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CHAPTER 1

	Introduction & General Overview Of Pharmacology

	Osede Ignis Iribhogbe

	1.1 Scope of Pharmacology

	The word pharmacology was coined from the Greek words  Pharmakon (drugs) and logia, which denotes the 'knowledge of'. Simply put, it is a science that deals with drugs and their action in living systems.

	It can also be defined as a branch of medical science that studies the action of chemical substances or drugs in living systems. Additionally, it can be regarded as the study of chemical substances that interact with biological systems through molecular processes which result in the activation or inhibition of normal physiological responses. These chemical substances (drugs) are administered to achieve a beneficial therapeutic effect on specific biological systems within the individual or for their toxic effect on regulatory processes in living organisms.

	For example, nifedipine, an antihypertensive agent, is used to block calcium channels in smooth muscles, resulting in the relaxation of vascular smooth muscle, hence reducing peripheral vascular resistance and afterload. Penicillin, an antimicrobial agent, acts through the inhibition of bacterial cell wall synthesis. This effect is toxic to the organism. 

	Pharmacologists are scientists or medical doctors who research how drug works, explore the different effects of drugs and chemicals in the living system as well as develop new drugs for the treatment of diseases. Pharmacology is a wide discipline with several branches which includes:

	• Pre-clinical/Experimental Pharmacology

	• Clinical Pharmacology

	• Therapeutics

	• Pharmacoepidemiology

	• Pharmacogenetics/Pharmacogenomics

	• Pharmaco-economics

	• Toxicology

	• Chemotherapy

	• Ethnopharmacology

	• Molecular Pharmacology

	• Nutraceuticals

	• Biochemical Pharmacology

	• Neuropharmacology

	• Endocrine Pharmacology 

	• Cardiovascular Pharmacology etc.

	Clinical pharmacology deals with the use of drugs to prevent, diagnose and treat diseases while toxicology is a branch of pharmacology that studies the undesirable effects of chemicals on living systems ranging from the individual cell to the multi-organ system.

	 

	1.2 Origin and Sources of Drugs

	There are several sources of drugs. Some of the major sources which has been recognized from time immemorial are plants and plant products as well as some animal products. These products have been shown to have beneficial or toxic effects in living systems. Hence, the sources of drugs can be classified as follows:

	1. Plant sources

	2. Animal sources

	3. Microorganisms

	4. Synthetic/semi-synthetic sources and

	5. Sources from genetic engineering

	6. Minerals

	 

	1. Plant Sources

	Drugs that are derived from plants include atropine. Atropine is derived from the plant known as Atropa belladonna or deadly nightshade and from Datura stramonium (Jimson weed or thorn apple). Scopolamine is derived from Hyoscyamus nigra. Medicinal plants containing cardiac glycosides were known to ancient Egyptians for over 3000 years. Cardiac glycosides are derived from fox gloves (Digitalis purpurea). Opium is obtained from the seed pod of opium poppy, the white latex that oozes out, turns brown and hardens on standing. It contains about 20 alkaloids including morphine, codeine, thebaine, and papaverine. Reserpine is an alkaloid extracted from the roots of an Indian plant. 

	 

	2. Animal Sources

	Drugs can also be derived from animals. An example is insulin derived from the gut of beef or pork. Insulin can also be derived from humans through recombinant DNA techniques by inserting a human pro-insulin gene into Escherichia coli or yeast.

	3. Microorganisms

	 Over 80 years ago, Chan and Florey derived significant quantities of penicillin from cultures of a microorganism known as Penicillium notatum in the 1940s. Cephamycin was derived from the fermentation product of Streptomyces. Vancomycin is an antibiotic produced by Streptococcus orientalis.

	4. Synthetic Chemicals

	Drugs can also be synthesized from chemicals. This includes antihypertensive agents such as nadolol, metoprolol, labetalol, diazoxide, and diuretics such as hydrochlorothiazide, furosemide, acetazolamide, and ethacrynic acid.

	5. Genetic Engineering

	Drugs can be produced through recombinant DNA technology. Examples include anti-fibrinolytic agents such as Human tPA (Alteplase) and human insulin.

	6. Mineral sources include zinc, iron, selenium, magnesium, sodium etc. These are available in different preparations such as zinc gluconate, ferrous sulphate, magnesium sulphate, sodium bicarbonate e.t.c.

	 

	1.3 Drug Action in Man

	Drugs are chemical substances that cause alteration in the physiological, or biochemical make-up of living organisms. They elicit an effect in a living organism following administration. Their effect can be beneficial i.e., has a therapeutic benefit, or deleterious i.e., has an adverse or toxic effect. 

