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INTRODUCTION 

Creating new drugs with better qualities and fewer side effects to treat human disease is one of the biggest 

challenges facing medicinal chemists today. The process was initiated by medicinal chemists who took the lead 

structure and then identified the analogues that showed the desired biological activities. They then selected a 

nominee analogue for additional development by applying their knowledge of chemistry and experience. This 

procedure was unique, costly, and time-consuming. Shortest routes are now being used to supplement the 

traditional drug discovery process, which is made feasible by acknowledging the molecular mechanisms 

underlying the initial illness. 

Drug design aims to provide an explanation 

1) The effects of biological compounds based on molecular interaction, specifically focusing on the 

physicochemical properties of the molecules involved in the interaction. 

2) Different mechanisms through which the medication typically exerts its pharmacological effects.  

3) The precise way the medications interact with the protoplasm to produce a certain pharmacological effect.  

4) The likely connection between chemical structure and biological activity 

In short, drug design can be seen as an integrated process comprising multiple steps, such as formulation, assay 

procedures, chemical synthesis, toxicological studies, activity spectrum evaluation, drug metabolism through 

biotransformation and the analysis of the different metabolites produced, and biopharmaceutics. Typically, a 

small natural molecule, the drug gives a person a medical advantage by either activating or inhibiting the 

function of a biomolecule, such as protein. In the simplest sense, drug design is the design of small molecules 

that are supplementary to a two-dimensional focus on in charge as well as shape in order to interact with it. The 

computer modelling techniques are frequently used in drug design, but not always. This type of modelling is 
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commonly referred to as drug design using computers. Finally, drug design that utilises information about the 

two-dimensional target’s three-dimensional structure is referred to as structure-based drug development. 

The location, mode, and intensity of a drug’s action are largely determined by its disposition in each bio system’s 

specific region. The biological activity could be “negative” in toxicology or “positive” in drug design. 

Therefore, developing a new drug requires either completely developing a lead or optimising a lead that already 

exists. These ideas serve as the foundation upon which the entire field of drug design is constructed. 

Computer-assisted medication creation (CAMC) provides a range of instruments and methods to help with drug 

design stages, thereby reducing the expenses associated with research and development and shortens the time 

needed to develop the drug. The process of finding new drugs and developing them is a protracted, intricate, 

expensive, and extremely dangerous one with few parallels in the business world. For this reason, the 

pharmaceutical industry frequently uses computer-aided drug design (CADD) techniques to speed up the 

process. There is a large financial benefit to using computational techniques in the lead optimisation process in 

drug development.2 

 

Creating drugs: 

It is mostly predicted on following 

Using lead molecules as a basis 

Conventional approaches 

Using lead compounds  

Creating new molecules through analogue design For instance, aspirin and salicylic acid 

Considering the medication’s the goal’s framework 

Determining the drug target’s structure 

Using DE novo drug designing 

Using a combination of the two approaches 

Based on the drug target and the leading compound 

 

Principle of drug design 

1) Enhancing drug binding 

2) Augmenting selectivity 

3) Simple to Synthesise 

4) Grouping functional elements and determining a pharmacophore 

Additionally, it includes 

The Fives Rule by Lipinski 

A broad rule of thumb for determining whether a chemical compound is a drug or Lipinski’s principle of five, 

also known as the company’s rule of five or simply the principles of five (RO5), states that a medication has 

qualities with a specific pharmacological or biological activity that would make it a likely orally active drug in 

humans. The rule was created in 1997 by Christopher A. Lipinski, who noticed that the majority of 

pharmaceuticals are composed of small, lipophilic particles. The “ADME” rule of the control describes the 

molecular properties that are essential to a drug’s pharmacokinetics, or how it is absorbed, distributed, 

metabolised, and eliminated in the human body. However, the medicinal value of an ingredient cannot be 

ascertained by the rule. 

While a pharmacologically present lead framework is gradually optimised to increase the compound’s 

selectivity and activity while making sure that its drug-like physical characteristics remain intact, Lipinski’s rule 
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must be kept in mind throughout the drug discovery process. The chances of candidate drugs that adhere to the 

RO5 being approved for commercialization are higher because they generally have a lower risk of clinical trial 

attrition. 

Parts of the rule: According to Lipinski’s rule, an oral active medication generally does not violate more than 

one of the following standards: 

Five hydrogen bond donors, or oxygen or nitrogen atoms with one or more hydrogen atoms, are allowed. 

