification

Lead optimization

Product characterization and Formulation and development.
Investigational new Drug

New Drug Application

Clinical trials Approval

Modern Technologies of Interest for the Process of Drug Development.
Education Activities carried out to promote DRUG DISCOVERY AND DEVELOPMENT.
Drug discovery-

Researchers now discover the new drug through:

Research into a disease process that inspires scientists to develop a novel treatment to halt or reverse
the disease [32-33]

Numerous molecular compound assays to identify potential therapeutic effects against a wide range
of disorders
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e EXxisting therapies with unexpected side effects [34-39].

e New technologies, such as those that allow medicinal goods to be targeted to particular areas inside
the body or to modify genetic material [40-42].

e Thousands of chemicals may be possible candidates for development as a medicinal therapy at this
point. However, after first testing, only a limited number of compounds appear promising and warrant
additional investigation [43-45].

Drug Development-

e Once a promising molecule has been chosen for development, researchers do tests to learn more about
[46-50]:

e How it is Absorption, metabolized, distributed, and eliminated

e |ts possible advantages and action methods

e The most effective method of delivery and dose

e Adverse reactions, also known as toxicity

e How it differs in its effects on various racial, ethnic, and gender groupings.

e The way it works with other medications and therapies

e Its efficacy in comparison to drugs of a comparable kind.

Methods/technique of drug design-:

1) Docking-[96]

A computer technique called molecular docking can be used to determine the architecture of compounds
made up of two or more different molecules. In order to predict how a ligand will interact with a target
protein, docking is frequently utilized in relation to activity and affinity. Docking is essential to the rational
design of pharmaceuticals. Thinking on the biological and Considering the pharmacological significance
of docking investigations, substantial work has been done to enhance the docking prediction methods.
Docking is a mathematical method that foresees one's preferred orientation. Molecule in relation to another
(perhaps a medication with a ligand, or a target protein with a rocesses a binding site) when they are
connected to form a stable compound. The strength of the scoring functions (binding energy) may be
calculated by a joining or binding .

Docking types:

Rigid docking-

In the event that the compounds are rigid, we are looking to rearrange one of the chemicals that produce
the best match to the other compounds in three-dimensional space specifications for a scoring system.
With or without the ligand, the conformation can be produced by binding activity for receptors.

Flexible docking

In addition to transformation, we assess cellular adaptability to find confirmations for the molecules of the
receptor and ligand when they are combined.

Applications:

e Lead optimization

e Hit identifications

e Drug DNA interactions
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Pharmacophore-[95-99]

e Paul Ehrlich first proposed the idea of a pharmacophore in the early 1900s. In his 1960 book
Chemobiodynamics and Drug Design, Schueler first used the word “pharmacophore,” which he
described as "a molecular framework that carries (phoros) the essential features responsible for a drug's
(pharmacon) biological activity."

e Inthose years, a pharmacophore was thought to be a molecule's chemical or functional groups that are
in charge of its biological activity.

e The International Union of Pure and Applied Chemistry (IUPAC) defined pharmacophore as the total
of the steric and electronic qualities necessary for a molecule to interact with a target and produce
biological activity in 1997.

e A pharmacophore is an abstract symbol that does not represent a specific molecule or combination of
chemical compounds.

e Each atom or group in a molecule that exhibits molecular recognition-related characteristics can be
changed into a pharmacophore pattern. The patterns of molecular pharmacophores might be hydrogen
bond acceptors (HBA), donors of hydrogen bonds (HBD), or positive.

e Aromatic rings, hydrophobic characteristics, negative features, and their combinations.

e A 3D (three-dimensional) arrangement of several patterns makes up a pharmacophore model.

e Pattern with the dimensions. A typical sphere with a radius that represents each design is defines the
tolerance for variation from the precise location. There are also plenty additional  showing the way.
These designs may be shown individually or in combination.

e Pharmacophore modeling strategies

e There are two main methods of pharmacophore modeling that are applied in the process of finding
new drugs: Structure-based and ligand-based pharmacophore modeling are two options.

e A collection of active ligands is used to design new ligands in the ligand-based pharmacophore
modeling technique. If the target structure is not available, this strategy is used. Similar to this, when
the target protein's structure is known, the structure-based pharmacophore method is used.

