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Clinical Pharmacology

Clinical pharmacolog the branch of pharmacology concerned with the safe and effective use of drugs.
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A general schema of clinical pharmacology divided into dose, concentration, and effect domains.



Pharmacokinetics PK

What the body does to a drug

Pharmacokinetics is the quantitative study of @uesorption distribution, metabolism andexcretionof
drugs and their metabolites (ADME).

It is the study of the relationship between thi®seof a drug and the resultingoncentrationsin the
body over time the doseconcentration relationshij= drug? disposition in the body.

The pharmacokinetic parameters introduced are volume of distribution, clearance, rate constant for
elimination, time constant and halife.



1) Absorption

Absorption is the entry of a drug into the systemic circulation from site of administration.

Mechanisms of Drug Absorption:
wmost drugs are absorbed into the systemic circulationp@ssive diffusion
wother mechanisms includactive transportfacilitated diffusion andpinocytosis/phagocytosis

The systemic absorption rate of a drug determines the magnitude of the drug effect and duration of action.
Changes in the systemic absorption rate may necessitate an adjustment in the dose or time interval
between repeated drug doses. Systemic absorption, regardless of the route of drug administration, depends
on the drud? solubility.

Many drugs need to pass through one or more cell membranes to reach their site of action.



Parenteral: IV, IM, SC
Routes of Drug =l

Administration

A Enteral:oral, sublingual, buccal

A Parenteral:lV, IM, SC,
intradermal

A Others:Topical, inhalational,
intrathecal, transdermal, rectal.




Factors influencing the Rate of Diffusion:

1)

2)

3)

Molecular size
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general, small molecules will diffuse much more readily than large ones.

Concentration gradient
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the membrane. Thus, increasing the plasma concentration of the unbound fraction of drug will increase its rate c
transfer across the membrane and will accelerate the onset of its pharmacological effect.

Lipid solubility
The lipid solubility of a drug reflects its ability to pass through the cell membrane; this property is independent of
the pka of the drug. Lipid solubility affects the rate of absorption from the site of administration.




Factors influencing the Rate of Diffusion:

4) Protein binding
Only the unbound fraction of drug in plasma is free to cross the cell membrane; drugs vary greatly in the
degree of plasma protein binding. In practice, the extent of this binding is of importance only if the drug is
highly proteinrbound (more tharb0%). Both albumin and globulins bind drugs, In genatblyminbinds
neutral oracidicdrugs (e.g. barbiturates), and globulins (in particlat,acid glycoproteihbindbasicdrugs
(e.g. morphine).

In conditions of severhypoalbuminaemide.g., in enestage liver cirrhosis or burns), the proportion of
unbound drug increases markedly such that the same dose will have a greatly exaggerated pharmacological
effect.

5) lonization
The lipophilic nature of the cell membrane only permits the passage of the noniamzédrgedraction of
any drug. The degree to which a drug is ionized in a solution depends amoleeular structureof the drug
and thepH of the solution in which it is dissolved.




The pKa (ionization/dissociation constang the pH at whick0% of the drug molecules are ionized &®%o
are nonionized. The value for pKa depends on the molecular structure of the drug and is independent of
whether it is acidic or basic.

Most drugs are either weak acids or weak bases.

weak acids——pH <pk. —— More nonionized pH >pk. — more ionized. —
Nonionized = absorbable

weak bases— . pH <pk. —— more ionized; pH pK.—— nonionized lonized = nonabsorbable
100 = e :
_ Characteristics of Nonionized and lonized Drug
AH Bas A
| | | Molecules
D =
0.5 Nonionized lonized
= ™=
5 E 50 Pharmacologic effect Active Inactive
S .2 Solubility Lipids Water
Z = Cross lipid barriers (gastrointestinal Yes No
5% | . .
Acid tract, blood—brain barrier, placenta)
Renal excretion No Yes
0 Hepatic metabolism Yes No
-2 -1 0 | 2