Ten hydrogen bond acceptors (oxygen or nitrogen atoms) at most 

A molecular weight of under 500 Daltons A log P value of five or less for the partition coefficient of Octane and 

water. Dalton Remember that each value is a multiple of five, which is how the rule got its title Lipinski’s Rule 

has many exceptions, just like many other generalisations (including Baldwin’s rules for ring closure). 

 

Fundamental idea in drug design 

A successful drug design process involves several steps, multiple disciplines, and many years. Drug design is 

more than just a basic technology for producing drugs for humans based on biological advancements; if it were, 

much better drugs would already be on the market. Drug discovery is not a predictable by product of 

fundamental basic science. 

The science of medical chemistry serves as a molecular link between the fundamental biological sciences and 

the clinical sciences of medicine.  

Steps necessary for the design of drugs 

1) Select an illness 

2) Select a medication target 

3) Determine a bioassay 

4) Track down a lead compound. 

5) If required, isolate and purify the lead compound. 

6)  Ascertain the lead compound’s structure. 

7) Determine the relationship between structural activity (SAR).  

8) Determine the Pharmacophore 

9) Enhance communication with the target 

Two phases can be broadly distinguished in drug design 

1) Fundamental knowledge of medications, receptors, and drug-receptor interactions; an 

2) Fundamental knowledge of drug-receptor interactions as they relate to disorders in humans 

Initial stage. The first stage of drug design consists of the following three steps and involves the fundamental 

building blocks. 

 

First Step 

1) In this step, the characteristics that turn a molecule into a drug are studied. While all molecules can be drugs,  

     not all drugs are molecules. 

2) To become a Drug-Like Molecule (DLM), a molecule’s geometric, conformational, stereochemical, and  

     electronic properties must be regulated. During the design of a molecule intended for use as a DLM tool.     

One significant tool for design that is available today is computer-aided molecular design, or CADD. 

 

Step Two 
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1) In this step, the characteristics that turn a macromolecule into a receptor are studied. While macromolecules 

can also be receptors, not all macromolecules can be receptors. The majority of receptor macromolecules are 

proteins or glycoproteins. 

2) For a macromolecule to be a target for medication, it needs to have certain characteristics. The receptor 

macromolecule should have some relationship to the illness under investigation, but it shouldn’t be essential to 

the regular biochemistry of many different processes. 

Step Three 

1) This step entails creating a unique DLM to fit into a given druggable target. 

2) During this task, a large number of molecules are considered, but only a few stands out as promising starting 

points around which the design process is further preceded. 

3) The lead compound is this prototype compound. 

Phase two 

1) The goal of this phase is to get the drug designer to connect a drug-receptor interaction to a human disease 

after setting up the fundamentals of drug design. 

2) An understanding of the biochemistry and molecular pathology of the disease being targeted is necessary for 

the second phase of drug design. 

3) Only after thoroughly comprehending the first and second phases’ three steps can a researcher create new 

drugs. 

 

The drug’s pharmacokinetic design: 

In order to be soluble in water, drugs need to be polar. 

To engage in molecular target interaction 

For drugs to cross cell membranes, they need to be “fatty.” 

In order to prevent quick excretion 

Drugs need to possess both lipophilic and hydrophilic properties. 

With pka values of 6–8, many medications are weak bases.3 

APPROACHES FOR DESIGNING DRUG: 

The following are some of the different methods utilised in drug design. 

1) Using bioassay techniques, synthetic compounds and natural products are randomly screened. 

2) The synthesis of new compounds from the structures of naturally occurring biologically active materials; 

examples of these materials include the lead skeleton and other naturally occurring substances. 

3) Development of functional analogues of link with increased natural properties as well as 

4) Applying the bio steric 

 

Principle 

In drug development, the present-day trend is to structurally modify the lead nucleus in order to create new, 

clinically effective agents. The prototype compound known as lead possesses the intended pharmacological or 

living things in motion, but it may also exhibit a number of unfavourable traits, like extreme toxicity, additional, 

natural properties, insoluble, or metabolic problems. These natural leads are simple to follow up on once they 

are located. This is a really easy procedure. Finding out which lead bioactive locations are on the basic skeleton 

of that lead is the real test. 



International Journal of Pharmacy and Herbal Technology                              Vol.1 (3) Oct-Dec. 2023: 280-296 

 
IJPHT/2023                                                                                                                                                            Page 284 

 

PRODRUG 

Definition: 

Prodrugs are defined as “chemically and/or enzymatically modified drug molecules that are biologically inert.”  

Transformation in vivo to liberate the parent that is pharmacologically active medicine. 

