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Abstract:

Lumateperone (ITI-007) is a serotonin 5SHT2A tosylate salt with high affinity for dopamine
D2 and D1 receptors and the serotonin transporter. It is unusual in that it controls
serotonin, dopamine, and glutamate neurotransmission concurrently, all of which have
been implicated in severe mental illness. Consider it a multi-targeted ligand and
multifunctional modulator of the serotoninergic system with possible precognitive,
antipsychotic, antidepressant, and anxiolytic properties. While lumateperone has been
explored as a new agent for schizophrenia therapy, it also provides a unique therapeutic
option for a range of other psychiatric and neurological diseases, including behavioural
signs of dementia or Alzheimer's disease, sleep problems, and bipolar depression.
Additionally, it had a better safety profile than placebo, with no significant extrapyramidal
side effects, hyperprolactinemia, or changes in cardiometabolic or endocrine

characteristics. Additional study is needed to validate and analyse lumateperone's
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effectiveness, as well as to identify prospective therapeutic targets. This article gives a
comprehensive overview of the most notable results and potential future applications of

this chemical in personalised medicine, particularly for neurodegenerative diseases.
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1- Introduction and Background:

Schizophrenia care improved considerably, in large part due to the advent of the second-
generation antipsychotics. Schizophrenia patients may now have an expanded range of
treatment options because of the discovery that certain 5SHT-2A antagonists can reduce the
adverse motor consequences of D2 receptor blockade. However, antipsychotics have
historically been more successful against positive symptoms (symptoms indicative of well-
being, such as creativity and pleasant emotions) than negative symptoms (symptoms
indicative of suffering, such as emotions of anxiety and depression). There is a greater
possibility of developing metabolic issues such as obesity and hyperprolactinemia due to
this additional factor (Kantrowitz, 2020). Such a medication would be very advantageous,
as antipsychotics with reduced side effects and greater versatility for the treatment of
schizophrenia are currently unavailable (Vyas et al., 2020). Lumateperone is an example of
a medicine in this class. An antipsychotic drug with a novel mechanism of action, which is
suitable for the treatment of schizophrenia, was recently authorised by the FDA (Blair,
2020). There are also some indications that placebo-like metabolic side effects are quite
common, a very low incidence of extrapyramidal symptoms, and that the clinical trials of
schizophrenia more comprehensively encompass its distressing symptoms (Kantrowitz et
al., 2020; Corponi et al., 2019). Research is being done to investigate the long-term safety

and effectiveness of the therapy in the case of acute schizophrenia (Kantrowitz et al., 2020;



Calsolaro et al., 2019). Furthermore, lumateperone is being studied in clinical trials for
bipolar depressive disorder and agitation in the setting of Alzheimer disease and other
dementias (Kantrowitz et al., 2020; Corponi et al., 2019; Vanover et al., 2019; Correll et
al., 2020; Ahmed et al., 2019). Four-week, double-blind, placebo-controlled Phase Il and
Phase Il trials, as well as a six-week, double-blind, placebo-controlled Phase 11l study,
confirmed the efficacy of lumateperone in treating acute exacerbation of schizophrenia at a
dosage of 42 mg/day. Additionally, some data points to the notion that people who are
doing well on their current antipsychotic medication may see improvements in their
condition if they were to take lumateperone as an adjuvant therapy (Corponi et al., 2019;
Krogmann et al, 2019). A double-blind, placebo-controlled study found that
Lumateperone had a beneficial effect on the symptoms of bipolar depression in one trial,
but no significant effect in the other (Mazza et al., 2020). When researchers discovered that
the project was not likely to help dementia patients in the long run, the trial was

discontinued (Greenwood et al., 2021).

