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2. Targets for drug action

“pharmacology and pharmacokinetics” (general pharmacology) class:                                                         
(by Stephan Kellenberger)

1542* unique drugs, 1214 of which have known protein targets (Rask-
Andersen et al., Nat. Rev. Drug Disc. 10, pp 579, 2011)
Of these, 192 drugs have non-human targets (bacteria, etc.)
If drugs with non-therapeutic targets are removed from this list, we end up 
with 989 drugs acting on 435 therapeutic effect-mediating targets
 

Estimate of the number of drug targets based on an analysis of the entries 
in the DrugBank  (www.drugbank.ca)

* There are in fact about 21’000 drug products, if different drugs having the same 
active principle, or different forms, are counted.
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Based on Rask-Andersen et al., Nat. Rev. Drug Disc. 10, pp 579, 2011
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Targets for drug action
 

Drug targets 
Target 
 

examples  

2.1. Receptors for physiological 
ligands 

 

Transmembrane receptors  
2.1.1. G-protein-coupled receptors - adrenergic receptors 

- opioid receptors 
2.1.2. ligand-gated ion channels - GABAA receptors 
2.1.3. kinase-linked receptors - insulin receptor 
Intracellular receptors  
2.1.4. nuclear receptors - pregnane X receptor 
2.2. Other targets/approaches  
2.2.1. enzymes - dihydrofolate reductase 

- tyrosine kinases 
- angiotensin-converting enzyme 
- COX inhibitors (in pain chapter) 

2.2.2. ion channels and 
transporters 

- voltage-gated Na channels 

2.2.3. protein therapeutics - GLP-1 receptor agonists 
-TNF-a monoclonal antibodies (e.g. infliximab) 

2.2.4. gene therapy - Nusinersen 
- Tisagenlecleucel /Axicabtagene ciloleucel 

 

Receptors
Enzymes
Transporter proteins
Other
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2. Targets for drug action
2.1. Receptors (for physiological ligands) as drug targets

quick information about receptors:

-iuphar site: www.guidetopharmacology.org
-sites for expression of proteins: 
general: http://biogps.org
brain: http://portal.brain-map.org/

http://www.guidetopharmacology.org/
http://biogps.org/
http://portal.brain-map.org/
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2.1.1. G protein-coupled receptors (GPCRs)

examples of drug targets:

- muscarinic acetylcholine receptors
- adrenoceptors
- opioid receptors
- dopamin receptors
- serotonin receptors
- cannabinoid receptors
- vasopressin receptors

2. Targets for drug action
2.1. Receptors (for physiological ligands) as drug targets
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Figure 3-8 The function of the G-protein. The G-protein consists of three subunits (α, β, γ), which are anchored to the membrane 
through attached lipid residues. Coupling of the α subunit to an agonist-occupied receptor causes the bound GDP to exchange with 
intracellular GTP; the α-GTP complex then dissociates from the receptor and from the βγ complex, and interacts with a target protein 
(target 1, which may be an enzyme, such as adenylate cyclase, or an ion channel). The βγ complex may also activate a target protein 
(target 2). The GTPase activity of the α subunit is increased when the target protein is bound, leading to hydrolysis of the bound GTP 
to GDP, whereupon the α subunit reunites with βγ. 

Receptor-mediated activation of a G protein and the 
resultant effector interaction
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GPCR signaling pathways

Table 3-4. The main G-protein subtypes and their functions a 
Subtypes Associated receptors Main effectors Notes 
G α subunits 
Gαs Many amine and other receptors 

(e.g. catecholamines, histamine, 
serotonin) 

Stimulates adenylyl cyclase, causing 
increased cAMP formation. 

Activated by cholera toxin,which blocks GTPase 
activity, thus preventing inactivation. 

Gαi As for Gαs, also opioid, 
cannabinoid receptors 

Inhibits adenylyl cyclase, decreasing 
cAMP formation. 

Blocked by pertussis toxin, which prevents 
dissociation of αβγcomplex. 

Gαo As for Gαs, also 
opioid,cannabinoid receptors 

Limited effects of αsubunit (effects 
mainly due to βγsubunits) 

Blocked by pertussis toxin. Occurs mainly in nervous 
system. 

Gαq Amine, peptide and prostanoid 
receptors 

Activates phospholipase C, increasing 
production of second messengers 
inositol trisphosphate and 
diacylglycerol  

- 

Gβγ 
subunits 

All GPCRs As for Gα subunits (see above). Also: 
• activate potassium channels 
• inhibit voltage-gated calcium channels 
• activate GPCR kinases  
• activate mitogen-activated protein 
kinase cascade. 

Many Gβγisoforms identified, but specific functions 
are not yet known. Gβγ-mediated effects probably 
require higher levels of GPCR activation than Gα-
mediated effects. 