A prodrug is an inert drug precursor that has undergone chemical modification; upon  

The parent that is pharmacologically active is released via biotransformation.4 

ESSENTIAL CONCEPTS OF PRODRUG DESIGN INTRODUCTION 

Nearly all medications have some unwanted physicochemical and Biological characteristics. 

Poor performance is a common reason for discontinuing drug candidates.  

High toxicities or pharmacokinetic characteristics 

By getting rid of the, their therapeutic effectiveness can be increased. 

It is possible to eliminate unwanted qualities while keeping the desired ones. Chemical, physical, or biological 

methods can be used to do this. The biological method involves changing the administration route 

Which the patient may or may not find acceptable. 

The physical method involves changing the dosage form’s design. Like regulated medication delivery. 

The most effective method for increasing drug selectivity while reducing  

The chemical method used to design prodrugs is called toxicity. 

History of Prodrugs: 

Acetanilide, first introduced into medicine in 1867 as an antipyretic by Cahn and Hepp, was the initial mixture 

to meet the traditional criteria of a prodrug. Representative. After hydroxylation, acetanilide becomes 

biologically active acetaminophen. 

Aspirin, also known as acetylsalicylic acid, was created in 1897 and is another notable prodrug.  

Dresser introduced Felix Hoffman (Bayer, Germany) to medicine in 1899. 

Parke-Davis was the first to purposefully employ the prodrug concept. Business to alter the structure of 

chloramphenicol to enhance the harsh flavour and low water solubility of antibiotics. Two prodrug versions of 

Chloramphenicol were produced as sodium succinate chloramphenicol with a good solubility in water and the 

usage of chloramphenicol palmitate as Children’s suspension. 

Goals of Prodrug Design 

Prodrug research has three main goals that overlap, which are as follows: 

1) Pharmaceutical Goals: 

• To enhance organoleptic qualities, solubility, and chemical stability 

• Following local administration, to lessen discomfort and/or irritation, 

• To lessen issues with the pharmaceutical industry’s technology active ingredient 

2) Pharmacokinetic Goals:  

• To enhance both oral and non-oral absorption. 

• To improve time profile by reducing presystemic metabolism. 

• To improve the active agent’s organ/tissue-specific delivery. 

3) Pharmacodynamic Goals:  

• To enhance therapeutic index and reduce toxicity. 

• To create unique chemical entities by combining two medications (a tactic known as co-drugs). 
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1) Carrier linked prodrug: 

Fig.1: Classification of Prodrugs 

• The active part of a drug is coupled with a carrier group to modify its physical and chemical 

characteristics. 

• The next mechanism, whether enzymatic or not, releases the drug moiety that is active. Prodrug in two 

parts 

• Prodrugs with this composition have a single carrier group attached to them, which significantly 

modifies their lipophilicity.  

• Hydrolytic cleavage releases the active medication either chemically or through enzymatic means. 

• Tolmetin-glycine prodrug, for instance.  

Tripartite prodrug 

• Drug, carrier, and linking structure 

• The drug and carrier group are joined by a linker or spacer. 

          Mutual Prodrugs:  

• When two pharmacologically active agents are combined, each serves as a promoiety for the other, 

creating a mutual prodrug In the other direction.  

• A split or tripartite prodrug function in tandem via the medication it is associated with, making it a usual 

prodrug. 

• Aspirin and paracetamol are mutual prodrugs, and so is benorylate. 

• Sultamicillin yields ampicillin and sulbactum when it is hydrolyzed by an esterase. 

2) Bio precursor 

Instead of a transient bond between the active medication and carrier moiety, the bioprecursor is generated from 

using a molecular alteration of the in-motion principal itself. 
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For example, phenylbutazone. Oxyphenbutazone is the product of phenylbutazone metabolism. That is in charge 

of the parent drug’s anti-inflammatory properties.  

 

3) Prodrugs with polymers 

Also referred to as a macromolecular prodrug, the drug is incorporated or dispersed into the polymer system 

(both naturally occurring and mechanically prepared) without developing a covalent link with the polymeric   

material. 

 For instance, p-phenylene diamine mustard and polyamine Polyglutamic acid is the polymer backbone. 

 

New Classification 

Prodrugs of Type I  

Prodrugs of Type II 

Intracellular bioactivation occurs for type I prodrugs. As an example  

 Among these are analogues of antiviral nucleosides that require phosphorylation and Statins that lower 

cholesterol. 