Examples HendersonrHasselbalch equatiomH-pKa=log

100

1) A weakaciddrug, has gpKaof 5.5taken orally at the stomach solution of pH Basg~—"
3.5, what is the absorption? e AH | | A
S
pH¢ pKa=3.5¢ 5.5=-2 §§ 50
o=
Z
It is an acid drug so #100% nonionizedand well absorbed. ) ncid
Cl
0
2) A weakbasedrug, has gKaof 7.5, taken orally in the stomach at pH &.5, -2 -1 0 1
what is the absorption? pH-pKa
pH pKa=3.5¢ 7.5=-4
It is a base so it will b@nonionizedand poorly absorbed.
(PH) - (pKa) -2 -1 /0 (1 |2 (PH) - (pKa) -2 -1 10 |1 |2
Weak acid 99 190 |50/10 |1 Weak base 1 (10 (50|90 (99
% nonionized % nonionized




Bioavailability
Bioavailabilityis defined as the fraction of drug that reaches the systemic circulation compared with the same
dose given intravenously\) (%).

Determining bioavailability is important for calculating drug dosagendarintravenous routes

It is calculated by the ratio of the area under the stated concentrgtiome curve (AUC) divided by the area under
the 1.v concentratiorctime curve . AUC oral/AUG.v.

Area under the curve of oral dose

Bioavailability =
Area under the curve of |V dose

[ ",
‘ \ ) Intravenous (IV)

Oral (PO)

Serum drug concentration




Factors influencing Bioavailability

Firstpass metabolism may becreased,
and oral bioavailabilityeducedthrough
the inductionof hepatic enzymes (e.g.,

Properties of the drug:
wparticle size

oostruct_u_re phenobarbital induces hepatic enzymes,
wsolubility . : L .
wpKa reducing the bioavailability of warfarin).

Conversely, hepatic enzymes may be
iInhibited, and bioavailabilityncreased
(e.g., cimetidine may increase the
bioavailability of propranolol).

Physiological factors:

wgastric pH

wgastric emptying intestinal motility

wperfusion of gastrointestinal tractirst pass metabolism

High ER€) Bioavailability

Pathological factors: Low ERR, Bioavailability
wcardiac and liver disease

wenzyme inducers or inhibitors such as cytochrom&
wvomiting
wdiarrhea

Extraction ratio= Fraction of total drug removed from the blood by the liver. ER depends on hepatic blood flow,
uptake into the hepatocyte and enzyme metabolic capacity within the hepatocyte



2) Distribution

Distribution of a drug from systemic circulation to organs and tissues.

wMajor body fluid compartments include plasma, interstitial fluid, intracellular fluid, transcellular fluid
(e.g. CSF, peritoneal, pleural)
wtissue compartments include fat, brain

Factors Affecting the Rate and Extent of Drug Distribution
wphysiochemical properties of the drug e.g., pKa

wpH of fluid

wplasma protein binding

wbinding within compartments

wregional blood flow

Special Barriers to Distribution:

A Placental:most small molecular weight drugs cross the placenta, although fetal blood levels are usually
lower than maternal.

A Blood-Brain:permeable only to lipid soluble drugs or those with very low molecular weight.



Distribution

Drugs fall into one of three general groups

1) Those confined to the plasmacertain drugs (e.g. dextrar0) are too large to cross the vascular endothelium.
Other drugs (e.g. warfarin) may be so intensely protein bound that the unbound fraction is tiny, so that the amount
available to leave the circulation is immeasurably small.

2) Those with limited distributiorg the nondepolarizing muscle relaxants are polar, poorly hgiaduble and bulky.
Therefore, their distribution is limited to tissues supplied by capillaries with fenestrae (i.e. muscle) that allow their
movement out of the plasma. They cannot cross cell membranes but work extracellularly.

3) Those with extensive distributiogthese drugs are often highly lipgbluble. Providing their molecular size is
relatively small, the extent of plasma protein binding does not restrict their distribution due to the weak nature of
such interactions.

