
IKATAN OBAT DENGAN 
RESEPTOR



Definisi
1. AGONIS
• Obat disebut sbg agonis ketika berikatan

dengan reseptor, obat tersebut
menimbulkan efek.
• Agonis mengaktifkan reseptor untuk

menghasilkan sinyal.

2. ANTAGONIS
• Obat yang berikatan dengan reseptor

namun tidak mengaktifkan reseptor untuk
menghasilkan sinyal.
• mengganggu agonis dalam mengaktifkan

reseptor
• Obat yang menghambat atau mengurangi

aksi agonis.

In patients with allergic rhinitis and allergic conjunctivitis,
suppression of the response to nasal or conjunctival allergen
challenge tests by H1-antihistamines regardless of route of adminis-
tration provides clinically relevant information about their onset, ex-
tent, and duration of action. Although some systemic absorption of
nasal and ophthalmic formulations occurs, no dose adjustments are
required in the elderly or other vulnerable populations, and no clin-
ically relevant drug-drug, drug-food, or drug–herbal product interac-
tions have been described. Despite different elimination half-life
values (see Table E1), most of these H1-antihistamine formulations
are administered at 8- to 12-hour intervals because of washout by
secretions on the nasal mucosa and conjunctivae.1,18,26-28

EFFICACY OF H1-ANTIHISTAMINES
H1-antihistamines are widely used in the treatment of allergic

and nonallergic disorders (Fig 4).1,18,33,42-91

Allergic diseases in which H1-antihistamines are
medications of choice

Few clinical trials of first-generation H1-antihistamines in pa-
tients with allergic diseases meet current standards. In contrast,
use of second-generation H1-antihistamines in patients with
allergic rhinitis, allergic conjunctivitis, and chronic urticaria is
supported by hundreds of well-designed, randomized, placebo-
controlled trials lasting for weeks or months.1,18,37,42-72 Dosage

recommendations for oral, nasal, and ophthalmic H1-antihista-
mine formulations in adults, children, and infantswith allergic rhi-
nitis, allergic conjunctivitis, and urticaria are provided in Table E2
in this article’s Online Repository at www.jacionline.org.42

Allergic rhinitis. The morbidity and economic impact of
allergic rhinitis are widely underestimated. In patients with this
disease, oral second-generation H1-antihistamines prevent and re-
lieve the sneezing, itching, and rhinorrhea that characterize the
early response to allergen, with a small beneficial effect on the na-
sal congestion that characterizes the late allergic response (Fig 4).
Efficacy is documented primarily by standardized symptom
scores and quality-of-life assessments.1,18,37,42-46,50-56 Some
oral H1-antihistamines are marketed in fixed-dose combination
with the decongestant pseudoephedrine (see Table E2).42,53

Oral H1-antihistamines are more efficacious than chromones
and montelukast; however, all these classes of medications are
less efficacious than nasal glucocorticoids. H1-antihistamines
are generally ineffective in patients with nonallergic rhinitis.56,57

NasalH1-antihistamine formulations have amore rapid onset of
action than oral H1-antihistamine formulations (eg, 15minutes for
nasal azelastine vs 150minutes for oral desloratadine). In patients
with seasonal allergic rhinitis, nasal H1-antihistamines are re-
ported to be as efficacious ormore efficacious than oralH1-antihis-
tamines, particularly for relief of nasal congestion. They improve
symptoms in patients who are unresponsive to oral H1-antihista-
mines and those with vasomotor rhinitis. Patient preference
should be considered when recommending a nasal versus an
oral H1-antihistamine (see Table E2). Nasal azelastine combined
with nasal fluticasone in a single nasal spray delivery device is re-
ported to provide significantly greater improvement of symptoms,
including congestion, than either medication alone.26,42,56,58-60

Allergic conjunctivitis. In patients with allergic conjuncti-
vitis, H1-antihistamines administered orally or directly to the con-
junctivae relieve the itching, erythema, tearing, and edema that
characterize the early response to allergen (Fig 4).27,28,42,47,61-63

Ophthalmic formulations have a rapid onset of action (3-15 min-
utes), and some of them are reported to benefit nasal symptoms in
addition to conjunctival symptoms. In patients with allergic con-
junctivitis, H1-antihistamines have a more favorable benefit/risk
ratio than all other classes of medications, including ophthalmic
nonsteroidal anti-inflammatory drugs, ophthalmic decongestants,
and ophthalmic glucocorticoids (see Table E2).27,28,42,47,61-63

Urticaria. In patients with acute urticaria lasting less than 6
weeks or chronic urticaria lasting 6 weeks or more, H1-antihista-
mines decrease itching and reduce the number, size, and duration
of wheals and flares (erythema, Fig 4). In patients with acute
urticaria, H1-antihistamines have not been optimally studied;
however, in randomized double-blind placebo-controlled trials
lasting 18 months, cetirizine and levocetirizine are reported to
reduce acute urticaria in young atopic children.1,18,48,49,64

