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uma tira isolada de aorta de coelho.
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Agonista parcial
20    SECTION I Basic Principles

morphine-dependent individuals, however, and may precipitate a 
drug withdrawal syndrome due to competitive inhibition of mor-
phine’s agonist action.  

  Other Mechanisms of Drug Antagonism 
 Not all the mechanisms of antagonism involve interactions of 
drugs or endogenous ligands at a single type of receptor, and some 
types of antagonism do not involve a receptor at all. For example, 
protamine, a protein that is positively charged at physiologic pH, 
can be used clinically to counteract the effects of heparin, an anti-
coagulant that is negatively charged. In this case, one drug acts as 
a  chemical antagonist  of the other simply by ionic binding that 
makes the other drug unavailable for interactions with proteins 
involved in blood clotting. 

 Another type of antagonism is  physiologic antagonism  between 
endogenous regulatory pathways mediated by different receptors. 
For example, several catabolic actions of the glucocorticoid 

hormones lead to increased blood sugar, an effect that is physio-
logically opposed by insulin. Although glucocorticoids and insulin 
act on quite distinct receptor-effector systems, the clinician must 
sometimes administer insulin to oppose the hyperglycemic effects 
of a glucocorticoid hormone, whether the latter is elevated by 
endogenous synthesis (eg, a tumor of the adrenal cortex) or as a 
result of glucocorticoid therapy. 

 In general, use of a drug as a physiologic antagonist produces 
effects that are less specific and less easy to control than are the 
effects of a receptor-specific antagonist. Thus, for example, to treat 
bradycardia caused by increased release of acetylcholine from 
vagus nerve endings, the physician could use isoproterenol, a 
β-adrenoceptor agonist that increases heart rate by mimicking 
sympathetic stimulation of the heart. However, use of this physi-
ologic antagonist would be less rational—and potentially more 
dangerous—than would use of a receptor-specific antagonist such 
as atropine (a competitive antagonist at the receptors at which 
acetylcholine slows heart rate).   
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 FIGURE 2–4       A:  The percentage of receptor occupancy resulting from full agonist (present at a single concentration) binding to receptors 
in the presence of increasing concentrations of a partial agonist. Because the full agonist (filled squares) and the partial agonist (open squares) 
compete to bind to the same receptor sites, when occupancy by the partial agonist increases, binding of the full agonist decreases.  B:  When 
each of the two drugs is used alone and response is measured, occupancy of all the receptors by the partial agonist produces a lower maximal 
response than does similar occupancy by the full agonist.  C:  Simultaneous treatment with a single concentration of full agonist and increasing 
concentrations of the partial agonist produces the response patterns shown in the bottom panel. The fractional response caused by a single 
high concentration of the full agonist (filled squares) decreases as increasing concentrations of the partial agonist compete to bind to the 
receptor with increasing success; at the same time the portion of the response caused by the partial agonist (open squares) increases, while the 
total response—ie, the sum of responses to the two drugs (filled triangles)—gradually decreases, eventually reaching the value produced by 
partial agonist alone (compare with B).  
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Exemplo: Receptor 𝜇-opióide 
CHAPTER 31 Opioid Analgesics & Antagonists    547

and δ-opioid receptors contribute to µ-agonist efficacy (eg, inhibi-
tion of presynaptic voltage-gated calcium channel activity). On the 
other hand, a recent study using a transgenic mouse that expresses 
a δ–receptor-enhanced green fluorescent protein (eGFP) fusion 
protein shows little overlap of µ receptor and δ receptor in the 
dorsal root ganglion neurons. Importantly, the µ receptor is associated 

with TRPV1 and peptide (substance P)-expressing nociceptors, 
whereas δ-receptor expression predominates in the non-peptidergic 
population of nociceptors, including many primary afferents with 
myelinated axons. This is consistent with the action of intrathecal 
µ-receptor– and δ-receptor–selective ligands that are found to block 
heat versus mechanical pain processing, respectively. To what 

 FIGURE 31–1      Potential receptor mechanisms of analgesic drugs. The primary afferent neuron (cell body not shown) originates in the 
periphery and carries pain signals to the dorsal horn of the spinal cord, where it synapses via glutamate and neuropeptide transmitters with the 
secondary neuron. Pain stimuli can be attenuated in the periphery (under inflammatory conditions) by opioids acting at µ-opioid receptors 
(MOR) or blocked in the afferent axon by local anesthetics (not shown). Action potentials reaching the dorsal horn can be attenuated at the 
presynaptic ending by opioids and by calcium blockers (ziconotide), α 2  agonists, and possibly, by drugs that increase synaptic concentrations of 
norepinephrine by blocking reuptake (tapentadol). Opioids also inhibit the postsynaptic neuron, as do certain neuropeptide antagonists acting 
at tachykinin (NK1) and other neuropeptide receptors.  
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Morfina: 
- Usada no tratamento de dor 

crônica
- Efeito adverso: depressão 

respiratória, constipação
- Causa dependência e 

tolerância



Exemplo: Agonista parcial

• Buprenorfina
– Agonista parcial do receptor  
𝜇 opióide

– Possui ação analgésica 
menor (menos potente), 
mas também causa menos 
depressão respiratória que 
a morfina

– Pode ajudar na overdose



Quem sou eu?

