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Abstract: Chronic prescription of antipsychotics seems to lose its therapeutic 

benefits in the prevention of recurring psychotic symptoms. In many instances, the 

occurrence of relapse from initial remission is followed by an increase in dose of the 

prescribed antipsychotic. The current understanding of why this occurs is still in its 

infancy, but a controversial idea that has regained attention recently is the notion of 

iatrogenic dopamine supersensitivity. Studies on cell cultures and animal models 

have shown that long-term antipsychotic use is linked to both an upregulation of 

dopamine D2-receptors in the striatum and the emergence of enhanced receptor 

affinity to endogenous dopamine. These findings have been hypothesized to 

contribute to the phenomenon known as dopamine supersensitivity psychosis (DSP), 

which has been clinically typified as the foundation of rebound psychosis, drug tolerance, and tardive 

dyskinesia. The focus of this review is the update of evidence behind the classification of antipsychotic 

induced DSP and an investigation of its relationship to treatment resistance. Since antipsychotics are the 

foundation of illness management, a greater understanding of DSP and its prevention may greatly affect 

patient outcomes.�

Keywords: Antipsychotics, dopamine supersensitivity psychosis, D2-receptors, rebound psychosis, relapse, schizophrenia, 
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1. INTRODUCTION�

 Schizophrenia is an incapacitating psychiatric disorder 
characterized by complex clusters of positive, negative, and 
cognitive symptoms. The worldwide prevalence estimate of 
schizophrenia is around 0.7-1% with an illness trajectory that 
is both chronic and relapse prone [1]. Despite treatments 
with antipsychotics being effective in curtailing acute 
symptoms, multiple relapses still occur frequently. The 
cumulative first relapse rates reach almost 80% within 5 
years after initial diagnosis [2]. Generally defined as the 
exacerbation of psychotic symptoms after initial clinical 
improvement and stability, relapse and its prevention remain 
the essence of pharmacotherapy [3]. Even with appropriate 
intervention, treatment responses often wane over a 
longitudinal timeline. This worsening of illness severity in 
the context of continual antipsychotic exposure may be a 
sign of treatment resistance, a possible reflection of the 
emergence of supersensitivity at the synaptic level. 
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 Since the discovery of chlorpromazine, the cornerstone 

of schizophrenia treatment has been the early and continuous 

use of antipsychotics. Current treatment guidelines provide 
evidence-based strategies for early and continual 

implementation of antipsychotics with the goal to mitigate 

the escalation of psychotic symptoms and prevent relapse  
[4, 5]. Despite early pharmacological intervention, there is 

still uncertainty with regards to the long-term effectiveness 

of these drugs. Indeed, one recent 20-year multi-follow-up 
study reported that antipsychotics might not necessarily 

ameliorate psychosis in patients that were continually 

prescribed medications [6]. The investigators noticed 
significantly more psychosis in patients that were 

persistently treated with antipsychotics than those that were 

not. Unexpectedly, these results suggest that long-term 
antipsychotic utilization might lengthen the attenuation of 

untoward symptoms, as not all patients seemed to have 

benefited from long-term treatment [7, 8]. 

 The evidence in these non-randomized studies challenges 
the justification of current treatment guidelines that promote 
continual antipsychotic utilization for the treatment of 
schizophrenia. However, these studies have limitations that 
include the likelihood that clinicians opted for continual 
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administration of antipsychotics for those individuals 
exhibiting more severe symptoms. Regardless of the 
methodological critiques, there is a shift in the focus of 
antipsychotic research. With chronic administration in 
animal studies being linked to physiological neuro- 
adaptations, the concept of iatrogenic psychosis has been re-
accentuated [9-11]. The core of this phenomenon lies with 
the proposed supersensitivity of the mesolimbic dopamine 
system. Historically, an increase in D2-receptor binding  
sites over successive increases in dosage has been suggested 
as a culprit as to why certain patients experience poor 
responses to multiple antipsychotics over time [12]. Recent 
publications have explored this postulation and have started 
to address iatrogenic dopamine supersensitivity psychosis 
(DSP) as a concrete issue, but should such a conclusion be 
made [13]. 

 The role of antipsychotic induced DSP in treatment 
resistance and relapse is an idea that is often hypothesized in 
various clinical studies and case reports [14, 15]; however, it 
is routinely dismissed as an inconsequential factor in the 
development of recurrent symptoms [16]. For instance, 
previous reviews have emphasized the difficulty in 
establishing a causal relationship through indirect 
approaches, which impedes the interpretation of evidence 
[17]. On the other hand, refuting this concept is also 
challenging since there is direct support that the 
supersensitivity is related to the overt presence of drug 
tolerance [9, 18]. If supersensitivity is the mechanism for 
antipsychotic tolerance, then perhaps psychosis may be 
induced under particular situations where neurotransmitter 
levels and receptor density are pharmacologically altered. 
These arguments are just a few reasons as to why this area of 
research is still controversial with many contrasting 
viewpoints [13, 17]. 

 In terms of diagnosable characteristics, the criteria and 
definition for antipsychotic induced DSP is not rigid. 
Certainly, clinical evidence is difficult to explicate and is not 
as well documented compared to preclinical animal studies. 
However, recent utilization of D2-receptor partial agonists, 
specifically aripiprazole, has highlighted aspects of DSP 
with regards to treatment resistance that warrants a closer 
consideration of the supersensitivity phenomenon [19]. This 
comprehensive review explores the components of iatrogenic 
DSP with a focus on evaluating the evidence for this clinical 
syndrome. Although DSP may not be as significant in 
comparison as the natural progression of schizophrenia, it is 
possible that the involvement of DSP in treatment 
resistance—specifically refractory schizophrenia—has been 
overlooked and has a greater impact on drug therapy than 
previously thought.�

2. BACKGROUND TO THE DSP DISCUSSION�

 Dopamine neurotransmission is mediated via five G 
protein-coupled receptors (GPCR) that have been 
categorized into two broader subtypes based on their ability 
to modulate cAMP production. D1-subtype receptors (D1 and 
D5) stimulate cAMP production by activating adenylyl 
cyclase while D2-subtype receptors (D2, D3, and D4) inhibit 
adenylyl cyclase [20]. Although there is plethora of research 
analyzing the structure, location, and roles of all these 

receptors in relation to psychotic disorders, the most 
clinically relevant to antipsychotic induced DSP is the D2-
receptor [21, 22]. 

 All antipsychotics act in some capacity as antagonists at 
the postsynaptic D2-receptor, thereby reducing the activation 
of dopaminergic pathways in the mesostriatal and 
mesolimbic systems. Similar to other GPCRs, D2-receptors 
are under dynamic regulation from many kinases and 
trafficking enzymes. For instance, neurotransmission can 
undergo both desensitization and resensitization depending 
on the regulatory mechanisms in play [21]. Radioligand 
assays using homogenized animal and human post-mortem 
brain tissue have also shown that receptors interconvert 
between two affinity states: high, coined D2

high
 and low or 

D2
low

 [23]. A favorable propensity for D2
high

 state can lead to 
greater activation of dopamine receptors, an observation 
supported by animal studies [24]. However, the existence of 
these receptor states has not been conclusively proven in in 
vivo human studies making it difficult to declare causation 
from a purely mechanistic standpoint. Nonetheless, evidence 
for oscillating affinity states of D2-receptors does suggest 
that receptor states can participate as a modulatory 
component of receptor regulation.  

3. EXPLORING MECHANISMS OF DOPAMINE 

SUPERSENSITIVITY�

 Like many tightly regulated receptors in the brain, the 
D2-receptor is prone to plasticity and adaptive remodeling. 
One recent hypothesis underlying the etiology of 
schizophrenia is the idea that dopamine receptors respond to 
defects of neural circuitries and become supersensitive as a 
compensatory mechanism [18]. Although far from being 
well-established, there is evidence to suggest that the 
sensitivity of D2-receptors can be altered by many factors not 
limited to: neural pruning of presynaptic receptors, birth 
injury, gene deletions, dimerization of dopamine receptors, 
substance abuse, and continual administration of 
antipsychotics [18, 25]. Exploring further, it seems that the 
possible mechanism of DSP arises from a modification of 
the D2 signaling cascade. Without expanding on the complex 
signaling networks of D2-receptors, it is nevertheless 
important to note some prominent regulatory proteins. 

 The first type of regulatory proteins involves the 
promotion of GTP hydrolysis on G-protein α-subunits 
thereby reducing the activation interval of inhibitory G-
proteins upon D2-receptor stimulation. Aptly named 
regulators of G-protein signaling (RGS), genetic variations 
of these proteins may show a susceptibility to alterations 
under various stressors [26]. If the negative modulation of 
RGS proteins were dampened, the activation lifetime of D2-
receptors might be heightened leading to sensitivity 
modifications. Another critical modulator of activation that 
has been studied extensively is the G-protein-coupled 
receptor kinases (GRK) in tandem with β-arrestins. After 
activation of D2-receptors, GRKs may be recruited to 
phosphorylate the receptors. The purpose of phosphorylation 
is to attract β-arrestins [21]. These proteins can affect the 
signaling pathway threefold: firstly by blocking initial 
downstream effects of D2-receptor activation; secondly by 
allowing for internalization of receptors from the plasma 
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membrane; and finally by initiating downstream G-protein-
independent signaling events [27, 28]. Therefore, similar to 
RGS, the effects of activation may be modulated even in the 
presence of increased extracellular dopamine and 
particularly in the case of β-arrestins, the sensitivity of D2 
receptors may be directly manipulated. 

