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While our understanding of the 
mechanisms of psychosis contin-
ues to evolve beyond the dopa-

mine hypothesis, the key role of dopamine 
in psychosis and its treatment has not 
faded.1 Over time, the dopamine hypoth-
esis of schizophrenia has evolved from 
focusing on dopamine hyperactivity to 
specifying the regional abnormalities in the 
brain with subcortical hyperdopaminergia 
and prefrontal hypodopaminergia.2 Despite 
this divergence in dopaminergic function, 
antipsychotic medications that block dopa-
mine D2 receptors (D2R) remain central to 
treating psychotic symptoms and prevent-
ing relapse.3,4 Notably, antipsychotics block 
both presynaptic and postsynaptic recep-
tors affecting the regulation of dopamine 
synthesis and release in the brain.5,6

Chronic dopamine D2R blockade with 
antipsychotics induces adaptive changes 
that can contribute to both acute and 
chronic adverse effects. In this article, we 
discuss these changes, and steps clinicians 
can take to minimize their occurrence.

Dopamine D2R: A primer
There are 5 types of dopamine receptors, 
numbered D1 through D5, but there are 
only 2 families of dopamine receptors: the 
D1 family (D1 and D5), and the D2 family 
(D2, D3, and D4). All dopamine receptors 
are G protein–coupled, but the D2 family of 
receptors generally increases protein kinase 
A (PKA) as the second messenger, whereas 
the D1 family increases cyclic adenosine 
monophosphate (cAMP) as the second 
messenger.5 There are 2 distinct variants of 

the D2R of 2 different lengths made from 
the same gene (DRD2) via posttranslational 
modification. The long isoform of D2R (D2L) 
has an additional 29 amino acids compared 
to the short isoform (D2S).

7 Additional evi-
dence points to a third splice variant called 
D2Longer that arises from aberrant RNA splic-
ing and contains 2 more amino acids than 
D2L; its relevance is not known.8

The D2L isoform is the primary post-
synaptic receptor, expressed more in the 
striatum and nucleus accumbens (NAc) 
targeted by dopaminergic afferents. The 
D2S isoform, however, is predominantly 
presynaptic, more densely expressed on 
cell bodies and projection axons of the 
dopaminergic neurons of the midbrain 
and hypothalamus.9 Each isoform contrib-
utes differentially to the therapeutic and 
adverse effects of antipsychotics, and evi-
dence from animal studies suggests that 
D2L is the main variant responsible for 
drug-induced parkinsonism.10 The D2S acts 
as the principal autoreceptor for the dopa-
minergic system.5,11,12

Autoreceptors regulate dopamine trans-
mission. Dopamine itself and D2R agonists 
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are reported to have higher affinity and 
potency with D2S. Activation of these auto-
receptors is a negative feedback mechanism 
that decreases dopamine release. Similarly, 
when they are blocked (such as with use 
of an antipsychotic), there is an increase in 
dopamine release. Additionally, these auto-
receptors modulate several key processes: 

• neuronal firing rate by activating 
potassium conductance

• dopamine synthesis by downregulat-
ing the expression of tyrosine hydroxylase 
(TH) enzyme (the rate-limiting step)

• exocytotic release of dopamine and 
other neurotransmitters

• dopamine reuptake via increasing the 
activity of the dopamine transporter (DAT).12

Consequences of antipsychotic 
D2R blockade
Most antipsychotics begin to produce a 
therapeutic antipsychotic effect at 65% to 
75% occupancy of the D2Rs.3 This level 
also produces an optimal balance between 
clinical efficacy and a lower incidence of 
adverse effects.3 A higher D2R occupancy 
by both first-generation (FGA) and second-
generation (SGA) pure antagonist antipsy-
chotics can lead to parkinsonism.

Parkinsonism is associated with the 
subsequent appearance of one of the most 
distressing consequences of long-term anti-
psychotic treatment, tardive dyskinesia 
(TD).13 TD is an iatrogenic, usually late-onset 
syndrome consisting of persistent, involun-
tary, and repetitive movements. It classically 
involves the highly innervated striated mus-
cles of the tongue, mouth, face, and fingers, 
though it can also involve the trunk and 
extremities.14 It occurs secondary to chronic 
exposure to dopamine receptor–blocking 
agents, including dopaminergic antiemet-
ics.15 The prevalence of TD is higher in 
patients treated long-term with FGAs (30.0% 
to 32.4%) than in those treated with SGAs 
(13.1% to 20.7%) due to serotonin 5HT2A 
blockade that results in increased dopamine 
release in the basal ganglia.16 