CHAPTER 2 Drug Receptors & Pharmacodynamics    17

produce a pharmacologic response. The transduction process that 
links drug occupancy of receptors and pharmacologic response is 
often termed  coupling.  The relative efficiency of occupancy-response 
coupling is partially determined by the initial conformational change 

in the receptor; thus, the effects of full agonists can be considered 
more efficiently coupled to receptor occupancy than can the effects 
of partial agonists (described in text that follows). Coupling effi-
ciency is also determined by the biochemical events that transduce 
receptor occupancy into cellular response. Sometimes the biologic 
effect of the drug is linearly related to the number of receptors 
bound. This is often true for drug-regulated ion channels, eg, in 
which the ion current produced by the drug is directly proportional 
to the number of receptors (ion channels) bound. In other cases, the 
biologic response is a more complex function of drug binding to 
receptors. This is often true for receptors linked to enzymatic signal 
transduction cascades, eg, in which the biologic response often 
increases disproportionately to the number of receptors occupied by 
drug. 

 Many factors can contribute to nonlinear occupancy-response 
coupling, and often these factors are only partially understood. 
The concept of  “spare” receptors,  regardless of the precise bio-
chemical mechanism involved, can help us to think about these 
effects. Receptors are said to be “spare” for a given pharmacologic 
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 
receptors 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 undiminished maximal response ( Figure 2–2 ). Thus, the same 
maximal inotropic response of heart muscle to catecholamines can 
be elicited even under conditions in which 90% of the β adreno-
ceptors are occupied by a quasi-irreversible antagonist. Accordingly, 
myocardial cells are said to contain a large proportion of spare β 
adrenoceptors. 

 How can we account for the phenomenon of spare receptors? 
In the example of the β adrenoceptor, receptor activation pro-
motes binding of guanosine triphosphate (GTP) to an interme-
diate signaling protein and activation of the signaling 
intermediate may greatly outlast the agonist-receptor interaction 
(see the following section on G Proteins & Second Messengers). 
In such a case, the “spareness” of receptors is  temporal . Maximal 
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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 EC 50  and K d , 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 EC 50  of the agonist in curves  D  
and  E  may approximate the K d  that characterizes the binding affinity 
of the agonist for the receptor.  
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CURVA CONCENTRAÇÃO-RESPOSTA
CONCEITO DE EFICÁCIA

AGONISTA PLENO – EFICÁCIA = 1

AGONISTA PARCIAL – 0 < EFICÁCIA < 1 

ANTAGONISTA – EFICÁCIA = 0

AGONISTA INVERSO – EFICÁCIA < 0
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Brunton et al. 2011. As bases farmacológicas da terapêutica
de  Goodman & Gilman. 12a. Ed. 



E o que seria um agonista inverso ????



Atividade constitutiva
• Na ausência de qualquer ligante
• Exemplo clássico – Receptor Gabaérgico
• Agonista inverso - 𝛽 – carbolinas –Ligam no 

sítio Benzodiazepínico e inibem atividade 
constitutiva – podendo levar a ansiedade e 
convulsões

8    SECTION I Basic Principles

 What will happen if a drug has a much stronger affinity for the 
R i  than for the R a  state and stabilizes a large fraction in the R i –D 
pool? In this scenario the drug would reduce any constitutive 
activity, thus resulting in effects that are the opposite of the effects 
produced by conventional agonists at that receptor. Such drugs 
have been termed  inverse agonists  ( Figure 1–4 ). One of the best 
documented examples of such a system is the γ-aminobutyric acid 
(GABA A ) 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 inhibition can be blocked 
by conventional neutral antagonists such as flumazenil. In addi-
tion, inverse agonists have been found that cause anxiety and 

agitation, the inverse of sedation (see Chapter 22). Similar inverse 
agonists have been found for β-adrenoceptors, histamine H 1  and 
H 2  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 desensiti-
zation mechanisms for preventing excessive activation when ago-
nist 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 second, 
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 
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 FIGURE 1–4      A model of drug-receptor interaction. The receptor 
is able to assume two conformations. In the R i  conformation, it is 
inactive and produces no effect, even when combined with a drug 
molecule. In the R a  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 R i  form is favored. 
Conventional full agonist drugs have a much higher affinity for the R a  
conformation, and mass action thus favors the formation of the R a –D 
complex with a much larger observed effect. Partial agonists have an 
intermediate affinity for both R i  and R a  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 R i  
form, reduce constitutive activity, and may produce a contrasting 
physiologic result.  
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378    SECTION V Drugs That Act in the Central Nervous System

2 hours. Zolpidem is rapidly metabolized to inactive metabolites via 
oxidation and hydroxylation by hepatic cytochromes P450 including 
the CYP3A4 isozyme. The elimination half-life of the drug is 1.5–
3.5 hours, with clearance decreased in elderly patients. Zaleplon is 
metabolized to inactive metabolites, mainly by hepatic aldehyde 
oxidase and partly by the cytochrome P450 isoform CYP3A4. The 
half-life of the drug is about 1 hour. Dosage should be reduced in 
patients with hepatic impairment and in the elderly. Cimetidine, 
which inhibits both aldehyde dehydrogenase and CYP3A4, mark-
edly increases the peak plasma level of zaleplon. Eszopiclone is 
metabolized by hepatic cytochromes P450 (especially CYP3A4) to 
form the inactive  N -oxide derivative and weakly active desmethyl-
eszopiclone. The elimination half-life of eszopiclone is approxi-
mately 6 hours and is prolonged in the elderly and in the presence 
of inhibitors of CYP3A4 (eg, ketoconazole). Inducers of CYP3A4 
(eg, rifampin) increase the hepatic metabolism of eszopiclone. 