Drug Design Based on Ligands

e The initial active ligands in the ligand-based pharmacophore modeling are found through database
searches or literature searches. A training set and a test set are created from the data set.

e After that, the training set ligands' feature analysis is carried out. The alignment of the active ligands
allows for the detection of the shared characteristics.

e The creation of pharmacophore models and ranking of the models that are produced come next.

e The optimal pharmacophore model is then chosen in accordance with the findings of the
pharmacophore model validation.

Modeling of Pharmacophores Based on Structure

The initial stage in structure-based pharmacophore modeling is choosing and preparing the target protein
structure. Prediction of the binding location is the next step. The binding site amino acids' complementary
chemical characteristics and their structural arrangements are then determined by carefully examining it.
Then, using the modified tools, the pharmacophore characteristics should be tuned are produced in the
programs used.
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The activity-causing pharmacophore properties that are most important are then chosen. Snooker, MOE,
LigandScout, and Pocket v2 are some of the popular programs for

Modeling of pharmacophores based on structure. Likewise, a variety of software and servers used for
modeling pharmacophores.

Applications:

1) Pharmacophore modeling is employed in virtual screening, fishing drug targets, ligand profiling,
docking, and ADMET prediction.

2) New perspectives are also expected for various applications of .......... of the concept. In this way,
besides the applications explained here, it may have applications in polypharmacology, drug
repurposing and side effect prediction

2) Quantitative Structure Activity Relationships (QSAR):

QSAR is a mathematical or statistical approach to defining the relationship between a molecular system's
biological activity (based on experimental data) and its geometrical, physical, electrical, and chemical
characteristics.

Activity is equal to function (property 1, property 2, etc.). Activities equal functions (xi)

Descriptor: xi

Geometry,sterics, or sterics, etc. Design of analogous drugs

The study of structurally distinct, pharmacologically active compounds is where analogue design is most
successful since these molecules' biological activity is influenced by both the nature and the specifics of
their chemical structure.

Therefore, a small change to the molecule may have a significant impact on how the pharmacological
response behaves (it may intensify, reduce, vanish entirely, or change completely).

It is common practice to classify lead substances as endogenous participants (hormones,
neurotransmitters and second messengers).

Applications:

Information from the intercept values
Information in drug research
Enzyme inhibition

Information on receptor site
Bioisosterism

a s wh e

4) Chemistry combinatorial

Chemical synthesis techniques known as combinatorial chemistry enable the production of numerous
compounds—tens of thousands or even millions—in a single procedure.

These compound libraries can be created using computer-generated chemical structures, sets of individual
compounds, or mixes.

It is the technique by which large number of different but structurally similar molecule core produced
rapidly and submitted for pharmacological assay.

The technique used same reaction condition within same reaction vessel to produce a large range of
analogue.
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Applications:-

1) Synthesis of Peptoids

2) Combinatorial lead optimization of a neuropeptide-ff antagonist.

3) Generation of a benzodiazepine library.

4) Combinatorial lead optimization of histamine H3 receptor antagonist.
5) Combinatorial lead optimization of dihydrofolate reductase inhibitors .

Preclinical trail-[51-65]

Before testing a medicine on humans, researchers must determine if it has the potential to cause substantial

damage. Preclinical research is carried out on animal models in a laboratory setting [51].

There are two categories of preclinical research:

e InVitro: These investigations are carried out outside of animals in a controlled laboratory setting [52-
55].

e In Vivo: These investigations are carried out within the animals [56-57].

Preclinical investigations are often small in size. These studies, however, must offer thorough information

on dose and toxicity levels [58]. Following preclinical testing, researchers evaluate their findings to

determine whether the medicine may be tried in humans [59-60].

Among the experiments carried out throughout these research are [61-65]: Toxicity studies with a single

dosage

Dose-repetition studies

Safety pharmacology research Genotoxicity research Carcinogenicity research.

Clinical research-[66-76]

While preclinical research provides answers to fundamental issues regarding a medicine's safety, it is not
a replacement for studies of how the drug will interact with the human body [66].