2- Dynamic and Kinetic of Lumateperone

Lumateperone (Caplyta®) is a novel FDA-approved medication used for the treatment of
schizophrenia on a mechanistic basis (Blair, 2020). The new study is assessing whether it
may also help treat both bipolar depression and behavioural agitation that are commonly
associated with Alzheimer's disease (Kantrowitz, 2020; Correll et al., 2020). This drug is
useful for treating positive and negative symptoms, as well as cognitive impairment, in
schizophrenia (Edinoff et al., 2020). It is an antagonist of the serotonin 5-HT2A receptor,
partial agonist of the presynaptic dopamine D2 receptor, and postsynaptic antagonist

(Snyder et al.,, 2015). (Correll et al., 2020). It has little or no antimuscarinic or



antihistaminic action while yet displaying antagonistic activity against alpha-1 receptors
(Caplyta, 2018). Lumateperone is far less likely to cause additional problems than many
other antipsychotic medicines, such sleepiness, fatigue, drowsiness when sleeping,
constipation, and dry mouth (Correll et al., 2020). The FDA raised concern regarding
pigment deposit formation connected to Lumateperone accumulation in several tissues of
animal subjects (Caplyta, 2018). It affects and regulates glutaminergic neurotransmission
by interacting with and regulating dopaminergic, serotonergic, and NMDA receptors
(Corponi et al., 2019; Correll et al., 2020). Unlike the other dopamine agonists, which
operate on both pre- and postsynaptic dopamine receptors, this compound exclusively acts
on D2 receptors, where it displays pre- and postsynaptic actions. The molecule works as a
D2 dopamine receptor partial agonist and antagonist (Vanover et al., 2019). Additionally,
the D2 receptor activity in the mesocortical and mesolimbic circuits is circuit-specific,
while there is no evidence of D2 receptor activity in the nigrostriatal dopamine pathways
(Kantrowitz et al., 2020; Vyas et al., 2020; Vanover et al., 2019; Krogmann et al., 2019).
Gsk-3 phosphorylation results from post-synaptic Lumateperone inhibition of D2
receptors. In the prefrontal cortex and nucleus accumbens, GSK3 is found in neurons that
express D2R (Vyas et al., 2020). It is 60 times more specific than D2 receptors (Kantrowitz
et al., 2020). A dose-dependent efficacy profile, as well as a tolerability profile that is
typically favourable, are common in Lumateperone. These two features may have
originated from D2 receptor activity, which is specifically and regionally synaptic and also
from the D2:5-HT2A receptor affinity ratio of 60:1. (Kantrowitz et al., 2020; Vancover et
al., 2019). while possessing D2 receptor occupancy levels of 40%, lumateperone has the

capability of possessing antipsychotic efficacy while being as low as 40% in D2 receptor



occupancy, another common trait found in antipsychotics. It is additionally notable that
lumateperone's binding affinity for 5-HT2A receptors is comparable to D2 receptors,
which may reduce the occurrence of hyperprolactinemia and extrapyramidal side effects in
clinical trials (Vanover et al. 2019). Additional benefits are antidepressant, antianxiety, and
antipsychotic effects, and SERT inhibition is involved, making this substance an
antidepressant and antipsychotic agent for people with schizophrenia (Vyas et al., 2020).
Lumateperone is one of a kind, in that it works on glutaminergic signalling by acting on
other signalling pathways. D1 receptor signalling may have phosphorylated the Glu N2B
receptor, which was a result of this (Vanover et al., 2019). It is uncertain if lumateperone
enhances glutamate signalling via both AMPA and NMDA receptors, although it appears
to do so based on the fact that the extent of glutamate activation is greater. In
schizophrenia, NMDA receptor activity is known to be low, therefore this effect may be
crucial in the drug's antipsychotic and antidepressant characteristics (Vyas et al., 2020;
Kumar, 2020). Lumateperone has a dose-dependent clinical impact profile, indicating the
drug may have a wider therapeutic range (Vyas et al., 2020). Lumateperone possesses
sedative and anti-aggressive effects when used at low doses. Due to the absence of D2
receptor binding and strong selective 5HT2A antagonist activity at low doses,
Lumateperone may be able to achieve these effects at low doses. To give more D2
receptors and occupancy and boost the affinity of the SHT2A receptors, as well as SHT2A
receptor occupancy, one need to raise the doses (Vyas et al., 2020). It is taken orally in
capsule form at a prescribed dose of 42 mg, with regard to maximum efficiency, preferably
after a full night's sleep and in a 120 mg daily dosage has proven to have no statistically

significant effect on the outcome (Corponi et al., 2019). It takes 13 to 21 hours for it to be



