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DESCRIPTION

Receptor pharmacology traditionally focuses on agonists and
antagonists two major classes of drugs that either activate or
inhibit receptor function respectively. However, in recent years a
third class of drugs known as inverse agonists has gained
attention for their unique ability to reduce the baseline activity
of constitutively active receptors. This class of molecules has
expanded the scope of drug discovery and development
particularly in therapeutic areas where receptor hyperactivity
contributes to disease.

Inverse agonists have distinct pharmacological properties
compared to traditional antagonists and their discovery has led
to novel approaches in treating conditions such as psychiatric

disorders, cardiovascular diseases and cancer.

Receptor activity and the concept of inverse agonism

Receptors are proteins that mediate cellular responses to external
stimuli often in the form of hormones, neurotransmitters or
drugs. These receptors can exist in different conformational
states active or inactive and drugs can influence their activity by
stabilizing one state over the other.

Agonists: Bind to receptors and stabilize their active state
triggering a biological response.

Antagonists: Block  receptor by
with agonists but do not affect baseline receptor activity.

activation competing

Inverse agonists: In contrast bind to constitutively active
receptors and stabilize their inactive state thereby reducing
baseline signaling activity below normal levels.

Inverse agonists are particularly relevant in the context of
constitutively active receptors which are receptors that exhibit a
certain level of activity even in the absence of an agonist. By
reducing this intrinsic activity inverse agonists offer a mechanism
to suppress overactive signaling making them an effective tool in
treating diseases driven by receptor hyperactivity.
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Mechanisms of inverse agonism

Inverse agonists work by binding to the same site as agonists and
antagonists known as the orthostatic site. However instead of
merely blocking receptor activation (as an antagonist does)
inverse agonists actively reduce receptor activity by stabilizing the
receptor in its inactive conformation.

This unique mechanism is best explained through the two-state
model of receptor activity which proposes that receptors exist in
an equilibrium between active (R*) and inactive (R) states.
Agonists shift this equilibrium toward the active state (R*) while
inverse agonists shift the equilibrium toward the inactive state
(R). Antagonists on the other hand block agonist binding
without altering the balance between active and inactive states.

Some inverse agonists may also exhibit partial agonist activity
depending on the receptor system and its basal activity levels. In
these cases, the drug can both activate and inhibit the receptor
under different conditions adding complexity to drug design.

Therapeutic applications of inverse agonists

The discovery of agonists has opened novel
therapeutic opportunities in several areas of medicine. By

inverse

reducing excessive receptor activity inverse agonists can help to
correct pathological signaling in diseases where constitutive
receptor activation plays a role.

Psychiatric disorders: Inverse agonists have shown potential in
the treatment of psychiatric disorders particularly in targeting
receptors 5-HT;4o and 5-HT;c. These
receptors have been implicated in conditions like schizophrenia
and anxiety where inverse agonists can help reduce excessive
neurotransmission and modulate mood and cognition. For

serotonin such as

example, risperidone a wellknown antipsychotic acts as an
inverse agonist at serotonin receptors contributing to its
therapeutic effects in schizophrenia.

Cardiovascular diseases: Inverse agonists targeting beta-adrenergic

receptors have been examined for treating cardiovascular
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conditions such as hypertension and heart failure. Inverse
agonism at beta-1 adrenergic receptors helps reduce baseline
sympathetic nervous system activity lowering heart rate and
blood pressure. Drugs like carvedilol used in heart failure
management exhibit inverse agonist properties that contribute to
their ability to prevent excessive adrenergic stimulation.

Cancer: Some cancers are driven by constitutively active tyrosine
kinase receptors such as the Epidermal Growth Factor Receptor
(EGFR). Inverse agonists targeting these receptors can inhibit
excessive cellular proliferation and tumor growth. Tyrosine
kinase inhibitors such as erlotinib function through mechanisms
that involve inverse agonism at hyperactive receptors providing
therapeutic benefits in cancer treatment.

Asthma and chronic obstructive pulmonary disease (COPD):
agonists at histamine receptors have  been
investigated for the treatment of respiratory conditions

such as asthma and COPD. By reducing the activity of

Inverse

constitutively active histamine receptors in the airways
inverse agonists can help control inflammation and
bronchoconstriction improving  breathing in affected
individuals.

Metabolic disorders: Cannabinoid Receptor (CB1) inverse
agonists such as rimonabant have been studied for their ability to
modulate appetite and energy metabolism. CB1 receptor
hyperactivity is linked to increased appetite and obesity making
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inverse agonists attractive for addressing metabolic disorders.
However, rimonabant was withdrawn due to psychiatric side
effects highlighting the complexity of balancing efficacy and
safety in inverse agonism.

Challenges in drug development

Despite their therapeutic potential inverse agonists pose certain
challenges in drug discovery and development. These include.

Receptor selectivity: Achieving high selectivity for a particular
receptor subtype is critical to minimize off-target effects and
adverse reactions. Inverse agonists may inadvertently affect
receptors that regulate normal physiological processes leading to
unwanted outcomes.

Constitutive activity variability: Not all receptors exhibit
constitutive activity and this activity may vary across different
tissues or pathological states. Developing drugs that target
constitutively active receptors requires careful identification of
receptor systems where inverse agonism is beneficial.

Side effects: Inverse agonists can cause severe side effects as seen
with rimonabant due to their potent receptor-deactivating
effects. These side effects especially in central nervous system
drugs necessitate a cautious approach to drug development.
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