Those drugs that are not confined to the plasma are initially distributed to tissues withndhest blood flow

(brain, lung, kidney, thyroid, adrenal) then to tissues with@derate blood flow(muscle), and finally to tissues

with avery low blood flow(fat). These three groups of tissues provide a useful model when explaining how plasma
levels decline after drug administration.




Volume of distribution

Volume of distribution:The theoretical volume into which a drug distributes following its administration (ml).

Dose
Vp = Co

A where \bis thevolume of distributiorand @ is theconcentration at timeD.

A Vbisestimated based on the volume of water into which the drug appears to have distributed; they do not
represent any actual volume or anatomic space within the body.

A Large Y= greater distribution into tissues, smattonfined to plasma or ECF.

A Using a simple oreompartment model, théoading doseand theinfusion raterequired to maintain a constant
plasma concentration can be calculated as follows:

A LD =¥C
where LD is the loading dose and C is the required plasma concentration.

A Rnf=C.Cl
where Rnf is the infusion rate required and Cl is the clearance.



Volume of distribution

Points to remember:
A The higher Wthe lower plasma concentration and vice verse.

A VD is low when higher percentage of drug is bound to plasma proteins
A Tissue binding and accumulation of drugs with higtvaues raise the possibility of displacement by other

agents--changes in pharmacologic activity.

Redistribution:
Lipid soluble drugs redistribute into fat tissues prior to elimination. With repeated doses, fat and other tissue

depots become saturated, resulting in longer duration of action that the first dose.



Compartmental models

Compartment One or more components of a mathematical model that aim to replicate the-damgiling
characteristics of a proportion of the body.

Models may contain any number of compartments, but sirggienpartment models are generally inaccurate for
studying pharmacokinetics. A thre@mpartment model allows accurate modelling with only limited complexity.

Threecompartment model

Most anesthetic drugs are accurately modelled in this way. Remember that the compartments are not representing
precise physiological regions of the body. Instead, they are designed to model areas of the body that share similar
properties in terms of rates of equilibration with the central compartment.

Drug infusion rate
(D)

&

I

Fast peripheral compartment Central compartment : \ Slow peripheral compartment
Va) (Vy) (Va)

/ l |k10
\ - /
Effect site

(Ve) Elimination




Threecompartment model

Threecompartment models show how drug first enters a central (first) compartment, is then distributed rapidly
to a second and slowly to a third whilst being eliminated only from the first.

Distribution to, and redistribution from, the peripheral compartments occurs continuously according to
prevailing concentration gradients. These peripheral compartments may act as reservoirs keeping the central
compartment full even as elimination is occurring from it.

The ratio of the rate constants to and from the central compartment will, therefore, affect the length of time
taken to eliminate a drug fully.

Drug infusion rate
(D)

Kyo | Kia
Fast peripheral compartment | ' Central compartment : \ Slow peripheral compartment
(V)

= (Vy) =y (V)
k2| ‘ k31

/ ka
b - /
Effect site

\(\y Elimination




Drug Action

Plasma Level Curves

C,.x (Mmaximum concentration)This is the highest concentration
of drug in the blood that is measured after a dose. The time that

G nhappens is referred to ag .

G, Or trough (pronounced troff") (minimum

concentration): This is the lowest concentration of the

drug in the blood that is measured after a dose.

Half-life (t %2): This is the amount of time it takes for the
drug concentration in the blood to decline by half.

AUC (areaunder-the-curve):This is the overall amount

of drug in the bloodstream after a dose.

Pharmacokinetics

Amount of drug in blood

Absorption Elimination

Cmax: Highest concentration of
drug in blood

AUC

(Area Under the Curve):
Overall drug exposure

ty, (Half-life): Time at which drug has
lost half its maximum
concentration

Cmin: Lowest concentration
of drug in blood

Time

Drug is taken



Drug Action

Concentration versus time

Concentrationtime curves describe the time course of drug movement into and out of the body. Plasma decay
curves are used to calculate pharmacokinetic parameters for drugs such as absorption and elimination rate
constants, haHives, clearance, and volume of distribution. In the field of pharmacokineticgrdseunder the
curve(AUQ is the definite integral in a plot of drug concentration in blood plasma vs. time.