  
 
 
aThis table lists only those isoforms of major pharmacological significance. Many more have been identified, some of which 
play roles in olfaction, taste, visual transduction and other physiological functions (see Offermanns, 2003). 
GPCR, G-protein-coupled receptor. 

 

G protein Actions
Gas (G stimulatory) Activates adenylyl cyclase , activates Ca2+ channels

Gai (G inhibitory) Inhibits adenylyl cyclase, activates K+ channels
Gao Inhibits Ca2+ channels
Gaq Activates phospholipase C
Gbg Act on ion channels and other targets
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The mechanism described is called homologous (or 
agonist-specific) desensitization. In addition, 
heterologous (cross-)desensitisation occurs as a result 
of phosphorylation of one type of receptor as a result of 
activation of kinases by another.

Desensitization of GPCRs
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Desensitization due to changes in receptors

Figure 2-11 Two kinds of receptor desensitisation.  
Acetylcholine (ACh) at the frog motor endplate. Brief 
depolarisations (upward deflections) are produced by 
short pulses of ACh delivered from a micropipette. A 
long pulse (horizontal line) causes the response to 

decline with a time course of about 20 seconds, 
owing to desensitisation, and it recovers with a similar 
time course. B, b-Adrenoceptors of rat glioma cells in 

tissue culture. Isoprenaline (1µmol/l) was added at 
time zero, and the adenylate cyclase response and b-
adrenoceptor density measured at intervals. During 
the early uncoupling phase, the response (blue line) 

declines with no change in receptor density (red line). 
Later, the response declines further concomitantly 

with disappearance of receptors from the membrane 
by internalisation. The green and orange lines show 
the recovery of the response and receptor density 

after the isoprenaline is washed out during the early 
or late phase. (From: (A) Katz B, Thesleff S 1957 J 

Physiol 138: 63; (B) Perkins J P 1981 Trends 
Pharmacol Sci 2: 326.)

A: Receptors linked to ion channels: time-
course of milliseconds, due to conformational 
change

B: G-Protein-coupled receptors: time-course of 
minutes, due to phosphorylation, interfering 
with coupling to 2nd messenger cascades



GPCR signaling not only via G proteins

10

TiPs 28, p423

R, receptor; A, B 
and C, proteins or 
group of proteins 

implicated in a 
specific signalling 

pathway
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Some recent developments in GPCR research

• GPCR desensitization: involves receptor phosphorylation and 
internalization. Phosphorylation allows arrestins to bind, leading to a 
block of the interaction with G proteins, and to internalization

• GPCR dimerization. GPCRs can function as monomers, but also as 
heterodimers. Examples are GABAB receptors and Opioid receptors

• Constitutively active receptors. There is evidence that GPCRs can 
be active in the absence of agonist (b-adrenergic receptors, H3 
receptors)

• The cellular effects of different ligands are qualitatively different, 
implying the existence of more than one active (R*) state. 

• G protein-independent signaling, for example via arrestins to the 
MAP kinase pathway
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• The autonomic system controls smooth muscle (visceral 
and vascular), exocrine (and some endocrine) 
secretions, rate and force of the heart, and certain 
metabolic processes (e.g. glucose utilisation). 

•   
• Sympathetic and parasympathetic systems have 

opposing actions in some situations (e.g. control of 
heart rate, gastrointestinal smooth muscle), but not in 
others (e.g. salivary glands, ciliary muscle). 

•   
• Sympathetic activity increases in stress ('fight or flight' 

response), whereas parasympathetic activity 
predominates during satiation and repose. Both 
systems exert a continuous physiological control of 
specific organs under normal conditions, when the body 
is at neither extreme. 

 

Physiology of the autonomic nervous system

Example: adrenergic receptors 
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Neurotransmitters in the peripheral nervous system

ACh nicotinic ACh rec. (Channel)

muscarinic ACh rec. (GPCR)
NA Adrenergic receptors (GPCRs)ACh nicotinic ACh rec. (Channel)

muscarinic ACh rec. (GPCR)
NA Adrenergic receptors (GPCRs)
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Neurotransmitters in the peripheral nervous system

ACh nicotinic ACh rec. (Channel)

muscarinic ACh rec. (GPCR)
NA Adrenergic receptors (GPCRs)ACh nicotinic ACh rec. (Channel)

muscarinic ACh rec. (GPCR)
NA Adrenergic receptors (GPCRs)
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Localization of adrenergic 
receptors and downstream 
signaling

 
 
receptor 
subtype 

post-/pre-
synaptic 

G-protein signaling 
mechanisms 

a1 post Gq/11 ↑ IP3, DAG 
a2 pre Gi ↓cAMP 
b1,2 post Gs ↑cAMP 
 
 

