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General Pharmacology

DEFINITIONS

1. Pharmacology: Pharmacology is the study of interaction of drugs
with living organisms. It also includes history, source,
physicochemical properties, dosage forms and methods of
administration, absorption, distribution mechanism of action,
biotransformation, excretion, clinical uses and adverse effects of
drugs.

2. Clinical Pharmacology: It evaluates the pharmacological action of
drug preferred route of administration and safe dosage range in
human by clinical trials.

3. Drugs: Drugs are chemicals that alter functions of living organisms.
Drugs are generally given for the diagnosis, prevention, control or
cure of disease.

4. Pharmacy: It is the science of identification, selection, preservation,
standardization, compounding and dispensing of medical
substances.

5. Pharmacodynamics: The study of the biological and therapeutic
effects of drugs (i.e, “What the drug does to the body”).

6. Pharmacokinetics: Study of the absorption, distribution metabolism
and excretion (ADME) of drugs (“i.e, What the body does to the
drug”).

7. Pharmacotherapeutics: It deals with the proper selection and use of
drugs for the prevention and treatment of disease.

8. Toxicology: It’s the science of poisons. Many drugs in larger doses
may act as poisons. Poisons are substances that cause harmful,
dangerous or fatal symptoms in living substances.



9. Chemotherapy: It’s the effect of drugs upon microorganisms,
parasites and neoplastic cells living and multiplying in living
organisms.

10. Pharmacopoeia: An official code containing a selected list of the
established drugs and medical preparations with descriptions of their
physical properties and tests for their identity, purity and potency
e.g. Indian Pharmacopoeia (I.P), British Pharmacopoeia (B.P).

11. Pharmacogenetics: The science pharmacogenetics is concerned
with the genetically mediated variations in drug responses.

12. Drug tolerance: When an unusually large dose of a drug is required
to elicit an effect ordinarily produced by the normal therapeutic dose
of the drug, the phenomenon is termed as drug tolerance.

13. Adverse drug reactions: The drugs that produce useful therapeutic
effect may also produce unwanted or toxic effects.

14. Side effects: Side effects are in fact pharmacological effects
produced with therapeutic dose of the drug.

15. Teratogenic effect: Some drugs given in the first three months of
pregnancy may cause congenital abnormalities and are said to be
teratogenic.

PHARMACODYNAMICS

Involves how the drugs act on target cells to alter cellular function.

A. Receptor and non-receptor mechanisms

Most of the drugs act by interacting with a cellular component

called receptor. Some drugs act through simple physical or

chemical reactions without interacting with any receptor.

• Receptors are protein molecules present either on the cell

surface or within the cell e.g. adrenergic receptors,

cholinoceptors, insulin receptors, etc.

• The endogenous neurotransmitters, hormones, autacoids and

most of the drugs produce their effects by binding with their

speci�c receptors.

• Aluminium hydroxide and magnesium trisilicate, which are

used in the treatment of peptic ulcer disease act by non-

receptor mechanism by neutralizing the gastric acid.



B. Site of drug action

A drug may act:

• Extracellularly, e.g.: osmotic diuretics, plasma expanders.

• On the cell surface, e.g.: digitalis, penicillin, catecholamines.

• Inside the cell, e.g.: anti-cancer drugs, steroid hormones.

C. Dose response relationship

The exact relationship between the dose and the response depends

on the biological object under observation and the drug employed.

When a logarithm of dose as abscissa and responses as ordinate are

constructed graphically, the “S” shaped or sigmoid type curve is

obtained. The lowest concentration of a drug that elicits a response

is minimal dose, and the largest concentration after which further

increase in concentration will not change the response is the

maximal dose.

1. Graded dose effect:

As the dose administered to a single subject or tissue

increases, the pharmacological response also increases in

graded fashion up to ceiling effect—It is used for

characterization of the action of drugs. The concentration that

is required to produce 50 % of the maximum effect is termed

as EC50 or ED50.

2. Quantal dose effect:

It is all or none response, the sensitive objects give response to

small doses of a drug while some will be resistant and need

very large doses. The quantal dose effect curve is often

characterized by stating the median effective dose and the

median lethal dose.

Median lethal dose or LD50: This is the dose (mg/kg), which

would be expected to kill one half of a population of the same

species and strain.

Median effective dose or ED50: This is the dose (mg/kg),

which produces a desired response in 50 percent of test

population.



Therapeutic index: It is an approximate assessment of the

safety of the drug. It is the ratio of the median lethal dose and

the median effective dose. Also called as therapeutic window

or safety.

Therapeutic index (T. I) = LD50/ED50.

D. Structural activity relationship

The activity of a drug is intimately related to its chemical structure.

Knowledge about the chemical structure of a drug is useful for: (i)

Synthesis of new compounds with more speci�c actions and fewer

adverse reactions (ii) Synthesis of competitive antagonist and (iii)

Understanding the mechanism of drug action. Slight modi�cation

of structure of the compound can change the effect completely.

PHARMACOKINETICS

Pharmacokinetics deals with the absorption, distribution, metabolism and

excretion drugs in the body.

A.  Biotransport of drug: It is translocation of a solute from one side

of the biological barrier to the other.

1. Structure of biological membrane: The outer surface of the

cell covered by a very thin structure known as plasma

membrane. It is composed of lipid and protein molecules. The

membrane proteins have many functions like

(a) Contributing structure to the membrane

(b) Acting as enzyme

(c) Acting as carrier for transport of substances

(d) Acting as receptors.