In patients with chronic urticaria, first-generation H1-antihista-
mines are used despite the absence of satisfactory randomized,
placebo-controlled trials to support their efficacy and safety. In con-
trast, high-quality trials of second-generation H1-antihistamines,
such as cetirizine, desloratadine, fexofenadine, levocetirizine,
loratadine, bilastine, and rupatadine confirm that they decrease
symptoms and improve quality of life (see Table E2).42,48,65-69

Althoughmany patients respond to standard doses of these medica-
tions, more respond to increasing the daily dose up to 4-fold; for ex-
ample, in one double-blind randomized controlled trial, 13 of 40
patients became symptom free on 5 mg of levocetirizine and 28

FIG 2. Molecular basis of action of histamine and antihistamines. A, The in-
active state of the histamine H1-receptor is in equilibrium with the active
state. B, The agonist, histamine, has preferential affinity for the active state,
stabilizes the receptor in this conformation, and shifts the equilibrium
toward the active state. C, An H1-antihistamine (inverse agonist) has
preferential affinity for the inactive state, stabilizes the receptor in this
conformation, and shifts the equilibrium toward the inactive state.15,18

GDP, Guanosine diphosphate; GTP, guanosine triphosphate.
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3. AFINITAS
àKemampuan obat untuk berikatan dengan reseptor
1. Jenis-jenis ikatan Obat-Reseptor (O-R):

Kovalen à sangat kuat, pada kebanyakan kasus bersifat
irreversible.

2. Elektrostatik à jenis ikatan O-R yg sangat umum, lebih
lemah dari ikatan kovalen.

3. Hidrofobik à ikatan lebih lemah, misalnya ikatan obat
larut lemak dengan lipid membran sel.

Definisi



Ikatan O-R yang ireversibel:
e.g : 
• Ikatan antara gugus acetyl dari acetylsalicylic acid (aspirin) 

dan  cyclooxygenase (enzim COX). Enzim COX disintesis
kembali oleh tubuh beberapa hari kemudian

• Ikatan antara Obat PPI dengan Enzim H+ , K+ ATPase (Pompa
proton), sehingga menahan pelepasan asam lambung
selama 24-48 jam atau hingga pompa proton disintesis
kembali.

Definisi

22    SECTION I Basic Principles

produce a pharmacologic response. The overall transduction pro-
cess that links drug occupancy of receptors and pharmacologic 
response is called coupling. The relative efficiency of occupancy-
response coupling is determined, in part, at the receptor itself; full 
agonists tend to shift the conformational equilibrium of receptors 

more strongly than partial agonists (described in the text that fol-
lows). Coupling is also determined by “downstream” biochemical 
events that transduce receptor occupancy into cellular response. 
For some receptors, such as ligand-gated ion channels, the rela-
tionship between drug occupancy and response can be simple 
because the ion current produced by a drug is often directly pro-
portional to the number of receptors (ion channels) bound. For 
other receptors, such as those linked to enzymatic signal transduc-
tion cascades, the occupancy-response relationship is often more 
complex because the biologic response reaches a maximum before 
full receptor occupancy is achieved.

Many factors can contribute to nonlinear occupancy-response 
coupling, and often these factors are only partially understood. A 
useful concept for thinking about this is that of receptor reserve or 
spare receptors. Receptors are said to be “spare” for a given pharma-
cologic response if it is possible to elicit a maximal biologic response 
at a concentration of agonist that does not result in occupancy of the 
full complement of available receptors. Experimentally, spare recep-
tors may be demonstrated by using irreversible antagonists to prevent 
binding of agonist to a proportion of available receptors and showing 
that high concentrations of agonist can still produce an undimin-
ished maximal response (Figure 2–2). For example, the same maxi-
mal inotropic response of heart muscle to catecholamines can be 
elicited even when 90% of the β adrenoceptors are occupied by a 
quasi-irreversible antagonist. Accordingly, myocardial cells are said to 
contain a large proportion of spare β adrenoceptors.