NE
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o α1-receptors: vasoconstriction, relaxation of 

gastrointestinal smooth muscle; salivary 
secretion and hepatic glycogenolysis 

o α2-receptors: inhibition of transmitter release 
(including noradrenaline and acetylcholine 
release from autonomic nerves); platelet 
aggregation, contraction of vascular smooth 
muscle, inhibition of insulin release 

o β1-receptors: increased cardiac rate and 
force 

o β2-receptors: bronchodilatation, 
vasodilatation, relaxation of visceral smooth 
muscle, hepatic glycogenolysis and muscle 
tremor 

o β3-receptors (expressed in adipose tissue 
and the detrusor muscle of the bladder): 
lipolysis, relaxation of detrusor muscle 

 

Main effects of receptor activation:
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physiological agonists at adrenergic receptors: 
catecholamines

• Noradrenaline (Norepinephrine): a transmitter released by 
sympathetic nerve terminals. Has actions at a1 and b1 receptors, 
but relatively little action at b2 receptors

• Adrenaline (epinephrine), a hormone secreted by the adrenal 
medulla. E. stimulates both a and b receptors. At low concentrations 
predominantly b1 and b2 effects, at high concentrations the a1 
effects predominate.

• Dopamine is a prominent CNS neurotransmitter. Systemic 
administration has few CNS effects because it does not readily 
cross the blood-brain barrier. 
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Adrenoceptor agonists: specificity and 
clinical applications 

 
Noradrenaline and adrenaline show relatively little receptor selectivity. 
Adrenaline is used in cardiac arrest and in anaphylactic shock 
Selective α1 agonists include phenylephrine and oxymetazoline. a1 agonists 
are used for nasal decongestion (nasal sprays) 
Selective α2 agonists include clonidine and α-methylnoradrenaline. They 
cause a fall in blood pressure, partly by inhibition of noradrenaline release and 
partly by a central action. They are used to lower blood pressure and intraocular 
pressure and to reduce the frequency of migraine attacks. 
Selective β1 agonists include dobutamine. Dobutamine is used in cardiogenic 
shock. 
Selective β2 agonists include salbutamol, terbutaline and salmeterol, used 
mainly for their bronchodilator action in asthma. 
Selective β3 agonist: mirabegron, to treat symptoms of overactive bladder 
(relaxation of the smooth muscle of the bladder)  
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Adrenoceptor antagonists 
• Selective α1 antagonists (e.g. prazosin, doxazosin, terazosin) are used to treat 

hypertension. Postural hypotension is an unwanted effect. Another application of a1 
antagonists is to treat the symptoms of benign prostatic hyperplasia. Drugs used for 
this indication are tamsulosin and doxazosin. They have some selectivity for the 
bladder. They induce relaxation of the smooth muscle of the bladder and prostate; they 
inhibit prostate hypertrophy.  

b-adrenergic receptor antagonists 

• Non-selective between β1 and β2 adrenoceptors: propranolol, alprenolol, oxprenolol. 
• β1-selective: atenolol , nebivolol. 
• Alprenolol and oxprenolol have partial agonist activity. 
• Cardiovascular uses: 

o angina pectoris 
o cardiac dysrhythmias 
o anxiety, tremor 
o hypertension 

•  
• Important hazards are bronchoconstriction, bradycardia and cardiac failure (possibly 

less with partial agonists). 
• Side effects include cold extremities, insomnia, depression, fatigue. 
• Some show rapid first-pass metabolism, hence poor bioavailability. 
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(1)

(2)
NE

the numbers identify the two types of transmitter uptake 
systems, uptake 1, present in the neuronal membrane, 
and uptake 2, present in the non-neuronal cell (smooth 
muscle, cardiac muscle, endothelium)
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(1)

(2)
NE

the numbers identify the two types of transmitter uptake 
systems, uptake 1, present in the neuronal membrane, 
and uptake 2, present in the non-neuronal cell (smooth 
muscle, cardiac muscle, endothelium)
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Targets for drug action
 

Drug targets 
Target 
 

examples  

2.1. Receptors for physiological 
ligands 

 

Transmembrane receptors  
2.1.1. G-protein-coupled receptors - adrenergic receptors 

- opioid receptors 
2.1.2. ligand-gated ion channels - GABAA receptors 
2.1.3. kinase-linked receptors - insulin receptor 
Intracellular receptors  
2.1.4. nuclear receptors - pregnane X receptor 
2.2. Other targets/approaches  
2.2.1. enzymes - dihydrofolate reductase 

- tyrosine kinases 
- angiotensin-converting enzyme 
- COX inhibitors (in pain chapter) 

2.2.2. ion channels and 
transporters 

- voltage-gated Na channels 

2.2.3. protein therapeutics - GLP-1 receptor agonists 
-TNF-a monoclonal antibodies (e.g. infliximab) 

2.2.4. gene therapy - Nusinersen 
- Tisagenlecleucel /Axicabtagene ciloleucel 

 

Receptors
Enzymes
Transporter proteins
Other
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Pain pharmacology: definitions

Definition of pain: An unpleasant sensory and emotional experience associated with actual or 
potential tissue damage, or described in terms of such damage (international association for 
the study of pain).

