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The lecture started with the Dr explaining some concepts that we’ve already talked 

about so we’ll recap them and I’ll try my best to make them as simple as possible. 

Lock And Key Model:- 

 

 
A theory that is used to explain how substrates and enzymes, ligands and 
receptors interact by stating that the enzyme/receptor plays the role of the lock 
and the substrate/ligand plays the role of the key.  
It’s not exactly right but it’s just like any other theory (including the receptor 
occupancy theory) are there to simplify things and make them possible to 
understand, but in reality there’s always further complexity in stuff.  
And the takeaway that this theory simplifies is that the binding is governed by  
1- Complementary shape between the enzyme+ substrate/ ligand + receptor 
2- Harmony of chemical interactions (you can’t have electrostatic repulsion for 

example..) 
 

 

 

 

Sheet Checklist: 

- Lock And Key Model Explanation. 
- Specificity, Selectivity And Sensitivity Explanation. 
- Spare And Orphan Receptors. 
- Features of Graded Drug-Response Curve. 
- Antagonists Types, Effects on Graded Curve. 
- Constitutive Activity, Inverse Agonists. 
- Quantal Drug-Response Curve and Therapeutic Index. 

 
 

Takeaways: Understand the concept of lock and key model, the fact of 

theories, two factors of the interaction. 
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Specificity, Sensitivity and Selectivity 

Specificity: the concept of specificity is all about having preference for certain ligand 

more than others or maybe for this ligand only, and this feature is a result for binding 

pocket structure, chemical composition, shape and charge. 

For example: Adrenoreceptors only bind Norepinephrine or Epinephrine, they can’t bind 

to Acetylcholine.  

Selectivity: This feature accounts for the sub-receptor transduction systems and 

pathways, so the same ligand can bind to two different receptors and lead for different 

functions that may also be opposite functions. 

-Don’t pay huge attention to the examples, we’ll study ANS in details, they’re just here 

to help you understand the concept of 

selectivity. 

For example, in the case of adrenoreceptors: 

We’ve these types: alpha 1, alpha 2, 

beta(1,2,3) 

-All bind to Norepinephrine and Epinephrine 

but they can lead for a different effect on 

the cell and overall function through their 

sub-receptor pathways and transduction 

system. 

In Alpha 1 (Smooth Muscle Contraction): 

1. GPCR is coupled to Gq, as binding happens Gq-Alpha is going to be released from 
the G protein heterotrimer. 

2. It’ll activate phospholipase C that will break down PIP₂ ( Phosphatidylinositol 4,5-
bisphosphate ) into DAG ( Diacylglycerol ) and IP₃ ( Inositol trisphosphate) . 

3. DAG will activate Protein Kinase C. 
4. IP₃ will act on ion channels and increase Ca+2 concentration that will be used for 

contraction of smooth muscles. 
  

In Alpha 2: 

It’s coupled with Gi that will decrease cAMP level and lead to vasodilation, analgesia, 

inhibition of insulin release (inhibitory effects) 
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In Beta adrenoreceptors family: The receptor will be linked with Gs, which will activate 

adenylyl cyclase and increase the production of cAMP that will activate Protein Kinase A 

leading for series of events and cascades that will lead For hyperpolarization of the 

membrane of bronchial smooth muscles (relaxation) leading for bronchodilation (Beta2) 

, and for the same G protein and adenylyl cyclase activity but with different pathways 

leading for the increment of cardiac muscle contraction (Beta1) 

So we can see in beta family we had two subtypes with the same G protein and effect 

on enzyme but still led for different results (2 is inhibitory, 1 is excitatory) due to the 

sub-pathways and deep transduction pathways that define selectivity. 

 

Sensitivity: It’s about the strength (amount of amplification it causes) or how the 

receptor is affected by ligands and this accounts for the amplifying power of the 

signaling pathways below it.  

For example, we may have receptors that are too sensitive, (let’s assume a GPCR)  

one ligand binding to it can lead for it to activate for example 100 G proteins each 

activates 100 adenylyl cyclase and each one produces 1000 cAMP and so on…  

another one may not be able to cause that amplifying power so that’s what Sensitivity is 

about. 

