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DOSE-RESPONSE RELATIONSHIP

Dose-response curves

e The dose-response relationship can be represented graphically by 2 types &f

curves: the graded dose-response curve and the quantal (All/None) dose-

response curve:

L. Graded dose-response curve is obtained if the degree of response is depicted

against log the dose e.g. increases of heart rate against the dose.
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Parameters that can be obtained from the graded dose-response curve:

Glﬁ\j 1. Maximal Efficacy (Emax): 1s the maximal effect produced by the drug

(= the maximum value of the dose-response curve)

- Value of knowing the (Emax):

a) Knowing the maximal responding capacity of the organ
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b) Differentiation between full agonist and partial agonist
M Efficacy
- It is the ability of a drug to produce response (effect) after binding to the receptor.

- It is measured by the Emax (the maximal response that a drug can elicit at full

concentration):
Full agonist is the drug that gives maximal response at full concentration (at full occupancy).

Partial agonist is that agonist gives submaximal response even at full concentration i.e.never

gives Emax
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,\ﬁ’f 2. Potency of the drug is assessed from 2 parameters:

it is dose that produces 50% of the maximal response (Eso). The

lower the EDso the more potent the drug is. Olzm%\ r-b“ Okl
- Value of knowing the (EDso):

a) Calculation of drug potency
b) Comparing potencies of multiple drugs in one animal
B Potency
- ED50 (Effective Dose) is the dose of the drug that gives 50% of the Emax, or it is the
dose that gives the desired effect in 50% of a test population of subjects.
- A drug that gives ED50 by smaller doses is described as “potent” drug.
- Potency of drugs is generally less clinically important than efficacy because you can
increase the dose of a less potent drug to obtain the effect of a more potent
one (provided that it is not toxic).
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._Steepness (Slope)-of the middle portion of the curve: meams sharpness of

the response i.e. minimal change of the dose may lead to dramatic

response
meve poledl ol.’.J(j «— J«Jl {’/’-‘E

- Value of knowing the slope of the curve:

(@ Comparing potencies of multiple drugs: the steeper the curve (the
higher the slope) the more potent the drug is.

A

Response

Dose
(@ A drug having a steep curve may have multible actions e.g. effects on

heart, brain, blood vessels; all decrease blood pressure 50 AL on ane mechanism
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I1. Quantal (All/None) dose-response curve: is obtained if the percentage of
%’Eﬁi‘éﬁfé who respond to the drug is depicted against log the dose e.g.
the % of eng);)tic patients who are treated by different doses of an
antiepileptic drug

L‘)-%-_L’,a——-J-\ o> Responders %

100%

50%

Log (Dose)
EDso (or LDso)
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Parameters that can be obtained from the All/None curve:

individea\
1. EDso: It is the dose that cures 50% of cases (Eso). It is used for comparison

between drugs e.g. drug with a lower EDso — more potent than that with a
higher EDso. Opy) Gas Gatin 31 del g ED B0

2. LDso: The dose that kills 50% of animals. lower LDso — more toxic. The
dose used should not exceed 10% of the estimated LDs.

3. Therapeutic index (TI): [ Coprmicas [ Gl (o LD

e [t is the ratio between LDso & EDso— TI = LDso/EDsy.

Tgo Xje The higher TI ratio ( i.e. the LDso is much higher than the EDs¢) =

the safer the drug.
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4. Safety index (SI): MJ\)Lg‘l ;',J/U,;\;)o 94+ J Tesponse clae (31 Ayl e FDaa

e [t 1s the ratio between LD; & EDg9 — SI = LD1/EDoys.

e LD;: the lowest toxic dose — EDyo: the highest therapeutic dose

e [The higher SI ratio = the safer the drug |

Efficacy
100% Efficacy  Toxicity 100%

2 2 50%
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The therapeutic index (TDg/ED¢,) is a measure Drug A has a much narrower therapeutic index than Drug B. The
of the margin of safety of a given drug dose of Drug A required to achieve a 100% therapeutic response
will be toxic in 50% of patients. For Drua B, this is onlv 10%
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Potency versus Efficacy
s Potency: it is the effect of drug in relation to
dose.
- Potent drug means that the drug can give ve.
certain Eso by a small dose, but this does

not necessarily mean that it can give high

Emax by increasing its dose.
L)

> Efficacy: it is the ability of the drug to give certain Emax

- Efficacious drug means that the drug can give high Enax by increasing its dose

Clinically: Efficacy is more important than potency (why??)

a drug with greater efficacy than greater potency is more therapeutically beneficial
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Factors Modifying Dose-Response Relationship

A. Factors related to drug:

[1] Dose: is the main factor modifying drug action.