Type II prodrugs undergo extracellular bioactivation outside of cells, particularly In the body’s circulation 

system or in the digestive fluids, 

Pharmaceutical applications of prodrugs:  

1) Covering up taste or odour  

Unwanted taste is caused by drug interaction with taste receptors and adequate solubility. 

Reducing the medication or prodrug’s dissolution in saliva can fix it. 

For instance, carbamazepine palmitate is a prodrug that is only sporadically soluble. Chloramphenicol’s low 

aqueous content makes it essentially tasteless. Solubility and that it is hydrolyzed by the action of to produce 

active chloramphenicol Pancreatic lipase product. 

For instance, ethyl mercaptan has a strong unpleasant smell and a boiling point of 25 degrees Celsius. Diethyl 

dithiol isophthalate, the prodrug of ethyl mercaptan, on the other hand, has a higher boiling point and nearly no 

odour.  

2) Lessening of gastrointestinal discomfort 

For instance, aspirin, a prodrug of salicylic acid, is intended to lessen gastrointestinal discomfort. 

3) Diminished Pain at the Injection Site 

The primary cause of pain following an intramuscular injection is the medication’s weak acidity or poor 

solubility in water. 

For example, it was discovered that the poor solubility of anticonvulsants like phenytoin and antibiotics like 

clindamycin caused pain during intramuscular injection. Therefore, prodrugs are made, such as the Fos 

phenytoin, an aqueous soluble form of phenytoin, and clindamycin’s 2’phosphate ester prodrug. 

4) Improvement of the rate of drug breakdown and soluble: 

• Using the prodrug method one can, make a drug somewhat or completely soluble, depending on its 

intended application. 

• The aqueous solubility of chloramphenicol ester prodrugs, such as chloramphenicol succinate and 

chloramphenicol palmitate, varies. Based on its altered solubility, the injection of chloramphenicol 

sodium succinate is considered appropriate. 

• Improved gastrointestinal absorption is another benefit of using the prodrug strategy 
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• For instance, sulindac, a prodrug of sulindac sulphide that is more soluble in water .This medication has 

adequate lipophilicity, making it appropriate for oral use. 

• Esters of testosterone and testosterone phosphate 

• Tetralysine (tetracycline). 

• The medication diazepam L-lysine ester. 

•  

Applications of Pharmacokinetics:  

1) Enhancement of Oral Bioavailability  

Many medications, including water-soluble vitamins, structurally related forms of naturally occurring purine 

and pyrimidine nucleosides, dopamine, ampicillin and carbenicillin antibiotics, phenytoin, and glycosides from 

cardiac tissue like digoxin, are poorly absorbed by the digestive system. These materials’ high polarity, poor 

lipophilicity, and/or metabolism during the absorption process are the main causes of their insufficient 

absorption. 

2) Improvement of the bioavailability of ophthalmology 

• Dipivalyl derivative of epinephrine 

• Latanoprost and travoprost are the isopropyl esters of the respective acids. 

3)Percutaneous bioavailability is improved 

Mefenide: mefenide acetate or hydrochloride 

4) Improvement of topical application 

Ketolac: Ketolac esters 

5) Reduction of Drugs’ Local and Systemic Toxicity: 

Generating a moiety that is both active and non toxic is a key goal in drug design. 

 Aspirin use is linked to gastric irritation and ulcerogenicity because of Carboxylic group that is free. 

Esterification of nonsteroidal drugs such as aspirin (R = alkyl) The gastric ulcerogenic activity is significantly 

suppressed by anti-inflammatory drugs (NSAIDs). 

The bioprecursor Sulindac is another illustration; being a sulphoxide, it doesn’t cause better absorbed and 

without causing any stomach discomfort. 

Ibuterol is a prodrug that is the isobutyrate ester of the selective β-agonist terbutaline(applicable) in glaucoma. 

This prodrug has a longer half-life and is 100 times more effective than action and doesn’t cause systemic or 

local toxicity. 

 

Computer-Aided Drug Development 

The term “computer assisted drug development” (CADD) refers to all computer-assisted methods used in the 

search, development, and optimisation of physiologically active compounds with potential 

medicinal applications and the appropriate structure and set of properties. The rational drug design processes 

have brought about a transformation in the process of finding new therapeutic candidates. 

Rather than beginning with a haphazard screening procedure, the rational drug design process begins with an 

understanding of the basic physiological and biochemical aspects of the disease or target. Using both the 

molecular properties of the compounds to influence the state of the disease and the knowledge and mechanistic 

basis of the target disease is one way to increase the cost-effectiveness of the drug design process. The rational 

drug design approach is the name given to this method of therapeutic development.  

