
Drug Design and Action
Chapter II

1



Drug Design

- To minimize the trial and error approach.

Requires a detailed study of Pharmacodynamics.
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Drug Action

The action of a drug is believed to be due to the interaction of
that drug with enzymes, receptors and other molecules found in
the body.
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Mode of Drug action

 Killing foreign organisms: the action of chemotherapeutics.

 Stimulation and depression: the action of SERMS

 Irritation: irritant action on gastrointestinal  tract.

 Replacement: Insulin is used in diabetes
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 Replacement: Insulin is used in diabetes



Sites of Drug action –

Enzyme :

Drug-Receptor Interaction :
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Non-Specific Interaction : Antacids



Drug-Receptor Interaction 

6



7

Binding of ester-type local anesthetic agents to a receptor site



Ionic Interactions

- Strong electrostatic Interactions (5-10 kcal/mol)

- Responsible for relative orientation of the drug to its binding site
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Hydrogen Bonding Interactions (non-ionic/neutral)

- Non-covalent bonds

- Bond strength is distance dependent

- Distance between the heteroatoms is about 2.2-3.5 Å
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Hydrophobic/lipophilic Interactions

- Most important interactions under physiological conditions

- Come into play at closer distance than Ionic interactions

- Binding of hydrophobic regions of a ligand in a hydrophobic pocket 
results in gain in entropy

- Important role in many properties: Drug formulation, distribution 
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- Important role in many properties: Drug formulation, distribution 
etc.
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(a) hydrophobic bonding and (b) London dispersive forces
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Intrastrand cross-link

Base

Intrastrand cross linking through covalent bonds

E.g. action of Nitrogen mustard.
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S CN

Anticancer compound 41

Shaikh et al. Bioorg. Med. Chem. Lett. 2006, 16, 5917



Drug-Receptor interactions
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Receptor surface model with hydrophobic regions mapped
on it. Hydrophobic regions are shown in brown and hydrophilic
regions are shown in white. Compound 41 is placed within the
generated receptor surface.

Receptor surface model with hydrogen bonding propensity
mapped on it. Hydrogen bond donor regions are shown in purple,
while hydrogen bond acceptor regions are shown in cyan color.
Compound 41 is placed within the generated receptor surface.
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Docked conformation of compound 41 (grey) in the binding
site. All the hydrogen atoms of the protein are removed for
clarity. Hydrogen bonds are shown with dotted red lines.
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Drug action

 Pharmacokinetic phase:

The study of the parameters that control the journey of the drug from its point 
of administration to its point of action.
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 Pharmacodynamic phase:

the chemical nature of the relationship between the drug and its target, in other 
words, the effect of the drug on the body.



The Pharmacokinetic phase (ADME)

what the body does to the drug…
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Absorption...The passage of the drug from its site of administration into 
the general circulatory system after enteral administration.

Does not apply to parenteral administration.

The most common enteral route is by oral administration.

Drugs administered in this way take about 24 hours to pass through the
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gastrointestinal tract (GI tract).

Individual transit times for the stomach and small intestine are about 20 
minutes and 6 hours, respectively.

Compounds may be absorbed throughout the length of the GI tract but some 
areas will suit a drug better than others.



Absorption... occur by a number of different mechanisms.

 Osmosis:  Changes in solute particle concentration may be brought 
about by the introduction of substances into a body compartment.

However, metabolism of the substance may reduce the effect. For example, a 5 % 
solution of glucose is initially isotonic with plasma. Therefore, initially, 
introduction of this solution into a body compartment will not change the 
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introduction of this solution into a body compartment will not change the 
osmotic pressure of the system. However, as the glucose is metabolised the 
solution becomes hypotonic, water will flow into the compartment and the 
subsequent change in osmotic pressure could cause cell damage. Consequently, to 
reduce cell damage due to unwanted osmosis, it is important that liquid 
formulations of drugs are designed to be isotonic with the relevant body fluids.



 Filtration: (Most pores have a diameter of 0.6–0.7 nm, which allows 
the passage of species with relative molecular masses up to about 100)

Since drugs usually have relative molecular masses above this value, it means that 
most drugs cannot filter through a membrane. However, theymay be carried 
through the gaps between cells by the pressure gradients produced by the heart. 
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through the gaps between cells by the pressure gradients produced by the heart. 
Even so, these gaps are narrow and so will not usually allow the passage of large 
protein molecules and so the passage of drugs bound to these proteins will also 
be restricted.



Passive diffusion : along the concentration gradient.

