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Contents of the lecture
z Pharmacodynamics deals with what drugs do for human

body.
z Subjects to be discussed:
 Mechanisms of drug actions
 Drug-receptor interaction
 Dose (concentration) - effect relationship
 Factors that modify drug actions and drug interactions
 Adverse drug reactions (drug toxicology)
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Molecular targets for drugs I
z Enzymes such as:

Acetylcholine esterase, choline acetyltransferase,
cyclooxygenase, xanthine oxidase, angiotensin-converting
enzyme, carbonic anhydrase, HMG-CoA reductase, Dopa
decarboxylase, monoamine oxidase, dihydrofolate
reductase, DNA polymerase…
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Molecular targets for drugs II
z Transport proteins such as:

Choline transporter at terminal neuron, vesicular
norepinefrine uptake, norepinefrine reuptake1, proximal
tubular secretion (for weak acids), Na+/K+/2Cl- cotransport
at loop of Henle, Na+/K+-ATPase pump, proton pump at
gastric mucosa...
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Molecular targets for drugs III
z Ion channels such as:

Receptor or voltage gated Na+, K+, Ca2+, Cl- channels.
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Molecular targets for drugs IV
z Receptors such as:

Acetylcholine receptors, adrenergic receptors, histamine
receptors, opioid receptors, serotonine receptors, dopamin
receptors, prokineticin receptors, insulin receptors,
estrogen receptors, progesterone receptors, ryanodine
receptors…
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Receptors
z The effects of most drugs result from their interaction with

macromolecular components of the organism. These
interactions alter the function of the pertinent component
and thereby initiate the biochemical and physiological
changes that are characteristic of the response to the drug.
z The term receptor denotes the component of the organism
with which the chemical agent is presumed to interact.
z For recent and updated information please refer
http://iuphar-db.org
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z The concept of drugs acting on receptors generally is

credited to John Langley (1878). While studying the
antagonistic effects of atropine against pilocarpine induced salivation, Langley observed, "There is some
substance or substances in the nerve ending or gland cell
with which both atropine and pilocarpine are capable of
forming compounds." He later referred to this factor as a
"receptive substance." The word receptor was introduced
in 1909 by Paul Ehrlich. Ehrlich postulated that a drug
could have a therapeutic effect only if it has the "right sort
of affinity." Ehrlich defined a receptor in functional terms:
"… that combining group of the protoplasmic molecule to
which the introduced group is anchored will hereafter be
termed receptor."
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Drug-Receptor Binding and Agonism I
z A receptor can exist in at least

two conformational states,
active (Ra), and inactive (Ri). If
these states are in equilibrium
and the inactive state
predominates in the absence
of drug, then the basal signal
output will be low.
z The extent to which the
equilibrium is shifted toward
the active state is determined
by the relative affinity of the
drug for the two
conformations.
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Drug-Receptor Binding and Agonism II
z A drug that has a higher affinity for the active conformation

than for the inactive conformation will drive the equilibrium
to the active state and thereby activate the receptor. Such a
drug will be an agonist.
z A full agonist is sufficiently selective for the active
conformation that at a saturating concentration it will drive
the receptor essentially completely to the active state.
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Drug-Receptor Binding and Agonism III
z If a different but perhaps structurally similar compound

binds to the same site on R but with only moderately
greater affinity for Ra than for Ri , its effect will be less,
even at saturating concentrations.
z A drug that displays such intermediate effectiveness is
referred to as a partial agonist because it cannot promote a
full biological response at any concentration.
z In an absolute sense, all agonists are partial; selectivity for
Ra over Ri cannot be total.
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Antagonism
z A drug that binds with equal affinity to either conformation

will not alter the activation equilibrium and will act as a
competitive antagonist of any compound, agonist or
antagonist, that does.
z A drug with preferential affinity for Ri actually will produce
an effect opposite to that of an agonist; examples of such
inverse agonists at G protein-coupled receptors (GPCRs)
do exist (e.g., famotidine, losartan, metoprolol, and
risperidone).
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Receptor types
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Type 1. Ligand-gated ion channels
z These receptors are located at the membrane. Their celular

effects are mediated via ion channels coupled directly (e.g.
Na+, K+, Ca2+, Cl- channels).
z Effect occurs in miliseconds.
z Examples: nicotinic acetylcholine receptors, GABAA
receptor, NMDA receptor.
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Ligand-gated ion channels
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Type 2. G-protein coupled receptors (GPCR)
z These receptors are located at the membrane. Their celular

effects are mediated via G-protein coupled second
messengers.
z Effect occurs in seconds.
z Examples: muscarinic acetylcholine receptors, adrenergic
receptors, GABAB receptor, metabotropic glutamate
receptor.
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G-protein-coupled receptors
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Effectors controlled by G-proteins I
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Effectors controlled by G-proteins II
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Effectors controlled by G-proteins III
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G-protein coupled celular events
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Type 3. kinase-linked receptors
z These receptors are located at the membrane. Their celular