absorbed after oral administration. The onset of T-max is about three to four hours from
the beginning of the regimen (Vyas et al., 2020; Correll et al., 2020). There is virtually no
clearance of lumateperone and its metabolites via the kidneys or urinary tract. Some people
who take Lumateperone report a variety of adverse effects, from mild to severe (Krogmann
et al., 2019). One of the most often reported adverse effects associated with the FDA-
approved dose of 42mg/day is drowsiness, somnolence, tiredness, and constipation (Correll
et al., 2020). Out of a sample of 49 individuals, 17.6% felt somnolence, 12.7% reported
drowsiness, and 5.3% expressed tiredness after consuming the current FDA-approved
dosage of 42 mg. With respect to this group, 63.7% of individuals had negative outcomes
(Correll et al., 2020). Fewer than 5% of individuals (n=294) had extrapyramidal symptoms
(EPS) with lumateperone treatment. Additional research shown to have no statistically
significant difference in median weight, which implies that larger weight is not better.
Despite this medication not having affinity for many non-target receptors, such as
histaminergic and muscarinic receptors, the metabolic end points, such as triglycerides,
blood glucose, and prolactin, did not show significant differences from placebo (Correll et
al., 2020). A total of 302 patients were assigned to either lumateperone or an already
approved antipsychotic medication in a six-week research study. These individuals showed
significant improvements in their LDL-cholesterol, triglyceride, and prolactin levels when
they switched from another antipsychotic medication to lumateperone (Corponi et al.,
2019; Krogmann et al., 2019). However, evidence is currently lacking on the safety and
effectiveness of lumateperone. Therefore, several studies on the effects of lumateperone
are ongoing, with the aim of evaluating its long-term effects and safety (Calsolaro et al.,

2019). Lumateperone is metabolised by the cytochrome P450-3A4 isozyme and interacts



with inhibitors and stimulators of this isozyme. Lumateperone should not be used in
individuals who are taking a medication that activates or inhibits CYP3A4. While this drug
also has a sedative effect, it is likely to interact with other sedatives such as alcohol

(Correll et al., 2020).

3- Lumateperone and Schizophrenia

According to the definition, people who have schizophrenia have hallucinations or
delusions together with disorganised speech, thoughts, and unpleasant symptoms that have
lasted for at least six months (Andreasen and Olsen, 1982; Orrico-Sanchez et al., 2020).
Inability to express oneself, considerable loss in speech/communication, lack of
motivation, and loss in social drive are all indicators of negative symptoms (American
Psychiatric Association, 1994; Leo and Regno, 2000). Schizophrenia afflicted an estimated
20 million individuals globally in 2017 (GBD), with a death rate 2-3 times higher than the
normal population (Laursen et al., 2014). Chronic mental illness need lifetime treatment,
and one of the pillars of such treatment is antipsychotic medication (Cooper and Gupta,
2020). The first-generation antipsychotics are of little use for movement disorders,
Parkinson's disease, and the development of tardive dyskinesia. In contrast to the older
generation antipsychotics, which target serotonin and dopamine receptors selectively,
newer antipsychotics are associated with metabolic syndrome (Meltzer and McGurk, 1999;
Harvey et al., 2016; Remington et al., 2016). In the management of schizophrenia,
psychiatrists, nurses, pharmacists, social workers, and other allied healthcare professionals
collaborate and contribute to the process. As schizophrenia is a highly complicated
condition, it needs a multidisciplinary approach to treatment. Because there is no known

cure for schizophrenia, the primary objective of treatment is to relieve the symptoms of the



disease. While being well and medicated is a key objective, taking care of any seizures or
other psychotic episodes is critical (Maroney, 2020). Although schizophrenia's acute
symptoms have been well-controlled, its lingering symptoms (which include
psychological, behavioural, and social symptoms) need to be dealt with. Thus, just one part
of a comprehensive approach to the treatment of schizophrenia patients is medicine. While
some forms of psychological and/or psychosocial therapy, as well as other treatment
approaches aimed at improving the patient's quality of life, reducing the chances of a
relapse, and dealing with residual cognitive and behavioural symptoms that remain after
the primary symptoms have been handled, should all be given consideration when treating
schizophrenia, other approaches may be even more effective. Without an additional
therapy to target other parts of the disease, pharmacological therapies generally fall short
of addressing everything related to the condition. As a result, psychologists, social
workers, and therapists are involved in the therapeutic process. While the current
recommendations of the American Psychiatric Association (APA) stress the importance of
personalised pharmacological therapies that consider each patient's unique preferences,
clinical response, and side effects, current recommendations from the American
Psychiatric Association (APA) argue for the use of customised therapies that incorporate
each patient's personal desires, responsiveness, and side effects (Maroney et al., 2020).
Patients, as well as the rest of the medical team, should be included in the decision-making
process. Schizophrenia without adequate treatment may evolve into a disorder that poses a
danger to the patient's health and safety. To get the greatest possible results, healthcare

providers must cooperate and communicate efficiently.