Passive diffusion is the process whereby a solute diffuses through a membrane from
a high to a low concentration of solute without the membrane actively
participating in that process. It is a major route for the transfer of uncharged
and non-polar solutes,
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 Facilitated diffusion : Facilitated diffusion involves specific carrier 
proteins known as permeases, which facilitate the transport of a 
chemical species through the membrane.

It only occurs in the direction of the concentration gradient, that is, from high to 
low concentration, and so does not require energy supplied by the cell.
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 Active transport:  movement is against the concentration gradient.

Active transport is the transport of a solute through a membrane by a so-called
carrier protein. The solute combines with a specific protein, causing this protein
to change its conformation. This change results in the transport of the solute
from one side of the membrane to the other, where it is released into the aqueous
medium.
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medium.



Endocytosis and Exocytosis

Large molecules, fragments of dead tissue, whole bacteria and other particles that 
are visible under a microscope can pass through a membrane into a cell by a 
process known as endocytosis. Endocytosis can be classified into two general 
types: phagocytosis and pinocytosis.
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Exocytosis is essentially the reverse of endocytosis. The substance that is to be 
transferred out of the cell is packaged in the form of a vesicle that fuses with the 
membrane.



If the drug’s water solubility is too low it will pass through the GI tract without a
significant amount being absorbed.

Drugs that are too polar will tend to be absorbed by paracellular diffusion,
which is only readily available in the small intestine and is usually slower than
transcellular diffusion undergone by less polar and non-polar compounds.

Absorption
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Drugs that are absorbed by transcellular diffusion are usually absorbed along
the whole length of the GI tract.

If the drug is too non-polar (lipophilic) it will be absorbed into and remain
within the lipid interior of the membranes of the cells forming the membrane.



The degree of absorption can also be related to the surface area of the
region of tissue over which the absorption is occurring and the time the drug
spends in contact with that region.

Aspirin will be almost fully ionised in the small intestine. Consequently,
aspirin should not be readily absorbed in this region of the GI tract. 
However, the very large surface area of the small intestine (300 m2) together 
with the time spent in this region ( 6 hours) results in aspirin being absorbed 
in significant quantities in this region of the GI tract.

Absorption
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Also, the form that is responsible for its action.  Eg.Benzocaine



 the pH of the medium from which absorption occurs.
 the drug’s partition coefficient.
 the drug’s dosage form.

Absorption also depends on…
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the drug’s dosage form.
 the drug’s particle size.
 for orally administered drugs, in either solid or emulsion 

form, their rate of dissolution.



The effect of pH on the solubility of acidic and basic drugs

An acidic or basic pH will either enhance or reduce the ionisation of 
these drugs with subsequent changes in their solubility and absorption 
through membranes. The degree of ionisation of weak monobasic acidic 
drugs at different pH values may be calculated using the Henderson–
Hasselbalch equation:
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These figures show that aspirin is only slightly ionised in the stomach (one
ionised molecule for every 316 unionised molecules) but is almost
completely ionised (316 ionised molecules for every one unionised molecule)
in the intestine. As a result, under the pH conditions specified, aspirin will be
more readily absorbed in the stomach than in the intestine since drugs are
more easily transferred through a membrane in their unionised form.

The weakly acidic drugs thiopentone, secobarbitone and barbitone
(barbital) have pKa values of 7.6, 7.9 and 7.8, respectively. Consequently,
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(barbital) have pKa values of 7.6, 7.9 and 7.8, respectively. Consequently,
their degrees of ionisation in water are almost the same but their rates of
absorption from the stomach are very different. This indicates that other
factors besides ionisation influence the transport of these drugs through the
stomach membrane.



Distribution…It is the transport of the drug from its initial point of 
administration or absorption to its site of action.

 In form of solution of drug molecules or bound to the serum proteins, 
usually albumins.

Drug = Drug-Serum Protein complex
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 it is possible for one drug to displace another from a protein if it forms 
a more stable complex, that is, has a stronger affinity for that protein, 
and is important when designing drug regimens involving more than 
one drug.

 For instance, the displacement of antidiabetic agents by aspirin can 
trigger hypoglycaemic shock and so aspirin should not be used by 
patients taking these drugs.



 Drugs with poor water solubility to reach their target site.

 The drug–protein complex acts as a depot.

 Protein binding can also increase the duration of action

Distribution

Major factors that influence distribution are the solubility and stability of 
drugs in the biological environment of the blood.
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Sparingly water-soluble compounds may be deposited in the blood
vessels, leading to restriction in blood flow.

Drug stability is of particular importance in that serum proteins can act as
enzymes that catalyses the breakdown of the drug. Decompositions such
as these can result in a higher dose of the drug being needed in order to
achieve the desired pharmacological effect.



 … Concept of prodrug; Eg. Bacteriacide prontosil

 The distribution pattern of a drug through the tissues forming the blood
vessels will depend largely on the nature of the tissue and on the drug’s
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vessels will depend largely on the nature of the tissue and on the drug’s
lipid solubility



 A drug’s lipophilicity will also influence its distribution. Highly
lipophilic drugs can readily enter and accumulate in the fatty deposits
of humans.

 ultra-short-acting anaesthetic thiopental rapidly falls after
administration to an ineffective level because it accumulates in the
fatty tissue deposits of the body. It is slowly released from these
deposits in concentrations that are too low to cause a pharmacological
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deposits in concentrations that are too low to cause a pharmacological
response.



 The distribution of drugs to the brain entails having to cross the 
blood–brain barrier (BBB) .This barrier protects the brain from both 
exogenous and endogenous compounds.
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98.5%
99.6%

polar endogenous compounds such as amino acids, sugars, nucleosides and small ions
(Na+, Li+, Ca2+ and K+) are also able to cross the BBB.



Metabolism…Drug metabolism is the biotransformation of the drug into
other compounds (metabolites) that are usually more water soluble than their
parent drug and are usually excreted in the urine.

 These biotransformations occur mainly in the liver but they can also
occur in blood and other organs such as the brain, lungs and kidneys.
Drugs that are administered orally usually pass through the liver before
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Drugs that are administered orally usually pass through the liver before
reaching the general circulatory system. Consequently, some of the drug
will be metabolised before it reaches the systemic circulation. This loss is
generally referred to as either the first-pass effect or first-pass
metabolism.



Sites of action

Drug metabolism can occur in all tissues and most biological fluids. However,
the widest range of metabolic reactions occurs in the liver. 

A more substrate-selective range of metabolic processes takes place in the 
kidney, lungs, brain, placenta and other tissues. 

Orally administered drugs may be metabolised as soon as they are ingested. 

the first-pass metabolism of some drugs like lignocaine is so complete that 
they cannot be administered orally. 
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The bioavailability of other drugs, such as nitroglycerine (vasodilator), 
propranolol (antihypertensive) and pethidine (narcotic analgesic), is 
significantly reduced by their first-pass metabolism.
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first-pass metabolism



… Concept of Prodrug
Prodrugs are compounds that are pharmacologically inert but converted by enzyme or chemical

action to the active form of the drug at or near their target site. E.g. levodopa, used to treat
Parkinson’s syndrome, is the prodrug for the neurotransmitter dopamine. Dopamine is too polar
to cross the blood–brain barrier but there is a transport system for amino acids such as levodopa.
Once the prodrug enters the brain it is decarboxylated to the active drug dopamine

Metabolism
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anti-inflammatory agent
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Phase I reactions: Phase I reactions either introduce or unmask functional
groups that are believed to act as a centre for Phase II reactions. reactions.
The products of Phase I reactions are often more water soluble and so more
readily excreted than the parent drug.

Phase II reactions : produce compounds that are often very water soluble
and usually form the bulk of the inactive excreted products of drug
metabolism.
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The rate of drug metabolism controls the duration and intensity of the action 
of many drugs by controlling the amount of the drug reaching its target site.



The body contains a number of non-specific enzymes that form part

of its defence against unwanted xenobiotics. Drugs are metabolised

both by these enzymes and the more specific enzymes that are

found in the body. The latter enzymes usually catalyse the

metabolism of drugs that have structures related to those of the

stereochemistry of drug metabolism
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normal substrates of the enzyme and so are to a certain extent

stereospecific. The stereospecific nature of some enzymes means

that enantiomers may be metabolised by different routes, in which

case they could produce different metabolites.
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Biological factors affecting metabolism

Age : The ability to metabolise drugs is lower in the very young (under 5) and 

the elderly (over 60). However, it is emphasised that the quoted ages are 

approximate and the actual changes will vary according to the individual and 

their life style. 

Eg. mortality rate, which fell considerably when the babies were 30 days old.
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Children (above 5) and teenagers usually have the same metabolic routes as 

adults. However, their smaller body volume means that smaller doses are 

required to achieve the desired therapeutic effect. It does not pose too many

problems between the approximate ages of 20 and 60 years but can become 

more significant in the elderly.
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Gender: The metabolic pathway followed by a drug is normally the same for both 
males and females. However, some gender-related differences in the metabolism of 
anxiolytics,  hypnotics and a number of other drugs

Eg. diazepam has an average half-life of 41.9 hours in females but only 32.5 hours 
in males. 

women have a significantly lower concentration of alcohol  dehydrogenase and so 
do not metabolise alcohol so rapidly as men. 
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Pregnant women will also exhibit changes in the rate of metabolism of some drugs. 
For example, the metabolism of the analgesic pethidine and the  antipsychotic 
chlorpromazine is reduced during pregnancy.



Genetic variations: Variations in the genetic codes of individuals can result 

in the absence of enzymes, low concentrations of enzymes or the formation of 

enzymes with reduced activity. These differences in enzyme concentration 

and activity result in individuals exhibiting different metabolic rates and in 

some cases different pharmacological responses for the same drug.

Eg. 

isoniazid is metabolised , In some patients this acetylation is fast and in 

others it is slow.  Slow acetylation is found in 75 per cent of Caucasians and 
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others it is slow.  Slow acetylation is found in 75 per cent of Caucasians and 

Negroes, 10 per cent of Japanese and Eskimos. Patients are often classified 

as fast or slow acetylators.

Environmental factors affecting metabolism



Environmental factors affecting 
metabolism

Species and metabolism

Some other factors…..
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metabolism



Pharmacological implications of metabolism:

Metabolites may be either pharmacologically inactive or active. Active 
metabolites may exhibit a similar activity to the drug, a different activity or 
be toxic.

Inactive metabolites: Routes that result in inactive metabolites are 
classified as detoxification processes. 

Eg. detoxification of phenol results in the formation of phenyl hydrogen 

sulphate, which is pharmacologically inactive. This compound is very water 
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soluble and so is readily excreted through the kidney.



Metabolites with a similar activity to the drug

the metabolite can exhibit either a different potency or duration of action or 

both with respect to the original drug.

Eg. the anxiolytic diazepam, which has a sustained action, is metabolised 

to the anxiolytic temazepam, which has a short duration of action. This in 

turn is further metabolised by demethylation to the anxiolytic  oxazepam, 

which also has a short duration of action.
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Metabolites with a dissimilar activity to the drug
In these cases the activity of a metabolite has no relationship to 
that of
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antidepressant antituberculous



Toxic metabolites:

The toxic action usually arises because the metabolite either activates an alternative

receptor or acts as a precursor for other toxic compounds.
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Methaemoglobinaemia
(headaches, shortness of breath,

cyanosis, sickness and fatigue)

cause liver damage.



Excretion... Excretion is the process by which unwanted substances are 
removed from the body.

 The main excretion route for drugs and their metabolites is through
the kidney in solution in the urine And via bowel in the faeces.

 …case of thalidomide
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S-Thalidomide
Teratogenic

R-Thalidomide
Sedative



Lead optimisation and ADME

having satisfactory ADME properties is not the only requirement for a new 
drug. A drug candidate must also be:

potentially effective in treating a patient;

 free of existing patents;

 produced in sufficient quantities;
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 capable of being dispensed in a dosage form acceptable to the patient;

 must not be too toxic for use;

 must not exhibit teratogenicity or mutagenicity;

 and commercial development must be cost effective.



The rule of Five

Christopher A. Lipinski et.al. Advanced Drug Delivery Reviews, 1996, 23, 3-25

Poor absorption or permeation are more likely when

There are more than 5 H-bond donors.

The molecular weight is over 500 daltons. 

56

The molecular weight is over 500 daltons. 

The Log P is over 5. 

There are more than 10 H-bond acceptors.

Lipinski's Rule of Five (1997) is a rule of thumb to evaluate drug likeness



The rule of Five Alert

If two parameters are out of range, a “poor absorption or permeability is 
possible”. This alert is a very visible tool for the drug design

Compound A B C D Absorption

Alkanes, long 
chain CH3-

0 1 1 0 Poor
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chain CH3-
(CH2)120

Aspirin 0 0 0 0 Good

Caffeine 0 0 0 0 Good

Cholesterol 0 0 1 0 Good

Cocaine 0 0 0 0 Good

Vancomycin 1 1 0 1 poor



Exception to the rule of five

• Antibiotics

• Fungicides - Protozoacides – antiseptics
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• Vitamins

• Cardiac glycosides. 



Suggest strategies for improving the stability of compound A in the
gastrointestinal tract. What could be the general effect of these strategies on
the pharmaceutical action of compound A?

Do it your own Do it your own 
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Explain the meaning of the terms: (a) lead compound, (b) dosage form, (c) 
enteral administration of drugs, (d) drug regimen, (e) prodrug, (f) 
pharmacophore and (g) excipient.



What are the Lipinski rules? Use the Lipinski rules to determine which of the 
following compounds are likely to be orally bioavailable. Give a reason for your 
decision. (Note: the log P values are imaginary but should be taken as real for this 
question only!)
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List the desirable requirements for a lead



The pharmacodynamic phase
what the drug does to the body…
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 PD is determined by the stereoelectronic property of the drug.

 The stereoelectronic structure should be complementary to that of the 
target site.

 The binding may have stimulating or inhibiting activity.

Characteristic features of PD phase
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 The bonding is due to weak electrostatic bonds such as hydrogen bond 
and van der Waals’ forces.

 Or Permanent binding due to covalent bonds.



Phase I metabolic reactions

Oxidation: 

Important reaction in Phase I metabolic reaction.

Main enzyme systems ---mixed function oxidases or monooxygenases.
(cytochrome P-450, tyrosinase, methane monooxygenase, Flavin 
monooxygenases)
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steps can be either oxidative or reductive in nature.

non-specific (catalyzing the oxidation of a wide variety of substrates)



Cytochrome P-450

Cytochrome P-450 enzymes are a group of monooxygenase enzymes that 
oxygenate a wide variety of substrates:

1. hydroxylation of aliphatic compounds

2.hydroxylation of aromatic rings

3. epoxidation of olefins 

64

3. epoxidation of olefins 

4. amine oxidation to amine oxides 

5. sulfide oxidation to sulfoxides 

6. oxidative dealkylation of heteroatoms



65 The proposed mechanism of action of cytochrome P-450.



Flavin monooxygenases (FMO): oxidation of xeno-substrates in order to 
facilitate the excretion of these compounds from living organisms.

These enzymes can oxidize a wide array of heteroatoms, particularly soft 
nucleophiles, such as amines, sulfides, and phosphites,

These enzymes, which have a FAD (flavin adenine dinucleotide) prosthetic 
group, require either NADH or NADPH as coenzyme. 

Like cytochrome P-450, the mechanism of FMO-catalysed oxidation is 
thought to involve a number of oxidative and reductive steps.
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thought to involve a number of oxidative and reductive steps.



Reduction

 Aldehydes, ketones, alkenes, nitro-compounds, azo-compounds and sulphoxides

The products of many of these reductions are functional groups that subsequently could 
undergo further Phase II reactions

 .By the enzymes are specific in their action: 
- aldehydes and ketones are reduced by soluble aldo–keto reductases, 
-nitro groups by soluble nitro reductases 
-azo groups by multicomponent microsomal reductases. 

Found mainly in the liver but also occur in the kidneys and other tissues. Many of these 
enzymes require NADPH as a coenzyme
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enzymes require NADPH as a coenzyme

major product



For the sbstrate containing ester and amide groups.

Ester hydrolysis :
non-specific esterases (liver, kidney and other tissues)
pseudocholinesterases (plasma) 

Amide hydrolysis:
non-specific esterases as well as by non-specific amidases, 

Hydrolysis

non-specific esterases as well as by non-specific amidases, 
carboxypeptidases, amino peptidases and decyclases.

 The hydrolysis of esters is usually rapid whilst that of amides if often much 
slower. This makes esters suitable as prodrugs and amides a potential source 
for slow release drugs.



Hydration

The addition of water to a structure. 

Epoxides are readily hydrated to diols (epoxide hydrolase)

These epoxides are often formed as a result of a previous metabolic reaction
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Decarboxylation.



Phase I metabolic reactions
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Phase II metabolic routes

Phase II reactions are often known as conjugation reactions .

They involve the attachment of a group or a molecule to the drug or 
metabolite. 

They may occur at any point in the metabolism of a drug or xenobiotic but 
they are often the final step in the metabolic pathway before excretion. 

The products formed by these reactions are known as conjugates.
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The products formed by these reactions are known as conjugates.



The reactions commonly involved in Phase II conjugation are:

• acylation,   sulphate  formation 

•conjugation with amino acids, glucuronic acid glutathione and mercapturic
•acid 
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•Methylation is also regarded as a Phase II reaction although it is normally a 
minor metabolic route. However, it can be a major route for phenolic hydroxy
•groups.

• In all cases, the reaction is usually catalysed by a specific transferase.
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Sources:

•Fundamentals in medicinal chemistry- G. Thomas. 2nd edition
•Introduction to medical Chemistry, G. L. Patrick
•Medicinal Chemistry- Ashutoshkar
•Medicinal Chemistry- Sreeram and Yogeshwari
•E-source
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