 

 

 

Spare and Orphan Receptors: 

Spare Receptors Orphan Receptors  

Leftover receptors that aren’t bound 
while others (identical) are bound and 
have led for the maximum effect. 

 

A receptor that has a similar structure 
to other identified receptors but 
whose endogenous ligand has not yet 
been identified. 
Ligand = father and is missed so the 
receptor is called orphan receptor. 

 

Takeaways: Ask yourself what is Specificity? Sensitivity? Selectivity? What 

determines each one? Explain them for a friend ☺ 
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• This is an example to understand spare receptors: 
Imagine a single car with three driving seats and max speed of 280 km/h 
(equivalent to Emax) 
So, we have three gas pedals (Equivalent to receptors) 
 

 
Now, two drivers (equivalent to ligands) get in and step on the gas pedal and their force 

was enough to reach max speed (equivalent to Emax), the last pedal is the spare 

receptors 

 

 
 

What are the reasons behind the existence of these receptors? 

1- Saturation through Amplification: 
If we assumed that we have 4444 adenylyl cyclases inside the cell and 10 
receptors on the surface, binding of the ligand to 8 of these 10 led for the 
activation of all of the 4444 Adenyly Cyclases, so we saturated the cascade, 
and the last two are spares. 
 

2- Ligand-Receptor complex lifetime is less than G proteins 
-Mostly in GPCR which are the greatest amplifiers-  
If the ligand and receptor complex lifetime is 1ms and it was enough to 
activate a G protein so alpha unit disassociated for 1 second (The lifetime of an 
alpha subunit is 1 second) and activated multiple enzymes, we can realize that 
during that 1 second, the ligand may have acted on another receptor and 
activated its cascades and we can also find that G proteins account for great 
amplifying power and these factors lead for saturation of intracellular 
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cascades and reaching the max effect before some receptors got involved and 
they’re deemed as spares. 

3- Intrinsic activity of the drug 
Like the example with Morphine and Tramadol, both are painkillers but 
Morphine’s intrinsic activity is way higher so for instance, if we had 10 
receptors, morphine can bind to 6 and lead for the maximal effect and the last 
4 are spares. 

4- My GPA ☺ 
 

Why are spare receptors important? 
   

These spare receptors have huge clinical importance, for instance in case of Insulin 
receptors (tyrosine kinase linked receptors), insulin binding to only 1% of the 
present receptors can cause the max effect, and the rest 99% are deemed spare 
receptors, but they’re important as reserves and for keeping the tight control for 
glucose levels possible under any circumstances, like diabetes where they will use 
more to deal with hyperglycemia(for further understanding, assume a toxic 
substance in low concentration binding to these receptors instead of insulin, having 
that huge amount is important in such case so it’ll bind and be able to carry its vital 
function) 
 
Another example is beta adrenoreceptors in the heart where we have 5-10% spare 
receptors and this is not a great functional reserve, so in certain pathological 
conditions like heart failure, we need to have the drug to bind with all the receptors 
to carry its effect and so on..  
 
So we conclude that it’s important to have spare receptors as reserve functional 
capacity is available for us and can be used for compensation during any 
pathological case. 

 

Features of Graded Drug-Response Curve: 

 
First, what’s a graded drug-response curve? 
It’s the curve that we’ve already studied with drug concentration over the x-axis 
and drug effect over the y-axis. 

Takeaways: Ask yourself about the meaning of spare and orphan 
receptors, importance of spare receptors, why are there spare receptors 
at all? Give us some examples ☺  
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It’s called graded because we add low concentrations then increase gradually to 
study effects. 
 

 

 
Now, let’s break down its features: 

1- Efficacy (refers to Emax) 
2- Potency (refers to concentration at which we accomplish half of the drug/ligand 

maximal effect (EC50)) 
3- Maximal Effect (we refer to it by efficacy and as we’ve been told in Lec4 it’s due 

to 
A- Intrinsic activity of the ligand  
B- Bound Receptors and Amount Of Available Receptors. 