4- Lumateperone and PD

When dopamine-producing cells die, aggregations of Parkinson disease proteins appear.
Dopamine supplements are essential in treating Parkinson's disease. It is hypothesised that,
apart from the dopaminergic neurons, other neurotransmitter systems, including as
serotonin, acetylcholine, and norepinephrine, are also misfiring in Parkinson disease
(Schapira et al., 2017). This explains why t he symptoms of Parkinson's disease are
resistant to dopamine-based therapies. Several alternative neurotransmitter systems are

targeted by new therapeutic methods.

Intra-Cellular Therapies (which has licence from Bristol-Myers Squibb) is developing a
novel orally available medication, Lumateperone, to treat schizophrenia and other
neuropsychiatric and neurological disorders. The first in class selective and concurrent
serotonin, dopamine, and glutamate modulator, lumateperone, has just arrived on the
market. Lumateperone was initially approved in the US for the treatment of schizophrenia
in adults in December 2019. Additionally, the drug is in several clinical studies for the
treatment of bipolar depression, dementia- and Alzheimer's-related behavioural issues, and

insomnia (Vanover et al., 2019).

It is a highly selective antagonist of serotonin 5-HT2A receptors, with an additional
property of being an inhibitor of the serotonin transporter (SERT) (Vanover et al., 2019).
SERT inhibition causes a stronger antidepressant effect in the presence of the antagonist
(Davis et al., 2015). As a partial agonist and an antagonist at dopamine D2 receptors,
Lumateperone acts as a presynaptic and postsynaptic modulator of dopamine receptor
phosphoprotein D2 (Vanover et al., 2019). Also, it affects the GIuUN2B glutamate NMDA

receptor indirectly via the dopamine D1 receptor (Vanover et al., 2019).



Levodopa is the most successful treatment for Parkinson's disease, however if the only or
the primary symptom is tremor, you should not start using levodopa. Instead, you should
choose medicines such as MAO-B inhibitors, amantadine, anticholinergics, or dopamine
agonists. A change in levodopa dosage or the addition of a medication that prevents the
action of the enzyme monoamine oxidase B (MAO-B) or a catechol-O-methyltransferase
inhibitor (usually Entacapone) helps reduce motor fluctuations. Dopamine agonists are
most commonly used to treat impulse control disorders. Nonmotor symptoms are limited

by a paucity of high-quality positive research, which impacts evidence-based therapy.

Many people with Parkinson's disease require a higher dosage of levodopa every two to
three hours, as well as an increase in dosages over time. This is not an indication of drug
adverse effects, and does not signal reduced effectiveness. Parkinson disease patients have
both a long-lasting and short-lasting loss of their ability to respond to dopaminergic
medication, with worsening illness-related pathophysiologic brain changes acting as a
second contributing factor (Chou et al., 2018). The brain also loses its ability to store extra
dopamine for later use (Chou et al., 2018). Levodopa can be used in combination with a

number of other medications. It may be one of these medicines, such as lumateperone.

4.1. Lumateperone and Dopamine receptor

Lumateperone also shows functional mesolimbic/mesocortical selectivity in mice,
functioning as a postsynaptic antagonist and a presynaptic partial agonist at dopamine D2
receptors in the striatum. Lumateperone activates the signalling protein GSK3, located in

dopamine D2 receptor-containing neurons in the prefrontal cortex and nucleus accumbens,



causing a rise in the phosphorylation of glycogen synthase kinase 3 (GSK3). Dopamine
turnover, including the motor side effects and prolactin rise associated with dopamine
receptor blockers, can be avoided while still improving antipsychotic effectiveness by
administering dopamine receptor blockers that target the mesolimbic/mesocortical and

nigrostriatal systems (Correl, 2010).