Onset time:time required for drug to start 14 e
producing pharmacological response, it is the S —concentration
time at which plasma drug concentration reach % I
(&)
MEC. EiwlB Peak effect |
= Therapeutic
. . . . . . = range
Duration of action time period during which £ sfg
plasma drug concentration remains above MEC. S l
S 6 - - S
_ _ =y <—— Duration of action K"M'”'m}‘m
Peak effectthe point at which the drug reaches 5 o e effective
, . : : s 4 nset ermi- '\ concentration
its highest effective action. = of nation ee
f—f action of
R action
Minimum effective concentration MEJs the | 1 | | |
concentration of the drug in the blood or plasma 0 5 P 5 8 16 5

needed for a therapeutic effect. Time (hours)



Loading dose, infusion rate and dose interval

Loading (Bolus) Dose L fbe dose required to immediately achieve a plasma concentration similar to steady
state concentration.

With some drugs, especially those with a large volume of distribution, it may be necessary tdogitiang dose
initially to get above the MEC and get the beneficial effect quickly.
LD= \b x required concentration

Maintenance Dose MDis a small, fixed dose that is given to maintain the MEC.

If we want to maintain particular plasma level, then repeated doses must be given or the drug can be given by a
constant infusion.

MD = infusion rate X dosing interval

The frequency of drug dosing depends on the rate at which drug is removed from plasma either by distribution or
elimination.

If the rate of removal ifigh, then thedosing intervalmust be short and doses given frequently; if the rate of
removal isslow, then the dosing interval can be longer and doses given less frequently.



Loading and Maintenance dose

With loading dose
]
-
IE
c
IE
E
-
ar
E Without loading dose
s
a | | [ | | | |
) Time
Elimination t,;
Dosing started

. Maintenqnce doses

Steady state

FPlasma
Conc

O 4 8 12 16 20 24 28 32 35 40 44 48 62
Time (h)

= Loading dose and Maintenance doses

Steady state

Plasma
Conc

Time {h)

Minimum
-+ Effective
Concentration

Minimum
+Effective
Concentration



Steady State:

Steady state is reached either wheate in = rate outor when values associated with a dosing interval are the

same as those in the succeeding interval.

The time to reach steady state is dependent only ondlmination halflife of a drug and is independent of
dose size or frequency.

It takes4-5 half-lives to achieve steady state.

Classic clues
Time to steady state:

50% =1 x haltlife
90% =3.3x halflife
95% =4-5 x half life
100 = ¥ x half life

= Start of
drug infusion

Steady-statedrug ¥

concentration = Cgg = 100 FE——

g

Drug infusion
stopped; wash-out
[ begins

~
v

of drug
3

Plasma concentration

The wash-out of the
drug is exponential with
N the same time constant
as that during drug
infusion. For example,
drug concentration
declines to 50 percent
of the steady-state
levelint,,.

0%

Fifty percent of y : '

the steady-state Ly p— ‘

drug concentration 2t i

Is achleved int, . N\ D—
3

L3ty

i Ninety percent of

| the steady-state

E drug concentration
> Is achieved in 3.3t ..




Plateau Principle

Plasma concentration plateau and fluctuate about an average steady state. This is known as the plateau principle
drug accumulation.

The amplitude of fluctuation in plasma concentration at steady state depends on the dose interval relative to the
t1/2.

Achieving Cpss
Multiple dosing regimens attain steady-state plasma concentrations
- Cpss max
{ AL\ | Steady-state plasma
| T - ‘ concentration
s < A V : { «—Cpss min
% A |
S = 4 Dosing once every t;
S8 ) 4 '
. > / Continuous IV infusion
-
/

. 5 e ' B
L L4 ) L} L
1 2 3 4 5

Time (1 )

Plasma concentration

Key points:

(1) a new dose is administered once every tlz,

(2) 50% of preceding peak plasma concentration is eliminated each t)%
Time (3) Cpss is attained after 4 to 5 tl%, regardless of whether drug was
given by constant IV infusion or by repeated intermittent doses




Context-sensitive half time

Contextsensitive half time The time taken for the plasma concentration of a drug to falhalf after the
cessation of an infusion designed to maintain a steady plasma concentration (time).

it is used to identify the fact that the half time will usually alter in the setting of varying durations of drug infusion.