4- Variability: 
Graded Drug-Response Curves usually represent the mean response of a sample 
of population because we can have variability in the results because of 
deformities or any special cases that can be physiologic or pathologic so all you 
need to know that it’s the mean of a study and variability exists. 

 

 

 
 

Note: Remember that according to receptor occupancy theory, receptors don’t have on 

or off state they’re in equilibrium and keep on changing between different states. 

 

Takeways: what are the features of graded drug-response 
curve? From where did we get the plot (variables mean)? 
Define potency, efficacy and revise the plot 
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Types of Antagonists: 

1- Pharmacologic Antagonists 
2- Physiologic Antagonists 
3- Chemical Antagonists 

 

Physiologic Antagonism: 

Simply it’s the activation of opposite physiologic pathway like the opposite effects of 

sympathetic and parasympathetic systems. E.g.: in case of the pupil of the eye, the 

sympathetic nervous system will cause the dilation of the pupil of the eye, so if the 

opposite parasympathetic system was activated, constriction of the pupil of the eye will 

occur and that’s how we physiologically inhibit or antagonize a pathway by its opposite. 

Note: It doesn’t happen on the same receptor 

Chemical antagonist: simple example is when acidity of the stomach is high (heartburn), 

we take antacids that will react chemically and antagonize the primary trigger (acidity). 

Pharmacological Antagonists: There are two types of pharmacological antagonists, 

competitive and non-competitive antagonists. 

Competitive antagonists: They will bind reversibly to the binding site of the ligand 

blocking it and not changing the dynamics and state of the receptor, so what will 

happen to the curve? It will shift toward the right because of the competitiveness as 

we’ll require higher concentration of the ligand to overcome the antagonist and take its 

place to reach the EC50 (potency) so here, potency of ligand (agonist, endogenous 

material..) decreased (EC50 increased) while the efficacy isn’t affected as if their 

concentrations increased they may bind to enough receptors to cause the maximal 

effect (efficacy). 

Non-competitive antagonists: Are drugs that will bind to allosteric site or irreversibly to 

the binding site of the ligand. This will cause a reduction in the number of available 

receptors dramatically which will reduce efficacy as the ligand won’t be able to bind to 

enough receptors to reach the old maximal effect (so we’ll have a new Emax). 
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What will happen to potency? 

It may change, it may not. As it equals the concentration at which we will reach half of 

Emax and in this case Emax changed so we use the new Emax, so it may change and it 

may not. 

 

 

 

Constitutive Activity: 

It’s the effect that receptors have in the absence of agonists. 

We don’t always recognize it and that’s why in our curve we start from zero effect for 

zero addition of an agonist, but it can be taken into account depending on: 

1- Effectors concentration (ligands..) 
2- Concentration of receptors (if they’re in high concentration, the sum of their 

constitutive activity will cause effects, like eye receptors) 
3- The concentration of coupling molecules  

(If a coupled system, like GPCR) 
 

Note: Agonists and Inverse Agonists affect the activity of the receptor, antagonists 

don’t, they just block it from others. 

Takeaways: What are the three types of antagonists? Explain each one 

with examples. How does the pharmacological antagonists affect the 

plot? Does physiological antagonism include the same receptor? 
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The effect of full agonists, partial agonists, antagonists and inverse agonists 

 

1-  Full Agonists: 
Full agonists lead for maximal effect through 

their binding so we conclude that they’ll turn the 

receptor into the full on state that starts sub-

receptor pathways. 

Like the car example with max speed of 

280km/h, a driver that steps hard on the gas 

pedal can reach its maximum speed (activity) 

2- Partial Agonists: 
They’re weak (compared to full agonists), 
and don’t have the intrinsic activity to 
cause the maximal effect, they’ll increase the activity (more than constitutive, 
because that`s the starting point)  
 
Like the car example with max speed of 280km/h, A driver that steps weakly on the 
gas pedal due to his smaller capacity (Intrinsic Activity) leading the car to move only 
at a speed of only 40 km/h.  
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Note: Both partial and full agonist make the receptor available more in the Ra state 
(active) 
 

3- Inverse Agonists: 
Leads to a decrease in the constitutive activity and that’s why they’re not deemed 
antagonists (Antagonists don’t alter the constitutive activity, they block the 
receptor) 
 
Like the car moving at a (constitutive activity) of 23km/h and an inverse agonist is 
the breaks so it does decrease it and affect the activity. 
 
