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 …[10] 

The subsequent interaction of the receptor-signaling protein complex (either agonist 

bound or not) is processed through the Black/Leff operational model (Black and Leff, 

1983) as a forcing function to generate a response from the agonist. Specifically, these 

fractional receptor species can be entered into the Black/Leff operational model form for 

response: 

 …[11] 

The spontaneous active state receptor has a natural efficacy (denoted G) for the 

production of response through coupling to the signaling protein. Defining the efficacy of 

the active state receptor as G= [Rtot]/KE and the efficacy of the agonist-bound active 

state receptor as A = [Rtot]/KE’ further defines the factor  as the ratio of the efficacy of 

the non agonist-bound receptor (G) and agonist-bound receptor. The efficacy of the 

agonist in terms of the Black/Leff operational model (A) therefore yields the term  as 

A/G and  the operational model equation can be rewritten: 

 …[12] 

Substituting for G and AG from eqns 9 and 10 yields: 

 …[13] 
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Equation 13 defines a sigmoidal curve for the agonist results from which values of 

maximal response (denoted max) can be derived: 

 …[14] 

It should be noted that for all calculations utilizing the Black/Leff operational model and 

these indices of agonist activity, the maximal response to the agonist must be 

expressed as a fraction of the maximal window of response available in the assay. 

Thus, no agonist can produce a maximal response greater than unity (the maximal 

response window for the assay). Similarly, the  midpoint sensitivity of effect (denoted 

EC50) is given as: 

 …[15] 

Combining equations 14 and 15 yields: 

 …[16] 

It can be shown that a ratio of the quotients max/EC50 (where max refers to the maximal 

response to the agonist and the EC50 the concentration of agonist producing 50% of the 

agonist maximal response) results in a system independent parameter quantifying 

agonism. Utilized as  Log(max/EC50) values for two agonists (denoted agonist1 and 

agonist2), this can be shown to be: 

 Log(max/EC50)1-2  = Log(11/K’A-1) – Log(22/K’A-2)….[17] 
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Specifically, Equation 17 reveals that Log(max/EC50) is a combination of an assay and 

tissue term and a strictly agonist term (specifically /K’A): 

 …[18] 

Therefore, the ratio of max/EC50 values, which subtracts and thus cancels the two 

Log((G[G]/KGEm)/(G[G]/KG +1)) terms is independent of the assay and tissue effects 

and becomes a unique identifier of for the two agonists; for agonist1 and agonist2 

the Log(max/EC50) is Log(/K’A) which is a system independent ratio of agonism. 

The value /K’A is comprised of only drug parameters  ( is the change in the 

affinity of the receptor for the signaling protein produced by the binding of the agonist 

and reciprocally the affinity of the agonist when the signaling protein interacts with the 

receptor), K’A is the equilibrium dissociation of the receptor agonist complex when the 

receptor does not interact with the signaling protein  and  the change in the efficacy of 

the receptor for production of response produced by the agonist.  

Appendix 2. Relationship Between Log(max/EC50) and Log(/KA) Through the 

Black/Leff Operational Model 

Agonist response is modeled by the Black/Leff Operational model for systems 

yielding response with a variable Hill coefficient slope as (Black et al, 1985): 

    …[19] 
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where A is the efficacy of the agonist, n the Hill coefficient of the agonist 

concentration-response curve and Em the maximal response window of the functional 

assay. It should be noted that the K’A in equation 18 in terms of the Black/Leff model is 

the equilibrium dissociation constant of the agonist-response complex for agonism with 

the receptor interacting with the signaling protein. Therefore the KA term is the 

operational equilibrium dissociation constant of the agonist-receptor complex, i.e. 

agonist binding to the receptor as it interacts with the signaling protein. If the agonist is 

viewed as a modulator of signaling protein interaction then the operational KA is equal 

to/K’A. Black et al (1985) provided expressions for the maximal response (max) as: 

     …[20] 

And for the EC50 for half maximal response as: 

     …[21] 

This leads to an expression for max/EC50 of: 

    …..[22] 

For n=1, max/EC50=  Em/KA; ratios of (max/EC50) values cancel the tissue Em 

term and yield a strictly agonist-dependent term /KA. Therefore ratios of max/EC50 

values (in the form of Log(max/EC50) values for systems where the slope of the 

agonist concentration response curves is not significantly different form unity) yield 

strictly agonist dependent (and system-independent) values for relative agonism: 
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    …[23] 

Appendix 3. Statistical Assessment of Difference Using Log(max/EC50) Values 

If individual estimates of Log(max/EC50) are available, then a statistical estimate 

of mean Log(max/EC50) values, Log(max/EC50) values and Log(max/EC50) values 

can be calculated in the form of 95% confidence limits of the estimated values.  For a 

set of k to n values for agonist y activating signaling system j, sij2 is defined as: 

  [24] 

Values for sij2 are calculated for sets of K agonists and all signaling pathways to 

yield a pooled variance defined by: 

  …[25] 

Where dferror is given as: 

  ….[26] 

From these values, a 95% confidence limit with two-tailed T values (T97.5) can be 

calculated. For a mean Log(max/EC50) estimate: 

     …[27] 

This article has not been copyedited and formatted. The final version may differ from this version.
Molecular Pharmacology Fast Forward. Published on July 5, 2017 as DOI: 10.1124/mol.117.108787

 at A
SPE

T
 Journals on A

ugust 19, 2017
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


MOL #108787 

38 
 

Within any one assay, agonist comparison to a standard yields a ratio of Log(max/EC50) 

values denoted as Log(max/EC50). The 95% c.l. of this ratio is defined as: 

 …[28] 

Once values have been normalized to a reference standard agonist within each group 

(receptor type, signaling pathway, cell type), then a 95% c.l. can be calculated for 

selectivity or bias for the Log(max/EC50) value as: 

 ….[29] 

The application of these formulae are depicted in the figure below.  
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Appendix 4. Application of Log(max/R50) values from R50 Curves to Quantify the 

Effects of PAMs 

The model for allosteric effects in functional systems defines agonist response as 

(Kenakin, 2005; Ehlert, 2005; Price et al, 2005): 

 …[30] 

where  is the effect of the modulator ([B]) on the affinity of the agonist for the 

receptor and  the effect of the modulator on the efficacy of the agonist. This equation 

can be rewritten in terms of the modulator as the active species to: 
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 …[31] 

This defines the R50 curve for a potentiating modulator (PAM) increasing the 

effect of an ambient agonist response due to a presence of agonist acting on the 

receptor (in the form of [A]/KA).  

The maximal response of the R50 curve is thus given as: 

  …[32] 

And the half maximal effect of the R50 curve (defined as the R50) is given as: 

  …[33] 

This leads to the ratio of max/R50 as: 

     …[34] 

It can be seen that this expression is a mixture of tissue specific and agonist specific 

factors: 

  …[35] 

Therefore ratios of max/R50 values can provide system independent estimates of the 

relative activity of PAMs in potentiating agonist response: 
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Log(max/R50)A-B  =  Log(/KB)A – Log(/KB)B  …[36] 
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