
General Introduction 
Pharmacology is concerned with the study of the interaction between chemical 
substances and living organisms. An exception is made for foodstuffs as far as 
applied in a physiological way and in physiological quantities. The study 
thereof belongs to the field of biochemistry. Because pharmacological effects 
very often result from an interference of a drug with biochemical processes, 
the borderlines between pharmacology and biochemistry become more and 
more indistinct. The enzymatic conjugation of drug molecules foreign to the 
body with metabolites natural to the body (as glucuronic acid, glycine, acetic 
acid, etc.) demonstrates the relationship between these branches of science 
better than anything else. In the field of enzymology differentiation between 
pharmacology and biochemistry often loses its significance. 

The study of the action of biologically active compounds covers a wide field 
of research, including, in addition to pharmacology in the strict sense, such 
topics as general therapeutics, chemotherapy of infectious diseases, cancer 
research, pesticides, phytopharmacology, and the study of olfaction or odor-
ants. The field as a whole may be called pharmacology in a broader sense. 

The word " d r u g " is not used in its therapeutic meaning bu t in a more 
general sense. All compounds which induce effects in biological objects are 
called here drugs. 

The differentiation or divergence of pharmacology into various branches 
mainly concerns the biological objects and phenomena studied. The principles 
a t the bases of these various branches of science are the same. This becomes 
especially clear when the molecular level is reached in research. On this level 
a natural convergence between, and reintegration of, the many branches of 
pharmacological science, takes place. The stimulation thereof is one of the 
purposes of these chapters. 

Molecular pharmacology is a quanti tat ive approach to pharmacology in 
which molecules are the fundamental functional units. Molecular pharma
cology seeks to explain pharmacological effects on the basis of molecular inter
actions and in terms of molecular structures and properties. For studying the 
subject, dose-response curves are indispensable tools. 

In an earlier phase pharmacology was mainly restricted to the description 
and systematization of the effects of drugs. This type of pharmacology could 
be better called "pharmacography." The aim of pharmacology is to under
stand the mode of action of the drug and the mechanism by which the described 
effects are achieved. The usual approach is to prepare a hypothesis on the basis 
of the available data and to test this hypothesis by further experiments. Seeing 
tha t it deals with such complex objects as living organisms, the pharmacologi
cal theory can give only a model or an oversimplification of reality. One of its 
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characteristics must be simplicity. If it brings a number of phenomena under a 
unifying principle, stimulates experimentation, and is corroborated by such 
experimentation, it works and will contribute to progress in science. Theory 
must leave open the possibility of evolution and must go hand in hand with the 
experiments. 

Drugs, as well as the biological objects, are composed of molecules. The 
effects of drugs on biological objects may in many cases be accounted for in 
terms of an interaction of drug molecules with specific molecules, molecule 
complexes, or parts of them, in the biological object. The latter are called the 
specific receptors for the drug with respect to the particular effect. 

The terminology used—receptor, active site, biologically reactive site, etc. 
—does not mean tha t we know what we are talking about. On the contrary, 
they underline our ignorance. We need these terms in order to be able to talk on 
drug action on a molecular level. 

Drug-receptor interaction must be seen as a mutual molding of drug and 
receptor. There is mutual adaptat ion as far as shape and charge distribution is 
concerned. I t is this adaptat ion which probably plays as essential role in 
activation of drug and receptor and therefore is essential to drug action. 

The consequence of drug-receptor interaction may be: 
a. Mainly changes in the charge distribution and shape of the drug molecule, 

such tha t the latter is activated and becomes chemically more reactive, 
resulting in chemical changes in the drug molecule. The drug is metabolized. 
The receptor is the "act ive s i t e " on an enzyme. 

b. Mainly changes in the charge distribution and shape of the receptor. As a 
result thereof, the receptor may be activated and induce changes in the charge 
distribution and shape of the surrounding molecules, thus initiating the 
sequence of physicochemical events leading to the effect. 

c. No essential changes in the drug molecule or the receptor. No effect is 
induced then. 

