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eceptor Occupancy Theory

The “Law” of Mass Action
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» Activation of membrane receptors and target
cell responses is proportional to the degree

of receptor occupancy. s imoctnt H..-,J Hal derermines,

. Hle ek cell veSponteS, /S how wuch receplors
» Assumptions: 0 > e capred

— Association is limited by collision, orientation and energy

— All receptors are equally accessible

— All receptors are either free or bound, there is no “partial”
binding

— Neither drug or receptor are altered by binding

— Binding is reversible

Wi thoy Joing into defails ) Fhese are Fhe assumphons rhat governs our ﬁneoU



Law of Mass Action
(a model to explain ligand-receptor binding)

When a drug combines with a receptor, it does so at a rate which
is dependent on the concentration of the drug and of the receptor

Assumes it’s a reversible reaction
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Koff

Equilibrium dissociation (Kd) and association/affinity (Ka)
constants

— K4 = Kon/Koff = [D][R]/[DR]
— K, = 1/Kd = Koff/Kon = [DR]/[D][R]




Drug-receptor binding
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» This ratio is the equilibrium dissociation

constant or KD
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» This dissociation constant, indicates
the strength of binding between R and D in
terms of how easy it is to separate the

complex DR (how muchof the drp will dissociate. Hamn the recepir
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Hill-Langmuir
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ThQ o%m °f the

receptor occwpa@ [D } ancentvohon of the JVU

bwndkceplws«—B Z, Bﬂax [D]—I— KD

MaA VMWL nwwbw

oF recephove /n H{ _ . occypan
o whit defetwiines, the teseptor sccvPry

AIM of recepfor] (S the affinity of Hhe 9 ad
Eb'f Can be bouny He encentration of Fhed .

qsswif\\j that our Jfﬂ " rwu‘%fblt,
the. Jrecesq ig compeli hve , So
hqw‘vg Mothey gmpod Hualb is

Qbk’ fo UWV\J he roCtPW will Comf)tft

With Phe gl vF it hag pjgher
Concenfr‘q;:‘j\ U



-,71 ow “o Ca[CQIu’Q kD —~> we do an expeviMM\‘ where we give increas: concmhm Frong
©f the druq and we 1ok how N'Q? recedfers ave eccypied .

-When we have
"m"ﬂ ConCentration
of H‘tdﬂﬂ we
have hiﬂ her number
of Veceptor occy Dﬂn\Cj
Unkil we regqcin The
AN \qlye of
oCCPMe] Halig
Jetermined by Hw

umber o Teceforg

2 4 6 8 10

Drug concentration [D]

Jissocru v of i'hu"":j

Cons i . : L L
KD: concentratlon\at which binding site is 50%
occupied. (( S07- of He maximum occ\qpunsj>

inversel b kd <Affinity =1/Kd
(f fhe dtﬂ ke fgﬁ its receplor ("“D\""‘}ll"'"b | need leSs concentvalion of that JV\j
Fo give me that peicentaye of receptor oaypmdl and Jice versa -



Drug Receptors & Pharmacodynamics

Recepftor interactions determine the

»

»

»

quantitative relations between concentration
of drug and pharmacologic effects .

The receptor's affinity for binding a drug
determines the concentration of the drug required

to form a significant number of drug-receptor
complexes,

+he total number of receptors is usually much
smaller than the number of drug molecules.

This will limit the maximal effect a drug may

produce./ meaning Hal we're not JIHng 4l of fhe pofential rie I cmgwnc‘eB
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Dose response relationships
There are fwe Kings of I —recgpIor celationship: fecepler =< Cf
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» Graduate dose-response relations
Here we're looking @l #he resS ponSe of fie le snol Hhe number of receplors occupieg)
 how wauch Fhe hesrk vate i< incressed

As the dose administrated to single subject or
Isolated tissue is increased , the pharmacologic
effect will also increase.

At a certain dose, the effect will reach a maximum
level, which is called the ceiling effect or Emax.
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Relations between drug concentration and
drug effect
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Relations between drug concentration and

receptor-bound drug
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prd :’:*s becase we ke cortam eventy, i e cell thal amplifiey fhe signal
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Receptor binding are amplification terms of duration and intensity
we Wwe anothey U,—:eeﬁ wplificition thal sccars which ¢ v (ated to Fhe

Example: G-protein coupled receptors Daration of the St}
Phenomena that account for the amplification :

1. The receptor drug-complex can interact with many G proteins
thereby multiplying the organ signal many folds. Mere intense. reSoNSe.

2. The activated G-protein persists for longer duration than the original

receptor-drug complex Fhe_dry is reversible and iF 7S (| milliSeconds
) a ke )
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So what are the consequences of this amplification????




bl
Spare receptors

Only a fraction of total receptors for a specific ligand may

need to be occupied to elicit a maximum response .
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receptors as spare receptors........ largé functional reserve
to ensure adequate control of glucose uptake. since gluwse resds
hfﬂh tenNelS of Mlatiovy

Only 5-10% of beta adrenoceptors are spare........... little
functional reserve exist in the failing heart. So most
receptors need to be occupied for a maximum effect

here. [ waye less Cq()qcﬂ:j fo Cope with an ati|ment



Drug Receptors & Pharmacodynamics

Recepftors are responsible for selectivity of drug

»

»

action.
Selech'\l‘g is defeplined by ]
Themgi cular size, shape, and electrical charge of

a dru"g' determineshow it will bind to a particular
receptor.

Accordingly, modifications in the chemical
structure of a drug can dramatically increase or
decrease a drug's affinities for different classes of
receptors, with resulting alterations in therapeutic
and toxic effects.
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» Potency refers to the affinity of a drug for its
receptor or the concentration of drug required to
produce a given effect. Low KD, high potency

» ¢ Potency refers to the amount or concentration
of drug required to produce a response.ckse o B, Jac

» * On dose-response curves potency is measured
on the X-axis.

» « ED50, EC50, and Kd are measures of potency.

Hiah of adre — hidh affiniby £ - '
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Potency:

A term used whenever we compare the activity of
two drugs producing the same effect

Defined as the dose of one drug necessary to
produce a specific response as compared to a
second drug producing the same effect

- Affinity:

The ability of a drug to form a stable complex with
the receptor



Graduate dose-response curve
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A Relative potency

Log [Agonist]
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» Efficacy is the maximum effect of a drug,
Emax, and does depend on the number of drug-
receptor complexes formed, and also on the
efficiency of the of coupling of receptor activation
to cellular responses. How much fhe dnsg-receprr anipkex is capuble

o achVAFAY G _ pratemn cowdled) Retydfore o qive me Mo oy [ess of The
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» Aspirin and morphln@ms produce the same
pharmacologic effect (analgesia) but have very
different levels of efficacy. (fhar Lum wil te dffoent



efficacy

» If drug can stimulate a receptor to produce a
biological response it is said to have efficacy or
Intrinsic activity.

» Efficacy refers to the capacity of a drug to
produce an effect or the overall magnitude of the
maximum response, synonymous with intrinsic

activity ( Effcag of gy depnds on i iniesic ackiny ) Pl ot o )
<

» If a drug stimulates a full response, it might to
said to be a full agonist and to be very
efficacious.



Log dose response curve
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» The smaller the EC50, the greater the potency.
» Efficacy is indicated by the height of the log dose response