    C. Excretion 
 The water-soluble metabolites of sedative-hypnotics, mostly formed 
via the conjugation of phase I metabolites, are excreted mainly via the 
kidney. In most cases, changes in renal function do not have a 
marked effect on the elimination of parent drugs. Phenobarbital is 
excreted unchanged in the urine to a certain extent (20–30% in 
humans), and its elimination rate can be increased significantly by 
alkalinization of the urine. This is partly due to increased ionization 
at alkaline pH, since phenobarbital is a weak acid with a pK a  of 7.4. 

   D. Factors Affecting Biodisposition 
 The biodisposition of sedative-hypnotics can be influenced by 
several factors, particularly alterations in hepatic function result-
ing from disease or drug-induced increases or decreases in 
microsomal enzyme activities (see  Chapter 4 ). 

 In very old patients and in patients with severe liver disease, the 
elimination half-lives of these drugs are often increased signifi-
cantly. In such cases, multiple normal doses of these sedative-
hypnotics can result in excessive central nervous system effects. 

 The activity of hepatic microsomal drug-metabolizing enzymes 
may be increased in patients exposed to certain older sedative-
hypnotics on a long-term basis (enzyme induction; see  Chapter 4 ). 
Barbiturates (especially phenobarbital) and meprobamate are most 
likely to cause this effect, which may result in an increase in their 
own hepatic metabolism as well as that of other drugs. Increased 
biotransformation of other pharmacologic agents as a result of 
enzyme induction by barbiturates is a potential mechanism under-
lying drug interactions (see  Chapter 66 ). In contrast, benzodiaz-
epines and the newer hypnotics do not change hepatic 
drug-metabolizing enzyme activity with continuous use. 

     Pharmacodynamics of Benzodiazepines, 
Barbiturates, & Newer Hypnotics 
  A. Molecular Pharmacology of the GABA A  Receptor 
 The benzodiazepines, the barbiturates, zolpidem, zaleplon, eszopi-
clone, and many other drugs bind to molecular components of the 
GABA A  receptor in neuronal membranes in the central nervous 

system. This receptor, which functions as a chloride ion channel, 
is activated by the inhibitory neurotransmitter GABA (see  
Chapter 21 ). 

 The GABA A  receptor has a pentameric structure assembled 
from five subunits (each with four membrane-spanning domains) 
selected from multiple polypeptide classes (α, β, γ, δ, ε, π, ρ, etc). 
Multiple subunits of several of these classes have been character-
ized, among them six different α (eg, α1 through α6), four β, and 
three γ. A model of the GABA A  receptor-chloride ion channel 
macromolecular complex is shown in  Figure 22–6 . 

 A major isoform of the GABA A  receptor that is found in many 
regions of the brain consists of two α1, two β2, and one γ2 
subunits. In this isoform, the two binding sites for GABA are 
located between adjacent α1 and β2 subunits, and the binding 
pocket for benzodiazepines (the  BZ site  of the GABA A  receptor) 
is between an α1 and the γ2 subunit. However, GABA A  receptors 
in different areas of the central nervous system consist of various 
combinations of the essential subunits, and the benzodiazepines 
bind to many of these, including receptor isoforms containing α2, 
α3, and α5 subunits. Barbiturates also bind to multiple isoforms 

 FIGURE 22–6      A model of the GABA A  receptor-chloride ion 
channel macromolecular complex. A hetero-oligomeric glycoprotein, 
the complex consists of five or more membrane-spanning subunits. 
Multiple forms of α, β, and γ subunits are arranged in different penta-
meric combinations so that GABA A  receptors exhibit molecular 
heterogeneity. GABA appears to interact at two sites between α and β 
subunits, triggering chloride channel opening with resulting mem-
brane hyperpolarization. Binding of benzodiazepines and the newer 
hypnotic drugs such as zolpidem occurs at a single site between α 
and γ subunits, facilitating the process of chloride ion channel 
opening. The benzodiazepine antagonist flumazenil also binds at this 
site and can reverse the hypnotic effects of zolpidem. Note that these 
binding sites are distinct from those of the barbiturates. (See also text 
and Box: The Versatility of the Chloride Channel GABA Receptor 
Complex.)  
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Ativação Constitutiva e Agonismo Inverso

RANG et al., 2012. Farmacologia, 7a edição



E o que seria um agonista tendencioso ????



Agonismo tendencioso

A.S. Pupo et al. / Pharmacological Research 112 (2016) 49–57 53

Fig. 2. Schematic representation of differences of potency and efficacy in biased agonism. Agonist A has higher potency/efficacy than agonist B in pathway 1, but lower
potency/efficacy than agonist B in pathway 2.