 Although not comprehensive, these mechanisms suggest 
that receptor modification and movement play a vital role in 
the process of supersensitivity. Indeed, research has 
indicated that changes in dopamine signaling can lead to an 
increased ratio of D2

high
 to D2

low
 receptor states in animal 

models [23]. With an increase in D2
high

 receptors having 
greater affinity for dopamine binding, activation of 
dopamine transmission may be elicited to a greater extent 
compared to normal circumstances where the states of D2-
receptors are in oscillating equilibrium. Since the lifetime of 
D2

high 
receptors are sub-seconds, these receptors have not 

been measured directly using PET. Accordingly, the 
involvement of an increase in D2

high 
receptors in psychosis 

can only be hypothesized. However, evidence that 
individuals with schizophrenia are more likely to experience 
psychotic symptoms after using psychostimulants than 
individuals without schizophrenia, is at least consistent with 
the notion that a greater affinity for endogenous dopamine 
may compound the vulnerability of patients through 
enhanced D2-receptor activation [29]. The reasons for that 
may be multifaceted, but if the dopamine signaling network 
is involved in any capacity, an end result may well be a 
biased state of D2

high
 receptors. For example, selective 

knockouts of the RGS9 gene in mice striatum resulted in a 
60% increase in D2

high
 receptor states [22]. Without RGS 

regulation, receptors may adopt the D2
high

 configuration for a 
longer period of time. This is consistent with the observation 
that cortical levels of RGS4 protein were reduced in the 
prefrontal cortex of antipsychotic-free schizophrenia post-
mortem brains, while antipsychotic-medicated patients 
showed opposite effects [30, 31]. Moreover, abnormalities in 
GRK expression levels were also reported in schizophrenia 
postmortem brain, although contrasting results were 
described across the studies [32, 33]. 

 While an alteration of affinity states is a potential 
manifestation of supersensitivity, another component of the 
supersensitivity phenomenon that can be directly measured 
is receptor density. From previous reports, the receptor 
upregulation model of dopamine supersensitivity also 
emerges as a rational mechanism worthy of consideration 
[34]. However, studies looking into this matter have not been 
consistent. In early positron emission tomography (PET) 
studies in humans, long-term treatment with antipsychotics 
was associated with an almost 40% increase in receptor 
density [35]. However, if a number of these imaging studies 
were averaged together, D2-receptors in the striatum were 
calculated to have only elevated by 6% in patients with 
schizophrenia [10]. Differences in methodologies and 
radioligands used (e.g. PET with [

11 
C] raclopride vs. Single 

Photon Emission Computed Tomography with [(123)I] 
iodobenzamide) may yield variations in receptor numbers 
which may be concordant with some of the inconsistent 
results seen in both patients and animal models of psychosis 
[36]. While studies on animals concur that chronic exposure 

to antipsychotics lead to receptor upregulation, it seems that 
the process of upregulation is also dictated by the dosing 
regimen and the level of receptor occupancy [37].

 
Dopamine 

receptor density has also been quantified in post-mortem 
brains of subjects with schizophrenia. Although not fully 
consistent, various studies found upregulated radioligand 
binding (typically using [

3
H] raclopride) in different striatal 

structures of schizophrenia brain [38, 39]. It should be noted 
that both PET-scan and post-mortem brain studies quantified 
receptor density using D2-receptor antagonists, which do not 
discriminate between D2

high
 and D2

low
. Nonetheless, these 

possible mechanisms of supersensitivity build curiosity to 
the question of whether or not the long-term utilization of 
antipsychotics is a factor in treatment resistance. 

4. EVIDENCE FOR THE ESTABLISHMENT OF 

ANTIPSYCHOTICS INDUCED DSP  

 The theory that antipsychotics may induce dopamine 
supersensitivity is not new as earlier studies can be traced 
back several decades [40, 41]. In controlled experiments 
where some rats were pre-treated to long-term haloperidol 
and subsequently administered apomorphine several days 
after haloperidol withdrawal, the pre-treated rats showed 
greater behavioral supersensitivity—as measured by locomotor 
tasks—compared to control rats [42]. Chronic haloperidol 
pretreatment has also been shown to decrease dopamine 
release [43], whereas injections of exogenous dopamine into 
the nucleus accumbens of rats pretreated with haloperidol 
elicited hypersensitization effects suggesting that minor 
fluctuations in dopamine level may itself trigger increased 
psychomotor reactions [44]. The consistency of reverse 
tolerance observed in these animal behavioral models 
suggests that a translation to clinical relevancy is not 
overreaching. There is evidence that heightened positive 
symptoms in patients with schizophrenia can manifest after 
chronic antipsychotic treatments, especially after the 
discontinuation of the drug [45, 46].

 
The rapid onset of 

psychosis observed draws comparison to the DSP issue since 
withdrawal or rebound psychosis has been labeled a potential 
marker for supersensitivity.  

 The clinical manifestations of DSP in patients have 
generally been defined based on three major observations: 
the development of tolerance to antipsychotics, presence of 
tardive dyskinesia (TD), and the acute relapse of psychosis 
during or after treatment discontinuation (rebound psychosis) 
[13, 15].

 
These observations, that are present during the 

continuum of DSP diagnosis, all have iatrogenic origins, 
which have often resulted in the observation that increasing 
the dose of antipsychotics can temporarily alleviate these 
adverse effects, potentially by targeting the elevated density 
of D2 receptors. Therefore, most retrospective studies on 
DSP use tolerance, rebound psychosis, and TD as strong 
predictors of a diagnosis. However, the drawback of using 
TD as a criterion is that it is a disorder that can persist for 
many years while DSP may be episodic. Instead, temporary 
movement disorders such as withdrawal dyskinesia may 
actually be seen as a more relatable criterion for dopamine 
supersensitivity [47]. Worth mentioning is the fact that many 
patients develop overt DSP without having a history of TD 
or rebound psychosis. These variations of DSP may have 
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developed latently and covertly masked by antipsychotic 
treatment. Upon dose reduction or discontinuation of the 
antipsychotic overt DSP appears [15]. 

 Compared to the other descriptions of DSP, the presence 
of rebound psychosis seems to have the most evidence. 
Reviews on relapse rates after treatment discontinuation has 
shown several observations that are pertinent to the DSP 
debate. One is that relapse rates after treatment discontinuation 
is markedly increased with many studies indicating a 
recurrence of symptoms around 80-95% over a period of 2 
years [48]. Moreover, inadequate protection against relapse 
with long-term antipsychotic treatment suggests that the 
therapeutic effects of these agents may diminish over  
time. Although not all cases of relapse are attributed to 
supersensitivity psychosis, there is growing support that DSP 
is likely responsible for a large portion of individuals that do 
relapse. A recent study conducted to establish the 
significance of drug induced DSP in patient outcomes, noted 
that 40% of recently relapsed individuals with positive 
symptoms (N=41) showed characteristics of DSP [49]. These 
patients were found to have experienced greater relapse 
symptoms and were more in need of residential care. All 
patients in this study were compliant with their medications 
suggesting that breakthrough symptoms do not require a 
discontinuation of treatment to observe DSP. This however 
raises a controversy, as it is well recognized that continuous 
treatment with antipsychotics versus intermittent or no 
treatment significantly reduces the risk of relapse and 
hospitalization in this population [50].�

 Even so, inadequate doses of antipsychotics during a 
relapse or breakthrough symptoms may actually reveal latent 
compensatory mechanisms that result in the increased 
susceptibility to dopaminergic activation. For example,  
there are reported cases that after the discontinuation of 
olanzapine, increased psychosis (e.g. auditory hallucinations, 
psychomotor hyperactivity) was noted that seemed in line 
with the characterization of DSP [51]. These symptoms 
disappeared after patients were restarted olanzapine at higher 
doses or were switched to another antipsychotic. Induced 
DSP was also hypothesized to have occurred after chronic 
utilization with quetiapine. In this case, researchers 
examined the efficacy of quetiapine monotherapy (N=23) in 
a 3-year open label study. Only 5 patients completed the 
study; however, with an 87% dose increase compared to 
baseline over the span of 96 weeks. Other patients who did 
not complete the study had dose increases of 127% 
suggesting that tolerance and potentially supersensitivity 
may have occurred during treatment [52]. 

 The presence of dopamine supersensitivity during on-
going antipsychotic treatment was also demonstrated for 
both haloperidol and olanzapine in animal studies [9]. In one 
experiment, rats were pretreated to a low (0.25 mg/kg) or 
high (0.75 mg/kg) dose of haloperidol through continuous 
infusion via osmotic minipump that mimicked a clinical dose 
profile and similar occupancy of D2-receptors as measured in 
human patients. Subsequently, injections of amphetamine 
were given at days 2 and 12, as well as 5 days after the 
discontinuation of haloperidol. The psychomotor activity of 
the rats was measured after amphetamine injections. At day 
2 of the haloperidol treatment, amphetamine-induced 

locomotor activity was effectively suppressed at both doses. 
However, at day 12, amphetamine produced the same 
locomotor activity for both haloperidol doses as well the 
control (saline injection) suggesting that chronic treatment 
with antipsychotics induces supersensitivity such that the 
antidopaminergic effects are overcome. When amphetamine 
was injected 5 days after haloperidol (high dose) 
discontinuation, it produced supersensitivity of locomotor 
activity reminiscent of previous withdrawal studies. Similar 
results were also found for olanzapine (10 mg/kg). 

