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Types of Drug Action:

B Local or topical action: drugs act on site of application e.g. ointment or

eye drops.  J bl b=y L 1S

B Systemic or general action: the drug acts after administration and

absorEJﬁon + distribution by circulation to various tissues. e.g. Aspirin

B Reflex or remote action: the drug acts locally at one site to produce
reflex action elsewhere. e.g. Ammonia inhalation — irritation of nose —

reflex stimulation of respiration

Circulation e 30y ¢ >N Naw izl reflex du,déu Ay N b G
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Mechanism (Mode) of Action of Drugs

¢ Drugs can induce a tissue response, initially through:
I. Body control systems (the regulatory proteins): involving
interactions with:
#-#(1) Receptors (2) lon channels
(3) Enzymes (4) Carrier molecules
I Other mechanisms: octing on Cells components.
(5) Subcellular structures (6) Genetic apparatus

(7) Physical mechanisms (8) Chemical mechanisms



1) Receptor-Mediated Mechanisms

e Receptors are specific cellular macromolecules (usually proteins) that
interact with a ligand (binding) to produce a response.

¢ Ligand: any molecule that can combine with the receptor. A ligand that
activates receptor is called agonist. A ligand that blocks the receptor is

called antagonist *Ligand could be a drug, transmitter, hormone.

Types of receptors (signaling mechanisms or signal transduction):

1. Ligand-gated ion channels: (for fast neurotransmitters)
e Receptors are ion-selective channels in the plasma membrane.
- Binding of agonist to the extracellular part of receptor —opening
of the channel — alteration in membrane potential or change in

intracellular ion concentration — change in cell activity,

- e.g. GABA, receptors (CI' channels). : X Gm'\I\o\)u\}jﬁc. acid

s S (51, by GABA 41« CU (e 5l ion Channel 6
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2. G protein-Coupled Receptors (for slow neurotransmitters)

e Receptor consists of 7 transmembrane subunits which are linked to

G proteins.
e The G protein is a trimer (o, B and ¥). ’

e Agonist binding — dissociation of o subunit which regulates activity of

several effectors.

GTP GDP

" contractivity Jl s £, < Cr Jsas wde €0 lall (18>
Types of G Proteins xSmooth muscle in bIood vessels —> C+—>relaxation — Vasodilation

a. Gs (stimulatory) — increased cAMP — activation of specific proteins.
b. Gi (inhibitory) — decreased cAMP — inhibition of specific proteins.
¢. Gy (query) — increased DAG (diacylglycerol) and IP3 (inositol
triphosphate) — increased intracellular Ca™" and activate PKC (protein
kinase C) «p Muscle contraction /VaSocons}r;cHon,.

- Examples: B-adrenergic receptors linked to G protein

a2- adrenergic receptors linked to Gi protein

1~ adrenergic receptors linked to Gq protein

Alpha-adrenergic receptors play an important role in the regulation of blood pressure (BP).
Alpha 2 receptors : inhibit the release of norepinephrine and other neurotransmitters in both the
central and peripheral nervous systems.

Alpha 1 receptors : are the classic postsynaptic alpha receptors and are found on vascular
smooth muscle. They determine both arteriolar resistance and venous capacitance, and thus BP,
pupil dilation



3. Receptors linked to Tyrosine Kinase (RTKs)

e The receptor is formed
a. An extracellular domain, to which the agonist binds.

b. An intracellular domain, which is a tyrosine kinase enzyme (effector).

c. A transmembrane segment connecting two domains.

- e.g. insulin receptors

or

yrosi recept:
proteins (inactive monomers)

(b) Activated system (@) Inactive tyrosine-kinase receptor system
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4. Intracellular (DNA-linked) receptors (very slow) 539 +=\
e The ligand enter the target cell and combine with intracellular receptor
proteins — complex — acts on nuclear DNA — modify transcription of

the nearby gene — modify protein production — changes in the structure

or function of the target tissue.

e Examples: receptors for corticosteroi sex hormon thyroi
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5. Nitric Oxide (NO) Receptors:
e NO receptors are protein receptors inside the cell. Binding of NO
receptors — formation of a "second messenger" within the cell.
e The most common: NO activates guanylyl cyclase enzyme — cyclic
GMP/(CGMP). in Gi-profein —5 cAMP
® NO receptors are activated by many drugs that increase NO level e.g.
nitroglycerine.

Nitroglycerin sublingual tablets are used to treat episodes of angina (chest pain)

in people who have coronary artery disease

Ligand-gated ion G protein-coupled C Enzyme-linked Intracellular
channels receptors receptors receptors
Example: Example: Example: Example:
Cholinergic nicotinic aand B adrenoceptors Insulin receptors Steroid receptors
receptors
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Changes in membrane Protein phosphorylatlon Protein and receptor Protein ph ‘ tion
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INTRACELLULAR EFFECTS
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Biological response to drug-receptor binding: 3 04se &) Fus

Affinity X2 Efficacy
Drug (D) + Receptor (R) €= D/R complex === Response
Kd

- Affinity: ability of drug to bind with the receptor to form D/R complex
- Efficacy: ability of D/R complex to evoke a response.

- K is the association constant ,Rafe of Bino\ir\(‘].

- Ka is the dissociation constant

e When a drug combines with a receptor, this may lead to:
@ Agonist effect or@ Antagonist effect or@ Partial agonist effect

1. Agonist effect: High ATCSFoDSc
i
e Agonist has 1. Affinity 2. High Efficacy 3. Rapid rate of ass. & diss.

e Theories for drug-receptor interaction:
1. Receptor occupation theory: response (efficacy) depends on

number of occupied receptors

- When maximum effect is reached, still some receptors remain free

(spare receptors)

Spare receptors : are receptors that exist in excess of those required to produce a full

effect. The presence of these receptors increases the potency of an AGONIST.

2. Rate theory: response (efficacy) depends on rate of association (Ka)
(2) and rate of dissociation (Kg) (S basy)

e Response will never exceed a certain limit whatever the drug

concentration. This is termed Emax i.c. the maximal response or effect dose sao

e c.g. - acetylcholine (Ach) activates nicotinic receptors — skeletal
muscle contraction.
- adrenaline activates beta adrenoceptors — increased HR| earT Be.i]

Maximal efficacy of a drug (Emax) assumes that the drug occupies all receptors, and

no increase in response is observed in response to higher concentrations of drug.
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e They are 2 types of drug responses: * TeSEonSe C[,,’

1. Graded dose-response: the response increases by increasing the agonist

e.g. increases of heart rate against different doses of adrenaline.
I can measure the response.

Example, Heart rate, Blood pressure, vital signs...
£199 sl Lialae 2 yaill (slga 9 s Jand Lind o
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2. Quantal dose-response : the response is all or none e.g. the % of
epileptic patients who are treated by different doses of an antiepileptic

drug
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2. Antagonist effect: E Mar
5
e Antagonist has: 1. Affinity 2. No Efficacy 3. Slow Rate of ass. & diss.

* Types of receptor (pharmacological) antagonists: ., R

1- Competitive Antagonist 2- Noncompetitive Antagonist

!’efoani\:s'liet:
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e Antagonist competes with the | » Antagonist binds irreversibly with

agonist for the same recognition | recognition site of the receptor or to

site of the receptor. an allosterct% site (a site away from

recognition site) to prevent binding of

agonist with receptor or prevent

activation of receptor by agonist

® Duration of antagonism depends | ® Duration of antagonism depends on
on the relative  plasma | synthesis of new receptors 1
concentrations of agonist and iffeversible bLisoi

IV e G 90 J‘S L= WXy ¢]

effect (_s&‘ll.n{) Ye CePtor‘
e Antagonist can be Displaced by | e Antagonist can Net be Displaced by

antagonist.

excess agonist (surmountable) agonist (non-surmountable)

® Surmoun‘tqb\e : 'Disp\qcemenfai' f-\_sb'l q_;b..m le(}l;

e Examples: Atropine (muscarinic | ® Example: Phenoxybenzamine (o -

blocker) blocker)

* Atropine is a competitive antagonist of the actions of acetylcholine and other
muscarinic agonists. Atropine competes for a common binding site on all
muscarinic receptor. Cardiac muscle muscarinic receptors are blocked.

*Phenoxybenzamine is an irreversible, noncompetitive blocker of a-adrenergic

receptors. It forms a covalent link with the a receptor.
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e Causes parallel shift to the right

in the log dose-response curve i.e.

No change in Epax but || in

potency (11 in EDsy)

e Causes downward shift in the log

dose-response curve with || in Emax ,

but No change in potency (EDso)

Competitive antagonism
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E max

% Maximal Response
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*The Emax, maximum efficacy of the agonist
which in the presence of a competitive

antagonist remains unchanged

*The EC50, concentration required to
achieve 50% of the maximal effect, which in

the presence of a competitive antagonist will

increase.

Log Dose
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Quiz Time &

1) Which of the following best describes how a drug that acts as an agonist at
the A subtype of GABA receptors affects signal transduction in a neuron?

A. Activation of this receptor subtype alters transcription of DNA in the nucleus
of the neuron.

B. Activation of this receptor subtype opens ion chan- nels that allow sodium to
enter cells and increases the chance of generating an action potential.

C. Activation of this receptor subtype opens ion chan- nels that allow chloride
to enter cells and decreases the chance of generating an action potential.

D. Activation of this receptor subtype results in G protein activation and
increased intracellular second mes- senger levels.

2) In the presence of propranolol, a higher concentration of epinephrine is
required to elicit full antiasthmatic activity. Propranolol has no effect on asthma
symptoms. Which is correct regarding these medications?

A. Epinephrine is less efficacious than is propranolol.

B. Epinephrine is a full agonist, and propranolol is a partial agonist.

C. Epinephrine is an agonist, and propranolol is a competitive antagonist.

D. Epinephrine is an agonist, and propranolol is a non-competitive antagonist.

3) The neurotransmitters, nor-adrenaline, adrenaline, and dopamine act
through which of the following receptors ?

A. Single pass transmembrane receptors.

B. Four pass transmembrane receptors.

C. Seven pass transmembrane receptors.

D. Ligind gated receptors



4) which of the following statements best describes the mechanism of action of
insulin on target cells?

A. Insulin binds to cytoplasmic receptor molecules and is transferred as a hormone
receptor complex to the nucleus where it acts to modulate gene expression

B. insulin binds to receptor molecules on the outer suface of the plasma membrane
and hormone receptor complex activates adenylate cyclase through the Gs protein .
C.insulin binds to a transmembrane receptor at the outer suface of the plasma
membrane which will activates the tryosine kinase that is cytosolic domin of the
receptor.

D. Insulin enters the cell and cause the release of calcium ions from

intracellular stores
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