effects are mediated via tyrosine kinase or guanylate
cyclase.
z Effect occurs in minutes (sometimes in hours).
z Examples: Tyrosine kinase-linked, insulin receptor,
cytokine and growth factor (e.g. epidermal and platelet
derived growth factors) receptors; guanylate cyclase
linked, atrial natriuretic factor (ANF) receptor.
z Guanylate cyclase related events are mediated via protein
kinase G (PKG).
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Tyrosine kinase mediated second
messengers
z Insulin receptor (when activated tyrosine kinase initiates

various celular events and intracelular cAMP decreases)
z Ras/Raf/Mek/MAP kinase pathway is stimulated via growth
factors which are important for cell division and
differentiation
z Jak/Stat pathway is stimulated via cytokines which are
responsible for synthesis and release of many
inflammatory mediators
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Kinase-linked receptors
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Growth factor (Ras/Raf) pathway
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Cytokine (Jak/Stat) pathway
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Type 4. Cytoplasmic or nuclear receptors
z Steroid hormon, vitamine D and retinoic acid receptors are

located at the cytoplasm. These hormons effect on gene
transcription on DNA via (heat shock proteins, HSP).
z Tyroid hormon receptors are located at the nucleus.
z Effect depends on new protein synthesis and occurs in
hours.
z Synthesis of effector proteins controlled via complex
control cascades.

41

41

Steroid receptors
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Dose-response relationship
z Quantal dose-response relationship: Effect of drug is “all

or none” (action is either present or absent).
z Graded dose-response relationship: Effect of drug is
enhanced with increasing concentration/dosage.
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Graded dose-response relationship
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Drug antagonism
z Chemical antagonism: Antagonist binds to agonist and

deactivates/neutralizes. Most of the chemical antagonists
are antidotes.
z Pharmacological antagonism: Agonist and antagonist
effects directly or indirectly on the same receptor. It can be
competetive or non-competetive.
z Physiological antagonism: Antagonist effects on a
physiological mechanism that is antagonist to the pathway
that agonist effects.
z Pharmacokinetic antagonism: Interaction of antagonist on
absorption, distribution, metabolism, and elimination
(ADME) of agonist.
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Quantifying antagonism
z Characteristic patterns of antagonism are associated with

certain mechanisms of blockade of receptors. One is simple
competitive antagonism, whereby a drug that lacks intrinsic
efficacy but retains affinity competes with the agonist for the
binding site on the receptor. The characteristic pattern of such
antagonism is the concentration-dependent production of a
parallel shift to the right of the agonist dose-response curve
with no change in the maximal asymptotic response.
z Competitive antagonism is surmountable by a sufficiently high
concentration of agonist.
z The magnitude of the rightward shift of the curve depends on
the concentration of the antagonist and its affinity for the
receptor. The affinity of a competitive antagonist for its receptor
therefore can be determined according to its concentrationdependent capacity to shift the concentration-response curve
for an agonist rightward, as analyzed by Schild (1957).
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Reversible competitive antagonism I
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Reversible competitive antagonism II
z Dose Ratio (r):

The ratio=
agonist concentration (dose) required to produce a given
response (effect) in the presence of an antagonist
agonist concentration (dose) required to produce the same
response in the absence of an antagonist
z Schild plot (regression): When logarithm of antagonist

concentration (logC) is plotted on X axis, and log(r-1) on Y axis,
all points are on the same line. The line meets X axis when dose
ratio is 2 (i.e. log(2-1)=0). The antagonist concentration at this
point is called KB.
z KB: The antagonist concentration that makes dose ratio 2 (a
constant value).
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Reversible competitive antagonism III
z pA2= -logKB It determines the afinity of antagonist to a

given receptor.
The pA2 value is constant for a competetive antagonist
binding to the same receptor subtype on different tissues.
z pA10= -logX10 (X10 is the antagonist concentration that
makes dose ratio 10).
z At competitive antagonism: pA2 - pA10 = log(9) = 0.95
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Noncompetitive antagonism I
z An antagonist may dissociate so slowly from the receptor

as to be essentially irreversible in its action. Under these
circumstances, the maximal response to the agonist will be
depressed at some antagonist concentrations.
z Operationally, this is referred to as noncompetitive
antagonism, although the molecular mechanism of action
really cannot be inferred unequivocally from the effect.
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Noncompetitive antagonism II
z Noncompetitive antagonism can be produced by another

type of drug, referred to as an allosteric antagonist. This
type of drug produces its effect by binding a site on the
receptor distinct from that of the primary agonist and
thereby changing the affinity of the receptor for the
agonist. In the case of an allosteric antagonist, the affinity
of the receptor for the agonist is decreased by the
antagonist.
z In contrast, some allosteric effects could potentiate the
effects of agonists. The interaction of benzodiazepines
(anxiolytics) with the GABAA receptor to increase the
receptor's affinity for GABA is an example of allosteric
potentiation.
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Noncompetitive antagonism III
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Desensitization and tachyphylaxis
z Continued stimulation of cells with agonists generally

results in a state of desensitization (also referred to as
adaptation, refractoriness, or down-regulation) such that
the effect that follows continued or subsequent exposure
to the same concentration of drug is diminished.
z This phenomenon known as tachyphylaxis occurs rapidly
and is very important in therapeutic situations; an example
is attenuated response to the repeated use of β receptor
agonists as bronchodilators for the treatment of asthma.
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Thank you
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