 To add further support to these findings, conditioned 
avoidance response tests were conducted. The basic premise 
of the avoidance behavioral test is to observe how well the 
learning of a cue-associated footshock can be impaired by 
D2- receptor blockade of the mesolimbic dopamine neurons. 
This model has a high predictive validity for antipsychotics 
such that a loss of efficacy may confer changes in the 
dopamine pathway. The experimental results of the 
conditioned avoidance test showed that impairment of 
learning was greatest at 6 days (i.e. haloperidol is effectively 
blocking the D2-receptors), but diminished in action over the 
next 6 days [9]. Although impairment of avoidance was still 
visible at the end of the trial, the effect was significantly less 
than before. In addition to these behavioral tests, assays 
examining the receptor number and affinity of D2 receptors 
found increases in the high affinity state of D2-receptors for 
the high dose of haloperidol pretreatment. Lastly, cerebral 
microdialysis was used and confirmed that the decreased 
efficacy of antipsychotics was not due to increased 
endogenous release of dopamine over time [9]. 

 Taken together, these findings demonstrate that the 
effectiveness of chronic administration of antipsychotics 
diminish during the period of receptor sensitization. While 
the mechanism that underlies the development of DSP cannot 
be directly measured using behavioral psychomotor tasks, it 
seems likely that postsynaptic signaling regulations of the 
dopamine pathways are affected by chronic antipsychotic 
administration. As an example, RGS and several other 
schizophrenia relevant genes were found to be downregulated 
in the presence of chronic olanzapine treatment [53]. 

 Beyond the intrinsic regulators pushing D2-receptors to 
its high or low binding affinity conformation, neuroplastic 
alterations of dopamine-specific downstream signaling cascades 
may be responsible for dopamine supersensitivity. Among 
the large repertoire of mechanisms potentially involved, the 
dopamine- and cAMP-regulated phosphoprotein of 32 kDa 
(DARPP-32) is worth mentioning. DARPP-32 is mainly 
expressed in dopaminoceptive neurons, and integrates 
dopaminergic input in the environment of multiple receptor 
signals, including ionotropic (NMDA/AMPA) and meta- 
botropic (mGlu1/5) glutamate receptors [54, 55]. Under 
basal conditions, DARPP-32 is phosphorylated at Thr75 and 
sequestrates protein kinase A (PKA), a major effector of 
cAMP signaling. Only upon the appropriate stimulus, 
presumably involving multiple receptor activation, PKA is 
able to phosphorylate DARPP-32 at Thr34, which dissociates 
from PKA and becomes a potent inhibitor of protein 
phosphatase-1 (PP-1). Since PP-1 antagonizes most PKA 
activities (and thus cAMP signaling), the balance of 
DARPP-32 acts as a threshold that switches downstream 
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signals in dopaminoceptive postsynaptic terminals. Expression 
levels of DARPP-32 and its truncated variant, which lacks 
the PKA regulatory domain, were shown to be unbalanced in 
schizophrenia postmortem brains [56, 57]. Importantly, three 
polymorphisms in DARPP-32 gene were associated with 
both cognitive performance and expression of truncated 
DARPP-32 variant in schizophrenia key brain regions [57]. 
Moreover, phosphorylation status of DARPP-32 is influenced 
by virtually all psychoactive drugs that alter extracellular 
dopamine levels, which includes (but not limits to) 
antipsychotics, amphetamine, cocaine, and cannabinoids 
[55]. Both, typical and atypical antipsychotics were able to 
displace DARPP-32 balance towards the Thr34 phosphorylated 
form in mouse brain, favoring cAMP-PKA signals [58]. 
Under this circumstance, the signal intensity required for 
dopamine to trigger D1-receptor downstream signals is 
considerably less than in a normal situation (i.e. the threshold 
is dropped), potentially acquiring supersensitivity to dopamine. 
These observations suggest that DARPP-32 may represent a 
key molecule in DSP.�

 Similarly, chronic haloperidol treatment in human 
neuroblastoma cell lines have shown that extracellular 
signal-regulated kinase (ERK)/mitogen-activated protein 
kinase (MAPK) pathways of the D2-receptor cascade may be 
activated [59]. Stimulation of D2-receptors in normal levels 
decreases the ERK/MAPK pathway in the striatum, which 
seems to be involved in the integration of neurotransmitter 
networks. Thus, with reduced D2-receptor activation, 
ERK/MAPK pathway activation is increased. According to 
their experiment, increased ERK signaling ultimately led to 
D2-receptor upregulation as measured by elevated receptor 
mRNA levels, which may be a potential DSP marker. 
Research on supersensitivity has started to focus more on 
genetic changes in patients characterized as having DSP. In a 
recent clinical study, a genetic distribution analysis of 5 
single nucleotide polymorphisms (SNPs) of GRK6 and 3 
SNPs of β-arrestin was conducted using DSP patients 
(selected based on previously discussed criteria) and non-
DSP schizophrenia patients [60]. Although GRK6 and β-
arrestins have been hypothesized to be involved in iatrogenic 
DSP, their results showed that there were no significant 
differences in the allelic and genotyping distributions of 
SNPs between DSP and non-DSP patients. It should be noted 
that the study design could have been a major limitation 
since the variance of the GRK6 and β-arrestin proteins may 
itself be a consequence of antipsychotic use. Moreover, the 
selection process for DSP relied on the experimenter’s 
judgment based on prior diagnoses. With this in mind, it is 
also possible that other downstream D2-receptor interacting 
molecules such as AKT (protein kinase v-akt murine thymoma 
viral oncogene homolog) or GSK-3 (glycogen synthase 
kinase -3) play a greater role in the differentiation of DSP 
[61]. Further research on dopamine pathways is needed to 
elucidate the biological mechanism of receptor trafficking 
and modifications seen in antipsychotic-induced DSP.�

5. CONNECTION BETWEEN ANTIPSYCHOTIC 

INDUCED DSP AND TREATMENT RESISTANT 

SCHIZOPHRENIA (TRS)�

 Many patients fail to show adequate response to successive 
antipsychotic treatment (usually with progressively increasing 

dosages) resulting in a diagnosis of TRS. Among those 
diagnosed with TRS, a subpopulation fail to respond to both 
typical and atypical antipsychotics including clozapine, an 
antipsychotic reserved for last resort [62]. Reasons regarding 
the cause of treatment resistance remain elusive since 
symptom dimensions vary on a case-by-case basis, but most 
explanations have focused on the neurodegenerative and 
developmental aspect of schizophrenia. It has been reported 
that nearly half of schizophrenia patients will become treatment 
refractory [63]. However, it is noteworthy to consider the 
similar overlap between the symptomology of TRS and the 
characteristics of DSP, specifically the appearance of drug 
tolerance. 

 Previous clinical studies clarifying the role of DSP in 

TRS have estimated that more than half of TRS cases were 
the result of antipsychotic induced DSP [45]. A recent study 

found that approximately 72% of TRS patients of Japanese 

ancestry had symptoms of iatrogenic DSP [13]. The study 
involved 147 patients diagnosed as TRS as defined by the 

Broadest Eligibility Criteria [64]. The occurrence of DSP 

was based on previously published criteria of at least one 
episode of rebound psychosis, drug tolerance, or TD. Other 

symptom measurements were also evaluated using multiple 

clinical rating scales that included the following: Brief 
Psychiatric Rating Scale (BPRS), Global Assessment of 

Functioning (GAF), Clinical Global Impression-Severity 

(CGI-S), and Drug-Induced Extra-Pyramidal Symptoms 
Scale (DIEPSS). Frequency statistics revealed that 60% of 

patients characterized as ‘DSP’ had an episode of drug 

tolerance while approximately 45% had rebound psychosis 
and TD. In terms of general clinical scores, there were no 

correlations between TRS patients with DSP and TRS 

patients without DSP, but the investigators did mention that 
the DSP patients had marginally higher DIEPSS scores than 

the non-DSP patients, which might indicate an increased 

sensitivity to antipsychotic-induced side-effects. 