CADD is a specialised field that provides information on drug-receptor interactions by covering computational 

calculation methods and graphics techniques. The data for bioinformatics is provided by computational 



International Journal of Pharmacy and Herbal Technology                              Vol.1 (3) Oct-Dec. 2023: 280-296 

 
IJPHT/2023                                                                                                                                                            Page 288 

 

resources and other software technologies, such as databases, information technology, and information 

management. From a scientific perspective, CADD research, genomics, proteomics, and molecular biology all 

heavily rely on bioinformatics techniques. 

The following aspects of CADD research are supported by bioinformatics: 

1) Sequence analysis 

2) Virtual high throughput screening 

3) Modelling homology 

4) Comparative analysis  

5) Optimisation of drug leads 

6) Physicochemical modelling 

7) The bioactivity and bioavailability of drugs 

 

Benefits of CADD 

The use of bioinformatics tools and CADD methods in drug discovery programmes has several advantages. 

1) Saving money 

It has taken $5,800 million in research and development expenses for a single drug to be successfully introduced 

to the market. To lessen this financial burden, the pharmaceutical industry has recently focused on CADD in a 

number of ways.  

2)The duration to market 

The ability of CADD to predict outcomes can shorten the time needed for drug development and optimisation 

while averting potentially disastrous compounds at the end of the process. Drugs can be brought to market more 

affordably and swiftly thanks to it.  

3) Understanding 

 Information regarding drug-receptor intersection and atomic scale binding properties to specific ligands or 

proteins can be obtained through the use of the molecular graphics technique of CADD.It might provide 

researchers with fresh concepts for changing the drug’s compound for a better fit. For this reason, CADD and 

bioinformatics work well together in drug discovery and development.5 

 

Quantitative structural activity relationship 

Overview Early in the 1960scharacteristic Hansch expanded on the idea of the Linear Free Energy Relationship 

(LFER) to characterise the effectiveness of biologically active molecules. 

The method created equations that quantitatively linked a compound’s structure to its activity; these were called 

the connection between connection between numerical fundamental action .  

Using a mathematical formula, the QSAR approach seeks to determine and quantify a drug’s physicochemical 

characteristics and determine whether any of these characteristics affect the drug’s biological activity. 

Physicochemical characteristics 

1) The hydrophobic nature of the compound 

2) The hydrophobic nature of the substitutes 

3) The electronic characteristics of substitutes 

4) Steric characteristics of replacements 
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Specifications 

Among the many parameters employed in QSAR research are:  

1) Lipophilic parameter 

     Partition coefficient and the constant of substitution n.  

2) Digital parameters 

     Dipole moment and Hammett constant. 

3)Steric parameter: 

     Ver loop steric parameter, molar refractivity, and Taft’s constant. 

 

Hydrophobicity/Coefficient of partition 

A drug’s hydrophobic nature is essential to its ability to pass through cell membranes and may also play a role 

in receptor interactions.  

A drug’s hydrophobicity can be experimentally determined by examining its relative distribution in mixtures of 

octanol and water.  

The partition coefficient refers to this relative distribution. 

 

Fig.2: Formula 

Hammett’s constant 

The dissociation of pure benzoic acid can be measured to determine the Hammett substitution constant 

with ease. It quantifies the substituent’s electrical capacity to either donate or remove electrons. 

 (i.e., its functional moiety).  

Louis Hammett (1894–1987) established a correlation between the electronic characteristics of organic acids 

and bases and their equilibrium constants and reactivity. 

The relationship between a drug’s shape and size (bulk), the dimensions of its target site, and its reactivity was 

first illustrated by Taft’s steric parameter.  

Then came the Verloop steric parameter, the Charton steric parameter (v), the molar refractivity (MR), etc. 
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Taft defined the steric parameter using the relative rate constants of alpha substituted methyl ethanonates 

hydrolyzed by acid because it was demonstrated that these hydrolysis rates depended on steric factors.  The 

standard used by Taft’s was ethyl ethanoate, which was defined as 

Fig.3: Formula 

Hansch’s examination 

The most widely used mathematical technique for QSAR is called Hansch analysis.  

The majority of it helps to recognise that the most crucial factor in figuring out a drug molecule’s solubility is 

log p (p=octanol water partition coefficient).  

The drug’s capacity to separate into the lipid-rich surroundings of the receptor microenvironment is indicated 

by the value of log (p).  

Hansch analysis connects the drug’s action to quantifiable chemical characteristics in a mathematical manner.  