The term "clinical research” refers to human investigations or trials. As the developers construct the
clinical trial, they will assess what they aim to achieve for each of the Clinical Research Phases and start
the Investigational New Drug Process (IND), which must be completed before clinical research can
commence [67-70].

Investigation of new drug application-
INDA is used after successful preclinical studies, and if the INDA filing is accepted, the product is moved
to clinical research studies (Phase | - Phase IV studies) [71].

Drug design clinical trail-

Clinical trials are created by researchers to address particular issues about a medical product. These trials
adhere to a certain research strategy, or protocol, created by the researcher or manufacturer [72—75].
Prior to starting a clinical trial, researchers evaluate existing data on the medication to create research
questions and targets [76].

They then choose:
Who is eligible to participate? (Eligibility Requirements) How many participants will there be in the
study?
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How long the investigation will last

The existence of a control group and other measures to prevent study bias How and at what dosage the
medication will be administered to patients What tests will be performed, when they'll happen, and what
information will be gathered? How will the data be examined and analyzed?

Followed by clinical trials-

a) Phase 0-[77-78]

First-in-human exploratory studies that were carried out in compliance with the FDA's 2006 Guidance on
Exploratory have just been given the classification of phase 0. Phase 0 studies are distinguished by the
delivery of a single, sub therapeutic dosage of the study medication to a limited group of participants (10
to 15) to acquire preliminary information on the medication's pharmacodynamics and pharmacokinetics
(how the drug is processed by the body)[77].

Phase 1 (First in Humans) of phase studies -Trail Layout:

Patients: 20 to 100 healthy, normal volunteers at one location who receive no advantage from
participating.

Study period: brief, ranging from a few days to many weeks or months

Open label (no comparator or placebo), uncontrolled, single or multiple doses [79-82]

Purpose:

Studies on the mechanisms of action (ADME) and PK/PD Pharmaceutical impact

Tolerance, adverse reactions, and toxicity at various dosages Early indications of effectiveness

Assesses safety by identifying the most probable toxicities and dose range. 70% of drugs advance to the
following phase [83]

Phase 2 :[Designing the Therapeutic Exploratory Trail ]

e Patients: between 100 and 300 people with the specific illness or condition

e Study period: a few months to two years

e Efficacy and negative effects

e Randomized, placebo or active control, parallel double-blind trial, single or multiple doses, multicenter
e [84] are the different research types.

e Dosage range discovery (minimum and highest effective dosage) is the goal [85].

e Effectiveness for treating the illness or condition for which the medication is prescribed,;

e Maximum Tolerated Dose (MTD); Common short-term hazards and adverse effects

e Pharmacokinetics Percentage of Drugs Entering the Following Phase 33 [86].

Phase 3: Pivotal Trails Trail Design (Therapeutic Confirmatory)

e Patients: Several thousand to three thousand sufferers of the particular ailment or condition [87-88].
Study period: one to four years

e Randomized, placebo-controlled or active control, concurrent double-blind trial, multicenter Goals
[89]

e ¢Efficiency (on a large scale)

e Age, rate, and gender disparities; a relative risk-benefit ratio; long-term safety information; dosing (for
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labeling); and an evaluation of safety and efficacy

. Drugs that Advance to the next Phase: 25-30%

e When phase Ill trials are finished, an application is sent to the relevant regulatory agencies asking for
authorization to sell the product, and once those regulatory bodies provide the necessary approval, the
product is released into the market [91-93].

Phase 4 (Therapeutic Use Post-Marketing) Trail Planning [94]

e Patients: There are several hundred to a thousand people who have the illness or condition.
Randomized, active or placebo control, multicenter research

e Purpose [95]

e Complete Quality of Life (QOL) paths

e Conduct pharmacoeconomic trials to determine whether the medicine is more effective than competing
therapies.

e Long-term safety data collection - Epidemiological research for safety and further surveillance for
impacts that are uncommon or unexpected

e ¢Add new dosage forms and formulations to the portfolio of products.

Conclusion-

e Drug Discovery and Drug Development is an time consuming process . It is the process which
involves a number of steps and take s lots of years. New drugs are important parts of modern medicine
with an emergence of diseases. Drug Development includes number of steps and various
methods\Techniques such as QSAR, Docking, Pharmacophore, Combinatorial Chemistry...etc
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