The affinity of lumateperone (Ki = 52 nM) on dopamine D1 receptors increases the level of
GIuN2B (NR2B) phosphorylation of the N-methyl-D-aspartate receptor (NMDAR), and
thus augments both AMPA and NMDA channel activity (Davis and Correll, 2016). While
schizophrenia sufferers suffer from a deficit in glutamate neurotransmission, which is
mediated by NMDA-type receptors, they also have diminished glutamatergic signalling
(Lee and Zhou, 2019). Lumateperone regulates the flow of serotonin, dopamine, and
glutamate through the brain. The unique pharmacological, pharmacokinetic, and early
safety characteristics of Lumateperone point to the medication's ability to serve as a good
therapy for schizophrenia. The medicine is swiftly taken into the blood and into the brain,
where it then crosses the brain's barrier, and where it is quickly metabolised and then
excreted. It has been found to have a significant impact on both positive and negative
symptoms of schizophrenia (Davis and Correll, 2016; Lieberman et al., 2016). Saturation
occurs at low doses. A different group of receptors is activated at higher dosages, including
SERT, D2, D1/GIuN2B (glutamate). This allows for its use in a wide range of
neuropsychiatric and neurodegenerative diseases, which maximises efficacy while

minimising side effects.

Although certain 5-HT2A drugs have shown promise as cognitive enhancers, this is by no

means certain. The findings from the early 1990s and the early 2000s suggested that newer



medications with 5-HT2A activity had better cognitive benefits than previous therapies
(Green et al., 1997; Keefe et al., 2004; Woodward et al., 2007). As these studies had
methodological faults, they confirmed the findings of the larger trials showing cognitive
benefits for each drug (Keefe et al., 2007). Also, the findings show that some antipsychotic
medications may have additional receptor properties that cause daytime sleepiness, which

decreases cognition instead of improving it (Loebel et al., 2014).

The development of dopamine supersensitivity, an effect of antipsychotic medications,
may be mediated by lumateperone. The central nervous system responds by increasing the
sensitivity of dopamine receptors in an attempt to overcome the blockage caused by
antipsychotic medications, which inhibit dopamine receptors. This supersensitivity is
thought to be linked to 5-HT2 receptors, as full expression requires the specific activation
of 5-HT2 or 5-HT2A receptors (Charron et al., 2015). These findings show that inhibiting
5-HT2A receptors might assist to avoid the recurrence of the disorder. In this way, even if
the treatment of psychotic illnesses is only minimally impacted by the use of serotonin
antagonists, these agents may be effective in the treatment of neurodegenerative diseases.
Many potential expansions of the use of 5-HT2A-based treatments are present in the
diagnosis of schizophrenia. Pimavanserin has just completed a phase 3 trial for dementia-
related psychosis, and it has been licenced for the treatment of Parkinson's psychosis.

Likely beneficial in the treatment of Parkinson's disease, Lumateperone may be as well.

In order to fully understand Lumateperone's benefits in the treatment of neurodegenerative
disorders, several additional data points will be required. Lumateperone's dopaminergic

effects will be investigated. The U.S. Food and Drug Administration (FDA) said that they



are more willing to consider studies that evaluate dimensional elements of neuropsychiatric
diseases, and this might give Lumateperone the opportunity for future study and clinical

usage.

4.2. Lumateprone and Dementia

Lumateperone binds strongly to serotonin 5-HT2A receptors ( Ki 0.54 nM) and weakly to
dopamine D2 receptors ( Ki 32 nM), dopamine D1 receptors ( Ki 52 nM), and SERT
receptors ( Ki 62 nM) (Snyder et al., 2015). Lumateperone also has a moderate affinity for
dopamine D4 and adrenergic receptors-1A and -1B (Ki predicted at 100 nM), but a low
affinity for muscarinic and histaminergic receptors (50 percent inhibition at 100 nM)
(Caplyta, 2021). Lumateperone quickly entered the brain in healthy volunteers (n = 16),
exhibiting long-lasting, dose- and plasma concentration-dependent striatal dopamine D2
receptor occupancy (Davis et al., 2015). Lumateperone 10 mg occupied a high proportion
(> 80% ) of cortical serotonin 5-HT2A receptors and a modest proportion (12%) of striatal
dopamine D2 receptors. Lumateperone 40 mg occupied up to 39% of striatal dopamine D2
receptors and 33% of striatal serotonin transporters at their maximum (Dauvis et al., 2015).
In a phase Il PET trial (NCT02288845), peak dorsal striatal dopamine D2 receptor
occupancy (mean 39%) occurred at 1 hour post-dose in individuals with schizophrenia (n =

10) receiving lumateperone 60 mg once daily (Vanover et al., 2019).