àPain is always subjective. Each individual learns the application of the word through 
experiences related to injury in early life. 

Other definitions:

Noxious Stimulus
A noxious stimulus is one which is damaging to normal tissues. 

Nociceptor
A receptor preferentially sensitive to a noxious stimulus or to a stimulus which would become 
noxious if prolonged. 

Allodynia
Pain due to a stimulus which does not normally provoke pain. 

Hyperalgesia
An increased response to a stimulus which is normally painful 

Pain pharmacology
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The  4 steps in pain sensation:
Transduction: activation of the peripheral nerve terminal by noxious stimuli (thermal, mechanical or 
chemical stimuli) à depolarization of the nerve ending 
Conduction: travelling of the signal from the nerve terminal to the CNS
Transmission/Modulation:  transmission of the signal in the dorsal horn of the spinal cord; integration 
and relay of the information by a complex neuronal network in the spinal cord and the brain 
Perception: final step, subjective

Adapted from Julius and Basbaum, Nature. 2001,413:203-10.

http://www.ncbi.nlm.nih.gov/pubmed/11557989
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(a) Noxious stimuli are transduced into electrical activity at the peripheral terminals of unmyelinated C-fiber and thinly 
myelinated A -fiber nociceptors by specific receptors or ion channels sensitive to heat, mechanical stimuli, protons and cold. 
This activity is conducted to the spinal cord and, after transmission in central pathways, to the cortex, where the sensation
of pain is experienced. (Scholz and Woolf, Nature Neuroscience 2002)

Mechanism of transduction:
The activation of these channels or receptors allows 
the entry of Ca and/or Na, leading to a depolarization. 
If the activation threshold of voltage-gated Na 
channels is reached, an action potential is induced. 

TRPA1

PIEZO2
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Figure 1 Phylogenetic relationship among the mammalian
TRPV, TRPM, and TRPA channels with two Drosophila
TRPA channels. Red, orange, and blue squares indicate
channels activated by high heat, warm, and cold stimuli,
respectively.

Figure 2 (A) Temperature response pro.les of heat- or cold-induced activation of TRPV1,
TRPV2, TRPV4, and TRPM8 at a holding potential of 60 mV in HEK293 cells expressing
those
channels. Dotted lines indicate the threshold temperatures for activation. (B) Temperatures
causing
pain and activating six TRP channels. Dotted lines indicate that threshold temperatures for 
activation
of TRPV1 and TRPM8 are not .xed but changeable in the presence of other stimuli (see
text).

Thermosensation and Pain
Makoto Tominaga Michael J. Caterina
J Neurobiol. 2004 Oct;61(1):3-12 

movie TRPA1 ko

Trp channels
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sensitizing agents: « chemical transducers that make pain worse»

Some of the main components of the 'inflammatory soup' are shown, including peptides (bradykinin), lipids (prostaglandins), neurotransmitters (serotonin (5-
HT) and ATP) and neurotrophins (NGF). The acidic nature of the inflammatory soup is also indicated. Each of these factors sensitize (lower the threshold) or 
excite the terminals of the nociceptor by interacting with cell-surface receptors expressed by these neurons. Examples of these factors and representative 
molecular targets are indicated in the box. Activation of the nociceptor not only transmits afferent messages to the spinal cord dorsal horn (and from there to 
the brain), but also initiates the process of neurogenic inflammation. This is an efferent function of the nociceptor whereby release of neurotransmitters, 
notably substance P and calcitonin gene related peptide (CGRP), from the peripheral terminal induces vasodilation and plasma extravasation (leakage of 
proteins and fluid from postcapillary venules), as well as activation of many non-neuronal cells, including mast cells and neutrophils. These cells in turn 
contribute additional elements to the inflammatory soup. Figure adapted from refs 75,76. Julius and Basbaum, Nature. 2001,413:203-10.

http://www.ncbi.nlm.nih.gov/pubmed/11557989
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Peripheral Sensitization (à leading to increased pain)
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The  4 steps in pain sensation:
Transduction: activation of the peripheral nerve terminal by noxious stimuli (thermal, mechanical or 
chemical stimuli) à depolarization of the nerve ending 
Conduction: travelling of the signal from the nerve terminal to the CNS
Transmission/Modulation:  transmission of the signal in the dorsal horn of the spinal cord; integration 
and relay of the information by a complex neuronal network in the spinal cord and the brain 
Perception: final step, subjective
…..how can we test pain sensation (e.g. in order to evaluate the efficacy of drugs)?  