What accounts for the phenomenon of spare receptors? In 
some cases, receptors may be simply spare in number relative to the 
total number of downstream signaling mediators present in the 
cell, so that a maximal response occurs without occupancy of all 
receptors. In other cases, “spareness” of receptors appears to be 
temporal. For example, β-adrenoceptor-receptor activation by an 
agonist promotes binding of guanosine triphosphate (GTP) to a 
trimeric G protein, an activated signaling intermediate whose 
lifetime may greatly outlast the agonist-receptor interaction (see 
also the following section on G Proteins & Second Messengers). 
Here, maximal response is elicited by activation of relatively 
few receptors because the response initiated by an individual 
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FIGURE 2–1 Relations between drug concentration and drug effect (A) or receptor-bound drug (B). The drug concentrations at which 
effect or receptor occupancy is half-maximal are denoted by EC50 and Kd, respectively.
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FIGURE 2–2 Logarithmic transformation of the dose axis and 
experimental demonstration of spare receptors, using different con-
centrations of an irreversible antagonist. Curve A shows agonist 
response in the absence of antagonist. After treatment with a low 
concentration of antagonist (curve B), the curve is shifted to the 
right. Maximal responsiveness is preserved, however, because the 
remaining available receptors are still in excess of the number 
required. In curve C, produced after treatment with a larger concen-
tration of antagonist, the available receptors are no longer “spare”; 
instead, they are just sufficient to mediate an undiminished maximal 
response. Still higher concentrations of antagonist (curves D and E) 
reduce the number of available receptors to the point that maximal 
response is diminished. The apparent EC50 of the agonist in curves D 
and E may approximate the Kd that characterizes the binding affinity 
of the agonist for the receptor.
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Pada umumnya ikatan obat bersifat reversible.
Kekuatan O-R yg reversible diukur dengan konstanta disosiasi
(Kd).
Nilai Kd = 1/2Bmax atau konsentrasi yang diperlukan oleh 
ligan untuk berikatan dengan ½ konsentrasi reseptor



4. POTENSI
Menunjukkan dosis relatif dari dua agonis atau lebih untuk
memproduksi kekuatan efek yang sama

4. EFIKASI
Seberapa baik sebuah obat dalam menghasilkan efek

Definisi



Obat-obatan yang tidak berikatan dengan reseptor fisiologis:
1. Antasida à menetralkan asam lambung
2. Manitol à menarik air, diuresis
3. Obat-obat infeksi: Antibiotik, antivirus, antiparasit
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CHAPTER 3

as a function of its concentration in the receptor compartment. Figure 3–2 
shows a typical dose-response curve, usually plotted as in Figure 3-2B.

Some drugs cause low-dose stimulation and high-dose inhibition. Such 
U-shaped relationships are said to display hormesis. Several drug-receptor 
systems can display this property (e.g., prostaglandins, endothelin, and 
purinergic and serotonergic agonists), which may be at the root of some 
drug toxicities (Calabrese and Baldwin, 2003).

A!nity, E!cacy, and Potency
In general, the drug-receptor interaction is characterized by (1) binding of 
drug to receptor and (2) generation of a response in a biological system, 
as illustrated in Equation 3–1, where the drug or ligand is denoted as L 
and the inactive receptor as R. !e "rst reaction, the reversible formation 
of the ligand-receptor complex LR, is governed by the chemical property 
of a!nity.
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(Equation 3–1)

LR∗ is produced in proportion to [LR] and leads to a response. !is sim-
ple relationship illustrates the reliance of the a#nity of the ligand (L) with 
receptor (R) on both the forward or association rate k+1 and the reverse or 
dissociation rate k–1. At any given time, the concentration of ligand-receptor 
complex [LR] is equal to the product of k+1[L][R], the rate of formation 
of the bimolecular complex LR, minus the product k–1[LR], the rate of 
dissociation of LR into L and R. At equilibrium (i.e., when δ[LR]/δt = 0),  
k+1[L][R] = k–1[LR]. !e equilibrium dissociation constant KD is then 
described by ratio of the o% and on rate constants, k–1/k+1.

!us, at equilibrium,
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(Equation 3–2)

!e a!nity constant or equilibrium association constant KA is the recip-
rocal of the equilibrium dissociation constant (i.e., KA = 1/KD); thus, a 
high-a!nity drug has a low KD and will bind a greater number of a partic-
ular receptor at a low concentration than a low-a!nity drug. As a practical 
matter, the a#nity of a drug is in&uenced most o'en by changes in its o% 
rate (k–1) rather than its on rate (k+1).

Equation 3–2 permits us to describe the fractional occupancy f of recep-
tors by agonist L as a function of [R] and [LR]:
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Figure 3–2 Graded responses. On the y axis, the response is expressed as a 
percentage of maximal response plotted as a function of the concentration of 
drug A present at the receptor (x axis). !e hyperbolic shape of the curve in 
panel A becomes sigmoid when plotted semilogarithmically, as in panel B. 
!e concentration of drug that produces 50% of the maximal response quanti-
"es drug activity and is referred to as the EC50 (e%ective concentration of ago-
nist for 50% response). !e range of concentrations needed to fully depict the 
dose-response relationship (~3 log10 [10] units) is too wide to be useful in the 
linear format of Figure 3–2A; thus, most dose-response curves use log [Drug] 
on the x axis, as in Figure 3–2B. Dose-response curves presented in this way 
are sigmoidal in shape and have three noteworthy properties: threshold, slope, 
and maximal asymptote. !ese three parameters quantitate the activity of the 
drug.

f can also be expressed in terms of KA (or KD) and [L]:
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From Equation 3–4, it follows that when the concentration of drug equals 
the KD (or 1/KA), f = 0.5, that is, the drug will occupy 50% of the receptors.
When [L] = KD:
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(Equation 3–4A)

Equation 3–4 describes only receptor occupancy, not the eventual 
response that may be ampli"ed by the cell. Because of downstream ampli-
"cation, many signaling systems can reach a full biological response with 
only a fraction of receptors occupied.