8

/ s Thiopental ...
: Diazepam ‘
150 1 !

Dexmedetomidine

Context-sensive half time (min)
3

/ Midazolam
50 - Ketamine
_ : Propofol
Remifentanil
0 1 2 3 4 5 6 7 8

Infusion duration (hours)



Contextsensitive half time

It is important to realize that the CSHT does not predict the time to patient awakening but simply the time until the
plasma concentration of a drug has fallen by half. The patient may need the plasma concentration t@5%dl iny
order to awaken, and the time taken for this or any other percentage fall to occur is knowtlegseament time

The longest possible contegénsitive haltime is seen when the infusion has reached steady state, when there is no
transfer between compartments and input rate is the same as elimination rate.

Decrement time:The time taken for the plasma concentration of a drug to fall to the specified percentage of its
former value after the cessation of an infusion designed to maintain a steady plasma concentration (time).

Fentanyl
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—_—2 0%
—10%

Decrement Time (min)

60 -

-

1] 60 120 180 240 300 360 420 480 540 600
Infusion Duration (min})




Clearance

Clearanceis the volume of plasma from which a drug is removed per unit time (md)min

c1=29€  \where AUC is the area under concentratitime curve

AUC

Clearance gives a value for the amount of plasma cleared of a drug. The mechanism of this clearance can involve
elimination, excretion or both.

Elimination =Removal of drug from the plasma. This may be via distribution, metabolism or excretion.

Excretion= The removal of drug from the body.

Time constant and hadfife (tv?2)

Time constant how quickly the plasma concentration falls with time and is defined as the time it would have
taken plasma concentration to fall &eroif the original rate of elimination had continued.

The halflife = is the time taken for the plasma concentration to falboof its initial value.

Time constant is LONGER than hdf



Elimination

Firstorder elimination A situation where the rate of drug elimination at any timkependsupon the
concentration of the drug present at that time.

This is an exponential process, and a constant proportion of drug is eliminated in a given time. The higher the
amount the more rapid the elimination. Time to elimind&@@% of a given amount is calletimination half-life
(tv2). Most drugs follow firsorder elimination.

4hrs 4hrs 4hrs 4hrs
80mg —— 40mg —— 20mg —— 10mg —— 5mg

Zeraorder eliminatiorn A situation where the rate of drug eliminationiiglependentof the concentration
of drug and is. A constant amount of drug is eliminated per unit time.

4hrs 4hrs 4hrs 4hrs
80mg —— 7/0mg —— 60mg —— 50mg —— 40mg

Drugs with zereorder elimination have no fixed half life. Zepoder is due to saturation of elimination
mechanisms, e.g. ethanol, high therapeutic doses of phenytoin, toxic doses of salicylates.



Elimination

Drug Elimination

Zero Order Elimination First Order Elimination
elimination St
rate: 25unitsthr  25unitsthr 2.5 units/hr ﬁg&matw" 5 units/hr 25 units/hr 125 unitsfhr

Pad bl

|

Plasma Concentration (Cp)
Plasma Concentration (Cp)
|

Time (h) Time (h)



3) Metabolism

Metabolism (Biotransformation)s conversion of drug molecules to more wagsiuble metabolites that are more
readily excreted.

Sites of biotransformation include liver (main), Gl tract, lung, plasma, kidney.

Result of the process of biotransformation:

y" an inactive prodrug may be activated (e.g. codeine to morphine)

y a drug may be changed to another active metabolite (e.g. diazepam to oxazepam)
y a drug may be changed to a toxic metabolite (e.g. meperidine to normeperidine)
y a drug may be inactivated (most drugs)

In general, metabolism produces a more polar (water soluble) molecule that can be excreted in the bile qr urine
the chief routes of drug excretion.