	The beneficial (desired effect) and the adverse or toxic effect of a drug occurs when the parent compound of the drug or its metabolite interacts with specific molecular targets or receptor in biological systems. Drug actions are the initial outcome of drug-receptor interactions and their effects are the physiological and biochemical changes that occur as a consequence of their action.

	 The study of the actions of a drug on the body is known as pharmacodynamics while the study of the effect of the body on the administered drug is known as pharmacokinetics. Pharmacodynamics studies the mechanisms of action and the organ-system effects (desired or adverse effects) of drugs while pharmacokinetics involves the handling of the drug by the body via the process of absorption, distribution, metabolism, or biotransformation and elimination.

	Pharmacokinetic processes can be affected by factors such as medication compliance, dosing, prescription errors, absorption abnormalities, and drug metabolism while pharmacodynamic processes can be affected by genetic factors, drug-drug interactions, drug-receptor status and tolerance. 

	 1.3.1 Factors Affecting Drug Response

	Genetic factors can have a multi-pronged effect on pharmacokinetic and pharmacodynamic processes resulting in the variability of drug response.

	 

	[image: Image]

	Figure 1.1: Factors Affecting Drug Response
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	Figure 1.2: Genetic Polymorphism and its Effect on Pharmacokinetic and Pharmacodynamic Variables

	1.3.2 Types/Mechanisms of Drug Action

	There are several types/mechanisms of drug action in man. This includes:

	1. Structure-dependent action: In this situation, the action of the drug is related to the 3-dimensional structure or configuration of the drug molecule, such that any modification of the drug structure will confer some changes in the drug that can result in the alteration of the pharmacological properties of the drug molecule. This can be explored in the development of new or novel drugs.

	Example: Alteration in the structure of the penicillins and cephalosporins has resulted in the development of newer antimicrobial agents with better pharmacokinetic and antimicrobial properties. 

	2. Structural non-specific action: In this situation, the action of the drug is not entirely dependent on its structure. The drug action may be a result of a shared physicochemical property that confers it with the ability to accumulate within certain cells.

	Example: the potency of volatile anesthetic agent is related to their oil-water partition coefficient such that the more lipid soluble the gas is, the more potent they become

	3. Non-cellular mechanisms of drug action: Drug action may occur extra-cellularly and involve non-cellular constituents. This includes:

	
		Physical action e.g. adsorbent and lubricant effects of drugs on the skin

		Chemical action: an example is the neutralization of gastric acid with antacids such as magnesium trisilicate

		Physico-chemical mechanism: alteration of biophysical properties of specific fluids e.g., surfactants, and detergents 

		Osmotic mechanism resulting in the modification of the composition of body fluids e.g., use of the osmotic agent mannitol



	4. Cellular mechanisms of drug action: Most responses elicited by drugs occur via interaction with specific cell components or via specific cellular biochemical processes that may cause:

	
		Modification of cell membrane constituents or function e.g. 

		Local anesthetic binds to Na+ channels in excitable membrane to prevent depolarization of the membrane



	
		Agents that block calcium channels such as nifedipine and amlodipine act by inhibiting or blocking calcium entry into smooth muscle cells



	
		Enzyme inhibition: some drugs act by inhibiting the activity of certain enzymes in the body e.g., angiotensin-converting enzyme(ACE). The inhibitors of ACE include captopril, enalapril, and lisinopril. These drugs inhibit the conversion of angiotensin I to angiotensin II. Additionally, enzyme inhibition may be  competitive or non-competitive, reversible or irreversible. 

		Receptor-mediated action: Most drugs interact with specific targets in the cell known as receptors. These receptors are located either on the cell membrane, intracellularly, or within the nucleus. The interaction between the drug (agonist) and the receptor results in the triggering of a cascade of biochemical events which occurs via different signaling pathways such as through the G-protein coupled signaling pathway or via the activation of voltage-gated ion channels. 



	 

	 

	 

	[image: JCI - When 7 transmembrane receptors are not G protein–coupled receptors]

	Figure 1.3: Receptor-mediated action via G-protein dependent and G-protein independent signaling pathway

	1.3.3 Importance of Pharmacology in Medical Science

	1. The Knowledge of pharmacology helps in understanding drug actions in man

	2. Understanding the pharmacological basis of disease helps in therapeutics

	3. Good drug prescription practice requires sound pharmacological knowledge. 

	You cannot be a good physician without a sound knowledge of pharmacology

	4. Knowledge of pharmacology facilitates drug discovery and development

	5. Pharmacogenetics, an aspect of pharmacology facilitates the understanding of the variation in drug response in the population

	6. The knowledge of pharmacology helps in the monitoring of drug safety in the population as well as the

	7. Evaluation of the toxic potentials of chemical agents in living organisms 
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