 The similarity in severity of symptoms between DSP and 
non-DSP patients with TRS undermines the confidence that 
differences in symptoms may allow for a clearer picture of 
DSP. Although the Japanese study mentioned above may 
have been a thorough analysis of patient history [13], the 
classification of either DSP or TRS is a difficult process with 
many uncertainties regarding the veracity of diagnoses [65]. 
The methodologies employed should not be considered a 
weak point, since the study did not include patients under 
treatment with clozapine. In fact, a recent analysis from the 
same authors found that even with patient parameters 
statistically matched for age, sex, family history, illness 
duration, and dosage at first episode psychosis to name a 
few, DSP sub-episodes were more prevalent in TRS group 
than the non-DSP group [66]. However, these types of 
retrospective studies have been limited to Japan, a nation that 
may harbor different clinical population profiles than Western 
countries. Therefore, the occurrence of DSP in TRS patients 
and non-TRS patients may vary if similar retrospective 
studies are conducted elsewhere. As such, interpretation of 
these studies should be taken with that in mind. Despite the 
shortcomings, the high frequency of DSP in TRS along with 
an overlapping characteristic of antipsychotic tolerance gives 
some credence of the involvement of DSP in TRS. As a side, 
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antipsychotic tolerance can be differentiated from treatment 
resistance in that there is: 1) a history of good response to 
antipsychotic(s), particularly in the early stage of the illness, 
and 2) reduced response to an antipsychotic(s) that has 
previously been effective, especially following rebound 
psychosis.�

6. ROLE OF ANTIPSYCHOTICS IN PREVENTION 

OF DSP�

 Second-generation antipsychotics are often the preferred 
treatment for first-episode schizophrenia [67]. However, 
with studies showing that antipsychotic treatment may 
contribute to drug tolerance, and the emergence of 
supersensitivity psychosis, it may be necessary to explore 
alternative pathways of treatments. First and second 
generation antipsychotics, both work by blocking D2-
receptors and are very effective during early treatment 
periods [68]. The core of the iatrogenic DSP issue lies in 
long-term antipsychotic treatment where prolonged blockade 
of D2-receptors has been shown to induce both upregulation 
and conversion to high affinity states. Thus, it may be 
possible to find treatments that directly target and normalize 
antipsychotic induced compensatory actions of dopamine 
signaling. One solution may be the usage of D2-receptor 
partial agonists [69, 70].�

 The evidence for this suggestion comes from several 
lines of research. In animal studies, chronic treatment of 
direct dopamine agonists for D2-receptors such as quinpirole 
decreased stereotyped behavior attributed to increased 
catecholamine levels in the prefrontal cortex [71].

 
Indeed, 

quinpirole can by itself cause stereotypy, but paradoxically, 
chronic use seems to decrease the density of D2-receptors. 
Therefore, the suggestion that D2-receptor partial agonists 
may potentially treat supersensitivity has merit as it may work 
to maintain an adequate, stable level of neurotransmission. 
An example of a D2-receptor partial agonist that has been 
used to explore the prevention of DSP is aripiprazole [72]. 
Because of its unique mechanism of action, suggestions that 
aripiprazole may reduce DSP have been promoted [11, 72]. 
Specifically, aripiprazole may alleviate psychotic symptoms, 
prevent or stabilize relapses and show greater remission rates 
by acting as the hypothesized ‘dopamine stabilizer’. To this 
end, it has been proposed that aripiprazole acts as a net 
antagonist when dopamine levels are high and as a net 
agonist when dopamine levels are low. Furthermore, 
aripiprazole has a unique functional profile for the 
modulation of G proteins where it acts as a partial agonist for 
Gαi/o and an antagonist for Gβγ signaling [73].�

 With these hypotheses that aripiprazole may moderate 
postsynaptic receptors to prevent DSP, several studies have 
been undertaken to explore this supposition. Behavioral 
studies have been conducted to examine if chronic treatment 
of aripiprazole induces dopamine supersensitivity and to 
assess whether or not aripiprazole treated rats may reduce 
DSP induced by haloperidol [72].

 
In these experiments, rats 

pretreated with aripiprazole (1.5 mg/kg) did not show 
methamphetamine-induced locomotor hyperactivity as 
compared to rats pretreated with haloperidol (0.75 mg/kg). 
Radioligand assays using standard [

3
H] raclopride also did 

not detect a striatal D2-receptor upregulation for the 

aripiprazole pretreatment group of rats. On the other hand, 
haloperidol treatment increased receptor density by 153% 
compared to the control and by 126% compared to the 
aripiprazole group. Furthermore, switching from haloperidol 
(0.75 mg/kg) to aripiprazole did not produce as distinctive 
increase in total locomotor activities compared to switching 
to saline or continuing with the haloperidol treatment. 
Studies on binding affinity of partial agonists have also 
found that compared to haloperidol’s capacity to elevate the 
high-affinity state of dopamine D2-receptors by almost 3 
fold, the treatment of aripiprazole as well as bifeprunox only 
elevated the D2

high
 state to 108% and 129% respectively (as 

measured by the dopamine/[
3
H]domperidone competition 

method) [74]. Although receptor states were modified 
somewhat with partial agonists, it is possible that the 1 fold 
increase in the D2

high
 state will not promote the onset of DSP 

but may actually delay the process.  

 Not all current studies agree. According to a comparable 
experiment, chronic administration of aripiprazole for 10 
days in young rats (starting at postnatal 10 days) facilitated a 
quantification of stereotyped behaviors [75]. The investigators 
noted that this effect may be due to an upregulation of D2-
receptors in the striatum, a likely manifestation of 
supersensitivity phenomenon. However, receptor densities 
are also under the influence of maturational processes. Thus, 
an increase in neuromotor activity cannot be solely 
pinpointed to repeated drug exposure since dopaminergic 
receptor expression tends to proliferate from birth [76]. 

 While it can be demonstrated that chronic administration 
of partial agonists may not necessarily induce receptor 
upregulation in adult rat studies, there is a paucity of 
information in the clinical setting, especially in relation to 
patients characterized with DSP and TRS. Most studies looking 
at DSP in patients are observational and retrospective in 
nature [19, 77]. With no studies investigating the use of D2-
receptor partial agonists on patients that were later 
characterized as having DSP, it may be useful to examine the 
general trends of D2-receptor partial agonists to see if further 
studies are warranted. In a randomized, double-blind, placebo-
controlled study, the time to all cause discontinuation (a 
proxy for acceptability taking into account efficacy and 
tolerability) was significantly delayed for aripiprazole compared 
to placebo (92 vs. 60 days respectively). Furthermore, 
aripiprazole significantly reduced both PANSS and CGI-S 
scores [78]. However, the evidence that aripiprazole is more 
efficacious than other antipsychotics is lacking [79]. In a 
comparative study looking at treatment continuation of 
various atypical antipsychotics, aripiprazole seemed to have 
lower rates of relapse; however, the study design was a large 
observational study, which carries a lower level of evidence 
and provides less convincing support [80]. In a meta-analysis 
of comparative trials, the overall effectiveness of 
aripiprazole in treating psychotic symptoms was no different 
than olanzapine, with similar discontinuation rates compared 
to all groups, although the quality of data analyzed was 
viewed as generally poor as many studies lacked detailed 
methods of randomization and blinding [81]. Lastly, a recent 
retrospective study found that switching from a previous 
antipsychotic to aripiprazole as a result of DSP might 
actually increase relapse and exacerbate positive symptoms 
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[19]. This result is not a surprise given the partial agonistic 
nature of the drug. An explanation proposed was that as the 
tapering of previous the antipsychotic occurred, the extent of 
aripiprazole’s binding to D2-receptors increases thereby 
resulting in an increase in dopaminergic effects due to its 
intrinsic agonistic activity. Since patients with DSP may 
have a higher density of postsynaptic receptors, aripiprazole 
may induce acute relapses of psychosis. Similarly, there are 
many published cases where switching to aripiprazole has 
caused acute exacerbation of psychotic symptoms [82]. In a 
recent position paper investigating the best way for 
switching to aripiprazole, a panel of psychiatrists proposed 
that the overlap phase between the previous antipsychotic 
and aripiprazole should be more prolonged than what is 
currently in place. This was hypothesized to reduce the 
possibility of rebound psychosis caused by dopamine 
supersensitivity [83]. 

7. CONCLUSION AND POTENTIAL FUTURE 

STUDIES�

 The primary findings of the present review expose 
several observations. One is that the idea of iatrogenic DSP 
as a mechanism that may drive the onset of relapse and 
induce the occurrence of once previously ameliorated 
psychotic symptoms has support. As a controversial topic, 
this notion has been drawing critical attention lately with 
suggestions that iatrogenic DSP may also be related to TRS. 
Although the direct mechanism of action is currently 
unknown, chronic antipsychotic usage does seem to be 
correlated with changes in the dopaminergic signaling 
pathway, targeting key regulatory proteins [84, 85]. Whether 
alterations to the expression of these dopaminergic elements 
(e.g. GRKs, β-arrestins, ERKs) are the exact biological 
mechanism of DSP remain to be further examined, but 
measurable effects associated with DSP such as an 
upregulation of high affinity receptors have been linked to 
antipsychotics [23]. Even though many preclinical studies 
support the notion of antipsychotic induced DSP, there is a 
huge gap in the literature in terms of replicating or observing 
this phenomenon in human patients. A problem may lie in 
the characterization of DSP, as there is still a debate as to 
what criteria should be included. Some studies require only 
experiencing one of possibly 3 or 4 criteria of DSP to be 
diagnosed as having DSP leading to a possible overestimation 
of DSP cases in schizophrenia patients [77]. 

 To build upon recent findings, future studies need to re-
examine the characteristics of DSP to observe differences 
between the percentage of DSP patients that fulfill the 
criteria of rebound psychosis and drug tolerance to DSP 
patients that are experiencing TD. A re-estimation of these 
numbers may also be useful in the comparison of DSP 
incidence rates in response to individual antipsychotics. 
Furthermore, most of the studies examining antipsychotic-
induced DSP have used haloperidol. It may be worthwhile to 
conduct comparison studies looking at how different 
antipsychotics compare with each other in the diagnosis and 
prevention of supersensitivity psychosis and its related 
disorders (i.e. TD and TRS). 