[2] Drug shape:= Chemical shape = Drug isomerism
e Most drugs have multible streoisomers e.g. D-glucose & L-glucose

e The receptor site is usually specific for one stereoisomer and not suitable for

another like the hang and glove.,

e Example: the S (+) isomer of methacholing is 250 times more potent than

the R (-) isomer
Methacholine is a non-selective muscarinic receptor agonist that acts directly on airway

smooth muscle receptors to induce bronchoconstriction. (4l ggd/ Caadidl daia)

. . A .
® This phenomenon may explain how partial agonist is an agonist and

antagonist in the same time because many drugs are used as "racemic

i . Liav Ne¢ ‘o L. T
mixtures" rather than pure isomers. f 7505 ‘-’.99.'- lpe 1. 50 d'lu d
d5Lie dusr s FoXio yisy ISOMRY 5 Anis Cus'Gan 1Somer Gr. bl (s aloull

This means that one isomer may be hundred times more potent than the other.
In other instances one isomer is beneficial while the other is toxic.

This phenomenon may explain how a single drug could act as agonist and
antagonist (i.e. partial agonist) because many drugs are present in “racemic

mixtures” rather than as pure isomers; or how one isomer is effective and the other

isomer is toxic.
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[3] Drug size: = molecular weight
e Most drugs have MW 100-1000 units.
e Drugs > MW 1000 cannot be absorbed or distributed. They should be given parenterally by IV

Cueaca

e Drugs > MW 600 cannot cross placental barrier ]
<
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[4] Time of administration (chr?)):{)pharmacology): T

e Many body functions (RBF, BP, HR....) have|circadian rhythm|and also

many diseases (asthmatic attacks, anginal attacks...) are circadian phase

dependent.
e Chronopharmacology: is the science dealing with tai 6ring drug medication
according to the circadian rhythm of the body to get better response or to

avoid possible adverse effects
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e Examples:
- Attacks of bronchial asthma are common at night (circadian variation
of cortisol and inflammatory mediators) —  better to give
anti-asthmatic treatment in the evening
- Attacks of MI are common in early morning (circadian variation of
sympathetic activity) — better to give anti-ischemic treatment

before sleep. Sl Yo (Ged S
. : _ JSV =
- Irritant should be given@heDmeals to avoid gastric irritation __7
e.g. iron Drugs that can cause inflammation, pain or irritation at the extravasation

- C.N.S stimulant: should be given at day time.
- Drugs producing Wm& as antihistamine drugs should be given
at night
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* Magnesium sulfate: [orally| act as a p%atlve while|IV|it caus

cardiac, skeletal, smooth muscles and C.N.S. ( V- Ut C:“’-“")

e Doses of drugs given by injection route are less than that by oral route and

|5] Route of administration

have rapid onset of action
Muscles N Cell membrane)) e elec\-nc:b 3 Ole \,..L IV e MaSOq J u}:w L
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Quiz Time Q&

1) In the presence of picrotoxin, diazepam is less efficacious at causing sedation,
regardless of the dose. Picrotoxin has no sedative effect, even at the highest dose. Which of
the following is correct regarding these agents?

A. Picrotoxin is a competitive antagonist.

B. Picrotoxin is a noncompetitive antagonist.

C. Diazepam is less efficacious than is picrotoxin.

D. Diazepam is less potent than is picrotoxin.

2) If 1 mg of lorazepam produces the same anxiolytic response as 10 mg of diazepam,
which is correct?

A. Lorazepam is more potent than is diazepam.

B. Lorazepam is more efficacious than is diazepam.

C. Lorazepam is a full agonist, and diazepam is a partial agonist.

D. Lorazepam is a better drug to take for anxiety than is diazepam.

3) If 10 mg of oxycodone produces a greater analgesic response than does aspirin at any
dose, which is correct?

A. Oxycodone is more efficacious than is aspirin.

B. Oxycodone is less potent than is aspirin.

C. Aspirin is a full agonist, and oxycodone is a partial agonist.

D. Oxycodone and aspirin act on the same drug target.

4) 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.



5) The data presented in the figure below show that:

A. Drugs A and B have equal efficacy

Drug A Drug B
B. Drug B and C have equal efficacy
C. Drug B is a partial agonist g 50 Drug C
D. Drugs A and C have the same affinity and efficacy ;:g /
E. Drugs A and B have equal potency.
Log dose

6) Which of the following best describes the effect of a competitive antagonist on the
dose-response curve? (From USMLE&)

A. Non-parallel left shift

B. Non-parallel right shift

C. Parallel left shift

D. Parallel right shift

7. Muwmwhmm

Fig. 11
(a) Graded dose response curve

(‘:)) Log dose response curve
- Quantal dose response curve
(d) Percentage dose response curve
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