It is predicated on Hansch’s theory that the drug’s action could be split into two phases. These phases are 

influenced by the drug’s target site, as well as its chemical and physical characteristics. Hansch proposed a 

straightforward mathematical relationship between these parameters and a drug’s biological activity. 

Fig.4: Formula 

COMBINATORIAL CHEMISTRY 

Introduction: 

 Researchers and academics have created a new technique called combinatorial chemistry to cut down on the 

time and expense of creating efficient, Competitive and marketable new medications 
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Combinatorial chemistry is a tool used by scientists to generate a vast array of molecules that are effectively 

detectable. 

Several fields, including Agro chemistry, biotechnology, and pharmaceutical chemistry, are interested in this 

technique. 

Combinatorial chemistry is a technique that allows for the quick production of a large number of structurally 

similar but distinct molecules, which are then submitted for pharmacological testing. 

This method yields a wide variety of analogues by using the same reaction conditions and reaction vessels. 

A method developed in the late 1980s and early 1990s that allowed tasks to be applied to multiple molecules at 

once.  

Combinatorial chemistry is the process of synthesising a large number of structurally distinct molecules at once.  

The obtained molecules are sent for the High Through Screening (HTS) test. 

Researchers in the pharmaceutical industry have recently developed the technique of combinatorial chemistry 

to minimise the time and labour costs involved in the development of new drugs. 

All areas of chemistry are, nevertheless, greatly impacted by these techniques.  

Pharmaceutical companies use combinatorial chemistry technique for the following reasons. 

1) Prompt identification of new candidates 

2) Saves a substantial sum of money for preclinical development and 3) Modifies the basic methods used in 

drug discovery.  

Combinatorial chemistry’s fundamental idea is the simultaneous synthesis of a large number of analogues in the 

same reaction vessels under the same reaction conditions.  

But instead of developing a small number of compounds at a time with the conventional approach, organic 

chemists use the principle of combinatorial chemistry to develop a large number of compounds at a time.  

Orthodox chemistry uses the fundamentals of organic chemistry to synthesise a product step-by-step. 

 

Fig.6: Strategies 

Application 

The field of combinatorial chemistry has a vast array of applications.  
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Combinatorial chemistry is used by scientists to create large Populations of molecules suitable for effective 

screening. 

By creating compound libraries that are bigger and more varied, Businesses raise the likelihood that they will 

discover novel compounds with substantial therapeutic and commercial potential. 

Offers motivation for immobilisation and robot-controlled techniques that enable high-throughput, multiple-

parallel approaches to drug discovery. 

Benefits:  

1) Quick 

 Combinatorial method can produce millions of compounds in the same amount of time as needed to make a 

single compound by Conventional synthesis technique. 

2)Cost-effective 

An unfavourable combination saves work of each compound’s synthesis, purification, and identification 

3)Simple 

 Purification, identification, and isolation of the active molecule from Using a combinatorial library is not too 

difficult. 

4)Medication Discovery 

The chemical pool is produced by mixed combinatorial synthesis. 

Likelihood of discovering a molecule during a haphazard screening Process is correlated with the quantity of 

molecules exposed to the procedure of screening. 

5)Medication Efficiency 

Analogues with minor variations are produced through parallel synthesis.  

Which is necessary for optimising leads. 

Cons: The size, solubility, and function group of the compound all have a significant impact on efficiency.[6] 

Modelling pharmacophores and the Docking method 

Overview 

In the late 1800s, Paul Ehrlich created the first idea for a pharmacophore. 

At the time, it was understood that a molecule’s function or specific chemical groups could cause a biological 

effect, and that a molecule exhibiting a similar effect would also exhibit a similar function.  

Scheduler first used the term “pharmacophore” in 1960 to describe a molecular structure that contains the 

essential elements (pharmacon and phoros) that give a drug its biological activity. Thus, this definition of 

pharmacophore focused on structures of abstract features instead of chemical groups. 

A pharmacophore is the set of steric and electronic properties required to guarantee the most effective probable 

Supramolecular relationship to a particular biological target and to trigger (or inhibit) its natural response, 

according to the definition provided by the Global Union of Pure and Applied Chemistry in 1997.  

The primary characteristic of binding characteristics among a group of active molecules is called a 

pharmacophore. 

As a result, it is a vague idea as opposed to a real molecule or chemical arrangement.  

The word “pharmacophore” is often used incorrectly in the field of medicine to describe common chemical 

scaffolds or basic properties of molecules.  

The actual definition of a pharmacophore is often summarised as “The pattern of features of a molecule 

responsible for biological effect.” 