 The field of research in terms of examining possible 
treatments for DSP induced TRS, is also vacant. Iyo et al., 

have hypothesized that there is an optimal range of D2- 
receptors occupancy by antipsychotics for the treatment of 
DSP [11]. Their study results predict that antipsychotics with 
longer elimination half-lives (e.g., long-acting injectables) 
dosed appropriately may be of benefit to patients with DSP. 
Currently, the only study on this issue has examined the 
potential of a long-acting injectable (i.e., risperidone) in 
treating patients with TRS and DSP [77]. Results showed 
that both positive and negative symptom scores improved 
significantly for the DSP group (33.3% and 31.7% 
respectively) over a period of one year compared to the non-
DSP group (16.7% and 16.6% respectively). They hypothesized 
that the sustained release of risperidone produces less peak 
to trough fluctuations of drug plasma levels thus providing a 
stable occupancy of D2-receptors and an overall receptor 
stabilization effect. However, additional randomized, controlled 
studies are required to produce a more telling argument. 

 In terms of DSP prevention, partial D2-receptor agonists 
such as aripiprazole may also have a ‘stabilizer’ effect on 
receptor regulation. Despite its potential, clinical cases has 
highlighted that switching to aripiprazole with a history of 
DSP symptomology may instead elicit DSP. Although this 
idea is purely theoretical, aripiprazole may be best suited as a 
first line treatment in the prevention of DSP since it may 
actually impede receptor changes as a result of its 
normalization effects. However, the connection between 
aripiprazole and DSP prevention is only a hypothesis, as 
there is no study currently examining this issue. Since 
aripiprazole has been on the market for almost 10 years, it 
may be interesting to look back at the records of patients 
who initially started aripiprazole treatment and measure the 
duration of remission and the onset of relapse to see how 
long DSP may have been prevented compared to other 
antipsychotics. 

 In conclusion, the story of long-term antipsychotic 
treatment and dopamine supersensitivity psychosis needs 
further support. Although preclinical experimentation has 
shown that the presence of supersensitivity of postsynaptic 
striatal D2-receptors can be induced by long-term drug 
treatment, the evidence has not been wholly convincing 
when explored in a clinical setting. Part of the reason has 
been the difficulty in setting up experiments where 
confounding factors are controlled. A challenge has been 
trying to separate clinical response from the natural 
progression of the disorder. At present, there is an 
insufficiency in the literature on this topic, and more studies 
will need to be conducted in the near future. 

SOURCES OF FUNDING 

 Canadian Institutes of Health Research and the BC 
Mental Health and Substance Use Services.�

CONFLICT OF INTEREST�

 Dr. Procyshyn has been a member of the following 
advisory boards in the past three years: Janssen, Lundbeck, 
and Otsuka; a member of the following speaker’s bureaus in 
the past three years: AstraZeneca, Janssen, Lundbeck, 
Otsuka; and received grants from the Canadian Institutes of 
Health Research.�



Dopamine Supersensitivity Psychosis Current Neuropharmacology, 2017, Vol. 15, No. 1    181 

 Dr. Barr has received grants from Bristol-Myers Squibb 
and the Canadian Institutes of Health Research. 

ACKNOWLEDGEMENTS 

 Declared none. 

REFERENCES�

[1] Saha, S.; Chant, D.; Welham, J.; McGrath, J. A systematic review 
of the prevalence of schizophrenia. PLoS Med., 2005, 2(5), e141. 

[http://dx.doi.org/10.1371/journal.pmed.0020141] [PMID: 15916472] 
[2] Robinson, D.; Woerner, M.G.; Alvir, J.M.; Bilder, R.; Goldman, 

R.; Geisler, S.; Koreen, A.; Sheitman, B.; Chakos, M.; Mayerhoff, 
D.; Lieberman, J.A. Predictors of relapse following response from 

a first episode of schizophrenia or schizoaffective disorder. Arch. 
Gen. Psychiatry, 1999, 56(3), 241-247. [http://dx.doi.org/10.1001/ 

archpsyc.56.3.241] [PMID: 10078501] 
[3] Emsley, R.; Chiliza, B.; Asmal, L.; Harvey, B.H. The nature of 

relapse in schizophrenia. BMC Psychiatry, 2013, 13, 50. [http://dx. 
doi.org/10.1186/1471-244X-13-50] [PMID: 23394123] 

[4] Lehman, A.; Lieberman, J.; Dixon, L.; McGlashan, T.; Miller, A.; 
Perkins, D.; Kreyenbuhl, J. American Psychiatric Association; 

Steering Committee on Practice Guidelines. Practice guideline for 
the treatment of patients with schizophrenia, second edition. Am. J. 

Psychiatry, 2004, 161(2), 1-56. http://psychiatryonline.org/pb/assets/ 
raw/sitewide/practice_guidelines/guidelines/schizophrenia.pdf  

[5] Clinical practice guidelines. Treatment of schizophrenia. Can. J. 
Psychiatry, 2005, 50(13)(Suppl. 1), 7S-57S. [PMID: 16529334] 

[6] Harrow, M.; Jobe, T.H.; Faull, R.N. Does treatment of schizophrenia 
with antipsychotic medications eliminate or reduce psychosis? A 20-

year multi-follow-up study. Psychol. Med., 2014, 44(14), 3007-3016. 
[http://dx.doi.org/10.1017/S0033291714000610] [PMID: 25066792] 

[7] Wunderink, L.; Nieboer, R.M.; Wiersma, D.; Sytema, S.; Nienhuis, 
F.J. Recovery in remitted first-episode psychosis at 7 years of 

follow-up of an early dose reduction/discontinuation or maintenance 
treatment strategy: long-term follow-up of a 2-year randomized 

clinical trial. JAMA Psychiatry, 2013, 70(9), 913-920. [http://dx. 
doi.org/10.1001/jamapsychiatry.2013.19] [PMID: 23824214] 

[8] Harrow, M.; Grossman, L.S.; Jobe, T.H.; Herbener, E.S. Do 
patients with schizophrenia ever show periods of recovery? A 15-

year multi-follow-up study. Schizophr. Bull., 2005, 31(3), 723-734. 
[http://dx.doi.org/10.1093/schbul/sbi026] [PMID: 16020553] 

[9] Samaha, A.N.; Seeman, P.; Stewart, J.; Rajabi, H.; Kapur, S. 
Breakthrough dopamine supersensitivity during ongoing 

antipsychotic treatment leads to treatment failure over time. J. 
Neurosci., 2007, 27(11), 2979-2986. [http://dx.doi.org/10.1523/ 

JNEUROSCI.5416-06.2007] [PMID: 17360921] 
[10] Seeman, P. Are dopamine D2 receptors out of control in psychosis? 

Prog. Neuropsychopharmacol. Biol. Psychiatry, 2013, 46, 146-152. 
[http://dx.doi.org/10.1016/j.pnpbp.2013.07.006] [PMID: 23880595] 

[11] Iyo, M.; Tadokoro, S.; Kanahara, N.; Hashimoto, T.; Niitsu, T.; 
Watanabe, H.; Hashimoto, K. Optimal extent of dopamine D2 

receptor occupancy by antipsychotics for treatment of dopamine 
supersensitivity psychosis and late-onset psychosis. J. Clin. 

Psychopharmacol., 2013, 33(3), 398-404. [http://dx.doi.org/10. 
1097/JCP.0b013e31828ea95c] [PMID: 23609386] 

[12] Chouinard, G.; Jones, B.D. Neuroleptic-induced supersensitivity 
psychosis: clinical and pharmacologic characteristics. Am. J. 

Psychiatry, 1980, 137(1), 16-21. [http://dx.doi.org/10.1176/ajp.137. 
1.16] [PMID: 6101522] 

[13] Suzuki, T.; Kanahara, N.; Yamanaka, H.; Takase, M.; Kimura, H.; 
Watanabe, H.; Iyo, M. Dopamine supersensitivity psychosis as a 

pivotal factor in treatment-resistant schizophrenia. Psychiatry Res., 
2015, 227(2-3), 278-282. [http://dx.doi.org/10.1016/j.psychres. 

2015.02.021] [PMID: 25863824] 
[14] Goudie, A.J.; Cole, J.C. Switching antipsychotics. Antipsychotic 

tolerance, withdrawal and relapse: unresolved issues and research 
implications. J. Psychopharmacol. (Oxford), 2008, 22(7), 815-817. 

[http://dx.doi.org/10.1177/0269881107082904] [PMID: 18753274] 
[15] Chouinard, G. Severe cases of neuroleptic-induced supersensitivity 

psychosis. Diagnostic criteria for the disorder and its treatment. 
Schizophr. Res., 1991, 5(1), 21-33. [http://dx.doi.org/10.1016/0920-

9964(91)90050-2] [PMID: 1677263] 

[16] Remington, G.; Foussias, G.; Agid, O.; Fervaha, G.; Takeuchi, H.; 

Hahn, M. The neurobiology of relapse in schizophrenia. Schizophr. 
Res., 2014, 152(2-3), 381-390. [http://dx.doi.org/10.1016/j.schres. 