Dopamine supersensitivity psychosis  
(DSP) is a term that describes the 

clinical iatrogenic phenomenon that might 
be observed with long-term antipsychotic 
treatment. DSP is suggested to be strongly 
associated with treatment failure/resistance 
in schizophrenia.17,18 Manifestations of DSP 
include development of antipsychotic drug 
tolerance that undermines treatment efficacy, 
rebound psychosis during or after treatment 
discontinuation, and the presence of TD. 
Like TD, it may be reversed temporarily by 
increasing the dose of the antipsychotic.18

DSP and (more extensively) TD are com-
monly hypothesized to result from the post-
synaptic dopamine receptor supersensitivity 
that develops because of chronic D2Rs block-
ade by antipsychotics. Neostriatal dopamine 
receptor supersensitivity is believed to lead 
to TD, while mesolimbic supersensitivity 
leads to DSP.19 Supersensitivity has tradition-
ally been believed to be due to upregulation 
of postsynaptic D2R number and sensitiv-
ity.20,21 However, both TD and DSP are more 
likely a consequence of a host of compensa-
tory neurobiological adaptations across the 
synapse that include:

• postsynaptic increase in the number of 
D2Rs that amplifies the dopamine signal

• an increased number of synapses, den-
dritic spines, and perforated synapses (seen 
in animal models), all of which lead to a 
potentiated dopamine signal

• presynaptic changes with higher levels 
of dopamine released into the synapse via an 
increase in quantal size as postsynaptic D2Rs 
blockade results in more dopamine becom-
ing available in the synapse for recycling via 
the dopamine transporter

• increased dopamine turnover due to 
presynaptic D2S autoreceptor blockade.22 

So if giving a D2R blocking agent for a 
long time increases the dopamine signal, at 
least in some patients, what can the clini-
cian do to treat the psychosis, and not cause 
changes in the brain that could lead to TD 
or DSP?

Partial agonist antipsychotics and 
biased agonism of D2Rs
One approach to try to avoid the compensa-
tory changes to dopamine blockade might 
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be to use a D2R partial agonist.18,23 For exam-
ple, aripiprazole is a partial agonist at the 
D2R commonly used to manage schizophre-
nia and bipolar disorder. It possesses greater 
affinity at the D2R compared with the sero-
tonin 2A (5-hydroxytryptamine, 5HT2A) 
serotonin receptor. Unlike full antagonists, 
aripiprazole requires exceptionally high D2 
receptor occupancy (approximately 90%) 
to be at a clinically effective antipsychotic 
dose.24,25 This is a general requirement for all 
D2R partial agonists.26

A partial agonist generally has to pos-
sess greater affinity to the receptor than 
the neurotransmitter with which it is com-
peting. Aripiprazole has more than twice 
the affinity to D2R than dopamine. Other 
partial agonists have similarly high, or 
higher, D2R affinity. Effective antipsy-
chotic partial agonists stimulate the D2Rs 
at approximately 30% ± 10% the maximal 
signal achieved with dopamine. This is 
essentially equivalent to having approxi-
mately 70% receptor occupancy with a full 
antagonist, except it is built into how the 
molecule works. Having this low-grade 
partial activation of D2Rs creates multiple 
receptor-mediated actions:

• reduction of cAMP accumulation
• antagonism to guanosine 5’-0-(3-thio) 

triphosphate (GTP gamma S) binding with 
relatively less recruitment of beta-arrestin 2 
(these diverging effects on G protein are the 
definition of biased agonism)

• antagonism of G protein activation of K+ 
channels (GIRK) activity

• agonism for the inhibition of TH.
Additionally, aripiprazole was found 

to be associated with a lesser increase in 
dopamine turnover than full antagonist 
antipsychotics (Figure,27 page 49) and 
decreased DAT binding density in NAc 
and the ventral tegmental area (VTA). 
The distinctive pharmacologic profile 
and biased agonism of this drug could 
be attributed to its ability to activate pre-
synaptic D2 autoreceptors, which, as pre-
viously mentioned, regulate dopamine 
release via negative feedback mecha-
nism.5,25 Cariprazine, another D2R partial 

agonist, has similar doubling of dopamine 
turnover.28

Activation of presynaptic D2S receptors 
ultimately leads to decreased dopamine 
synthesis and release, which combats or 
prevents the brain adaptations regard-
ing dopamine supersensitivity and D2Rs 
upregulation. While TD can still occur 
occasionally with aripiprazole or other 
partial agonists,29,30 animal studies show 
that administration of methamphetamine 
significantly lowers locomotor response 
and the density of striatal D2Rs in a 
group treated with aripiprazole compared 
to a group treated with haloperidol.31 
Aripiprazole also improved the supersen-
sitivity parameters induced by chronic 
treatment with haloperidol, which suggests 
that it is associated with reduced dopamine 
supersensitivity.31 Similarly, in human stud-
ies, partial agonists appear to have a lower 
rate of parkinsonism and TD.32,33 One study 
reported that aripiprazole was associated 
with a significant improvement of TD in 
more than 50% of patients after 24 weeks of 
treatment.34 

