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PHARMACOLOGY AND FUNCTIONS OF 
a2-AR SUBTYPES

Alpha2-adrenergic receptors (a2-ARs) bind to their 
endogenous ligands, epinephrine and norepinephrine, and 
are blocked by the antagonist yohimbine. There are three 
subtypes of a2-AR, encoded by three independent, intron-
less genes. These subtypes are denoted as a2A- (human 
chromosome 10), a2B- (human chromosome 2), and a2C- 
(human chromosome 4).

Ligand selectivity for pharmacological agents does exist 
for the various a2-AR subtypes, although this selectivity has 
been observed principally in vitro, as not all of these ligands 
have been evaluated for their pharmacokinetic properties  
in vivo (see Table 10.1).

The lack of truly specific ligands for each of the  
a2-AR subtypes, particularly antagonists, has prevented the 
unequivocal assignment of the differing a2-AR subtypes to 
various physiological responses. However, tools to geneti-
cally manipulate the mouse genome to create mutant (e.g. 
D79N a2A-AR) or null alleles of each of these subtypes shed 
light into subtype-specific functions of the different a2-AR 
subtypes, as outlined in Table 10.2. For example, both the 
a2A- and a2C-ARs are involved in suppression of catechol-
amine release from central neurons. However, the a2A-AR 
serves as the primary presynaptic autoreceptor. The a2C-AR 
is also critical for suppression of epinephrine release from 
the adrenal chromaffin cells. Moreover, the a2A-AR appears 

to be critical for agonist-mediated lowering of blood pres-
sure, sedation, anesthetic sparing, and working memory. 
The a2A-AR also appears to respond to endogenous catechol-
amines to suppress epileptogenesis (kindling) and depressive 
symptoms, the latter measured in mouse behavioral studies. 
The a2C-AR elicits depressive behaviors, behaving function-
ally the opposite of the a2A-AR subtype. The a2B-AR, in con-
trast to the a2A-AR, is involved in the vascular hypertensive 
effect of a2-AR agonists. Taken together, these findings sug-
gest that subtype-selective agonists may be useful in manipu-
lating one versus another adrenergic response in vivo.

An even more refined therapeutic selectivity might 
be achieved using partial agonists of a2-ARs. It has been 
observed that agonist-mediated lowering of blood pressure 
can occur in mice heterozygous for the a2A-AR, whereas 
agonist-evoked sedation cannot. These data suggest that 
partial agonists with less than 50% intrinsic activity (effi-
cacy) might be useful in a number of therapeutic settings, 
such as treatment of attention deficit/hyperactivity disor-
der (ADHD) and improvement of cognition in the elderly, 
where sedation as a side effect would undermine the thera-
peutic value of these agents.

Interestingly, imidazoline compounds, for which there 
is evidence of a role in the central nervous system in regu-
lating blood pressure, nonetheless appear to lower blood 
pressure via a2-ARs when administered peripherally. Thus, 
moxonidine and rilmenidine, developed as imidazoline 
I1-selective agents, are unable to lower blood pressure in 
D79N a2A-AR or a2A-AR knockout mice. Also of interest 
is the finding that these agents are partial agonists at the 
a2A-AR, which may explain their ability to lower blood 
pressure without evoking sedative side effects.

a2-AR SIGNALING AND TRAFFICKING

All three subtypes of the a2-AR share the same signal-
ing pathways in native cells: decrease in adenylyl cyclase 
activity, suppression of voltage-gated Ca currents, and 
activation of receptor-operated K currents and MAP 
kinase activity. In heterologous cells, the a2A-AR has been 
shown to activate phospholipase A2 and phospholipase D, 
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TABLE 10.1* Relative Selectivity for Ligands at the Three a2-
Adrenergic Receptor Subtypes

Agonists Shared: norepinephrine, epinephrine, aproclonidine

Selective: oxynetazoline (A  C  B), 
clonidine, guanabenz (A,C), UK 14304 (A  C), 
dexmedetomidine (A,B)

Antagonists Shared: yohimbine, rauwolscine, phentolamine, 
idazoxan, RX 821002, atipamezole

Selective: ARC 239 (B  C  A), prazosin (B,C  A), 
BRL 44408 (A  C), mianserin (A,B)

*Modified from Saunders and Limbrid, Pharmacology & Therapeutics 84:193–205, 1999.
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although these responses have yet to be observed in native 
target cells.

Despite the similarity of the signaling pathways of the 
a2-AR subtypes, there are interesting differences in the traf-
ficking itineraries of these receptors. Whereas the a2A- and 
a2B-AR subtypes are enriched on the surface at steady state, 
the a2C-AR is distributed between the surface and intracel-
lular compartments. Upon agonist stimulation, both the 
surface a2A-AR and a2B-AR undergo internalization in an 
arrestin-dependent manner. a2A-AR internalization can be 
selectively promoted by different agonists such as clonidine 
and guanfacine, which, at least in part, account for distinct 
duration of signaling action of these drugs.