As a mat ter of fact, a further more detailed differentiation is possible. This 
differentiation is one of the aspects of " molecular pharmacology." 

Part-processes in drug action. The effect induced by a drug depends on a 
number of factors: 

1. An interaction must take place between the molecules of the drug and 
their specific receptors. Therefore, the drug must be able to penetrate to the 
receptors and to reach an effective concentration in their direct vicinity, the 
biophase. This depends on the dose administered and on factors such as ab
sorption, transport, and excretion. Only the concentration of active drug 
molecules in the biophase counts. Molecules adsorbed to plasma proteins or other 
substances are usually not effective because they are not free to be active. In 
the case of acids and bases, especially the weaker ones, it may be either the 
dissociated or the undissociated molecules t ha t are active. In t ha t case the 
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effective concentration is dependent on the pH. As a mat ter of fact, the latter 
may also influence the specific receptors in so far as dissociable groups are a 
par t of them. 

2. Metabolic changes in the drug molecules also influence the effective con
centration of an active drug. As a rule, drug metabolism results in an inactiva-
tion. Sometimes, however, an activation of originally inactive drugs takes 
place. 

The various processes t ha t influence the relation between the dose of the 
drug applied and its effective concentration in the biophase are collected in the 
term "drug transference." 

3. Whether, and to what degree, the interaction between drug and receptors 
takes place when a certain concentration in the biophase is reached, depends 
on the "affinity " between drug molecules and receptors. For a given biological 
object the quant i ty of drug-receptor complex formed is determined by the 
dose administered, the drug transference, and the affinity just mentioned. 
Drug transference and affinity determine the potency of the drug, t ha t is, the 
relative dose necessary to induce a certain fraction of its potential maximal 
effect. 

4. In order to induce an effect, in other words, to stimulate the effector 
system, the drug-receptor complex must have the ability to produce an ade
quate stimulus. Clark in 1937 (6) already assumed tha t " t h e action of acetyl
choline depends on at least two separable factors, firstly fixation of the drug 
by certain receptors, and secondly the power to produce its action after fixa
t ion." This power we called the "intrinsic ac t iv i ty" of the drug (1, 2, 3, 4, 5). 
With respect to the drug-receptor interaction on the level of the receptors, a 
differentiation is postulated between a t least two factors, namely, the affinity 
and the intrinsic activity of the drug. If the drug t h a t interacts with the recep
tors has an intrinsic activity, a stimulus is induced. Analogous factors were 
introduced independently by Stephenson (7, who differentiated between 
affinity and efficacy. 

5. From the evocation of the stimulus to the induction of effect a sequence 
of events takes place. The relation between the stimulus and the effect obtained 
is determined by them. I t may be a simple linear proportionality, an all-or-
none response may take place, and so on. 

The sequence of events which underlie the induction of an effect by a drug 
may be represented by Scheme 1. 
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The scheme shows the basis for the topics treated in Pa r t I of "Molecular 
Pharmacology." The material can be outlined as follows: 

Drug transference 
Distribution of drugs in the organism 
Drug metabolism or bio-transformation 

Drug-receptor interaction 
Interaction of one or more drugs with one receptor 
Interaction of one or more drugs with different receptors 

Relation of stimulus to effect 

The aim of these chapters is to guide the reader through the field under dis
cussion. We shall endeavor to give him a survey of the most important parts and 
a broad view of the field as a whole. To give a full account of all aspects and 
facts would be quite impossible and not fulfil the purpose of this book. 

In some cases the arguments pu t forward can easily be reduced to mathe
matical formulas, which make it possible to calculate theoretical dose-response 
curves. The reader should be aware of the fact t ha t the mathematical formulas 
are not supposed to represent the biological reality, nor are they essential; 
they are only a means of putt ing the model of drug-receptor interaction into 
a handy form. However, most of the tex t is set up in such a way t ha t it can be 
followed without these formulas. Those who are especially interested in the 
deductions of the mathematical formulas, are referred to the original papers. 
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