Potency is de"ned by example in Figure 3–3. Basically, when two drugs 
produce equivalent responses, the drug whose dose-response curve (plotted 
as in Figure 3–3A) lies to the le# of the other (i.e., the concentration produc-
ing a half-maximal e$ect [EC50] is smaller) is said to be the more potent.

E!cacy re&ects the capacity of a drug to activate a receptor and generate 
a cellular response. !us, a drug with high e#cacy may be a full agonist, 
eliciting, at some concentration, a full response. A drug with a lower e#-
cacy at the same receptor may not elicit a full response at any dose (see 
Figure 3–1). A drug with a low intrinsic e#cacy will be a partial agonist. 
A drug that binds to a receptor and exhibits zero e#cacy is an antagonist.

Quantifying Agonism
When the relative potency of two agonists of equal e#cacy is measured 
in the same biological system and downstream signaling events are the 
same for both drugs, the comparison yields a relative measure of the a#n-
ity and e#cacy of the two agonists (see Figure 3–3). We o'en describe 
agonist response by determining the half-maximally e$ective concentra-
tion (EC50) for producing a given e%ect. We can also compare maximal 
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Figure 3–3 Two ways of quantifying agonism. A. !e relative potency of two 
agonists (drug X, ; drug Y, ) obtained in the same tissue is a function 
of their relative a#nities and intrinsic e#cacies. !e EC50 of drug X occurs 
at a concentration that is one-tenth the EC50 of drug Y. !us, drug X is more 
potent than drug Y. B. In systems where the two drugs do not both produce 
the maximal response characteristic of the tissue, the observed maximal 
response is a nonlinear function of their relative intrinsic e#cacies. Drug X is 
more e#cacious than drug Y; their asymptotic fractional responses are 100% 
for drug X and 50% for drug Y.
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Thus, pindolol, a β-adrenoceptor partial agonist, may act either as an 
agonist (if no full agonist is present) or as an antagonist (if a full ago-
nist such as epinephrine is present). (See Chapter 2.) Intrinsic efficacy 
is independent of affinity (as usually measured) for the receptor.

In the same model, conventional antagonist action can be 
explained as fixing the fractions of drug-bound Ri and Ra in the 
same relative amounts as in the absence of any drug. In this situa-
tion, no change in activity will be observed, so the drug will 
appear to be without effect. However, the presence of the antago-
nist at the receptor site will block access of agonists to the receptor 
and prevent the usual agonist effect. Such blocking action can be 
termed neutral antagonism.

What will happen if a drug has a much stronger affinity for the 
Ri than for the Ra state and stabilizes a large fraction in the Ri–D 
pool? In this scenario the drug will reduce any constitutive 
activity, thus resulting in effects that are the opposite of the 
effects produced by conventional agonists at that receptor. Such 
drugs are termed inverse agonists (Figure 1–3). One of the best 
documented examples of such a system is the γ-aminobutyric acid 
(GABAA) receptor-effector (a chloride channel) in the nervous 
system. This receptor is activated by the endogenous transmitter 

GABA and causes inhibition of postsynaptic cells. Conventional 
exogenous agonists such as benzodiazepines also facilitate the 
receptor-effector system and cause GABA-like inhibition with 
sedation as the therapeutic result. This sedation can be reversed by 
conventional neutral antagonists such as flumazenil. Inverse ago-
nists of this receptor system cause anxiety and agitation, the 
inverse of sedation (see Chapter 22). Similar inverse agonists have 
been found for β adrenoceptors, histamine H1 and H2 receptors, 
and several other receptor systems.

D. Duration of Drug Action
Termination of drug action is a result of one of several processes. 
In some cases, the effect lasts only as long as the drug occupies the 
receptor, and dissociation of drug from the receptor automatically 
terminates the effect. In many cases, however, the action may 
persist after the drug has dissociated because, for example, some 
coupling molecule is still present in activated form. In the case of 
drugs that bind covalently to the receptor site, the effect may per-
sist until the drug-receptor complex is destroyed and new recep-
tors or enzymes are synthesized, as described previously for 
aspirin. In addition, many receptor-effector systems incorporate 
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FIGURE 1–2 Drugs may interact with receptors in several ways. The effects resulting from these interactions are diagrammed in the dose-
response curves at the right. Drugs that alter the agonist (A) response may activate the agonist binding site, compete with the agonist (compet-
itive inhibitors, B), or act at separate (allosteric) sites, increasing (C) or decreasing (D) the response to the agonist. Allosteric activators (C) may 
increase the efficacy of the agonist or its binding affinity. The curve shown reflects an increase in efficacy; an increase in affinity would result in 
a leftward shift of the curve.
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AGONIS
1. FULL and PARTIAL 

AGONIST
• Fullà menghasilkan respon

maksimal
• Partial agonist à

menghasilkan respon yang 
kurang dari 100%



• Ketika full agonist + partial 
agonist à Partial agonist menjadi
antagonis bagi full agonist, 
berkompetisi dalam berikatan
dengan reseptor yang sama.

• Contoh obat: Aripirazol (Antipsikotik) à
Partial agonist dari reseptor dopamine.

• Skizofrenia gejala positif: kelebihan Dopamin
pada jalur mesolimbik. Penambahan Partial 
dapat menjadi antagonis dopamine.

• Skizofrenia gejala negatif: kekurangan
dopamine pada jalur mesocortical. 
Penambahan Partial agonis akan berfungsi
sebagai agonis fungsional

AGONIS



AGONIS
2. Inverse agonist
Beberapa reseptor
menunjukkan adanya aktivitas
konstitutif tanpa keberadaan
ligan (reseptor tetap
teraktivasi meskipun tidak
ada ligan yang berikatan)
e.g: reseptor histamin, 
serotonin, benzodiazepine dll

In patients with allergic rhinitis and allergic conjunctivitis,
suppression of the response to nasal or conjunctival allergen
challenge tests by H1-antihistamines regardless of route of adminis-
tration provides clinically relevant information about their onset, ex-
tent, and duration of action. Although some systemic absorption of
nasal and ophthalmic formulations occurs, no dose adjustments are
required in the elderly or other vulnerable populations, and no clin-
ically relevant drug-drug, drug-food, or drug–herbal product interac-
tions have been described. Despite different elimination half-life
values (see Table E1), most of these H1-antihistamine formulations
are administered at 8- to 12-hour intervals because of washout by
secretions on the nasal mucosa and conjunctivae.1,18,26-28

EFFICACY OF H1-ANTIHISTAMINES
H1-antihistamines are widely used in the treatment of allergic

and nonallergic disorders (Fig 4).1,18,33,42-91

Allergic diseases in which H1-antihistamines are
medications of choice

Few clinical trials of first-generation H1-antihistamines in pa-
tients with allergic diseases meet current standards. In contrast,
use of second-generation H1-antihistamines in patients with
allergic rhinitis, allergic conjunctivitis, and chronic urticaria is
supported by hundreds of well-designed, randomized, placebo-
controlled trials lasting for weeks or months.1,18,37,42-72 Dosage

recommendations for oral, nasal, and ophthalmic H1-antihista-
mine formulations in adults, children, and infantswith allergic rhi-
nitis, allergic conjunctivitis, and urticaria are provided in Table E2
in this article’s Online Repository at www.jacionline.org.42

Allergic rhinitis. The morbidity and economic impact of
allergic rhinitis are widely underestimated. In patients with this
disease, oral second-generation H1-antihistamines prevent and re-
lieve the sneezing, itching, and rhinorrhea that characterize the
early response to allergen, with a small beneficial effect on the na-
sal congestion that characterizes the late allergic response (Fig 4).
Efficacy is documented primarily by standardized symptom
scores and quality-of-life assessments.1,18,37,42-46,50-56 Some
oral H1-antihistamines are marketed in fixed-dose combination
with the decongestant pseudoephedrine (see Table E2).42,53

Oral H1-antihistamines are more efficacious than chromones
and montelukast; however, all these classes of medications are
less efficacious than nasal glucocorticoids. H1-antihistamines
are generally ineffective in patients with nonallergic rhinitis.56,57

NasalH1-antihistamine formulations have amore rapid onset of
action than oral H1-antihistamine formulations (eg, 15minutes for
nasal azelastine vs 150minutes for oral desloratadine). In patients
with seasonal allergic rhinitis, nasal H1-antihistamines are re-
ported to be as efficacious ormore efficacious than oralH1-antihis-
tamines, particularly for relief of nasal congestion. They improve
symptoms in patients who are unresponsive to oral H1-antihista-
mines and those with vasomotor rhinitis. Patient preference
should be considered when recommending a nasal versus an
oral H1-antihistamine (see Table E2). Nasal azelastine combined
with nasal fluticasone in a single nasal spray delivery device is re-
ported to provide significantly greater improvement of symptoms,
including congestion, than either medication alone.26,42,56,58-60

Allergic conjunctivitis. In patients with allergic conjuncti-
vitis, H1-antihistamines administered orally or directly to the con-
junctivae relieve the itching, erythema, tearing, and edema that
characterize the early response to allergen (Fig 4).27,28,42,47,61-63

Ophthalmic formulations have a rapid onset of action (3-15 min-
utes), and some of them are reported to benefit nasal symptoms in
addition to conjunctival symptoms. In patients with allergic con-
junctivitis, H1-antihistamines have a more favorable benefit/risk
ratio than all other classes of medications, including ophthalmic
nonsteroidal anti-inflammatory drugs, ophthalmic decongestants,
and ophthalmic glucocorticoids (see Table E2).27,28,42,47,61-63

Urticaria. In patients with acute urticaria lasting less than 6
weeks or chronic urticaria lasting 6 weeks or more, H1-antihista-
mines decrease itching and reduce the number, size, and duration
of wheals and flares (erythema, Fig 4). In patients with acute
urticaria, H1-antihistamines have not been optimally studied;
however, in randomized double-blind placebo-controlled trials
lasting 18 months, cetirizine and levocetirizine are reported to
reduce acute urticaria in young atopic children.1,18,48,49,64

In patients with chronic urticaria, first-generation H1-antihista-
mines are used despite the absence of satisfactory randomized,
placebo-controlled trials to support their efficacy and safety. In con-
trast, high-quality trials of second-generation H1-antihistamines,
such as cetirizine, desloratadine, fexofenadine, levocetirizine,
loratadine, bilastine, and rupatadine confirm that they decrease
symptoms and improve quality of life (see Table E2).42,48,65-69

Althoughmany patients respond to standard doses of these medica-
tions, more respond to increasing the daily dose up to 4-fold; for ex-
ample, in one double-blind randomized controlled trial, 13 of 40
patients became symptom free on 5 mg of levocetirizine and 28

FIG 2. Molecular basis of action of histamine and antihistamines. A, The in-
active state of the histamine H1-receptor is in equilibrium with the active
state. B, The agonist, histamine, has preferential affinity for the active state,
stabilizes the receptor in this conformation, and shifts the equilibrium
toward the active state. C, An H1-antihistamine (inverse agonist) has
preferential affinity for the inactive state, stabilizes the receptor in this
conformation, and shifts the equilibrium toward the inactive state.15,18

GDP, Guanosine diphosphate; GTP, guanosine triphosphate.
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desensitization mechanisms for preventing excessive activation 
when agonist molecules continue to be present for long periods. 
(See Chapter 2 for additional details.)

E. Receptors and Inert Binding Sites
To function as a receptor, an endogenous molecule must first be 
selective in choosing ligands (drug molecules) to bind; and sec-
ond, it must change its function upon binding in such a way that 
the function of the biologic system (cell, tissue, etc) is altered. The 
selectivity characteristic is required to avoid constant activation of 
the receptor by promiscuous binding of many different ligands. The 
ability to change function is clearly necessary if the ligand is to cause 
a pharmacologic effect. The body contains a vast array of molecules 
that are capable of binding drugs, however, and not all of these 
endogenous molecules are regulatory molecules. Binding of a drug 
to a nonregulatory molecule such as plasma albumin will result in 

no detectable change in the function of the biologic system, so this 
endogenous molecule can be called an inert binding site. Such 
binding is not completely without significance, however, because it 
affects the distribution of drug within the body and determines the 
amount of free drug in the circulation. Both of these factors are of 
pharmacokinetic importance (see also Chapter 3).

Pharmacokinetic Principles
In practical therapeutics, a drug should be able to reach its 
intended site of action after administration by some convenient 
route. In many cases, the active drug molecule is sufficiently lipid-
soluble and stable to be given as such. In some cases, however, an 
inactive precursor chemical that is readily absorbed and distrib-
uted must be administered and then converted to the active drug 
by biologic processes—inside the body. Such a precursor chemical 
is called a prodrug.

In only a few situations is it possible to apply a drug directly to 
its target tissue, eg, by topical application of an anti-inflammatory 
agent to inflamed skin or mucous membrane. Most often, a drug 
is administered into one body compartment, eg, the gut, and must 
move to its site of action in another compartment, eg, the brain in 
the case of an antiseizure medication. This requires that the drug 
be absorbed into the blood from its site of administration and 
distributed to its site of action, permeating through the various 
barriers that separate these compartments. For a drug given orally 
to produce an effect in the central nervous system, these barriers 
include the tissues that make up the wall of the intestine, the walls 
of the capillaries that perfuse the gut, and the blood-brain barrier, 
the walls of the capillaries that perfuse the brain. Finally, after 
bringing about its effect, a drug should be eliminated at a reason-
able rate by metabolic inactivation, by excretion from the body, or 
by a combination of these processes.

A. Permeation
Drug permeation proceeds by several mechanisms. Passive diffu-
sion in an aqueous or lipid medium is common, but active pro-
cesses play a role in the movement of many drugs, especially those 
whose molecules are too large to diffuse readily (Figure 1–4). Drug 
vehicles can be very important in facilitating transport and per-
meation, eg, by encapsulating the active agent in liposomes and in 
regulating release, as in slow release preparations. Newer methods 
of facilitating transport of drugs by coupling them to nanoparti-
cles are under investigation.

1. Aqueous diffusion—Aqueous diffusion occurs within the 
larger aqueous compartments of the body (interstitial space, 
cytosol, etc) and across epithelial membrane tight junctions 
and the endothelial lining of blood vessels through aqueous 
pores that—in some tissues—permit the passage of molecules 
as large as MW 20,000–30,000.∗ See Figure 1–4A.
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FIGURE 1–3 A model of drug-receptor interaction. The receptor 
is able to assume two conformations. In the Ri conformation, it is 
inactive and produces no effect, even when combined with a drug 
molecule. In the Ra conformation, the receptor can activate down-
stream mechanisms that produce a small observable effect, even in 
the absence of drug (constitutive activity). In the absence of drugs, 
the two isoforms are in equilibrium, and the Ri form is favored. 
Conventional full agonist drugs have a much higher affinity for the Ra 
conformation, and mass action thus favors the formation of the Ra–D 
complex with a much larger observed effect. Partial agonists have an 
intermediate affinity for both Ri and Ra forms. Conventional antago-
nists, according to this hypothesis, have equal affinity for both recep-
tor forms and maintain the same level of constitutive activity. Inverse 
agonists, on the other hand, have a much higher affinity for the Ri 
form, reduce constitutive activity, and may produce a contrasting 
physiologic result.

∗ The capillaries of the brain, the testes, and some other tissues are char-
acterized by the absence of pores that permit aqueous diffusion. They 
may also contain high concentrations of drug export pumps (MDR 
pumps; see text). These tissues are therefore protected or “sanctuary” 
sites from many circulating drugs.
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asymptotes in systems where the agonists do not produce maximal 
response  (Figure 3–3B). "e advantage of using maxima is that this prop-
erty depends solely on e#cacy, whereas drug potency is a mixed function 
of both a#nity and e#cacy.

Quantifying Antagonism
Characteristic patterns of antagonism are associated with certain mech-
anisms of receptor blockade. One is straightforward competitive antag-
onism, whereby a drug with a#nity for a receptor but lacking intrinsic 
e#cacy (i.e., an antagonist) competes with the agonist for the primary 
binding site on the receptor (Ariens, 1954; Gaddum, 1957). !e character-
istic pattern of such antagonism is the concentration-dependent production 
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Figure 3–4 Mechanisms of receptor antagonism. In each set of curves, the green curve represents the e$ect of orthosteric agonist, unmodulated by any antagonist 
or potentiator. A. Competitive antagonism occurs when the agonist A and antagonist I compete for the same binding site on the receptor. Response curves for the 
agonist are shi%ed to the right in a concentration-related manner by the antagonist such that the EC50 for the agonist increases (e.g., L versus L′, L″, and L′″) with 
the concentration of the antagonist. B. If the antagonist binds to the same site as the agonist but does so irreversibly or pseudoirreversibly (slow dissociation but 
no covalent bond), it causes a shi% of the dose-response curve to the right, with progressive depression of the maximal response as [I] increases. Allosteric e$ects 
occur when an allosteric ligand I or P binds to a di$erent site on the receptor to either inhibit (I) the response (panel C. Increasing concentrations of I shi% the 
curves progressively to right and downward.) or potentiate (P) the response (panel D. Increasing concentrations of P shi% the curves progressively to le%.). "is 
allosteric e$ect is saturable; inhibition or potentiation reaches a limiting value when the allosteric site is fully occupied.

of a parallel shi" to the right of the agonist dose-response curve with no 
change in the maximal response (Figure 3–4A). "e magnitude of the 
rightward shi% of the curve depends on the concentration of the antago-
nist and its a#nity for the receptor (Schild, 1957). A competitive antagonist 
will reduce the response to zero.

A partial agonist similarly can compete with a “full” agonist for bind-
ing to the receptor. However, increasing concentrations of a partial agonist 
will inhibit response to a #nite level characteristic of the intrinsic e$cacy of 
the partial agonist. Partial agonists may be used therapeutically to bu$er 
a response by inhibiting excessive receptor stimulation without totally 
abolishing receptor stimulation. For example, varenicline is a nicotinic 
receptor partial agonist used in smoking cessation therapy. Its utility 
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•Additif:
Fenobarbital + Alkohol = meningkatkan
efek depresi SSP

•Sinergis: 𝛂-blocker + ACE inhibitor = 
hipotensi sinergis

KOMBINASI: SINERGIS dan ADITIF

Aditif: 1+1 >2
Sinergis : 1+1 =2
Kompetitif: 1+1<2
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Figure 3–7 Relation of the therapeutic window of drug concentrations to 
therapeutic and adverse effects in the population. !e ordinate is linear; the 
abscissa is logarithmic.

the concentration required for therapeutic e"ects in the population to 
evaluate the clinical therapeutic index. !e concentration or dose of drug 
required to produce a therapeutic e"ect in most of the population usually 
will overlap the concentration required to produce toxicity in some of 
the population, even though the drug’s therapeutic index in an individual 
patient may be large. !us, a population therapeutic window expresses a 
range of concentrations at which the likelihood of e#cacy is high and the 
probability of adverse e"ects is low (see Figure 3–7); it does not guarantee 
e#cacy or safety. !erefore, use of the population therapeutic window to 
optimize the dosage of a drug should be complemented by monitoring appro-
priate clinical and surrogate markers for drug e"ect(s) in a given patient.

Factors Modifying Drug Action
Numerous factors contribute to the wide patient-to-patient variability 
in the dose required for optimal therapy observed with many drugs 
(Figure 3–8). !e e"ects of these factors on variability of drug pharmaco-
kinetics are described more thoroughly in Chapters 2, 5, 6, and 7.

Drug Interactions and Combination Therapy
Drugs are commonly used in combination with other drugs, sometimes 
to achieve an additive or synergistic e"ect, but more o$en because two or 
more drugs are needed to treat multiple conditions. When drugs are used 
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Figure 3–8 Factors in!uencing the response to a prescribed drug dose.

in combination, one cannot assume that their e"ects are the same as when 
each agent is administered by itself. Marked alterations in the e"ects of 
some drugs can result from coadministration with other agents, includ-
ing prescription and nonprescription drugs, supplements, and nutraceuti-
cals. Such interactions can cause toxicity or inhibit the drug e"ect and the 
therapeutic bene%t. Drug interactions always should be considered when 
unexpected responses to drugs occur. Understanding the mechanisms of 
drug interactions provides a framework for preventing them.

Drug interactions may be pharmacokinetic (the delivery of a drug to 
its site of action is altered by a second drug) or pharmacodynamic (the 
response of the drug target is modi%ed by a second drug). Examples of 
pharmacokinetic interactions that can enhance or diminish the delivery of 
drug to its site of action are provided in Chapter 2. In a patient with multi-
ple comorbidities requiring a variety of medications, it may be di#cult to 
identify adverse e"ects due to medication interactions and to determine 
whether these are pharmacokinetic, pharmacodynamic, or some combi-
nation of interactions.

Combination therapy constitutes optimal treatment of many conditions, 
including heart failure (see Chapter 29), hypertension (see Chapter 28), 
and cancer (see Chapters 65–68). However, some drug combinations 
produce pharmacodynamic interactions that result in adverse e"ects. For 
example, nitrovasodilators produce vasodilation via NO-dependent ele-
vation of cGMP in vascular smooth muscle. !e pharmacologic e"ects of 
sildena%l, tadala%l, and vardena%l result from inhibition of the PDE5 that 
hydrolyzes cGMP to 5′GMP in the vasculature. !us, coadministration of 
an NO donor (e.g., nitroglycerin) with a PDE5 inhibitor can cause poten-
tially catastrophic vasodilation and severe hypotension.

!e oral anticoagulant warfarin has a narrow margin between ther-
apeutic inhibition of clot formation and bleeding complications and is 
subject to numerous important pharmacokinetic and pharmacodynamic 
drug interactions. Alterations in dietary vitamin K intake may signi%-
cantly a"ect the pharmacodynamics of warfarin and mandate altered dos-
ing; antibiotics that alter the intestinal 'ora reduce the bacterial synthesis 
of vitamin K, thereby enhancing the e"ect of warfarin; concurrent admin-
istration of NSAIDs with warfarin increases the risk of GI bleeding almost 
4-fold compared with warfarin alone. By inhibiting platelet aggregation, 
aspirin increases the incidence of bleeding in warfarin-treated patients.

Most drugs are evaluated in young and middle-aged adults, and data 
on their use in children and the elderly are sparse. At the extremes of 
age, drug pharmacokinetics and pharmacodynamics can be altered, pos-
sibly requiring avoidance of selected drugs or substantial alteration in the 
dose or dosing regimen to safely produce the desired clinical e"ect. !e 
American Geriatrics Society publishes the Beers Criteria for Potentially 
Inappropriate Medication Use in Older Adults, an explicit list of drugs 
that should be avoided in older adults, drugs that should be avoided or be 
used at lower doses in patients with reduced kidney function, and speci%c 
drug-disease and drug-drug interactions that are known to be harmful in 
older adults (Beers Update Panel, 2015).

Mechanisms of Drug Action

Receptors That A!ect Concentrations of 
Endogenous Ligands
A large number of drugs act by altering the synthesis, storage, release, 
transport, or metabolism of endogenous ligands such as neurotransmitters, 
hormones, and other intercellular mediators. For example, some of the 
drugs acting on adrenergic neurotransmission include α-methyltyrosine 
(inhibits synthesis of NE), cocaine (blocks NE reuptake), amphetamine 
(promotes NE release), and selegiline (inhibits NE breakdown by MAO) 
(see Chapters 8 and 12). !ere are similar examples for other neurotrans-
mitter systems, including ACh (see Chapters 8 and 10), DA, and 5HT 
(see Chapters 13–16). Drugs that a"ect the synthesis and degradation of 
circulating mediators such as vasoactive peptides (e.g., ACE inhibitors; see 
Chapter 26) and lipid-derived autocoids (e.g., cyclooxygenase inhibitors; 
see Chapter 37) are also widely used in the treatment of hypertension, 
in'ammation, myocardial ischemia, and heart failure.
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