It is thought that a pharmacophore is constructed from features rather than from specific groups of chemicals as 

a result of the erroneous data. 
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Model of pharmacophore 

Steps involved in building a pharmacophore model are as follows: 

1)A literature or database search identifies the active compound that binds to the intended target and shares the 

same interaction mechanism. 

 2) essential atom types and their connectivity are defined for 2D pharmacophore models; conformations in 3D 

pharmacophore models are defined in accordance with IUPAC nomenclature. 

3) Ligand superimposition or alignment is used to assess the common characteristics needed in binders.  

4) Models for pharmacophores are constructed.  

5) The top models are chosen after the pharmacophore models are ranked.  

6) The models of pharmacophores are verified. 

In a specific multidimensional arrangement, a few features are compared using an analogous framework.  

A sphere is used to express every characteristic, and the sphere’s radius establishes how much deviation from 

the exact location is permitted.  

The feature can have a label that identifies it as a single feature or as any logic combination (as well as, either 

OR, NOT to etc.) that combines different interaction patterns. 

An extra feature that describes prohibited volume interactions can be used to depict the boundary of the receptor.  

These pharmacophore characteristics are employed for the purpose of screening small molecule libraries that 

contain compounds in their low-energy biorelevant conformation.  

By aligning the molecule’s pharmacophore features with each feature fitted to the pharmacophore query, the 

query is created.  

A molecule is considered hit if it fits inside the spheres that match the features of the query. 

There are instances when a pharmacophore query is too intricate to locate a hit molecule in a particular library.  

In this scenario, only the features required for activity may be matched, and partial matching may be permitted.  

These molecules are also employed in molecular docking simulations and for molecular alignment.  

A variety of approaches, either manually or through automated algorithms, can be used to construct 

pharmacophore models, contingent on the circumstances and the nature of the experiment. 

As soon as several functional ligands (and unused derivatives), for example are known, it is best practices to 

divide the ligand data into training and evaluation sets so that the generated pharmacophore query can be 

verified. Pharmacophore inquiries can be used as unfavourable filters to avoid adverse effects or as positive 

filters to identify compounds in each of these scenarios. 7 

Pharmacophore methods’ drawbacks 

1) Despite the numerous examples of successful drug design based on pharmacophore modelling, this approach 

has limitations and is not always feasible. It is important to be aware of these limitations.  

2) The lack of effective sorting metrics is the main drawback of pharmacophore in virtual screening.  

 3) The origin of the suggest square error from the query’s characteristics and the number of molecular particles 

indicates how well the binding agent meets into a pharmacophore inquiry. 

4) However, this metric shows no similarity to known inhibitors and cannot predict the level of compatibility 

with receptor protein. 

5) Another drawback is that a virtual screen based on pharmacophores depends on a conformation database that 

has already been precomputed.  

6) It may occur that an active molecule is missed in the identification process due to a missing conformation, 

since each molecule in these databases has a limited number of minimal energy shapes.  
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7) This holds true for a wide range of rotatable bond conformations containing small molecular functionalities, 

like hydroxyl groups.  

8) Another significant drawback is that creating a pharmacophore query is straightforward.  

9) Several pharmacophore models frequently cooperate to retrieve molecules.  

10) A good deal of experience and a little bit of serendipity are necessary for successful outcomes.8 

Docking of molecules 

A well-known computational method for predicting the interaction of two molecules (a ligand and a receptor) 

is called molecular docking. This method uses algorithms such as fragment-based search in molecular dynamics 

and Monte Carlo stimulation to assist chemists in predicting how a drug will interact with a receptor. The 

molecular docking study finds the optimal ligand orientation that forms a complex with the lowest total energy 

by analysing the interactions between two molecules. 

The tendency of the tiny molecule known as a ligand to bind or fit within a protein cavity is typically anticipated 

by a search algorithm. Only when the ligand has attached to the active site can the protein-ligand complex 

resume its full activity following the macromolecule. The binding energy and affinity are used to quantify the 

binding. The medicinal chemist can better comprehend and examine the ligands with the aid of these binding 

interaction values. Software that is freely accessible, such as Pymol and Rasmol, can be used for visualisation. 

  A system for comprehending medication biomolecular relationships called “molecular connecting” makes it 

easier to rationally create and find new drugs. 

Independently bonded an atom (ligand) to the desired binding site of the target particular part of the 

DNA/protein (receptor) can form a constant difficult with increased particularity and interest efficiency. This 

holds value in the mechanistic analysis as well.  

A docking process provides information about the binding, free, and equilibrium energies of combinations. 