Additionally, lumateperone was studied as a possible therapy for behavioural problems in
individuals with dementia and other neurological diseases. Ten healthy elderly participants

received oral lumateperone (multiple ascending doses up to 30 mg) or placebo once daily



for seven days in part 1 of a phase I/1l study (ITI1-007-200; NCT02078310) (Davis et al.,
2014; Intra-Cellular, 2014). Part 2 randomised eight individuals with dementia (including
Alzheimer's disease) to receive either oral lumateperone 9 mg (n = 5) or a placebo (n = 3)
once daily for seven days. The Hopkins Verbal Learning Test-Revised was used to
measure cognitive function. In healthy elderly participants, lumateperone increased verbal
learning and memory compared to placebo, but dementia patients treated with
lumateperone exhibited improved recognition memory and made fewer false positive

mistakes compared to placebo receivers (Davis et al., 2014; Intra-Cellular, 2014).

Finally, and perhaps most significantly, lumateperone's molecular profile is characterised
by a high (60-fold) affinity for D2/5-HT2A receptors. The compound's affinity for 5-HT2A
receptors is higher than that of numerous antipsychotic drugs studied, including risperidone
(10-fold), olanzapine (12-fold), and aripiprazole (0.18-fold). These findings imply that,
both preclinically and clinically, increasing the dosage of lumateperone completely
engages serotonin 5-HT2A receptors prior to achieving substantial dopamine D2 receptor

blockage (and potential motor side effects).

4.3. Lumateperone and Psychosis

Hallucinations are a characteristic of late-stage Parkinson disease and a side effect of
Parkinson disease treatment, but additional psychotic symptoms are often drug-related.
Clozapine and quetiapine have been the most widely researched neuroleptics for the

treatment of psychosis in Parkinson disease, owing to the propensity of other neuroleptics



to exacerbate parkinsonism. Clozapine is a medication that is consistently effective (Eng
and Welty, 2010; Goldman et al., 2011). However, because of the danger of
agranulocytosis and the necessity for frequent blood testing with clozapine, quetiapine is

first given.

5- Conclusions and Clinical perspectives

Lumateperone market entry provides a revolutionary approach to treat
schizophrenia with both a new mechanism of action and a markedly reduced side effects
profile. Lumateperone, is a novel second-generation antipsychotic proved to decrease
adrenal gland functions with inflammatory degenerative effects on its ultrastructure along
with increased expression of IL-6, Caspase-3, and reduced PCNA associated with
hypoactive behavior. On the other hand, Quercetin is a potent antioxidant anti-
inflammatory agent that represents a new prospect for alleviating possible side effects of
Lumateperone. Thus, EI-Haroun et al., (2021) indicate the robustness of the protective
effect of Quercetin against the possible unwanted side effects of Lumateperone. Therefore,
they recommend co-administration of Quercetin with Lumateperone as new treatment
strategy for schizophrenic patients. This may be an appropriate treatment for patients with
treatment-resistant forms of psychotic disorders. A combination of novel antipsychotic
drugs and modulating drugs that might improve negative schizophrenic symptoms and
cognitive function and thereby social functioning and quality of life. However, further
research is needed to determine the safety of this combination using a well-established
Schizophrenia animal model. Lumateperone may be of some benefits in treating psychosis,
and dementia in neurodegenerative disorders. At least it could be used as an adjunct to the

available pharmacological treatment to these disorders to lessen the side effects and



tolerance by reducing the daily prescribed dose. However, we should consider this with
extreme cautious and there is an urgent need for further experimentation of Lumateperone
on experimental animal model of neurodegenerative disorders to elucidate any possible

drawbacks.
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