Drug Metabolizing Pathways

Phase | (B50) reactions:

Yy minor molecular changes introduce or unmask polar groups on a parent compound to increase water
solubility (e.goxidationreduction, hydrolysis, hydroxylatignthe change is typically minimal compared

to phase Il, and often phase | places a ptHandle(bn a lipophilic drug to allow for phase II.

y mediated by CYPs found in the endoplasmic reticulum.

y product of the reaction can be excreted or undergo further phase Il reactions.

Phase Il (conjugation) reactions:

y conjugation with large polar endogenous substrates (glgcuronidation, glutathione conjugation,
sulfation)

y dramatically increases water solubility and renal elimination

y can result in biologically active metabolites (e.g. glucuronides of morphine)

y can occur independently of phase | reactions.

In liver failure, phase | reactions are generally affected before phase II, so drugs with a predominantly phase Il
metabolism are less affected.



Enzyme inhibition and induction

Some drugs induce the activity of the hepatic microsomal enzymes. The rate of metabolism of the-erdycirey

drug as well as other drugsimcreasedand may lead t@educedplasma levels. Other drugs, especially those with an
iImidazole structure (e.g. cimetidinghhibit the activity of hepatic microsomal enzymes and may resufigreased
plasma levels.

Inducing Inhibiting
Antibiotics rifampicin metronidazole, isoniazid,
chloramphenicol acute use
Alcohol chronic abuse
Inhaled anaesthetics enflurane, halothane
Barbiturates phenobarbital, thiopental
Anti-convulsants phenytoin, carbamazepine
Hormones glucocorticoids
MAOIs phenelzine, tranylcypromine
H; antagonists cimetidine

Others cigarette smoking amiodarone, grapefruit juice




4) Excretion
Eliminationrefers to the processes of removal of the drug from the plasma and includes distribution and
metabolism, whileexcretionrefers to the removal of drug from the body.
The chief sites of excretion are in the urine and the bile
In general, high molecular weight compound8@®0Q are not filtered or secreted by the kidney and are

therefore preferentially excreted in the bile. A significant fraction of a drug carrying a permanent charge, such as
pancuronium may be excreted unchanged in urine.



Pharmacodynamics PD

What the drug does to the body

It is the study of the relationship between the concentration of the drug in the body and its effects (i.e.,
the concentrationeffect relationship) = Drug effects, both therapeutic and adverse.

Particularly important PD parameters include potency and the steepness of the concengfigon
relationship.



Receptor Action

The number of receptors in cell membraneglymamicand increases (upregulates) or decreases (downregulates)
In response to specific stimuli.

Changing receptor numbers is one of many mechanisms that contribute to variability in response to drugs.
Receptor Types

1) Receptors located in the lipid bilayefrcell membranes: opioids, intravenous sedative hypnotics, benzodiazepines,
beta blockers, catecholamines, muscle relaxants.

2) Receptors that are intracellular proteins and interact with insulin and steroids.

When a drug binds to a receptor, it changes the activity by:

A Enhancingts activity (propofol increases the sensitivity of tteminobutyric acid receptor [GABAA] to GABA, the
endogenous ligand).

A Decreasingts activity (ketamine decreases the activity of tenethyld-aspartate [NMDA] receptor).

A Triggering a chain reactidiepioid binding to the mu opioid receptor activates an inhibitory G protein that
decreases adenylyl cyclase activity).




Pharmacodynamics PD

Drugi Receptor interaction

Receptor: is a component of a cell that interacts selectively with a
compound to initiate the biochemical change or cascade that produces the

effects of the compound:
D+ R DR
Drug-Receptor

Complex
whereDis drug,Ris receptor andRis drug;receptor complex. Ligand-Binding .
The magnitude of the response is proportional to the concentration of DR~ Pom" e
(i.e. [DR]). tor

—
-

Effec 7

Domain

T

The affinity constant= the strength of drugreceptor binding |
Effect

The dissociation constant the tendency for the druggeceptor complex to
split into its component drug and receptor.