Adapted from Julius and Basbaum, Nature. 2001,413:203-10.

http://www.ncbi.nlm.nih.gov/pubmed/11557989


30



31

3. Transmission/Modulation
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1. Sites of action of analgesics

Opiates
NSAIDs

Opiates

+

NSAIDs
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Mechanism of action of NSAIDs
Phospholipids

Arachidonic acid

cyclic endoperoxides

Prostaglandins ProstacyclinThromboxane A2

Leukotrienes

- glucocorticoids

- NSAIDs

Phospholipase A2

cyclo-oxygenase

PGF2a, PGD2, PGE2;
bronchoconstriction (EP1R) & -

relaxation (EP2R), vasodilation, inhibitor 
of platelet aggregation, hyperalgesic 

action, inhibition of gastric acid 
secretion, increase of gastric mucus 

secretion

platelet aggregation, 
vasoconstriction

PGI2;
vasodilator, hyperalgesic 
action, inhibitor of platelet 

aggregation

bronchoconstriction, 
increase vascular 

permeability

5-Lipoxygenase

2 cyclo-oxygenase (COX) enzymes exist:
COX-1: constitutively expressed, ubiquitous, protection and maintenance functions 
COX-2: inducible expression, in inflamed and activated tissues, produces the 
inflammatory mediators
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Actions of NSAIDs 
 

The NSAIDs have three major pharmacologically desirable actions, stemming from 
the suppression of prostanoid synthesis in inflammatory cells through inhibition of the 
cyclo-oxygenase (COX)-2 isoform of the arachidonic acid COX. They are as follow. 

 
• An anti-inflammatory action: the decrease in prostaglandin E2 and prostacyclin 

reduces vasodilation and, indirectly, oedema.  
• An analgesic effect: decreased prostaglandin generation means less 

sensitisation of nociceptive nerve endings to inflammatory mediators such as 
bradykinin and 5-hydroxytryptamine. At the dorsal horn of the spinal cord it 
means less prostaglandins that act as pain-producing neuromodulators (for 
NSAIDs that cross the blood-brain barrier). Relief of headache is probably a 
result of decreased prostaglandin-mediated vasodilatation. 

• An antipyretic effect: interleukin-1 releases prostaglandins in the central 
nervous system, where they elevate the hypothalamic set point for temperature 
control, thus causing fever. NSAIDs prevent this.  

• Some important examples are aspirin , ibuprofen , naproxen , indometacin, 
piroxicam  and paracetamol. Newer agents with more selective inhibition of 
COX-2 (and thus fewer adverse effects on the gastrointestinal tract) include 
celecoxib  and etoricoxib. 

unwanted effects:  
• gastrointestinal effects: nausea, vomiting, gastric discomfort, bleeding or ulcers 
• adverse cardiovascular effects, may be related to inhibition of COX-2 in the 

kidney or elsewhere, leading to hypertension 
• Increased risk of cardiovascular death 
• bronchospasms in “aspirin-sensitive” asthma 
• reversible renal insufficiency (inhibition of prostaglandin-mediated 

vasodilatation in kidney) 
• all NSAIDs except COX-2 inhibitors prevent platelet aggregation and therefore 

may prolong bleeding 
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Some important NSAIDs

Substance brand name analgesic/antipyretic 
effect 

anti-
inflammatory 

effect 

Remarks 

acetyl salicylic 
acid 

Aspirin x 
 
x 

 
 
x 

- dosage ≤ 2-3 g 
/day 

- dosage ≥ 3-4 g 
/day 

ibuprofen 
diclofenac 
mefenamate 

Brufen 
Voltaren 
Ponstan 

x x NSAIDs 

paracetamol Panadol x   
celecoxib Celebrex x x COX-2 specific inhibitor 
 
Mechanism of action:
Acetylsalicylic acid covalently acetylates the active site of the enzyme; most other 
NSAIDs are reversible competitive inhibitors; the exact mechanism of action of 
paracetamol is not known

Paracetamol differs from the NSAIDs by inhibiting central, but not peripheral COX. 
Due to this, paracetamol has no anti-inflammatory action, no effect on platelet 
aggregation and does not  induce the unwanted gastrointestinal effects
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2. Opioid receptor agonists
- The opiates act in a system with endogenous ligands (opioid peptides: 
enkephalins, b-endorphin and dynorphins) and receptors (opioid receptors)

- This system interacts at several levels with pain sensation

- Opioid receptors are coupled to protein G; three types of opioid receptors are 
known, µ, d and k (the new terminology is MOPr, DOPr and KOPr).
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All opioid receptors are linked through G 
proteins to inhibition of adenylate cyclase. 
They also facilitate opening of potassium 
channels (causing hyperpolarisation), and 
inhibit opening of calcium channels
(inhibiting transmitter release). These
membrane effects are not linked to the 
decrease in cAMP formation.

signal transduction mechanism:
- Gi/o à cAMP modulation
- Gi/o à K channel opening
- Go à Ca channel closing
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Actions of morphine
The most important pharmacological effects are on the CNS and the gastrointestinal tract: 

• CNS effects 
o Analgesia 
o Hyperalgesia (prevalence estimated >5%, different from tolerance) 
o Euphoria and sedation 
o Respiratory depression (most dangerous side effect) 
o Suppression of cough 
o Nausea and vomiting (in up to 40% of patients) 
o Pupillary constriction 

• Effects on the gastrointestinal tract 
o Reduced gastrointestinal motility, causing severe constipation 

• Other actions 
o Histamine release, causing bronchoconstriction and hypotension, or local effects 

(itching). 
• Development of tolerance and physical dependence can be a problem in the therapy 
• Morphine derivatives (agonists) that don’t reach the CNS in therapeutic doses are used as 

anti-diarrhea drugs: Loperamid (Imodium®) and Diphenoxylate (Reasec®) 
• µ-opioid receptor antagonists that do not cross the blood-brain barrier, such as 

methylnaltrexone bromide, alvimopan, naloxegol and naldemedine can be used in combination 
with opioid agonists to block unwanted peripheral effects, most notably reduced 
gastrointestinal motility, nausea and vomiting. 
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Related drugs
• Diamorphine (Heroin, 3,6-diacetylmorphine): conversion to 6-

mono-acetylmorphine and morphine; due to its greater lipid 
solubility it crosses the blood-brain barrier more rapidly than 
morphine

• Codeine (3-methoxymorphine): more reliably absorbed, but has 
only 20% or less of the analgesic power of morphine

• Fentanyl and derivatives: highly potent, with more rapid onset 
and shorter duration of action than morphine

• Methadone: orally active and pharmacologically similar to 
Morphine. Big difference in pharmacokinetics (t1/2 of 
Methadone is 27h, that of Morphine 2h) 
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Opioid addiction

(October 2021)

(Oxycodone)

(in USA)
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(in USA)

https://nida.nih.gov/research-topics/trends-statistics/overdose-death-rates
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(in USA)
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Different downstream signaling pathways mediate analgesia 
and respiratory depression of µ opioid receptor agonists

Morphine Fentanyl
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Biased agonism at the opioid receptors: compounds

Oliceridine/TRV130
Showed in initial studies a favorable profile, and safe side effects profile. 
Approved by the FDA in 2020 (not available in CH)

PZM21
Very interesting profile in initial studies; several follow-up studies showed 
however respiratory depression and other side effects.

Mitragynine and 7-OH mitragynine (plant alkaloid and derivative)
Shows also biased agonism towards Gi; may still induce addiction.

Piperidine benzimidazoles (including SR-17018 of the previous slide)
Good Gi-b-arrestin selectivity. Follow-up studies showed that small changes 
in the molecule affect the selectivity. Development still ongoing. 

The concept of the biased agonism and the role of b-arrestin in Morphin side 
effects is still under discussion, and more studies are needed for its 
validation. 
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3. Approaches for the treatment of neuropathic pain

• Chronic pain
• Affects 20-30% in the general population, for 60% of them during more 

than 5 years

• Empirical classification:
• Neuropathic pain syndromes, related to peripheral or central nervous 

system injuries
• Dysfunctional or primary pain, including various chronic pain 

syndromes, such as irritable bowel syndrome, fibromyalgia, etc.

• Pain relief generally only partial, and achieved in < 50% of patients
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Neuropathic pain
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Drug Drug class Mechanism of action Remarks 
Gabapentin, 
Pregabalin 

Anti-epileptic 
drugs 

Reduce trafficking of 
voltage-dependent 
calcium channels --> 
attenuation of 
neuronal 
hyperexcitability 

Pregabalin has a more 
predictable bioavailability 
than Gabapentin 

Amitriptyline, 
Duloxetine 

Antidepressants Reduction of central 
sensitization by 
modulation of the 
descending control 
systems 

Effect independent of 
antidepressant effect 

Lidocaine Local anesthetic 
drug 

Voltage-gated Na-
channel inhibition 

Topical application 

Ziconotide Peptide inhibitor Voltage-gated calcium 
channel inhibition 

Narrow therapeutic window 

 
 
 

Drugs for the treatment of neuropathic pain

Other drugs that may be used: NMDA receptor antagonists, a2-adrenergic agonists

Different new approaches in development: 
• Gene delivery to DRGs (ex. Nav1.3 shRNA)
• Stem cell therapy (ex. Secretion of anti-inflammatory and analgesic cytokines)
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Questions NSAIDs

51

Mrs. D., a 57-year-old Caucasian woman, goes to her physician because of 
joint pain and chronic fatigue. Her history reveals general joint stiffness and 
pain, especially in the early morning, and pain in the left 
metatarsophalangeal joint of 3 weeks’ duration. Mrs. D. is advised to take 
ibuprofen as needed, and this medication provides relief of her pain for some 
time.

Questions
1. How did ibuprofen control Mrs. D.’s symptoms of joint stiffness and pain?
2. How do nonsteroidal anti-inflammatory drugs (NSAIDs) contribute to 

gastric irritation and bleeding?
3. Aspirin is the first and oldest of the NSAIDs. In which way does aspirin 

differ from the other NSAIDs?
4. What is the difference between COX-1 and COX-2?
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Targets for drug action
 

Drug targets 
Target 
 

examples  

2.1. Receptors for physiological 
ligands 

 

Transmembrane receptors  
2.1.1. G-protein-coupled receptors - adrenergic receptors 

- opioid receptors 
2.1.2. ligand-gated ion channels - GABAA receptors 
2.1.3. kinase-linked receptors - insulin receptor 
Intracellular receptors  
2.1.4. nuclear receptors - pregnane X receptor 
2.2. Other targets/approaches  
2.2.1. enzymes - dihydrofolate reductase 

- tyrosine kinases 
- angiotensin-converting enzyme 
- COX inhibitors (in pain chapter) 

2.2.2. ion channels and 
transporters 

- voltage-gated Na channels 

2.2.3. protein therapeutics - GLP-1 receptor agonists 
-TNF-a monoclonal antibodies (e.g. infliximab) 

2.2.4. gene therapy - Nusinersen 
- Tisagenlecleucel /Axicabtagene ciloleucel 

 

Receptors
Enzymes
Transporter proteins
Other
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2.1.2. ligand-gated ion channels

• GABAA receptors
• Glycine receptors
• Nicotinic Acetylcholine receptors
• Ionotropic glutamate receptors



Figure 1 Representations of GABA-activated ligand gated ion channels: A, general structure of one of the five protein subunits showing four membrane spanning
regions; B, pentameric arrangement of the protein subunits showing the second membrane spanning region lining the pore of the ion channel; C, heteromeric
makeup of a GABAA receptor with two a1, two b2, and one  g2 protein subunits; and D, homomeric makeup of a GABAC receptor with five  1 protein subunits. 
Chebib and Johnston, J. Med. Chem. 43, 1427

b

b

a a

g

GABAA receptors
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Activatory site 
(GABA)

Cl-GABA Benzodiazepines+

Modulatory 
sites

Barbiturates*Intravenous 
anesthetics*

Volatile anesthetics
Ethanol (?)

Activator
modulator

- Several general anesthetics increase the sensitivity of GABAA receptors for GABA 
(inhalation anesthetics: halotane, isoflurane; intravenous anesthetic agents: propofol, 
barbiturates, etomidate). Some neurosteroids have similar effects. 
--> termed ”positive allosteric modulators” (PAMs)
-*, act as potentiators at low, and as activators at high concentrations
-Some of the general anesthetics act in addition on other targets, such as glycine 
receptors (as activators) and neuronal nicotinic Acetylcholine receptors (as 
inhibitors) 
- Other targets of certain inhalation anesthetics are the NMDA type glutamate 
channels and two-pore domain K channels 

GABAA receptor modulators 

Neurosteroids*
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Activatory site

Cl-

GABA

Mechanisms of action of drugs at the receptor

agonist (e.g. Diazepam)+

Inverse agonist-
+

Modulatory 
sites

GABA concentration [µM]

C
l- c

ur
re

nt

0

100 %

10 100 100010.1

antagonist (e.g. flumazenil)
ligands of the benzo-
diazepine site

barbiturates (phenobarbital)
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Clinical uses

Differences 
pharmacokinetics
 - half-life (from < 6h to >48 h, due to differences in 
metabolism and excretion)

Common to all benzodiazepines:
The pharmacological effects:
 - anxiolytic effect
 - sedation
  - hypnotic effect
  - amnesia
 - myorelaxation (inhibition of muscle tone)
 - anticonvulsive effect
pharmacodynamics:
The efficacy is similar between benzodiazepines; differences in the 
potency are compensated by dosage
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- sedation

- Respiratory depression (high therapeutic index)

-  Anterograde amnesia

- tolerance (mainly for sedation, less for anti-epileptic effect)

- Physical dependence:  adverse physical symptoms when drug is 
withdrawn (anxiety, insomnia, convulsions)

conclusions for the therapy:
  for therapies of limited duration
  
  gradual reduction of the dose at the end of the therapy

Unwanted effects

Strongly increased if 
combined with other 
depressors of the CNS 
(alcohol, opiates)
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24 heures, 2022
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site
activateur

GABA

sites 
modul
ateurs
+

-

Exercise GABAA receptor agonists/antagonists 

Experiment     interpretation
(agonist, etc; activator/modulator site)

example 
GABA Substance D GABA

+ substance D

GABA Substance E GABA
+ substance E

GABA + Flumazenil
+ substance D

GABA Substance F GABA
+ substance F

GABA + Flumazenil
+ substance F



Benzodiazepines bind to the interface between a and g subunits, in the extracellular part

Localization of modulator binding sites
The main benzodiazepine binding site is located at the 
extracellular a-g subunit interface

61

Benzodiazepine binding site
(structural data + confirmed by 
mutagenesis)
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Number of different receptor 
subtypes:
a: 1-6
b: 1-3
g: 1-3
(d, e, Φ, p, r 1-3)

“Rules”
• The pentamer contains 2 a subunits,  2 b 

subunits, and one additional subunit
• The presence of a g2 in the pentamer is 

required for the binding of benzodiazepines
•  Pentamers with an a4 or an a6 subunit are 

not sensitive to the majority of 
benzodiazepines in use

Table from Vinkers and Olivier, Adv Pharmacol Sci 2012, ID 416864

GABAA receptor subunit composition and effect of 
benzodiazepines

Subtype Frequency
a1b2g2 60% synaptic
a2bng2 15-20% synaptic
a3bng2 10-15% synaptic
a4bnd/g 10% extrasynaptic
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Binding sites of 
intravenous 
anesthetics are at 
a-b subunit 
interfaces in the 
transmembrane 
domain. 

GABA

g b

a

b

a

Etomidate and propofol 
potentiate (and activate at 
higher concentrations) the 
GABAA receptors
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Neurosteroids acting on GABAA receptors
• Local generation of endogenous neurosteroids
• Typical molecules: allopregnanolone, allotetrahydrodeoxycorticosterone, 

androstanediol
• Regulation of anxiety, stress, reproductive and sexual behaviors
• Part of their effect is mediated by direct binding to GABAA receptors

Neurosteroids
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Residues important for 
neurosteroid effects on GABAA 
receptors

a1Q241W-b2-g2

a1T236I-b2-g2
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https://doi.org/10.1038/s41586-023-06556-w

High resolution side view of allopregnanolone 
(blue)  bound to the PAM neurosteroid site in the 
β2+- α1- interface.

Neurosteroids bind at a-b subunit interfaces at the 
bottom of the transmembrane domains
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Mechanism of neurosteroid potentiation. GABA interacts with the receptor at the ECD β+/α− pocket, inducing 
anticlockwise rotations of the ECD that reorganize the TMD for Cl− ion conduction. Neurosteroids bind to the receptor 
at the TMD β+/α− pocket, causing additional anticlockwise ECD rotation and acting as a diagonal brace to stabilize the 
TMD open-channel conformation. https://doi.org/10.1038/s41586-023-06556-w
 

Mechanism of the neurosteroid effect
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The group of Mohler at the University of Zürich introduced point 
mutations in the benzodiazepine binding site of specific a 
subunits, to test this hypothesis :

site
activateur

site 
modulateur

GABA

✓ 

Do different GABAA receptor subtypes have distinct roles? 
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Testing drug-induced sedation (a), amnesia (b) and anticonvulsant activity (c)

b) 2 chambers, one dark, one well lit. Once the mouse enters the 
dark chamber, it receives an electrical shock. One day later this 
procedure is repeated and the latency to entering the dark 
chamber is measured. 

(pentylenetetrazole induit des convulsions)

a a

a

Figure 3 Behavioural assessment of drug-induced sedation, amnesia and 
anticonvulsant activity in wild-type and 1(H101R) mice. a, Diazepam 
induced a dose-dependent decrease in motor activity in wild-type but not 
in 1(H101R) mice (n = 16 per group). b, In a passive avoidance 
paradigm, diazepam shortened the latency to re-enter the dark 
compartment 24 h after training in wild-type mice but not in 1(H101R) 
mice (n = 10 per group). c, Partial anticonvulsant activity of diazepam 
against pentylenetetrazole (120 mg kg-1 i.p.) in 1(H101R) compared 
with wild-type mice (n = 10–11 per group). All results are given as 
means s.e.m. Asterisk, P < 0.05; double asterisks, P < 0.01; triple 
asterisks, P < 0.001. Diazepam was administered p.o.; V, vehicle. 
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From: Rudolph and Knoflach, 
Nat Rev Drug Discovery 10, 
685 (2011)
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GABAA receptor subtype-specific ligands

• a1-selective ligands: the « Z compounds », Zaleplon, Zolpidem, Eszopiclone 
are on the market, used as hypnotics

• a2/a3- selective ligands would be of clinical interest
• Many such candidate drugs were studied
• Currently however none is on the market, due to problems unrelated to their 

main effect, observed in clinical trials
• Several interesting new such compounds are currently in the pipeline of 

development
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KRM-II-81, a promising a2/a3-selective positive allosteric 
modulator (PAM) in pre-clinical studies

This study demonstrates that α2/α3 subtype-selective GABAA 
PAMs KRM-II-81 and NS16085 produce selective antinociceptive 
effects devoid of sedation, myorelaxation, and cognitive 
impairment in two rat models of persistent pain.
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baclofen

tiagabin


