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Pharmacology

• Can be defined as the study of substances that 
interact with living systems through chemical 
processes, especially by binding to regulatory 
molecules („drug receptors“) and activating or 
inhibiting normal body processes.

• Medical Pharmacology (substances used to 
prevent, diagnose, or treat diseases)

• Toxicology (deals with the undesirable effects of 
chemicals on living systems)



  



  

Two general principles that one 
should always remember

• That all substances can under certain 
circumstances be toxic (Paracelsus)

• All dietary supplements and all therapies 
promoted as health-enhancing should meet 
the same standards of efficacy and safety



  

Alle Dinge sind Gift

und nichts ohn Gift;

allein die Dosis macht,

daß ein Ding kein Gift ist.

Paracelsus



  

Drug Size

• The molecular size of drugs varies from 
very small (lithium ions, MW 7) to very 
large (e.g. alteplase = tPA, a protein of MW 
59,050)

• Most drugs have molecular weights 
between 100 and 1000



  

Drug-Receptor Bonds
• Covalent (aspirin; DNA-alkylating agents)
• Electrostatic (more common, but weaker)
• Hydrophobic (quite weak, highly lipid soluble 

drugs)
• Drugs that bind through weak bonds to their 

receptors are generally more selective than drugs 
that bind by means of very strong bonds.         
(Weak bonds require a very precise fit of the drug 
to its receptor if an interaction is to occur)



  

Pharmacodynamic processes = actions 
of the drug on the body

Pharmacokinetic processes = actions 
of the body on the drug



  

Drug Receptors & 
Pharmacodynamics

• Receptors largely determine the quantitative 
relations between dose or concentration of 
drug and pharmacologic effects (affinity 
and maximal effect)

• Receptors are responsible for selectivity of 
drug action

• Receptors mediate the actions of both 
pharmacological agonists and antagonists



  

Macromolecular Nature of Drug 
Receptors

• Regulatory proteins (best characterized; mediate 
actions of endogenous chemical signals such as 
neurotransmitters, autacoids and hormones)

• Enzymes (e.g. dihydrofolate reductase is inhibited 
by methotrexate)

• Transport proteins (Na+/K+-ATPase is inhibited 
by digitalis glycosides)

• Structural proteins (e.g. tubulin is the receptor 
for colchicine)



  

Receptors (Selection)



  



  



  



  

For the clinician this has important 
therapeutic implications:

• The degree of inhibition produced by a competitive 
antagonist depends on the concentration of antagonist. 
Different patients receiving a fixed dose of propranolol, 
exhibit a wide range of plasma concentrations due to 
differences in clearance of the drug – the dose must be 
adjusted

• Clinical response to a competitive antagonist depends 
on the concentration of agonist that is competing for 
binding to receptors. A dose of propranolol that decreases 
resting heart rate may not be sufficient when epinephrine 
and norepinephrine increase with exercise, or emotional 
stress



  



  

Five Basic Mechanisms of 
Transmembrane Signaling



  



  



  



  



  



  



  



  



  

Relation Between Drug Dose & 
Clinical Response

• When faced with a patient who needs treatment, 
the prescriber must make a choice among a variety 
of possible drugs and devise a dosage regimen that 
is likely to produce maximal benefit and minimal 
toxicity.

• The prescriber must know the relative 
pharmacologic potency and maximal efficacy of 
the drugs in relation to the desired therapeutic 
effect



  

 Es wurden 140 mg/kg für die maximale Antwort benötigt.

 Es wurden individuelle Dosen (2 - 140 mg/kg) benötigt, 
um eine Antwort auszulösen.

Ursachen vielfältig: z.B. 
• Unterschiede in der Rezeptorzahl
• Unterschiede im Metabolismus des Arzneistoffs   Pharmakokinetik



  



  

Potency and Maximal Efficacy

• Potency refers to the concentration (EC50) or dose 
(ED50) of a drug required to produce 50% of that 
drug´s maximal effects

• The maximal efficacy of a drug reflects the limit 
of the dose-response relation on the response axis

• The clinical effectiveness of a drug depends not 
on its potency (EC50), but on ist maximal efficacy 
and its ability to reach the relevant receptors



  



  

Therapeutic Index
TD50 : ED50



  

Variation in Drug Responsiveness

• Alteration in the concentration of the drug that reaches the 
receptor (pharmacokinetic differences: age, weight, sex, disease 
states, liver and kidney function, genetic differences)

• Variation in concentration of an endogenous receptor ligand (β-
adrenoceptor antagonist)

• Alterations in number or function of receptors (e.g. thyroid 
hormones increase both the number of β receptors in heart muscle and 
cardiac sensitivity to catecholamines; agonist ligand cause down-
regulation or desensitization  of its receptors  ￫ tolerance, 
tachyphylaxis)

• Changes in components of response distal to the receptor 
(represent the largest and most important class of mechanisms that 
cause variations in responsiveness to drug therapy)
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