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Abstract: 

D₂ antagonism toward multimodal receptor targeting, glutamatergic modulation, and neuroinflammatory regulation. 
Despite the success of atypical antipsychotics, limitations such as metabolic side effects, cognitive deficits, and 
treatment resistance persist. Novel compounds—including third-generation antipsychotics, trace amine-associated 
receptor 1 (TAAR1) agonists, serotonin–dopamine activity modulators (SDAMs), and glutamatergic agents—are 
redefining psychopharmacology through receptor-biased signaling, synaptic plasticity enhancement, and 
neuroimmune modulation. This review consolidates current insights into the neuropharmacological mechanisms of 
emerging antipsychotics, compares their efficacy and safety profiles, and explores future directions in precision 
psychiatry, AI-based drug design, and neurocircuit-level therapeutics. 
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1.Introduction
Schizophrenia and related psychotic disorders remain a major global health challenge, affecting
over 20 million people worldwide. While current antipsychotic therapies are reasonably
effective at controlling positive symptoms such as hallucinations and delusions, they are
markedly less effective against negative symptoms—including anhedonia, avolition, and social
withdrawal—and cognitive impairments, which are critical determinants of functional outcomes
1. Alarmingly, 30–40% of patients demonstrate partial or no response to existing medications,
leaving a substantial unmet clinical need. These limitations have spurred research into novel
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mechanisms of action that extend beyond conventional dopaminergic blockade, aiming to 
modulate broader neural circuits implicated in psychosis 2. The history of antipsychotic therapy 
reflects decades of refinement and innovation. Starting with chlorpromazine in the 1950s, the 
first antipsychotic to demonstrate robust efficacy against psychosis, the field advanced to 
clozapine, the atypical antipsychotic that set new standards in efficacy, particularly for 
treatment-resistant patients, while reducing extrapyramidal side effects 3. More recent agents, 
such as cariprazine and lumateperone, represent the third generation of antipsychotics, 
characterized by functional selectivity—the ability to fine-tune receptor signaling pathways 
rather than simply activating or blocking them outright 4. These advances highlight a trend 
toward drugs that not only control psychotic symptoms but also aim to improve overall 
cognitive and social functioning. Modern antipsychotic research has shifted focus from simple 
dopamine receptor antagonism to a more nuanced understanding of neurotransmission and 
neural networks 5. Current strategies explore receptor bias, intracellular signaling modulation, 
and network-level plasticity, targeting dopaminergic, serotonergic, glutamatergic, and 
GABAergic systems in a coordinated manner 6. The overarching goal is to restore 
neurotransmitter balance, improve synaptic plasticity, and enhance functional connectivity, 
thereby addressing not just the overt symptoms of psychosis but also the underlying cognitive 
and negative symptom burden that critically affects patients’ quality of life 7. This evolution 
reflects a broader paradigm shift in neuropsychopharmacology: moving from broad, blunt 
interventions toward precision-targeted therapies that modulate neural circuits with greater 
specificity, efficacy, and safety. 

2.Dopaminergic Mechanisms: The Core and Beyond 

The dopamine hypothesis has long served as the cornerstone of schizophrenia research. 
Traditionally, it is posited that hyperactivity in mesolimbic dopamine pathways drives positive 
symptoms, such as hallucinations and delusions, while hypoactivity in mesocortical dopamine 
circuits underlies negative symptoms and cognitive deficits 8. Although this framework retains 
partial validity, contemporary evidence from advanced imaging and postmortem studies paints a 
more nuanced picture. Findings indicate region-specific alterations in dopamine receptor density, 
changes in synthesis capacity, and dysregulated interactions between dopamine and glutamate 
systems, suggesting that effective symptom control requires a more targeted and circuit-specific 
approach rather than blanket dopamine blockade 9-10. Emerging antipsychotics leverage the 
concept of partial agonism, particularly at dopamine D₂ and D₃ receptors, to modulate 
neurotransmission without fully inhibiting it 11. Agents like aripiprazole, brexpiprazole, and 
cariprazine fine-tune receptor activity, maintaining adequate dopaminergic tone while 
minimizing extrapyramidal side effects (EPS) associated with full antagonism. For instance, 
cariprazine exhibits preferential D₃ receptor binding, which has been linked to improvements in 
negative and cognitive symptoms. Similarly, aripiprazole acts as a “dopamine stabilizer,” 
balancing overactive and underactive pathways to provide symptom relief without disrupting 
normal dopaminergic signaling 12-13. (Table 1)D₃ receptors, primarily located in limbic regions, 
play a critical role in motivation, reward processing, and emotional regulation. Selective 
targeting of these receptors, as seen with blonanserin and cariprazine, offers the potential to 
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address domains historically resistant to treatment, such as mood disturbances and cognitive 
deficits 14. By modulating D₃-mediated pathways, these compounds represent a therapeutic 
advancement beyond traditional dopamine-centric strategies, providing a more holistic approach 
to symptom management and functional recovery in schizophrenia. Overall, modern 
dopaminergic strategies are shifting from broad receptor blockade to precision modulation, 
integrating receptor selectivity and functional bias to improve efficacy, tolerability, and patient 
outcomes 15. (Figure 1) 