2013.10.009] [PMID: 24206930] 
[17] Kirkpatrick, B.; Alphs, L.; Buchanan, R.W. The concept of 

supersensitivity psychosis. J. Nerv. Ment. Dis., 1992, 180(4), 265-270. 
[http://dx.doi.org/10.1097/00005053-199204000-00009] [PMID: 

1348269] 
[18] Seeman, M.V.; Seeman, P. Is schizophrenia a dopamine 

supersensitivity psychotic reaction? Prog. Neuropsychopharmacol. 
Biol. Psychiatry, 2014, 48, 155-160. [http://dx.doi.org/10.1016/ 

j.pnpbp.2013.10.003] [PMID: 24128684] 
[19] Takase, M.; Kanahara, N.; Oda, Y.; Kimura, H.; Watanabe, H.; Iyo, 

M. Dopamine supersensitivity psychosis and dopamine partial 
agonist: a retrospective survey of failure of switching to aripiprazole 

in schizophrenia. J. Psychopharmacol. (Oxford), 2015, 29(4), 383-389. 
[http://dx.doi.org/10.1177/0269881115570083] [PMID: 25735995] 

[20] Meyer, J.S.; Quenzer, L. Psychopharmacology: Drugs, the brain, 
and behavior, 2nd ed; Sinauer Associates: Sunderland, Mass, 2013.  

[21] Beaulieu, J.M.; Gainetdinov, R.R. The physiology, signaling, and 
pharmacology of dopamine receptors. Pharmacol. Rev., 2011, 

63(1), 182-217. [http://dx.doi.org/10.1124/pr.110.002642] [PMID: 
21303898] 

[22] Seeman, P. Dopamine D2 receptors as treatment targets in 
schizophrenia. Clin. Schizophr. Relat. Psychoses, 2010, 4(1), 56-

73. [http://dx.doi.org/10.3371/CSRP.4.1.5] [PMID: 20643630] 
[23] Seeman, P. All roads to schizophrenia lead to dopamine super- 

sensitivity and elevated dopamine D2(high) receptors. CNS 
Neurosci. Ther., 2011, 17(2), 118-132. [http://dx.doi.org/10.1111/ 

j.1755-5949.2010.00162.x] [PMID: 20560996] 
[24] Seeman, P.; Weinshenker, D.; Quirion, R.; Srivastava, L.K.; 

Bhardwaj, S.K.; Grandy, D.K.; Premont, R.T.; Sotnikova, T.D.; 
Boksa, P.; El-Ghundi, M.; Odowd, B.F.; George, S.R.; Perreault, 

M.L.; Männistö, P.T.; Robinson, S.; Palmiter, R.D.; Tallerico, T. 
Dopamine supersensitivity correlates with D2High states, implying 

many paths to psychosis. Proc. Natl. Acad. Sci. USA, 2005, 102(9), 
3513-3518. [http://dx.doi.org/10.1073/pnas.0409766102] [PMID: 

15716360] 
[25] Kostrzewa, R.M.; Kostrzewa, J.P.; Brown, R.W.; Nowak, P.; Brus, 

R. Dopamine receptor supersensitivity: development, mechanisms, 
presentation, and clinical applicability. Neurotox. Res., 2008, 14(2-3), 

121-128. [http://dx.doi.org/10.1007/BF03033804] [PMID: 19073420] 
[26] Dohlman, H.G.; Thorner, J. RGS proteins and signaling by 

heterotrimeric G proteins. J. Biol. Chem., 1997, 272(7), 3871-3874. 
[http://dx.doi.org/10.1074/jbc.272.7.3871] [PMID: 9064301] 

[27] Del'guidice, T.; Lemasson, M.; Beaulieu, J. Role of beta-arrestin 2 
downstream of dopamine receptors in the basal ganglia. Front. 

Neuroanat., 2011, 5, 58. [http://dx.doi.org/10.3389/fnana.2011. 
00058] 

[28] Lefkowitz, R.J.; Shenoy, S.K. Transduction of receptor signals by 
β-arrestins. Science, 2005, 308(5721), 512-517. [http://dx.doi.org/ 

10.1126/science.1109237] [PMID: 15845844] 
[29] Lieberman, J.A.; Kane, J.M.; Alvir, J. Provocative tests with 

psychostimulant drugs in schizophrenia. Psychopharmacology 
(Berl.), 1987, 91(4), 415-433. [http://dx.doi.org/10.1007/BF00216006] 

[PMID: 2884687] 
[30] Erdely, H.A.; Tamminga, C.A.; Roberts, R.C.; Vogel, M.W. 

Regional alterations in RGS4 protein in schizophrenia. Synapse, 
2006, 59(8), 472-479. [http://dx.doi.org/10.1002/syn.20265] [PMID: 

16565965] 
[31] Rivero, G.; Gabilondo, A.M.; García-Sevilla, J.A.; Callado, L.F.; 

La Harpe, R.; Morentin, B.; Meana, J.J. Brain RGS4 and RGS10 
protein expression in schizophrenia and depression. Effect of drug 

treatment. Psychopharmacology (Berl.), 2013, 226(1), 177-188. 
[http://dx.doi.org/10.1007/s00213-012-2888-5] [PMID: 23093381] 

[32] Bychkov, E.R.; Ahmed, M.R.; Gurevich, V.V.; Benovic, J.L.; 
Gurevich, E.V. Reduced expression of G protein-coupled receptor 

kinases in schizophrenia but not in schizoaffective disorder. 
Neurobiol. Dis., 2011, 44(2), 248-258. [http://dx.doi.org/10.1016/ 

j.nbd.2011.07.009] [PMID: 21784156] 
[33] Funk, A.J.; Haroutunian, V.; Meador-Woodruff, J.H.; McCullumsmith, 

R.E. Increased G protein-coupled receptor kinase (GRK) expression 
in the anterior cingulate cortex in schizophrenia. Schizophr. Res., 

2014, 159(1), 130-135. [http://dx.doi.org/10.1016/j.schres.2014.07. 
040] [PMID: 25153362] 



182    Current Neuropharmacology, 2017, Vol. 15, No. 1 Yin et al. 

[34] Mackay, A.V.; Iversen, L.L.; Rossor, M.; Spokes, E.; Bird, E.; 

Arregui, A.; Creese, I.; Synder, S.H. Increased brain dopamine  
and dopamine receptors in schizophrenia. Arch. Gen. Psychiatry, 

1982, 39(9), 991-997. [http://dx.doi.org/10.1001/archpsyc.1982. 
04290090001001] [PMID: 7115016] 

[35] Silvestri, S.; Seeman, M.V.; Negrete, J.C.; Houle, S.; Shammi, 
C.M.; Remington, G.J.; Kapur, S.; Zipursky, R.B.; Wilson, A.A.; 

Christensen, B.K.; Seeman, P. Increased dopamine D2 receptor 
binding after long-term treatment with antipsychotics in humans: a 

clinical PET study. Psychopharmacology (Berl.), 2000, 152(2), 174-
180. [http://dx.doi.org/10.1007/s002130000532] [PMID: 11057521] 

[36] Schwarz, J.; Antonini, A.; Tatsch, K.; Kirsch, C.M.; Oertel,  
W.H.; Leenders, K.L. Comparison of 123I-IBZM SPECT and  

11C-raclopride PET findings in patients with parkinsonism. Nucl. 
Med. Commun., 1994, 15(10), 806-813. [http://dx.doi.org/10.1097/ 

00006231-199410000-00006] [PMID: 7838444] 
[37] Ginovart, N.; Wilson, A.A.; Hussey, D.; Houle, S.; Kapur, S.  

D2-receptor upregulation is dependent upon temporal course  
of D2-occupancy: a longitudinal [11C]-raclopride PET study in 

cats. Neuropsychopharmacology, 2009, 34(3), 662-671. [http://dx. 
doi.org/10.1038/npp.2008.116] [PMID: 18688210] 

[38] Ruiz, J.; Gabilondo, A.M.; Meana, J.J.; García-Sevilla, J.A. Increased 
[3H] raclopride binding sites in postmortem brains from schizophrenic 

violent suicide victims. Psychopharmacology (Berl.), 1992, 109(4), 
410-414. [http://dx.doi.org/10.1007/BF02247716] [PMID: 1365855] 

[39] Seeman, P.; Guan, H.C.; Van Tol, H.H. Dopamine D4 receptors 
elevated in schizophrenia. Nature, 1993, 365(6445), 441-445. 

[http://dx.doi.org/10.1038/365441a0] [PMID: 8413587] 
[40] Ushijima, I.; Mizuki, Y.; Yamada, M. Development of tolerance 

and reverse tolerance to haloperidol- and SCH23390-induced 
cataleptic effects during withdrawal periods after long-term 

treatment. Pharmacol. Biochem. Behav., 1995, 50(2), 259-264. [http:// 
dx.doi.org/10.1016/0091-3057(94)00309-7] [PMID: 7740066] 

[41] Ezrin-Waters, C.; Seeman, P. Tolerance of haloperidol catalepsy. 
Eur. J. Pharmacol., 1977, 41(3), 321-327. [http://dx.doi.org/ 

10.1016/0014-2999(77)90325-9] [PMID: 556989] 
[42] Montanaro, N.; DallOlio, R.; Gandolfi, O.; Vaccheri, A. 