The docking method predicts the structural parameters of the ligand-receptor complex, which are currently 

unknown. Creating complexes of ligand and receptors with optimised structure and decreased binding free 

energy is the aim of molecular docking.9 

 

Molecular docking methods 

Molecular docking is carried out using the following two methods. 

1) The shape complementarity approach; and  

2) the simulation approach 

1) The simulation method 

In this method, the target and ligand are physically separated, and the ligand is permitted to bind into the target’s 

groove following a “definite time of moves” within its conformational space.  

These actions entail either internal or external ligand structure variation.  

Total energy is the amount of energy released by the ligand during each conformational limit movement.  

This method has the advantage of being more realistic in assessing the molecular recognition between the target 

and ligand and more compatible in accepting ligand flexibility.  

But this method takes more time to determine the perfect conformer arrived since every conformation has an 

huge loosing of energy.  

Lately, grid-based tools and quick optimisation techniques possess revolutionised the following drawback. As 

a result, the simulation approach is now more approachable. 

2)Develop a complementarity strategy 
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This approach provides the chemical relationship between the ligand and target by using their surface structural 

characteristics. The molecular surface of the ligand is represented by an associated surface demonstration, and 

that of the target’s surface is expressed as a percentage of its solvent-accessible dimension. 

Finding the ligand on the target surface is made easier by the complementary groove shape matching illustration, 

which indicates the complementarity between the two surfaces.  

For instance, the terms in the main chain atom number is used to estimate the hydrophobicity of protein target 

molecules. The shape complementarity approach is fast and efficiently scans a large number of ligands to 

determine the potential binding characteristics of ligand on the target molecular surface.10 

 

Docking types  

Search techniques like molecular dynamics, Monte Carlo, genetic, and fragment-based search algorithms are 

commonly used in connecting tools. Highly efficient simulations of docking are performed using tools such as 

DOCK, GOLD, Flexx, and ICM. 

 

Molecular docking application 

1) lead optimisation. 

Molecular docking predicts the ideal ligand orientation on the target. 

It forecasts various ligand binding strategies within the target molecule’s groove. 

It is done in order to create drug candidates that are more effective, selective, and potent. 

2)Identifications of hits  

Docking is used in conjunction with a scoring function to assess huge databases in order to find viable drug 

candidates that can focus on a specific molecular structure in simulation the docking process. 

3) interaction of drug DNA 

When predicting a drug’s initial ability to bind to a nucleic acid, molecular docking plays a crucial role.  

The information gathered proves that a drug’s cytotoxicity and molecular structure are related. 

 Medical chemists are attempting to comprehend the molecular basis of drug resistance against cancer by 

investigating the mode of reaction between drugs and nucleic acids in a presence of the metal copper.  This 

information is also helpful in identifying structural changes in a medication that may cause sequence- or 

structure-specific binding to its intended target.11 

 

Elements that influence drug design 

A few essential elements influencing how well drug design is evaluated include 

1) The more feasible the programme design, the lower the investment of material and human resources required 

to develop a new drug of a given value.  

2) Animal experimentation and clinical drug screening programmes.  

3) It is necessary to establish the relationship between chemical features and biological properties after the fact.  

4) Depending on how structure or activity is evaluated, Quantitative Structural Activity Relationships (QSAR) 

differ significantly in complexity and depth. Electronic characteristics of the functional group of the component 

parts, steric factors, and the molecule as a whole must all be included in a meaningful relationship between 

structural variables.  

5) The tendency to indiscriminately synthesise a large number of novel medicinal compounds for exploratory 

assessment is still prevalent, and this trend solely reflects the conceptual functions and creative genuineness of 

a highly customised expression of novelty by a medicinal chemist.  
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6) The addition of a functional group to a molecule that does not necessarily have to resemble a metabolite but 

is nevertheless able to form bonds with significant functional groups of biochemical components of living things 

provides a foundation for further investigation.  

7) The different biochemical processes involved in disease aetiologies turn out to be useful.12 

CONCLUSION 

In summary, the method of developing novel drugs determined by an understanding of a biological target is 

known as drug development. The article covers the values regarding drug layout, different approaches to drug 

design, lead modification, lead discovery, and different types of drug discovery. Bioisosterism is a well-known 

method of lead modification that has been demonstrated to be effective in reducing poisoning or changing a the 

element’s activity. It may also significantly affect how the pharmakinetics of a lead are changed. As opposed to 

computational techniques, the procedure of discovering new drugs through laboratory experiments is very 

expensive and lengthy. 
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