Figure 1: Comparison of Mesolimbic and Mesocortical Dopamine Pathways: Dopamine 
Receptor Roles and Pharmacological Modulation 

 

 Table 1. Dopaminergic Properties of Novel Antipsychotics 

Drug Primary 
Mechanism Receptor Profile Benefit Reference 

Aripiprazole D₂/D₃ partial 
agonist D₂ > 5-HT₁A > 5-HT₂A Reduced EPS 16 

Cariprazine D₃ > D₂ partial 
agonist 

D₃/D₂ ratio 10:1 
Improves 
negative 

symptoms 
17 

48



J. Pharm. Res. Integr. Med. Sci.                                                                                                                               Sahu et. al.          

 
 
 
 
 

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS) 
 ISSN: 3049-1681 | Vol. 03, Issue-03, March. -2026 | pp. 46-59 

J. Pharm. Res. Integr. Med. Sci.                             https://aktpublication.com/index.php/jprims/index 

 

 

 

 

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS) 
ISSN: 3049-1681 | Vol. 03, Issue-03, March-2026 | pp.-46-59 

 

Brexpiprazole 
D₂ partial 

agonist, 5-HT₁A 
agonist 

Balanced 
dopaminergic/serotonergic 

Anxiolytic, low 
akathisia 

18 

 

3.Serotonergic and Multimodal Mechanisms 

Beyond dopamine, serotonin (5-HT) neurotransmission plays a crucial modulatory role in 
schizophrenia. Specific receptors, particularly 5-HT₂A and 5-HT₁A, influence dopamine release 
in both cortical and limbic regions 19. Antagonism of 5-HT₂A receptors indirectly increases 
dopaminergic activity in the prefrontal cortex, thereby counteracting the cognitive dulling and 
negative symptom burden often seen with first-generation antipsychotics. This serotonergic 
modulation creates a more balanced neurotransmitter environment, enhancing cognition and 
improving overall functional outcomes 20-21. The development of serotonin-dopamine activity 
modulators (SDAMs) represents a significant advance in antipsychotic therapy. Drugs such as 
lumateperone and lurasidone are designed to harmonize both dopaminergic and serotonergic 
tone. For example, lumateperone exhibits a triple mechanism of action: antagonism at 5-HT₂A 
receptors, partial modulation of D₂ receptors, and enhancement of glutamatergic signaling 23-24. 
This multimodal profile differentiates it from traditional antipsychotics, positioning 
lumateperone as a distinct neuropharmacological class capable of addressing positive, negative, 
and cognitive symptoms simultaneously. Emerging research highlights additional serotonin 
receptor subtypes as potential therapeutic targets. 5-HT₆ and 5-HT₇ antagonists have 
demonstrated procognitive effects in preclinical studies, offering hope for improving learning 
and memory deficits in schizophrenia 25-26. Moreover, 5-HT₁A receptor agonism, a feature of 
lurasidone and brexpiprazole, contributes to anxiolytic and antidepressant benefits, addressing 
comorbid mood symptoms that often complicate the disorder. By integrating serotonergic 
modulation with dopaminergic pathways, modern antipsychotics achieve a multimodal 
approach, targeting a wider spectrum of symptoms while minimizing adverse effects. This shift 
represents a more holistic strategy, focusing not only on symptom suppression but also on 
restoring neurochemical balance and enhancing overall brain function 27-28. 

4.Glutamatergic Pathways and NMDA Modulation 

In recent years, research has increasingly highlighted glutamatergic dysfunction as a central 
feature of schizophrenia. Emerging from models using PCP and ketamine, the glutamate 
hypothesis proposes that hypofunction of NMDA receptors on inhibitory interneurons leads to 
cortical disinhibition and subsequent dopaminergic imbalance 29-30. This perspective helps 
explain symptoms that are poorly addressed by traditional dopaminergic antipsychotics, 
particularly negative symptoms and cognitive deficits, emphasizing the need for therapies that 
restore glutamatergic signaling 31. Targeting the NMDA receptor via its glycine co-agonist site 
represents one promising approach. Compounds such as D-serine, sarcosine, and glycine 
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transporter-1 (GlyT1) inhibitors enhance NMDA receptor function, aiming to rebalance 
excitatory neurotransmission. For instance, bitopertin, a GlyT1 inhibitor, demonstrated 
symptomatic improvements in early clinical trials, though it has yet to receive FDA approval 32-

33. These agents highlight the therapeutic potential of fine-tuning receptor co-agonism to 
improve both negative and cognitive symptoms without exacerbating positive symptoms. 
Beyond NMDA receptors, metabotropic glutamate receptors (mGluRs) offer additional avenues 
for intervention. mGluR2/3 agonists, such as LY2140023, have shown promise in attenuating 
positive symptoms with a favorable side-effect profile 34-35. Meanwhile, mGluR5 positive 
allosteric modulators (PAMs) may restore synaptic plasticity and improve cognitive function by 
enhancing receptor responsiveness without triggering excitotoxicity. Modulating these receptors 
represents a network-level strategy, aiming to rebalance excitatory-inhibitory signaling across 
cortical circuits and complement traditional dopaminergic and serotonergic approaches 36-37. 
Collectively, targeting glutamatergic pathways broadens the therapeutic landscape, offering hope 
for symptoms resistant to conventional antipsychotics and paving the way for more 
comprehensive, multimodal treatments in schizophrenia. 