Agonismo tendencioso
50 A.S. Pupo et al. / Pharmacological Research 112 (2016) 49–57

Fig. 1. Overview of possible signaling outputs triggered by a GPCR when activated by ligands with different properties. (A) Schematic representation of the mechanism
of  action of a “balanced agonist”, which binds the receptor and stabilizes conformations allowing activation of downstream pathways for this particular receptor, here
represented by G protein- and !-arrestin-dependent signaling. (B) On the other hand, a !-arrestin-biased ligand stabilizes the receptor in conformations favoring activation
of  !-arrestin-dependent signaling in a biased manner. (C) G protein-biased ligand favors conformations that favor G protein- over !-arrestin-dependent signaling. (D) Binding
of  distinct !-arrestin-biased ligands in the same receptor may induce a fine tuning on !-arrestin cascade as different conformations of !-arrestin may be stabilized and
would therefore change its ability to scaffold different effectors. (E) Recent findings on GPCR signaling show that some receptors may  activate a second round of G"s after
internalization at early endosomes. (F) It has also been suggested that G"s activation from endosomes may  be dependent on !-arrestin, raising the possibility that some
ligands  could also modulate !-arrestin-dependent responses from intracellular sites.



Agonismo tendencioso

A.S. Pupo et al. / Pharmacological Research 112 (2016) 49–57 53

Fig. 2. Schematic representation of differences of potency and efficacy in biased agonism. Agonist A has higher potency/efficacy than agonist B in pathway 1, but lower
potency/efficacy than agonist B in pathway 2.



Exemplo

54 A.S. Pupo et al. / Pharmacological Research 112 (2016) 49–57

Fig. 3. Assessment of noradrenaline and oxymetazoline G protein-dependent signaling in !1A adrenergic receptor. Concentration-response curves for intracellular calcium
mobilization (A) and Gq activation (B) on HEK293T cells transiently transfected with !1A adrenergic receptor and stimulated with increasing amounts of noradrenaline or
oxymetazoline.

nist is noradrenaline [1]. If concentration-response curves for the
internalization induced by oxymetazoline and noradrenaline are
performed at 30 min  of agonist incubation, oxymetazoline is con-
sidered a full agonist for human !1A-adrenoceptor internalization,
whereas noradrenaline is inactive at this specific time point [1],
giving the false impression that noradrenaline is absolutely biased
toward Gq signaling versus receptor internalization.

Recently, at least three useful pharmacological parameters were
proposed for the quantification of biased agonism, the Intrinsic Rel-
ative Activity (RAi, [29]) ratios, the bias factor " [70] and the log Bias
or !!log #/KA [46]. Because of space constraints, the reader will
be referred to the specific literature above for the mathematical
grounds of each of them. A common feature of all three parame-
ters is that they relate functional estimates of ligands efficacy and
affinity and assume that changes in its ratios in two or more signal-
ing pathways result from agonist directed stabilization of different
receptor conformations.

The most straightforward in terms of calculation is the Intrinsic
Relative Activity (RAi) ratio described by [29] that only requires the
knowledge of Maximal Effect (Emax) and pEC50 as combined sur-
rogates of efficacy and affinity of agonists in two of the triggered
signaling pathways. However, when the Hill coefficients of the log
concentration-response curves differ from 1.0, RAi ratios will be
largely affected by cell dependent interferences such as receptor
densities and coupling efficiencies (reviewed in Refs. [29,46]) . For
the calculation of both the bias factor " [70] and the !!log #/KA
[46], the log concentration-response curves for the agonists are
analyzed according to the Black-Leff Operational Model of Ago-
nism [10] to provide estimates of efficacy (#) and affinity (KA).
However, one important difference between the bias factor "
and the !!log #/KA is that the former uses independent esti-
mates of affinity usually from radioligand binding, whereas the
latter accommodates the possibility that different receptor affin-
ity states for the agonist exist in each of the triggered signaling
pathways and uses KA values determined though the Operational
Model equation. In fact, it seems more appropriate to let KA val-
ues unconstrained since biased agonism is built on the concept
that different ligands will stabilize different receptor conforma-
tions favoring the activation of discrete signaling pathways and
there is no obvious reason to assume that the ligand will inter-
act with these different receptor conformations presenting similar
affinities.

4. Perspectives for biased agonism application

Despite the increasing complexity of what can be considered
biased agonism as above discussed, discovery of ligand bias, as
a general concept of a broader capability of signaling, has raised
speculations about the possibility of achieving pharmacological
profiles distinct from those classically related to agonists or antago-
nists [44,83]. Biased agonists so far described have shown ability to
emphasize a beneficial cellular signal, to de-emphasize a debilitat-
ing signal, or to de-emphasize a debilitating signal while blocking
the capacity of the endogenous agonist to produce the signal [45].

The development of novel GPCR drugs with potentially
increased efficacy and/or fewer on-target adverse effects has
already prompted a few compounds into clinical trials. The first
one being tested in humans against an unbiased ligand is TRV130,
a G protein biased agonist (versus "-arrestin-2) that binds to the
$ opioid receptor (MOR) and produces analgesia comparable to
that of morphine [16]. Preclinical studies have suggested that opi-
oid analgesia is associated with G!i coupling at the MOR, whereas
gastrointestinal dysfunction, respiratory depression and tolerance
to the analgesic effect are all linked to "-arrestin-2 recruitment
[13,12,39,69,56,89,26].

On the other side, a potent "-arrestin biased ligand of the
angiotensin II type 1 receptor (AT1R) [82], referred to as TRV027, is
currently being investigated in Phase 2b as an intravenous drug
for the treatment of acute heart failure (AHF) (ClinicalTrials.gov
Identifier: NCT01966601). Besides enhancing cardiac contractility
and output [82], TRV027 also differs from angiotensin-converting
enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs)
by controlling vasoactive effects to prevent prolonged hypotension
[81].

Evidence on parallel signaling pathways that could be differ-
entially targeted by biased agonists has accumulated for a great
number of GPCRs. A comprehensive list of these receptors is beyond
the scope of this review, but a few examples might illustrate the
range of biological scenarios for which biased agonists may  be
of value. For instance, positive therapeutic effects on mnemonic
processes in Alzheimer’s disease models have been shown for the
G!q-biased agonist pilocarpine, which selectively activates the M1
muscarinic acetylcholine receptor [33,36]. Moreover, favoring "-
arrestin-2-dependent recruitment and signaling in the dopamine
D2 receptor has also been suggested as a potentially important
tool for the management of neuropsychiatric disorders, enhancing



Tipos de antagonismo:

• Antagonista competitivo:

– Interação com receptor è
Apresenta afinidade

– Não causa efeito per se è
Eficácia = 0

– Ação esperada = inibição da 
resposta do agonista

Agonista

Inibidor
competitivo

Ativador alostérico

Inibidor alostérico

Katzung et al., 2011. Basic and Clinic Pharmacology. 11a. Ed.

Sítio Ortostérico

Sítio Alostérico



ANTAGONISMO COMPETITIVO

Situação A – Antagonismo
reversível – é [agonista] desloca
a ligação do antagonista (Ex. 
Isoprenalina na presença de 
propanolol – átrio de cobaia)

Situação B – Antagonismo
irreversível – é [agonista] NÃO
desloca a ligação do antagonista
(Ex. Carbacol na presença de 
dibenamina – estômago de coelho) 
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Concentração do agonista

Concentração do agonista
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[antagonista]

RANG et al., 2012. Farmacologia, 7a edição



ANTAGONISMO REVERSÍVEL
Curvas em concentrações crescentes do antagonista Gráfico de Schild

Características fundamentais:
(1) Deslocamento da curva log para direita, sem alteração na inclinação e no efeito máximo
(2) Relação linear entre a razão de dose do agonista e concentração do antagonista – Gráfico

de SCHILD – determinação da constante de afinidade do antagonista (KB) ou pA2

(3) Evidências de competição por ensaios de ligação
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ANTAGONISMO IRREVERSÍVEL
Características Fundamentais:
(1) Não mantém resposta máxima

(2) Mudanças na inclinação
(3) Normalmente envolve ligação covalente do antagonista – não dissocia

ou dissocia lentamente

5-hidroxitrptamina (mol/L) Carbacol (mol/L)
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Exemplos:
• Antagonista competitivo reversível: Atropina 

no receptor muscarínico

AtropinaAtropa belladona



SNA - DIVISÃO PARASSIMPÁTICA
(Descanso e digestão)

Fonte: Lent, 2010, Cem bilhões de neurônios?

Aceticolina
Receptor nicotínico

Aceticolina
Receptor nicotínico

Receptor Muscarínico Receptor Adrenérgico



SINAPSE COLINÉRGICA

Brunton et al. 2011. As bases farmacológicas da terapêutica de  Goodman & Gilman. 12a. Ed. 



RECEPTORES MUSCARÍNICOS
Receptor M1 M2 M3 M4 M5

Principais 
localizações

SNC: córtex 
cerebral, 
hipocampo, 
estriado
Gânglios 
autônomos
Glandulas: 
gástricas, salivares, 
etc

Coração: átrios
SNC: amplamente 
destribuídos

Glândulas 
exócrinas, 
gástricas, salivares, 
etc.
Musculatura lisa: 
TGI, olhos, vias 
aéreas, bexiga

SNC SNC: substância 
negra
Glândulas 
salivares,
Íris/músculo 
ciliar

Resposta 
celular

é IP3, DAG
Despolarização
Excitação (PEPS 
lentos)
ê K+

ê AMPc
Inibição
ê Ca+2

é K+

é IP3, DAG
Despolarização
Excitação (PEPS 
lentos)
é [Ca+2]i

ê AMPc
Inibição
ê Ca+2

é K+

é IP3, DAG
Despolarização
Excitação (PEPS 
lentos)
ê K+

Resposta 
funcional

Estimulação do 
SNC 
Secreção gástrica

Inibição cardíaca
Inibição neuronal

Secreção gástrica, 
salivar
Contração 
muscular - TGI
Acomodação 
ocular
Vasodilatação 
(produção de NO)

Aumento da 
locomoção

Desconhecida
Parkinson ?
Esquizofrenia? 



Efeitos da atropina
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drugs. At toxic doses, and in some individuals at normal doses, 
antimuscarinic agents cause cutaneous vasodilation, especially in 
the upper portion of the body. The mechanism is unknown. 

 The net cardiovascular effects of atropine in patients with nor-
mal hemodynamics are not dramatic: tachycardia may occur, but 
there is little effect on blood pressure. However, the cardiovascular 
effects of administered direct-acting muscarinic agonists are easily 
prevented.  

4.    Respiratory system— Both smooth muscle and secretory 
glands of the airway receive vagal innervation and contain muscarinic 
receptors. Even in normal individuals, administration of atropine 
can cause some bronchodilation and reduce secretion. The effect is 
more significant in patients with airway disease, although the anti-
muscarinic drugs are not as useful as the β-adrenoceptor stimulants 
in the treatment of asthma (see  Chapter 20 ). The effectiveness of 
nonselective antimuscarinic drugs in treating chronic obstructive 
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 FIGURE 8–3      Effects of topical scopolamine drops on pupil diameter (mm) and accommodation (diopters) in the normal human eye. One 
drop of 0.5% solution of drug was applied at zero time, and a second drop was administered at 30 minutes ( arrows ). The responses of 42 eyes 
were averaged. Note the extremely slow recovery. (Redrawn from Marron J: Cycloplegia and mydriasis by use of atropine, scopolamine, and homatropine-paredrine. 
Arch Ophthalmol 1940;23:340.)  

 FIGURE 8–4      Effects of increasing doses of atropine on heart rate ( A ) and salivary flow ( B ) compared with muscarinic receptor occupancy in 
humans. The parasympathomimetic effect of low-dose atropine is attributed to blockade of prejunctional muscarinic receptors that suppress 
acetylcholine release. (Modified and reproduced, with permission, from Wellstein A, Pitschner HF: Complex dose-response curves of atropine in man explained by differ-
ent functions of M 1  and M 2  cholinoceptors. Naunyn Schmiedebergs Arch Pharmacol 1988;338:19.)  
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120    SECTION II Autonomic Drugs

pulmonary disease (COPD) is limited because block of autoin-
hibitory M 2  receptors on postganglionic parasympathetic nerves 
can oppose the bronchodilation caused by block of M 3  receptors 
on airway smooth muscle. Nevertheless, antimuscarinic agents are 
valuable in some patients with asthma or COPD. 

 Antimuscarinic drugs are frequently used before the adminis-
tration of inhalant anesthetics to reduce the accumulation of 
secretions in the trachea and the possibility of laryngospasm.  

5.    Gastrointestinal tract— Blockade of muscarinic receptors 
has dramatic effects on motility and some of the secretory func-
tions of the gut. However, even complete muscarinic block cannot 
totally abolish activity in this organ system, since local hormones 
and noncholinergic neurons in the enteric nervous system (see 
Chapters 6 and 62) also modulate gastrointestinal function. As in 
other tissues, exogenously administered muscarinic stimulants are 
more effectively blocked than are the effects of parasympathetic 
(vagal) nerve activity. The removal of autoinhibition, a negative 
feedback mechanism by which neural acetylcholine suppresses its 
own release, might explain the lower efficacy of antimuscarinic 
drugs against the effects of endogenous acetylcholine. 

 Antimuscarinic drugs have marked effects on salivary secretion; 
dry mouth occurs frequently in patients taking antimuscarinic drugs 
for Parkinson’s disease or urinary conditions ( Figure 8–5 ). Gastric 
secretion is blocked less effectively: the volume and amount of acid, 
pepsin, and mucin are all reduced, but large doses of atropine may 
be required. Basal secretion is blocked more effectively than that 
stimulated by food, nicotine, or alcohol. Pirenzepine and a more 
potent analog, telenzepine, reduce gastric acid secretion with fewer 
adverse effects than atropine and other less selective agents. This was 
thought to result from a selective blockade of excitatory M 1  muscar-
inic receptors on vagal ganglion cells innervating the stomach, as 
suggested by their high ratio of M 1  to M 3  affinity ( Table 8–1 ). 
However, carbachol was found to stimulate gastric acid secretion in 
animals with M 1  receptors knocked out; M 3  receptors were impli-
cated and pirenzepine opposed this effect of carbachol, an indication 
that pirenzepine is selective but not specific for M 1  receptors. The 
mechanism of vagal regulation of gastric acid secretion likely involves 
multiple muscarinic receptor-dependent pathways. Pirenzepine and 
telenzepine are investigational in the USA. Pancreatic and intestinal 
secretion are little affected by atropine; these processes are primarily 
under hormonal rather than vagal control. 

 Gastrointestinal smooth muscle motility is affected from the 
stomach to the colon. In general, the walls of the viscera are 
relaxed, and both tone and propulsive movements are diminished. 
Therefore, gastric emptying time is prolonged, and intestinal tran-
sit time is lengthened. Diarrhea due to overdosage with parasym-
pathomimetic agents is readily stopped, and even diarrhea caused 
by nonautonomic agents can usually be temporarily controlled. 
However, intestinal “paralysis” induced by antimuscarinic drugs is 
temporary; local mechanisms within the enteric nervous system 
usually reestablish at least some peristalsis after 1–3 days of anti-
muscarinic drug therapy.  

   6. Genitourinary tract— The antimuscarinic action of atropine 
and its analogs relaxes smooth muscle of the ureters and bladder 

wall and slows voiding ( Figure 8–5 ). This action is useful in the 
treatment of spasm induced by mild inflammation, surgery, and 
certain neurologic conditions, but it can precipitate urinary reten-
tion in men who have prostatic hyperplasia (see following section, 
Clinical Pharmacology of the Muscarinic Receptor-Blocking Drugs). 
The antimuscarinic drugs have no significant effect on the uterus.  

   7. Sweat glands— Atropine suppresses thermoregulatory sweat-
ing. Sympathetic cholinergic fibers innervate eccrine sweat glands, 
and their muscarinic receptors are readily accessible to antimusca-
rinic drugs. In adults, body temperature is elevated by this effect 
only if large doses are administered, but in infants and children 
even ordinary doses may cause “atropine fever.”      

  ! CLINICAL PHARMACOLOGY OF 
THE MUSCARINIC RECEPTOR
BLOCKING DRUGS 

  Therapeutic Applications 
 The antimuscarinic drugs have applications in several of the major 
organ systems and in the treatment of poisoning by muscarinic 
agonists. 

  A. Central Nervous System Disorders  
   1. Parkinson’s disease— The treatment of Parkinson’s disease 
is often an exercise in polypharmacy, since no single agent is fully 
effective over the course of the disease. Most antimuscarinic drugs 
promoted for this application (see Table 28–1) were developed 
before levodopa became available. Their use is accompanied by all 
of the adverse effects described below, but the drugs remain useful 
as adjunctive therapy in some patients.  
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 FIGURE 8–5      Effects of subcutaneous injection of atropine on 
salivation, speed of micturition (voiding), heart rate, and accommo-
dation in normal adults. Note that salivation is the most sensitive of 
these variables, accommodation the least. (Data from Herxheimer A: Br J 
Pharmacol 1958;13:184.)  
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Substância Propriedades 
farmacológicas

Usos clínicos Observações

Atropina Antagonista não seletivo
Bem absorvido por via 
oral
Estimulante do SNC

Adjuvante na anestesia
(redução das secreções, 
broncodilatação)
Envenenamento por anti-
AChE
Hipermotilidade 
intestinal (anti-
espasmódico

Alcalóide da 
beladona
Principais efeitos 
colaterais: retenção 
urinária, boca seca, 
visão turva

Rang HP  et al. Rang & Dale Farmacologia. 7a. Edição. Elsevier, 2012.



Exemplos

• Fenoxibenzamina – antagonista irreversível do 
receptor α-adrenoceptor CHAPTER 10 Adrenoceptor Antagonist Drugs    153
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 FIGURE 10–2      Dose-response curves to norepinephrine in the presence of two different α-adrenoceptor–blocking drugs. The tension pro-
duced in isolated strips of cat spleen, a tissue rich in α receptors, was measured in response to graded doses of norepinephrine.  Left:  Tolazoline, 
a reversible blocker, shifted the curve to the right without decreasing the maximum response when present at concentrations of 10 and 20 
μmol/L.  Right:  Dibenamine, an analog of phenoxybenzamine and irreversible in its action, reduced the maximum response attainable at both 
concentrations tested. (Modified and reproduced, with permission, from Bickerton RK: The response of isolated strips of cat spleen to sympathomimetic drugs and their 
antagonists. J Pharmacol Exp Ther 1963;142:99.)  

 FIGURE 10–3       Top:  Effects of phentolamine, an α-receptor–blocking drug, on blood pressure in an anesthetized dog. Epinephrine reversal 
is demonstrated by tracings showing the response to epinephrine before  (middle)  and after  (bottom)  phentolamine. All drugs given intrave-
nously. BP, blood pressure; HR, heart rate.  
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SNA - DIVISÃO SIMPÁTICA
(Luta ou fuga)

Fonte: Lent, 2010, Cem bilhões de neurônios?

Aceticolina
Receptor nicotínico

Aceticolina
Receptor nicotínico

Receptor Muscarínico Receptor Adrenérgico



Receptores adrenérgicos
(Receptores que acoplam à proteína G)

a1 ba2

Excitatórios
Ativam prot Gq

↑ IP3/Ca2+ e DAG
Excitatórios

Ativam prot Gs
↑ AMPc

Inibitórios
Ativam prot Gi

↓ AMPc

b1 b2 b3

Noradrenalina 
ou adrenalina

coração
rins

pulmões
fígado

musc esquelét

tec. adiposo

vasos (geral)
fígado

esfíncter da bexiga
TGI

SNC
vasos (musc esquelet)

TGI



Substância Propriedades farmacológicas Usos clínicos

Fenoxibenzamina Antagonista irreversível de 
receptores adrenérgicos α1 e 
α2
Causa ativação do reflexo 
baroreceptor

Causa diminuição da pressão 
arterial
Aumento frequência cardíaca 
por ativação do reflexo 
barorreceptor

Usado no tratamento de 
feocromocitoma durante 
estágios de alta liberação de 
catecolaminas

Bloqueia o efeito da liberação de 
catecolaminas pelo tumor 
mesmo em altas concentrações. 

Overdose – tratamento com 
antagonista fisiológico



Antagonismo superável e não 
superável

• Esta proposta separa dois tipos de
antagonismo (antagonismo superável e não
superável) baseando-se na descrição do efeito
da presença do antagonista na curva
concentração-efeito do agonista.

https://www.sbfte.org.br/glossario-farmacologico/

https://www.sbfte.org.br/glossario-farmacologico/


Classificação com base no efeito:

• I. Antagonismo superável:

• Conceito: A inibição exercida pelo antagonista é
vencida quando se aumenta suficientemente a 
concentração do agonista.

• Representação gráfica: Neste caso, observa-se um 
aumento do CE 50 do agonista sem modificação
do seu efeito máximo (CE 50 : ↑ e E max : ↔ ).

https://www.sbfte.org.br/glossario-farmacologico/

https://www.sbfte.org.br/glossario-farmacologico/


Classificação com base no efeito:

• II. Antagonismo não superável:

• Conceito: A inibição exercida pelo antagonista
não é vencida mesmo quando se aumenta
suficientemente a concentração do agonista.

• Representação gráfica: Neste caso, observa-se 
uma diminuição do efeito máximo do agonista, 
sem alteração, ou com aumento, do seu CE 50 
(CE 50 : ↔ (ou ↑) e E max: : ↓).

https://www.sbfte.org.br/glossario-farmacologico/

https://www.sbfte.org.br/glossario-farmacologico/


• - Antagonismo competitivo. Este termo é
usado para descrever a situação na qual 
agonista e antagonista se ligam ao mesmo
sítio de reconhecimento, ou em sítios de 
reconhecimento que apresentam
sobreposição, na macromolécula receptora. 
Neste caso a ligação do antagonista e do 
agonista é mutualmente exclusiva.

Classificação molecular:

https://www.sbfte.org.br/glossario-farmacologico/

https://www.sbfte.org.br/glossario-farmacologico/


Classificação molecular:

• Antagonismo não competitivo. Este termo é
usado para descrever a situação na qual 
antagonista e agonista podem se ligar
simultaneamente no receptor. Ademais a 
IUPHAR recomenda que este termo seja
restrito a ação de antagonistas que atuam no 
mesmo receptor do agonista

• Antagonismo alostérico (nomenclatura
moderna)

https://www.sbfte.org.br/glossario-farmacologico/

https://www.sbfte.org.br/glossario-farmacologico/


Implicações terapêuticas

• O grau de inibição causado por um antagonista 
competitivo depende da sua concentração.

• Por exemplo o antagonista competitivo do 
receptor β-adrenérgico, propranolol. Pacientes 
recebendo a mesma dose do fármaco podem 
exibir uma concentração plasmática bem 
diferente, devido a variações no clearance de 
cada indivíduo.

• Como resultado, a dose administrada deve ser 
ajustada para cada paciente. 



Implicações terapêuticas

• A resposta terapêutica a uma antagonista 
competitivo depende da concentração do 
agonista.

• Variações na liberação dos neurotransmissores 
em diferentes estados podem interferir na ação 
do antagonista

• A dose de propranolol necessária para controlar a 
frequência cardíaca no estágio de repouso pode 
não não ser eficaz durante o exercício físico ou 
em situações de estresse



OUTROS TIPOS DE ANTAGONISMO
• QUÍMICO 
– Interação em solução

• Ex: Agentes quelantes (dimercaprol – metais pesados)

• FARMACOCINÉTICO 
– Redução da concentração efetiva do fármaco

• Ex: Varfarina e fenobarbital

• BLOQUEIO DA RELAÇÃO RECEPTOR-EFETOR 
– Bloqueio dos sistemas efetores

• Ex: Verapamil  - Cálcio

• FISIOLÓGICO
– Efeitos antagônicos

• Histamina e omeprazol



RESUMINDO…

FÁRMACO RECEPTOR EFEITO 
BIOLÓGICO

Afinidade:
Capacidade de ligar-se

Propriedade de agonistas e antagonistas

Eficácia:
Capacidade de causar efeito
Propriedade de agonistas
Obedece a uma relação 
concentração-resposta

Agonistas:
Plenos: causam resposta máxima 
(eficácia = 100%)
Parciais: causam resposta pacial 
(0 < eficácia < 100%)
Inversos: inibem atividade constitutiva
(eficácia < 0)

Antagonistas:
Eficácia = 0 – não causam resposta 
biológica
Competitivo reversível– mantem 
resposta máxima
Competitivo não-reversível –
diminuem resposta máxima



MECANISMOS DE TRANSDUÇÃO

FÁRMACO RECEPTOR
MECANISMO 

DE 
TRANSDUÇÃO

EFEITO 
BIOLÓGICO

AFINIDADE è EFICÁCIA
ASPECTOS MOLECULARES DA AÇÃO DO FÁRMACOS

Fármaco deve ligar-se a receptores ou alvos
farmacológicos, causar sua ativação para

enfim causar sua resposta biológica!!!



RESUMINDO...

FÁRMACO RECEPTOR
MECANISMO 

DE 
TRANSDUÇÃO

EFEITO 
BIOLÓGICO

CONCEITOS:
1. Afinidade (Ensaios de ligação)
2. Eficácia (Agonismo e Antagonismo)

1. Tipos de agonismo
2. Tipos de antagonismo

3. Potência

CONCEITOS:
1. Receptores/Canais iônicos/Enzimas/Moléculas 

transportadoras
2. Tipos de receptores

1. Tipo 1 – canais/ tipo 2 – acoplados a 
proteína G/tipo 3 – quinases/ tipo 4 -
nucleraes

Interação Droga-Receptor:
1. Para agir, fármaco deve interagir quimicamente com moléculas dos tecidos
2. Teoria de ocupação dos receptores - “O efeito de um fármaco é proporcional ao número

de receptores ocupados” (Alfred Clark)
3. Ocupação do receptor não pressupõe atividade: Mecanismos de transdução devem ser 

ativados (Afinidade vs. Eficácia)
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