Differential enhancement of behavioral sensitivity to apomorphine 
following chronic treatment of rats with (-)-sulpiride and 

haloperidol. Eur. J. Pharmacol., 1982, 81(1), 1-9. [http://dx.doi.org/ 
10.1016/0014-2999(82)90595-7] [PMID: 6889533] 

[43] Lane, R.F.; Blaha, C.D. Chronic haloperidol decreases dopamine 
release in striatum and nucleus accumbens in vivo: depolarization 

block as a possible mechanism of action. Brain Res. Bull., 1987, 
18(1), 135-138. [http://dx.doi.org/10.1016/0361-9230(87)90042-6] 

[PMID: 3828839] 
[44] Halperin, R.; Guerin, J.J., Jr; Davis, K.L. Chronic administration of 

three neuroleptics: effects of behavioral supersensitivity mediated 
by two different brain regions in the rat. Life Sci., 1983, 33(6), 585-

592. [http://dx.doi.org/10.1016/0024-3205(83)90134-0] [PMID: 
6684202] 

[45] Chouinard, G.; Chouinard, V.A. Atypical antipsychotics: CATIE 
study, drug-induced movement disorder and resulting iatrogenic 

psychiatric-like symptoms, supersensitivity rebound psychosis and 
withdrawal discontinuation syndromes. Psychother. Psychosom., 

2008, 77(2), 69-77. [http://dx.doi.org/10.1159/000112883] [PMID: 
18230939] 

[46] Moncrieff, J. Does antipsychotic withdrawal provoke psychosis? 
Review of the literature on rapid onset psychosis (supersensitivity 

psychosis) and withdrawal-related relapse. Acta Psychiatr. Scand., 
2006, 114(1), 3-13. [http://dx.doi.org/10.1111/j.1600-0447.2006. 

00787.x] [PMID: 16774655] 
[47] van Harten, P.N.; Tenback, D.E. Tardive dyskinesia: clinical 

presentation and treatment. Int. Rev. Neurobiol., 2011, 98, 187-210. 
[http://dx.doi.org/10.1016/B978-0-12-381328-2.00008-0] [PMID: 

21907088] 
[48] Emsley, R.; Oosthuizen, P.P.; Koen, L.; Niehaus, D.J.; Martinez, 

G. Symptom recurrence following intermittent treatment in first-
episode schizophrenia successfully treated for 2 years: a 3-year 

open-label clinical study. J. Clin. Psychiatry, 2012, 73(4), e541-e547. 
[http://dx.doi.org/10.4088/JCP.11m07138] [PMID: 22579160] 

[49] Fallon, P.; Dursun, S.; Deakin, B. Drug-induced supersensitivity 
psychosis revisited: characteristics of relapse in treatment-compliant 

patients. Ther. Adv. Psychopharmacol., 2012, 2(1), 13-22. [http:// 
dx.doi.org/10.1177/2045125311431105] [PMID: 23983951] 

[50] De Hert, M.; Sermon, J.; Geerts, P.; Vansteelandt, K.; Peuskens, J.; 

Detraux, J. The use of continuous treatment versus placebo or 
intermittent treatment strategies in stabilized patients with 

schizophrenia: A systematic review and meta-analysis of 
randomized controlled trials with first- and second-generation 

antipsychotics. CNS Drugs, 2015, 29(8), 637-658. [http://dx. 
doi.org/10.1007/s40263-015-0269-4] [PMID: 26293744] 

[51] Llorca, P.M.; Vaiva, G.; Lancon, C. Supersensitivity psychosis in 
patients with schizophrenia after sudden olanzapine withdrawal. 

Can. J. Psychiatry, 2001, 46(1), 87-88. [PMID: 11221497] 
[52] Margolese, H.C.; Chouinard, G.; Beauclair, L.; Bélanger, M.C. 

Therapeutic tolerance and rebound psychosis during quetiapine 
maintenance monotherapy in patients with schizophrenia and 

schizoaffective disorder. J. Clin. Psychopharmacol., 2002, 22(4), 
347-352. [http://dx.doi.org/10.1097/00004714-200208000-00003] 

[PMID: 12172332] 
[53] Fatemi, S.H.; Reutiman, T.J.; Folsom, T.D.; Bell, C.; Nos, L.; 

Fried, P.; Pearce, D.A.; Singh, S.; Siderovski, D.P.; Willard, F.S.; 
Fukuda, M. Chronic olanzapine treatment causes differential 

expression of genes in frontal cortex of rats as revealed by DNA 
microarray technique. Neuropsychopharmacology, 2006, 31(9), 

1888-1899. [http://dx.doi.org/10.1038/sj.npp.1301002] [PMID: 
16407901] 

[54] Greengard, P.; Ballen, P.B.; Nairn, A.C. Beyond the dopamine 
receptor: the DARPP-32/protein phosphatase-1 cascade. Neuron, 

1999, 23(3), 435-447. [http://dx.doi.org/10.1016/S0896-6273(00) 
80798-9] 

[55] Svenningsson, P.; Nishi, A.; Fisone, G.; Girault, J.A.; Nairn, A.C.; 
Greengard, P. DARPP-32: an integrator of neurotransmission. 

Annu. Rev. Pharmacol. Toxicol., 2004, 44, 269-296. [http://dx. 
doi.org/10.1146/annurev.pharmtox.44.101802.121415] [PMID: 

14744247] 
[56] Albert, K.A.; Hemmings, H.C., Jr; Adamo, A.I.; Potkin, S.G.; 

Akbarian, S.; Sandman, C.A.; Cotman, C.W.; Bunney, W.E., Jr; 
Greengard, P. Evidence for decreased DARPP-32 in the prefrontal 

cortex of patients with schizophrenia. Arch. Gen. Psychiatry, 2002, 
59(8), 705-712. [http://dx.doi.org/10.1001/archpsyc.59.8.705] 

[PMID: 12150646] 
[57]  Kunii, Y.; Hyde, T.M.; Ye, T.; Li, C.; Kolachana, B.; Dickinson, 

D.; Weinberger, D.R.; Kleinman, J.E.; Lipska, B.K. Revisiting 
DARPP-32 in postmortem human brain: changes in schizophrenia 

and bipolar disorder and genetic associations with t-DARPP-32 
expression. Mol. Psychiatry, 2014, 19(2), 192-199. [http://dx.doi.  

org/10.1038/mp.2012.174] [PMID: 23295814] 
[58] Pozzi, L.; Håkansson, K.; Usiello, A.; Borgkvist, A.; Lindskog,  

M.; Greengard, P.; Fisone, G. Opposite regulation by typical  
and atypical anti-psychotics of ERK1/2, CREB and Elk-1 

phosphorylation in mouse dorsal striatum. J. Neurochem.,  
2003, 86(2), 451-459. [http://dx.doi.org/10.1046/j.1471-4159.2003. 

01851.x] [PMID: 12871586] 
[59] Deslauriers, J.; Desmarais, C.; Sarret, P.; Grignon, S. Implication 

of the ERK/MAPK pathway in antipsychotics-induced dopamine 
D2 receptor upregulation and in the preventive effects of (±)-α-

lipoic acid in SH-SY5Y neuroblastoma cells. J. Mol. Neurosci., 
2014, 52(3), 378-383. [http://dx.doi.org/10.1007/s12031-013-0158-

6] [PMID: 24203573] 
[60] Oda, Y.; Kanahara, N.; Kimura, H.; Watanabe, H.; Hashimoto, K.; 

Iyo, M. Genetic association between G protein-coupled receptor 
kinase 6/β-arrestin 2 and dopamine supersensitivity psychosis in 

schizophrenia. Neuropsychiatr. Dis. Treat., 2015, 11, 1845-1851. 
[http://dx.doi.org/10.2147/NDT.S86042] [PMID: 26251601] 

[61] Oda, Y.; Kanahara, N.; Iyo, M. Alterations of dopamine D2 
receptors and related receptor-interacting proteins in schizophrenia: 

The pivotal position of dopamine supersensitivity psychosis in 
treatment-resistant schizophrenia. Int. J. Mol. Sci., 2015, 16(12), 

30144-30163. [http://dx.doi.org/10.3390/ijms161226228] [PMID: 
26694375] 

[62] Farooq, S.; Agid, O.; Foussias, G.; Remington, G. Using treatment 
response to subtype schizophrenia: proposal for a new paradigm in 

classification. Schizophr. Bull., 2013, 39(6), 1169-1172. [http://dx. 
doi.org/10.1093/schbul/sbt137] [PMID: 24045038] 

[63] Caspi, A.; Davidson, M.; Tamminga, C.A. Treatment-refractory 
schizophrenia. Dialogues Clin. Neurosci., 2004, 6(1), 61-70. [PMID: 

22034144] 



Dopamine Supersensitivity Psychosis Current Neuropharmacology, 2017, Vol. 15, No. 1    183 

[64] Juarez-Reyes, M.G.; Shumway, M.; Battle, C.; Bacchetti, P.; 

Hansen, M.S.; Hargreaves, W.A. Clozapine eligibility: the effect of 
stringent criteria on ethnic, gender and age subgroups of 

schizophrenic patients. Prog. Neuropsychopharmacol. Biol. 
Psychiatry, 1996, 20(8), 1341-1352. [http://dx.doi.org/10.1016/ 

S0278-5846(96)00130-3] [PMID: 9004341] 
[65] McCutcheon, R.; Beck, K.; Bloomfield, M.A.; Marques, T.R.; 