Lumateperone’s unique 
pharmacologic profile
Lumateperone is a newer antipsychotic that 
was FDA-approved in December 2019 for 
the treatment of adults with schizophre-
nia35 and more recently for the treatment of 
bipolar depression.36 It possesses a unique 
combination of pharmacologic properties; 
it is a postsynaptic D2R antagonist and a 
presynaptic D2R partial agonist.27 

Interestingly, lumateperone has regional 
selectivity. It increases dopamine release in 
the medial prefrontal cortex (where D2R 
is rare) but not in the nigrostriatal path-
ways.27,37 It does not increase TH phosphor-
ylation (which would increase dopamine 
concentration) or dopamine turnover in 
the striatum (Figure,27 page 49). In a pre-
clinical functional activity assay of lumate-
perone, the lack of change of dopamine 
turnover with lumateperone resembles 
placebo and is even less than that observed 
with aripiprazole (Figure,27 page 49).  
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This effect is consistent with partial ago-
nism at the presynaptic D2S, where the 
stimulation of that receptor prevents the 
concomitant increase in dopamine syn-
thesis and release that occurs when that 
receptor is blocked.

It is believed that the lack of increase 
in dopamine turnover is one of the rea-
sons that lumateperone postsynaptic D2R 
occupancy is exceptionally low at clini-
cally effective doses. In a positron emission 
tomography study analyzing posttreat-
ment scans after approximately 2 weeks 
of a 60 mg/d dose, the mean peak striatal 
D2R occupancy was approximately 40%,38 
which is remarkably lower than the 65% 
to 75% blockade needed for purely antago-
nist D2R antipsychotics.3 This low recep-
tor occupancy appears to mediate the low 

incidence of parkinsonism and prolactin 
release seen with lumateperone.

Take-home points
Adaptive upregulation of dopamine neuro-
transmission underlies acute adverse effects 
such as parkinsonism and is also key for 
delayed consequences such as TD, and pos-
sibly the development of treatment resis-
tance. Adaptive upregulation results from an 
increase in postsynaptic dopamine receptors, 
numbers of synapses, and dopamine release. 
The latter has been demonstrated to be 
greatest with full antagonists, less with par-
tial agonists, and not present with lumate-
perone, which is a postsynaptic antagonist 
but a presynaptic partial agonist (Figure27). 
Reducing adaptive upregulation can reduce 
both acute and long-term consequences of 
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Figure 

Dopamine turnover after chronic antipsychotic administration

Dopamine turnover (expressed as 3,4-dihydroxyphenylacetic acid [DOPAC]/dopamine [DA] ratio) 
after chronic (21 days) administration to mice (n = 6) of haloperidol, risperidone, aripiprazole, and 
lumateperone at labeled doses in mg/kg. Full antagonists will more than triple striatal dopamine 
turnover. The dopamine D2 receptor partial agonist aripiprazole doubles dopamine turnover. 
Lumateperone does not alter dopamine turnover compared to vehicle-treated mice.

a P < .05 vs vehicle (5% gum arabic in water, 6.7 ml/kg volume)
bP < .05 vs lumateperone 3 mg/kg
cP < .05 vs lumateperone 10 mg/kg 

Source: Reference 27
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Bottom Line
Chronic dopamine D2 receptor blockade with antipsychotics induces adaptive 
changes that can contribute to both acute and chronic adverse effects. The 
most severe of these are tardive dyskinesia (TD) and dopamine supersensitivity 
psychosis (DSP). The use of agents that mitigate these changes, such as the partial 
D2 agonists aripiprazole, brexpiprazole, and cariprazine and the postsynaptic 
antagonist/presynaptic partial agonist lumateperone, can potentially reduce these 
adaptive changes and reduce the likelihood of TD and DSP.

dopamine blockade. Early use of agents that 
minimize these adaptive changes, such as a 
postsynaptic partial agonist (aripiprazole, 
brexpiprazole, or cariprazine) or a presynap-
tic partial agonist (lumateperone), appears to 
be a reasonable clinical option.
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