The plasma membrane is a semi-permeable membrane

allowing certain chemical substances to pass freely e.g. it

allows water, glucose, etc., but it won’t allow sucrose until it

is converted into glucose and fructose.

2. Passage of drug across membrane:

(a) Passive transfer:



i)   Simple diffusion

ii)  Filtration

(b) Specialized transport:

i)   Facilitated diffusion,

ii)  Active transport,

iii) Endocytosis.

BIOAVAILABILITY

It is the rate and amount of drug that is absorbed from a given dosage form

and reaches the systemic circulation following non-vascular administration.

When the drug is given IV, the bioavailability is 100 %. It is important

to know the manner in which a drug is absorbed. The route of

administration largely determines the latent period between administration

and onset of action.

Drugs given by mouth may be inactive for the following reasons:

a) Enzymatic degradation of polypeptides within the lumen of the

gastrointestinal tract e.g. insulin, ACTH.

b) Poor absorption through gastrointestinal tract e.g. aminoglycoside

antibiotic.

c) Inactivation by liver e.g. testosterone during �rst passage through

the liver before it reaches systemic circulation.



Factors affecting drug absorption and bioavailability

a) Physico-chemical properties of drug

b) Nature of the dosage form

c) Physiological factors

d) Pharmacogenetic factors

e) Disease states.

ROUTES OF DRUG ADMINISTRATION

A route of administration in pharmacology and toxicology is the path by

which a drug, �uid, poison, or other substance is taken into the body.

The route or course the active substance takes from application location

to the location where it has its target effect is usually rather a matter of

pharmacokinetics (concerning the processes of uptake, distribution, and

elimination of drugs). Exceptions include the transdermal or transmucosal

routes, which are still commonly referred to as routes of administration.

Distribution of drugs:

De�nition: Penetration of a drug to the sites of action through the walls of

blood vessels from the administered site after absorption is called drug



distribution.

Drugs distribute through various body �uid compartments such as

(a) Plasma,

(b) Interstitial �uid compartment,

(c) trans-cellular compartment.

METABOLISM OF DRUGS

Drugs are chemical substances, which interact with living organisms and

produce some pharmacological effects and then, they should be eliminated

from the body unchanged or by changing to some easily extractable

molecules.

The process by which the body brings about changes in drug molecule

is referred as drug metabolism or biotransformation.

Enzymes responsible for metabolism of drugs

• Microsomal enzymes: Present in the smooth endoplasmic reticulum

of the liver, kidney and GIT e.g. glucuronyl transferase,

dehydrogenase, hydroxylase and cytochrome P450.

• Non-microsomal enzymes: Present in the cytoplasm, mitochondria of

different organs. e.g. esterases, amidase, hydrolase.

EXCRETION OF DRUGS

Excretion of drugs means the transportation of unaltered or altered form of

drug out of the body. The major processes of excretion include renal

excretion, hepatobiliary excretion and pulmonary excretion.

The minor routes of excretion are saliva, sweat, tears, breast milk,

vaginal �uid, nails and hair. The rate of excretion in�uences the duration of

action of drug. The drug that is excreted slowly, the concentration of drug in

the body is maintained and the effects of the drug will continue for longer

period.

DEVELOPMENT AND EVALUATION OF NEW DRUGS

The ultimate aim of pharmacological studies in animals is to �nd out a

therapeutic agent suitable for clinical evaluation in man. No doubt, animal

studies provide analogies and serve as useful models. The administration of

biologically active agent to human beings is associated with an element of



risk, which cannot be predicted by even the most careful and exhaustive

animal experiments.

Drug development comprises of two steps.

a) Preclinical development and

b) Clinical development.

a. Pre-clinical development

a. Synthesis of new chemical entities is done as per research policy

decision which is based on

b. Random synthesis

c. Structure activity relationship (SAR)

d. Biochemical and pharmacological insight and

e. Chance �nding.

b. Clinical development

About one in 1000 NCEs reach this stage. The steps to be studied in this

stage include:

a. Pharmaceutical study

b. Pharmacological study

c. Clinical trial.

a) Pharmaceutical study covers stability of formulation and

compatibility of the NCEs with other tablet or infusion ingredients.

b) Pharmacological study includes further chronic toxicological

study in animal, initially animal metabolic and pharmacokinetic

study. When studies in animals predict that a NCE may be useful

medicine i.e. effective and safe in relation to its bene�ts, then the

time has come to put it to the test in man i.e. clinical trial.

c) Clinical trial is a means by which the ef�cacy of drug is tested on

human being. It may also give some idea about the risk involved.

It is divided into 4 phases. With each phase, the safety and

ef�cacy of the compound are tested progressively.

Phase - I: This is the �rst exposure of the new drug on man which is

usually conducted in healthy volunteers and which is designed to test the

tolerable dose, duration of action. This phase is usually carried out in only

one centre on 20 to 50 subjects.



Phase - II: This phase comprises small scale trials on patients used to

determine dose level and establish that the treatment offers some bene�t. It

usually involves 100–500 patients and is usually conducted in several

centers.

Phase - III: Full scale evaluation of treatment comparing it with standard

treatment is done in this phase. It involves randomized control trials on 250

to 2000 patients and is done in multiple centers. Information from all

studies are received by the “Committee of safety of medicines” (CSM). If

the drug is satis�ed by the CSM, the product license is issued then the drug

is marketed.

Phase - IV: It is also called as phase of post marketing surveillance. Reports

about ef�cacy and toxicity are received from the medical practitioners and

reviewed by the committee of review of medicines. Renewal or cancellation

of the product license depends on the comment of the review committee.
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