REGULATION BY INTERACTING 
PROTEINS

a2-AR trafficking and signaling are tightly regulated 
by non-G protein interacting partners including GPCRs, 
kinases and scaffolding proteins such as arrestin and spi-
nophilin (see Table 10.3). Some of these interactions serve to 
scaffold a2-ARs to particular cellular micro-compartments 
or to tether them to defined signaling molecules, while other 
receptor-protein interactions control a2-AR internalization 
and post-endocytotic sorting as well as the kinetics of a2-
AR-mediated signaling transduction. For example, whereas 
arrestin promotes a2A-AR and a2B-AR phosphorylation and 

TABLE 10.2*  Subtype-Specific Functions of a2-AR Derived From Gene-Targeted Mouse Models

Physiological Functions

α2-AR Subtypes

α2A-AR α2B-AR α2C-AR

CENTRAL EFFECTS

Presynaptic inhibition of norepinephrine, dopamine, serotonin release Xa X

Hypotensive effect X

Sedative effect X

Antinociceptive effects of a2-adrenergic receptor agonist X

Antinociceptive effects of moxonidine X X

Analgesic effect of nitrous oxide X

Anesthetic-sparing effects of dexmedetomidine X

Adrenergic-opioid synergy in spinal antinociception X

Anesthetic-sparing effects of dexmedetomidine X

Hypothermic effects of dexmedetomidine X X

PERIPHERAL EFFECTS

Inhibition of noradrenaline release from nerve terminal invaded into tissues X X X

Inhibition of adrenaline release from adrenal cortex X

Vasoconstriction, hypertensive effect X

Salt-induced hypertension X

Placenta angiogenesis X

Platelet aggregation X

Prevention of respiratory failure X

BEHAVIOR EFFECTS

Antiepileptogenic effect X

Special working memory X

Inhibition of startle responses X

Antianxiety X

Inhibition of locomotor stimulation of D-amphetamine X

Latency to attack after isolation X

*Above data summarized in Kable et al. J. Pharmacol. Exp. Ther. 2000;293(1):1–7; Brede et al. Biol Cell. 2004;96(5):343–8; and Knaus et al. Neurochem Int 
2007;51(5):277–81. Also from Haubold et al. J Biol. Chem. 2010;285(44)34213–19.  
aPrimary autoreceptor.
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internalization and accelerates the initial rate of signaling 
and desensitization, spinophilin blocks these activities by 
competing for GRK and arrestin interaction with these two 
a2-AR subtypes. Importantly, spinophilin antagonism of 
arrestin functions in regulating a2-ARs has in vivo relevance 
as manifested by reciprocal modulation of a2A-AR-evoked 
sedation by these two proteins in vivo.

a2-AR POLYMORPHISMS

A number of individual human polymorphisms have 
been identified for each of the a2-AR subtypes. Some of 

these have resulted in alterations in receptor density, G pro-
tein coupling, desensitization, or G protein receptor kinase-
mediated phosphorylation. Genetic association studies 
have linked a2-AR polymorphisms with a number of dis-
ease states and variations in drug responses in human pop-
ulations. For example, a2A-AR polymorphisms have been 
linked to increased risk of ADHD, hypertension and type 2  
diabetes. Additionally, genetic variants in all three subtypes 
have been associated with various forms of cardiovascular 
dysfunction. The study of a2-AR polymorphisms and their 
association with human diseases provides insights whose 
functional relevance can, in the future, be assessed by eval-
uating a variety of a2-AR in genetically engineered mouse 

TABLE 10.3*  a2-AR-Interacting Proteins

Interacting Protein(s) α2-AR Subtype(s) Functional Role(s) Implicated

GPCR DIMERIZATION

HOMO-DIMERIZATION

a2A Precoupled to G proteins

HETERO-DIMERIZATION

a2C-AR a2A Attenuating agonist-induced a2A-AR to the a2A-AR phosphorylation, reducing 
arrestin binding

β1-AR a2A Altering ligand binding properties of β1-AR, leading to internalization of β1-AR 
in response to a2-agonist

β2-AR a2C Enhancing surface expression and internalization of a2C-AR, enhancing ERK 
activation by a2C-AR

μOR a2A Enhancing morphine-induced GTPγ S binding and ERK activation; however, no 
transactivation of G proteins, no interdependent internalization

δOR a2A Enhancing δOR-mediated neurite outgrowth

KINASES

GRK2 a2A, a2B Mediating agonist-induced phosphorylation and homologous desensitization

PKC a2A Mediating heterologous desensitization; Modulating constitutive activity of 
a2A-AR

OTHER PROTEINS 14-3-3ζ

14-3-3ζ a2A, a2B, a2C Function unknown, competed by phosphorylated Raf peptide

APLP1 a2A, a2B, a2C Increasing a2A-AR-mediated inhibition of adenylyl cyclase activity

arrestin 2 a2B Receptor affinity for arrestin 2 is lower than arrestin 3

arrestin 3 a2A, a2B Stabilizing receptor phosphorylation, mediating endocytosis and 
desensitization, accelerating ERK signaling rate, enhancing sensitivity of in vivo 
response

arrestin 3 a2C Mediating endocytosis

eIF-2B a2A, a2B, a2C Function unknown

Rab8 a2B Promoting transport to cell surface

spinophilin a2A, a2B Stabilizing receptor at surface, attenuating phosphorylation, decelerating ERK 
signaling rate, decreasing in vivo response sensitivity

spinophilin a2C Function unknown

Uch-L1 a2A Decreasing a2A-AR-mediated activation of ERK

*Modified from Wang and Limbird, Biochem Pharm 2007;73(8):1135–1145; also from Weber et al. Cell Signal 2009;21(10):1513–21; Dong C et al. J Biol Chem 2010;285(26):20369–80.
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models that introduce each polymorphism into the genome 
via homologous recombination.

Given the new understanding of the a2-AR subtypes in 
manipulating different physiological effects, refinement of 
this understanding with regard to partial agonists at the 
receptor, and the impact of receptor interactions with other 
proteins in target cells beyond G protein coupling, it would 
seem possible that molecular entities might be developed to 
interfere with particular a2-AR–protein interactions or with 
a2-AR activation of various pathways and evaluated for 
efficacy as therapeutic interventions in disease settings still 
lacking appropriate a2-AR-system regulation.
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