Rogdaki, M.; Howes, O.D. Treatment resistant or resistant to 
treatment? Antipsychotic plasma levels in patients with poorly 

controlled psychotic symptoms. J. Psychopharmacol. (Oxford), 2015, 
29(8), 892-897. [http://dx.doi.org/10.1177/0269881115576688] [PMID: 

25788157] 
[66] Yamanaka, H.; Kanahara, N.; Suzuki, T.; Takase, M.; Moriyama, 

T.; Watanabe, H.; Hirata, T.; Asano, M.; Iyo, M. Impact of 
dopamine supersensitivity psychosis in treatment-resistant 

schizophrenia: An analysis of multi-factors predicting long-term 
prognosis. Schizophr. Res., 2016, 170(2-3), 252-258. [http://dx. 

doi.org/10.1016/j.schres.2016.01.013] [PMID: 26775264] 
[67] Englisch, S.; Zink, M. Treatment-resistant schizophrenia: evidence-

based strategies. Mens Sana Monogr., 2012, 10(1), 20-32. [http:// 
dx.doi.org/10.4103/0973-1229.91588] [PMID: 22654380] 

[68] Leucht, S.; Tardy, M.; Komossa, K.; Heres, S.; Kissling, W.; 
Salanti, G.; Davis, J.M. Antipsychotic drugs versus placebo for 

relapse prevention in schizophrenia: a systematic review and meta-
analysis. Lancet, 2012, 379(9831), 2063-2071. [http://dx.doi.org/ 

10.1016/S0140-6736(12)60239-6] [PMID: 22560607] 
[69] Inoue, A.; Miki, S.; Seto, M.; Kikuchi, T.; Morita, S.; Ueda, H.; 

Misu, Y.; Nakata, Y. Aripiprazole, a novel antipsychotic drug, 
inhibits quinpirole-evoked GTPase activity but does not up-

regulate dopamine D2 receptor following repeated treatment in the 
rat striatum. Eur. J. Pharmacol., 1997, 321(1), 105-111. [http://dx. 

doi.org/10.1016/S0014-2999(96)00920-X] [PMID: 9083792] 
[70] Lieberman, J.A. Dopamine partial agonists: a new class of 

antipsychotic. CNS Drugs, 2004, 18(4), 251-267. [http://dx.doi. 
org/10.2165/00023210-200418040-00005] [PMID: 15015905] 

[71] Zhou, L.W.; Qin, Z.H.; Weiss, B. Downregulation of stereotyped 
behavior and production of latent locomotor behaviors in mice 

treated continuously with quinpirole. Neuropsychopharmacology, 
1991, 4(1), 47-55. [PMID: 1672250] 

[72] Tadokoro, S.; Okamura, N.; Sekine, Y.; Kanahara, N.; Hashimoto, 
K.; Iyo, M. Chronic treatment with aripiprazole prevents 

development of dopamine supersensitivity and potentially 
supersensitivity psychosis. Schizophr. Bull., 2012, 38(5), 1012-

1020. [http://dx.doi.org/10.1093/schbul/sbr006] [PMID: 21402722] 
[73] Brust, T.F.; Hayes, M.P.; Roman, D.L.; Watts, V.J. New functional 

activity of aripiprazole revealed: Robust antagonism of D2 
dopamine receptor-stimulated Gβγ signaling. Biochem. Pharmacol., 

2015, 93(1), 85-91. [http://dx.doi.org/10.1016/j.bcp.2014.10.014] 
[PMID: 25449598] 

[74] Seeman, P. Dopamine D2(High) receptors moderately elevated by 
bifeprunox and aripiprazole. Synapse, 2008, 62(12), 902-908. 

[http://dx.doi.org/10.1002/syn.20557] [PMID: 18792990] 
[75] Varela, F.A.; Der-Ghazarian, T.; Lee, R.J.; Charntikov, S.; 

Crawford, C.A.; McDougall, S.A. Repeated aripiprazole treatment 
causes dopamine D2 receptor up-regulation and dopamine 

supersensitivity in young rats. J. Psychopharmacol. (Oxford), 2014, 

28(4), 376-386. [http://dx.doi.org/10.1177/0269881113504016] [PMID: 

24045880] 
[76] Sillivan, S.E.; Konradi, C. Expression and function of dopamine 

receptors in the developing medial frontal cortex and striatum of 
the rat. Neuroscience, 2011, 199, 501-514. [http://dx.doi.org/ 

10.1016/j.neuroscience.2011.10.004] [PMID: 22015925] 
[77] Kimura, H.; Kanahara, N.; Komatsu, N.; Ishige, M.; Muneoka, K.; 

Yoshimura, M.; Yamanaka, H.; Suzuki, T.; Komatsu, H.; Sasaki, 
T.; Hashimoto, T.; Hasegawa, T.; Shiina, A.; Ishikawa, M.; Sekine, 

Y.; Shiraishi, T.; Watanabe, H.; Shimizu, E.; Hashimoto, K.; Iyo, 
M. A prospective comparative study of risperidone long-acting 

injectable for treatment-resistant schizophrenia with dopamine 
supersensitivity psychosis. Schizophr. Res., 2014, 155(1-3), 52-58. 

[http://dx.doi.org/10.1016/j.schres.2014.02.022] [PMID: 24667073] 
[78] Kane, J.M.; Peters-Strickland, T.; Baker, R.A.; Hertel, P.; Eramo, 

A.; Jin, N.; Perry, P.P.; Gara, M.; McQuade, R.D.; Carson, W.H.; 
Sanchez, R. Aripiprazole once-monthly in the acute treatment of 

schizophrenia: findings from a 12-week, randomized, double-blind, 
placebo-controlled study. J. Clin. Psychiatry, 2014, 75(11), 1254-

1260. [http://dx.doi.org/10.4088/JCP.14m09168] [PMID: 25188501] 
[79] Kishi, T.; Matsuda, Y.; Matsunaga, S.; Iwata, N. Aripiprazole for 

the management of schizophrenia in the Japanese population: a 
systematic review and meta-analysis of randomized controlled 

trials. Neuropsychiatr. Dis. Treat., 2015, 11, 419-434. [http://dx. 
doi.org/10.2147/NDT.S78977] [PMID: 25759585] 

[80] Azekawa, T.; Ohashi, S.; Itami, A. Comparative study of treatment 
continuation using second-generation antipsychotics in patients 

with schizophrenia or schizoaffective disorder. Neuropsychiatr. 
Dis. Treat., 2011, 7, 691-695. [http://dx.doi.org/10.2147/NDT.S26672] 

[PMID: 22128254] 
[81] Khanna, P.; Suo, T.; Komossa, K.; Ma, H.; Rummel-Kluge, C.; El-

Sayeh, H.G.; Leucht, S.; Xia, J. Aripiprazole versus other atypical 
antipsychotics for schizophrenia. Cochrane Database Syst. Rev., 

2014, 1(1), CD006569. [http://dx.doi.org/10.1002/ 14651858. 
CD006569.pub5] [PMID: 24385408] 

[82] Adan-Manes, J.; Garcia-Parajua, P. Aripiprazole in combination 
with other antipsychotic drugs may worsen psychosis. J. Clin. 

Pharm. Ther., 2009, 34(2), 245-246. [http://dx.doi.org/10.1111/ 
j.1365-2710.2008.00996.x] [PMID: 19250146] 

[83] Fagiolini, A.; Brugnoli, R.; Di Sciascio, G.; De Filippis, S.; Maina, 
G. Switching antipsychotic medication to aripiprazole: position 

paper by a panel of Italian psychiatrists. Expert Opin. Pharmacother., 
2015, 16(5), 727-737. [http://dx.doi.org/10.1517/14656566.2015. 

1013029] [PMID: 25672664] 
[84] Ahmed, M.R.; Gurevich, V.V.; Dalby, K.N.; Benovic, J.L.; 

Gurevich, E.V. Haloperidol and clozapine differentially affect  
the expression of arrestins, receptor kinases, and extracellular 

signal-regulated kinase activation. J. Pharmacol. Exp. Ther., 2008, 
325(1), 276-283. [http://dx.doi.org/10.1124/jpet.107.131987] [PMID: 

18178904] 
[85] Deslauriers, J.; Desmarais, C.; Sarret, P.; Grignon, S. α-Lipoic acid 

interaction with dopamine D2 receptor-dependent activation of the 
Akt/GSK-3β signaling pathway induced by antipsychotics: 

potential relevance for the treatment of schizophrenia. J. Mol. 
Neurosci., 2013, 50(1), 134-145. [http://dx.doi.org/10.1007/s12031-

012-9884-4] [PMID: 22975849] 

 

 

 

 

 


	Antipsychotic Induced Dopamine Supersensitivity Psychosis: A ComprehensiveReview
	Abstract:
	1. INTRODUCTION�
	3. EXPLORING MECHANISMS OF DOPAMINESUPERSENSITIVITY
	2. BACKGROUND TO THE DSP DISCUSSION
	4. EVIDENCE FOR THE ESTABLISHMENT OFANTIPSYCHOTICS INDUCED DSP
	5. CONNECTION BETWEEN ANTIPSYCHOTICINDUCED DSP AND TREATMENT RESISTANTSCHIZOPHRENIA (TRS)
	7. CONCLUSION AND POTENTIAL FUTUREST
	CONFLICT OF INTEREST
	REFERENCES�

