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Lecture Overview - what we’ll cover today.

• The different mechanisms utilized by receptors to transmit extracellular to 
intracellular signals that result in responses to drugs. 

• Conceptual similarities and differences in receptor signaling, well established 
second messenger systems,  and how the net response to a drug may be 
consequence of activation of multiple receptor systems.

• The different ways in which a drug may produce its beneficial versus toxic 
effects and some means to maximize the desired beneficial effects.

• The Quantal Dose Response curve: How it differs from the graded dose 
response, how its generated and the key information that can be obtained 
from these curves.  

• Variations in drug responsiveness; the compensatory mechanisms invoked by 
chronic exposure to agonists versus antagonists and the therapeutic 
consequences of these changes.

TYPES OF RECEPTORS AND SIGNAL TRANSDUCTION MECHANISMS

1. Receptors can be located in the soluble compartment (intracellular receptors)
or bound to the plasma membrane.

2. Plasma membrane bound receptors may utilize different strategies to transmit 
information from the extracellular environment to intracellular components.
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Intracellular Receptors

– as these are not bound to the plasma membrane, they can only be activated by 
lipid soluble drugs that can cross plasma membrane. 

The binding of the drug may:

1. Stimulate an intracellular enzyme (e.g. nitric oxide stimulation of guanylyl 
cyclase)

2. Regulate the cellular localization of the receptor and alter gene 
transcription (referred to as “Gene Active” receptors)

THE GLUCOCORTICOID RECEPTOR

What are the Therapeutic Consequences of 
Gene Active Receptors ?

1. There is a lag period (30 min – few hours) before the effects may be observed. 
Why ?
– this is due to the time to synthesize new proteins; much longer than the time for 

other receptors to produce their effects.

2. The effects of gene active receptors may persist for hours or days after the 
agonist is  gone. 

– this is due to the slow turnover of enzymes or proteins synthesized in response to 
receptor activation. 

Implications:
- any therapeutic or toxic effects of these drugs will decrease slowly.  
- there is no simple temporal relationship between plasma drug levels and the 

magnitude of the effect, therefore;
- activation of the gene, and its effects, may long outlast the presence of the 

drug in the body.
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THE PLASMA MEMBRANE RECEPTORS

1. Ligand-Regulated Transmembrane Enzymes including Protein 
Tyrosine Kinase & Cytokine Receptors

2. . Ligand-Gated Channel Receptors.

3. G-Protein Family of Transmembrane Receptors

The Ligand-Regulated Transmembrane Enzyme Receptors 
including Protein Tyrosine Kinase

A. Receptor polypeptides that cross the membrane once and have:                          
(a) an extracellular  binding domain and (b) an intracellular enzymatic domain
(may be tyrosine or serine kinase or guanylyl cyclase).

B. Ligand binding to the extracellular domain induces a conformational change, 
receptor dimerization and activation.

C.     Once activated, these receptors can phosphorylate tyrosines or serines on various 
downstream proteins.

D. Autophosphorylation of tyrosines on the receptor’s cytoplasmic side can intensify 
or prolong the duration of receptor activation. 

(e.g. autophosphorylation of the insulin receptor persists long after insulin dissociates from the receptor).

E.     These receptors are subject to down-regulation via endocytosis, a process that    
can affect the intensity &  duration of any effect of the drug. 

- Let’s look at a depiction of this type of receptor…

The Transmembrane Enzyme Receptor

Some endogenous substances that utilize tyrosine kinase receptors include: 
insulin, epidermal growth factor (EDF) & atrial naturitic factor (ANF).
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The Cytokine Receptor Mechanism
- variations on a theme

• Closely resemble the tyrosine kinase receptors but utilize a 
separate protein tyrosine kinase that binds non-covalently and is 
not intrinsic to the receptor. 

• These receptors respond to a heterologous group of peptide 
ligands such as growth hormone and other regulators of growth 
and differentiation. 

• Let’s see how they signal…

THE CYTOKINE RECEPTOR

4. The bound STATs  are then 
phosphorylated by the JAKs

2. Dimerization allows JAKs to be 
activated & phosphorylate tyrosine 
residues on the receptor.

5. Two STATS dimerize & the  dimer 
dissociates, travels to the nucleus 
& regulates gene transcription.

3. Phosphorylation of tyrosine on the 
receptor facilitates the binding of STAT
proteins(Signal Transducers and 
Activators of Transcription).

1. Ligand binding induces conformational 
change and receptor dimerization.

Activation Steps

The Ligand Gated Channel Receptors – the Nicotinic Cholinergic Receptor

4.  The time between binding and response is in 
milliseconds which provides for rapid 
information transfer; much quicker than 
other signaling mechanisms that require 
seconds, minutes or hours to produce their 
effects. 

2.  Acetylcholine binding to the  subunits
produce a conformational change and 
transient opening of the channel.

3. The open channel allows sodium ions to 
pass from the extracellualr fluid into the cell.

1.  A pentamer consisting of 4 types of 
glycoprotein subunits (2) that form a 
cylindrical structure containing the channel.

Signaling Characteristics

Other neurotransmitters that signal via ligand-
gated receptor mechanisms include: the 
excitatory amino acids (e.g. glutamate & , 
aspartate) and GABA (gamma amino 
butyric acid)



5

G-PROTEIN LINKED RECEPTORS

4. The third intracellular loop regulates the ability 
to interact with specific G-proteins while the 
carboxy terminus contains sites (serine 
residues) that are subject to phosphorylation
and regulation of receptor function.

2.  The amino terminus is in the extracellular side 
while the carboxy terminus resides on the 
intracellualr side.

3. The extracellular region contains the ligand or 
drug recognition site (pharmacophore). 

1.  A single polypeptide chain that traverses the 
plasma  membrane 7 times (aka serpentine 
receptors)

This type of receptor is used by many 
neurotransmitters including: DA, NE, 5-HT, 
ACH 

Key Aspects of G- Protein linked receptors

5. The activation of G proteins conveys the effects          
of the drug to the second messenger enzymes.

ACTIVATION OF G-PROTEINS (Guanine Nucleotide Regulatory Proteins)
- The Ternary Complex Model  -

Hydrolysis half-lives

Gs  – 10-20 sec

Gq  – 50 sec

Gz  – 7 min

ACTIVATION OF ADENYLYL CYCLASE
(produces a single messenger, cAMP)
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ACTIVATION OF THE  PHOSPHOINOSITIDE HYDROLYSIS PATHWAY
(2nd messenger activation results in  2 subsequent messengers, IP3 & DAG)

Cellular Response May be Due to Agonist Activation of 
Multiple Receptors and Signal Transduction Pathways 

(not to be memorized)

BENIFICIAL vs. TOXIC EFFECTS  OF DRUGS
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1. Extension of Effects at the Same Receptor 

2. Effects Mediated by the Same Receptor in Different Tissues 

3. Effects Mediated by Activation of Different Receptors 
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The Quantal Dose Response Curve

- the relationship between drug dose and a specified effect in                             
a  population of individuals

This is obtained from the cumulative frequency distribution of doses of drug that 
produces  a  specified (i.e. quantal) effect in a patient or animal  population.

Let’s See How…

First: specify your endpoint effect (or multiple endpoints) that can be 
answered in digital fashion; Yes or No !

- Start with a  low dose of drug and determine the number of individuals that 
exhibit the effect (they do or they don’t – there’s no grading on a curve here, 
its PASS or FAIL)

- Give a higher dose of drug and again determine the number of  
individuals (percent of population) that exhibit the effect.

- Continue this strategy of increasing the dose until you obtain the 
effect in all individuals in the population – then ADD it all up and plot !

THE QUANTAL DOSE RESPONSE CURVE
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What Can Be Determined from Quantal Dose-Response Curves ?

2. An index of selectivity of a drugs actions by comparing its ED50
for different specified effects

(e.g.  sedation versus  decongestion )

3. An estimate of the degree of Safety of a Drug for a 
Specified Therapeutic Effect
(i.e. the Therapeutic Index TD50/ED50 or  LD50 /ED50 )

Therapeutic Window – a more clinically relevant index of safety 
‐ This is the Dosage Range between the minimum effective therapeutic dose and the 
minimum toxic dose (e.g. 8mg/L – 18mg/L theophylline)

1. The Median Effective Dose (ED50)

Visual Depiction of a Therapeutic Window

Visualization of Therapeutic Window  versus  Therapeutic Index

Case 1: Therapeutic Index  ≈   Therapeutic Window 
(Red Arrow/orange box) (Blue arrow/green box)

Case 2: Therapeutic Index for 2 drugs Identical to that in case 1  
but:

Therapeutic Window    <<     Therapeutic Index 
(Blue arrow/black box) (Red arrow/orange box) 

Take Home: Drug safety can be better assessed from the 
Therapeutic Window than from the Therapeutic Index 
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Variations in Drug Responsiveness
• 1.  Idiosyncratic Drug Response – an unusual response that is not 

frequently observed in the majority of patients. 

• 2. Quantitative Variations in response to drugs are more common

– the intensity of effect for a given dose of drug may be greater (hyperreactive ) 
or less (hyporeactive), in comparison with the response observed in most 
individuals.

- the intensity of response may vary (decrease or increase) during the course of 
therapy. 

Variations in Receptor Responsiveness to Drugs

- these are compensatory responses, invoked to counter the effect of 
the drug on system, in order to re-establish some degree of 
homeostatic functon

Receptor Desensitization (in response to over-stimulation)

Receptor Supersensitivity (in response to under-stimulation)

Reduced Responsiveness Upon Drug Exposure

1. Tachyphalaxis – describes the rapid development of diminished 
responsiveness to a drug. 

2. Pharmacodynamic tolerance (Desensitization) – there is a decreased 
responsiveness to hormonal stimulation that occurs slowly over with 
time. 

These are general mechanisms of cellular adaptation that limit the 
therapeutic effectiveness of a number of drugs.
(e.g. the loss of vasoconstriction responses after  using  adrenergic agonists  as 
decongestants for a period of time)
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Some of the Mechanisms Involved include:

1. Agonist-induced phosphorylation of the activated receptor and the 
subsequent binding of -arrestin (a readily reversible phenomenon).

2. Receptor down-regulation where there is an actual loss of 
membrane bound receptors responsible for eliciting the response.

3. Post-Receptor Adaptations – receptors become “functionally 
uncoupled” from post receptor components due to modification of 
G-proteins or 2nd messenger enzymes.   

**These will result in a shift to the right in the agonist dose-response 
curves (an increase in the ED50) and generally no change in 
Emax, unless “receptor reserve” is exceeded.

Desensitization – generally results in a shift to the right in the agonist dose-response 
curve without a reduction in Emax.   Why…. ?

What might explain a desensitization-induced reduction in Emax ?

1. Receptor reduction exceeding 
receptor reserve.

2. Post-receptor defects (changes in      
the reserve of G-proteins, enzymes, etc 
required to maintain original Emax).

Two Different Types of Desensitization

Homologous Heterologous
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Homologous Desensitization of the -Adrenergic Receptor

Thus, there is a loss of activity only to  agonists 
interacting with this modified receptor.

-adrenergic receptors are phosphorylated by 
specific kinases (aka GRK2, GRK3).

These kinases only recognize and 
phosphorylate sites on the agonist occupied 
receptor.  

This is followed by the binding of  beta arrestin to 
the phosphorylated receptor.

HOMOLOGOUS DESENSITIZATION
(another visualization of the process)

HOMOLOGOUS DESENSITIZATION

Take Home Message – Desensitization is restricted to
only the receptor population that was activated by the drug
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Heterologous Desensitization
1. Agonist activation of one receptor subtype results in a decreased responsiveness of other receptor 
subtypes ( i.e. receptors that were not directly activated by the agonist).

2. Function is regulated by receptor phosphorylation in the absence of sequestration or down-regulation.

3. Phosphorylation is mediated by several broader acting protein kinases that capable of promoting    
phosphorylation of other “non-activated” receptors. These kinases include; cAMP dependent protein kinase 
(PKA) and protein kinase C (PKC).

4. Heterologous desensitization may also involve functional modifications of post-receptor intermediates in 
the signal transduction pathway (e.g. G proteins).

Take Home: – This type of Desensitization is NOT 
restricted to only the receptor population 
activated by the drug.

Q. So, if we get desensitization following long-term administration of an agonist, how can 
we differentiate between homlogous vs heterologous ??

Supersensitivity – a compensatory receptor mechanism in which 
the loss of  activity on receptors leads to an increase in receptor 
density and/or an enhanced receptor-effector coupling.

This results in an increased responsiveness to subsequent receptor 
activation and a shift to the left in the dose response curve.                                         

What about Receptor Supersensitivity ?

The Effect of Supersensitivity on the Agonist 
Dose-Response Curve

For Supersensitivity

No change in Emax

Shift to the left in the dose response 
& decrease in ED50   or EC50
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Lecture Review - by now, you should know, that you shouldn’t be 
afraid to ask  if you don’t know, the things below:

• The different mechanisms utilized by receptors to transmit extracellular to intracellular signals 
that result in a response to drugs. 

• The conceptual similarities and differences in some of the well established second messenger 
systems, steps where amplification can occur and how multiple receptor systems may affect 
the net cellular response to a drug.

• The different ways in which a drug may produce beneficial versus toxic effects and some 
means to maximize the desired beneficial effects. 

• The way to generate Quantal Dose Response curves and the kind of information that can be 
obtained from these curves.

• Understand the difference between “therapeutic index” and “therapeutic window”.

• The different types of variations in drug responsiveness, the difference between 
desensitiztation and supersensitivity, the mechanisms mediating homologous versus 
heterologous desensitization and the therapeutic consequences of each of these adaptive 
changes.  

Don’t hesitate to:

Call: 6‐5680
Email: gbattag@luc.edu
Stop by: Bldg 115, Rm 531

Still Have any Questions ?