Note: The inverse agonist makes the receptor more available in the Ri state. 
(Inactive) 
 

4- Antagonists: 
Antagonists block the receptor and don’t change the activity. Why? To prevent 
agonists from reaching the receptor and increasing the constitutive activity. 
 
Like a car moving uncontrollably at a speed of 23 km/h, you’re outside it and the 
door is closed preventing you from entering. Now you’re the agonist, trying to 
enter it in order to increase its speed, or you may be the inverse agonist trying to 
enter the car to stop it or decrease its speed. The closed door that prevents you 
and keeps it moving at its constitutive speed is the antagonist ☺ . 

 
 
 

 

Quantal Drug-Response Curve: 

Takeaways: What are the different effects for full agonist, partial 
agonist, inverse agonist and antagonists on the constitutive 
activity? Explain to a friend. 
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-All or none study. 

-Is a curve where a proportion of the population of the study shows a predetermined 

level of biological response (side effect/therapeutic effect) that is measured with 

respect for increasing the dose. 

Let’s explain these two points: 

First: It’s an all or none study, how so?  

It’s like if we’re applying an antibiotic on a specimen of bacteria, did the bacteria die or 

not? How much bacteria died? These are the types of questions we ask. Also question 

the side effects, Eg: Did you feel dizzy or not?  

Then we calculate percentages of the population undergoing the study on the y-axis and 

log dose concentration on the x-axis. 

What’s the difference between Quantal drug- response curve and the graded drug-

response curve? 

In the graded drug-response curve we study the effect on the cell or the target with 

respect to increased dose. 

While in the quantal curve, it’s the number of people taking it that felt something or 

started to have changes (side effects, toxicity, lethal effects in case of animals who are 

provided them with high concentrations unlike humans, therapeutic effects) with 

respect to increasing time. 

The plot shows two features 

- Bell distribution: The graph with a large rounded peak tapering away at each end.  
- Sigmoidal Curve: It’s taken from bell distribution but after cumulative nets, so if 

according to bell distribution at 5 mg 10 people suffered nausea and at 6 mg 12 
new people suffered nausea, when we turn this data into the sigmoidal curve we 
plot 10 ppl at 5 mg and (10+12=22) 22 people at 6 mg. At 7 mg 2 new people 
suffered nausea according to the bell distribution, in the sigmoidal curve we plot 
(22+2= 24) 24 people at 7mg and that`s why the curve appears sigmoidal 
(cumulative addition).  
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From the sigmoidal curve we can measure ED50 (Effective Dose 50): Concentration at 

which 50% of the population shows a positive effect (therapeutic effect). 

And if we were studying for a negative effect: 

LD50 (Lethal Dose 50): concentration at which 50% of the population dies (not used 

with humans but is with animals) 

TD50 (Toxic Dose 50): concentration at which 50% of the population show the side 

effect we are studying. 

LD50 and TD50 are interchangeable terms for any negative effect 

which is an important  therapeutic Indexwe can measure the  Using the data above

measurement for the safety of a drug.  

Therapeutic Index= TD50/ED50. 

was designed for people with sleeping Communitolol new drug called  A Problem:

problems, we found out that it caused sleep onset for 50% of the population at 50 mg 

dose and caused coma for 50% of the population at 250 mg dose, measure the 

therapeutic index. 

Ans: 5. 

 

 

GOOD LUCK 

 

 

 

Takeaways: What is a quantal drug-response curve? What is the difference 
between Bell curve and the Sigmoidal curve? How can you measure the 
therapeutic index? Tell me about ED50, LD50 and TD50. Compare it with the 
graded drug-response plot. 

 