High affinity drug-----high DR-----small KD. The opposite is true




Pharmacodynamics
PD

Affinity: A measure of how avidly a drug binds to a receptor.

Efficacy:(intrinsic activity): A measure of the magnitude of the effect once the drug is bound= the
maximum biological response produced by a drugsE

Potency: A measure of the quantity of the drug needed to produce maximal effect.
Potency is compared using tieedian effective concentratior{EGo) or median effective dos€E Do)

Median effective concentratiofEGo) = The concentration of a drug that induces a specified response
exactly halfway between baseline and maximum = MEC.

Median effective dos€ED0) = The dose of drug that induces a specified respon§€&%t of the
population to whom it is administered.

A drug with dower EGo or EBo will have ahigherpotency, as it suggests that a lower dose of the drug is

needed to produce the desired effecthe E@bis important in determining the range of target
concentrations that will be necessary for effective therapy (i.e., the therapeutic window).



Dose&response curves

This is the timendependent relationship between exposure to the drugakis) and the measured effegtéxis).

E
100 - fﬂIEfﬁ cacy
B <« Potency—p
£ 50
L
0
Cso

Dose, concentration, or
other measure of exposure

Potency

wmeasured by E5D (the concentration of a drug
needed to produc&0% of Emax)

wa drug that reaches its BCQat a lower dose is
more potent

100 ~

A B C

Effect

Potency
more/ less
-« —_—

Dose, concentration, or
other measure of exposure

A drug with a left shifted concentration vs. response
curve [lowerGo| is considered more potent, whereas
a drug with a righshifted dose vs. response curve is
less potent.



Median lethal dose (LE) =The dose of drug that is lethal 5% of the population to whom it is
administered.

Therapeutic index The therapeutic index of a drug reflects the balance between its useful effects and its toxic
effects. It is often defined as ratio &&EDso

It reflects thedmarqin of safetg for a drugg the likelihood of a therapeutic dose to cause serious toxicity or
death, the larger the TI, the safer a drug.

8 ™
(A) The basic dose-response curve (DRC) plots increasing
100 F drug doses (usually on a logarithmic scale) against
~ increasing strength of the response being studied. The
T dose at which the drug shows half of its maximal effect
,_7; Y is termed the effective dose 50% (EDsp). Drugs with high
- potency—determined by affinity and efficacy in
g concert—have a lower EDsy.
— \ >y
- ' = N
* Therapeutic Lethal 0K 'EDs, The therapeutic index refers to the
100 - e separation between useful doses of
o i Log dose —» P y SR
= the drug and dangerous doses.
w2 This is determined by comparing
g g (B) Lorazepam the EDg, dose of the drug with the Phenobarbital
o2 d_osc. at which 50% of the animals Narrow therapeutic index
25 gl 100 - o S either show symptoms of toxicity 100 |- X
85 & ide therapeutic index T (toxic dose 50%; TDsy) or outright g
o E ; / die (lethal dose 50%; LDs5p). In this ‘;
a3 £ 50 b=l fremreee- & | example, a greater difference £ 50 femmremmemeee T Yememaennaaand 9
& -8 Z | between EDs,and LD, is observed | & 1 ‘ g
2 & = | for the anxiolytic drug lorazepam | 2 £
0 : iLDgg 0 : "~ | (Ativan) than for the older ok . .
EDg > ILDsg anxiolytic phenobarbital, {EDs {LDsy
indicating that lorazepam is the
Logy dose Logose ——s safer drug. Many deaths— Log dose —»
accidental and not—have resulted
from phenobarbital overdose.




Agonism and Antagonism

AgOﬂiS’[ZA drug which binds to a specific receptor (affinity) and, once bound, is able to produce a response
(intrinsic activity).

Antagonist:A drug that has significant affinity but no intrinsic activityirds to the receptor without
activating the receptor.