5. Novel Targets and Mechanistic Innovations 

A recent breakthrough in schizophrenia pharmacology is the targeting of Trace Amine-
Associated Receptor 1 (TAAR1), which modulates monoaminergic transmission without directly 
interacting with dopamine D₂ receptors. Ulotaront (SEP-363856), a selective TAAR1 agonist, 
has demonstrated robust antipsychotic efficacy in phase III clinical trials, offering a novel 
mechanism that bypasses the traditional dopaminergic pathway 38. This approach represents a 
new receptor paradigm, potentially minimizing side effects such as extrapyramidal symptoms 
while addressing both positive and negative symptoms. Increasing evidence implicates 
neuroinflammatory processes in the pathophysiology of schizophrenia. Chronic microglial 
activation and imbalances in cytokine signaling contribute to synaptic dysfunction and neuronal 
damage 39-40. Therapeutic strategies targeting these pathways are emerging, with agents like 
minocycline and P2X7 receptor antagonists being explored as adjunctive or hybrid 
antipsychotics. By modulating immune responses in the brain, these compounds aim to restore 
synaptic integrity and complement traditional neurotransmitter-targeted therapies 41-42. Beyond 
receptor-level interventions, modern drug development increasingly focuses on enhancing 
intracellular signaling and neuroplasticity. Compounds designed to activate pathways such as 
BDNF, CREB, and Akt/GSK-3β promote neurogenesis, strengthen synaptic connections, and 
improve neuronal resilience 43-44. This strategy shifts the therapeutic paradigm from merely 
correcting neurotransmitter imbalances to restoring the underlying cellular and network 
architecture of the brain, potentially leading to durable improvements in cognitive function and 
overall functional outcomes 45. Together, these novel targets—TAAR1 modulation, 
immunoneuropsychiatric interventions, and intracellular signaling enhancement—represent a 
mechanistic evolution in schizophrenia treatment. They expand the therapeutic toolkit beyond 
traditional dopaminergic and serotonergic frameworks, aiming for broader efficacy, improved 
safety, and enhanced patient functionality 46. 
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6. Efficacy and Comparative Clinical Outcomes 
The clinical performance of novel antipsychotics reflects the growing emphasis on efficacy, 
safety, and functional improvement beyond traditional symptom control. Comparative studies 
against established agents such as risperidone provide a clear picture of how these next-
generation drugs are reshaping schizophrenia treatment 47. Cariprazine, a D₃-preferring 
dopamine partial agonist, has demonstrated FDA-approved efficacy in phase III trials. It shows 
comparable effectiveness to risperidone in controlling positive symptoms while offering a low 
risk of weight gain and significant improvement in negative and cognitive symptoms, 
highlighting its functional advantage 48-49. Lumateperone, with its multimodal mechanism 
involving serotonin-dopamine modulation and glutamatergic enhancement, has shown non-
inferior efficacy in phase III trials relative to risperidone. Its metabolic profile is favorable, with 
minimal effects on weight and glucose levels, while providing mild improvements in negative 
symptoms. Ulotaront, the TAAR1 agonist, represents a novel mechanism entirely independent of 
D₂ blockade 50. Phase III trials indicate efficacy similar to standard antipsychotics, combined 
with an excellent metabolic profile and moderate improvements in negative and cognitive 
symptoms, positioning it as a promising alternative for patients sensitive to dopaminergic side 
effects. Lurasidone also demonstrates non-inferior efficacy against risperidone but is 
distinguished by its cognitive-enhancing effects and neutral impact on metabolic parameters 51-

52. This makes it particularly attractive for patients where cognitive deficits are a primary 
concern. Overall, these comparative outcomes underscore that modern antipsychotics are not 
only effective in controlling positive symptoms but are increasingly tailored to address metabolic 
safety and functional deficits, marking a significant advancement over earlier-generation 
therapies. The integration of receptor selectivity, multimodal activity, and novel mechanisms 
like TAAR1 agonism reflects a more patient-centered, precision approach to schizophrenia 
management 53-54. 

7.Safety and Side Effect Profile 

One of the major limitations of second-generation antipsychotics like clozapine and olanzapine 
is their propensity to induce metabolic disturbances, including weight gain, hyperglycemia, 
and dyslipidemia, which significantly increase long-term cardiovascular risk. In contrast, 
newer antipsychotics have been designed with reduced affinity for 5-HT₂C and H₁ receptors, 
mitigating these adverse effects 55-56. Agents such as cariprazine, lumateperone, and lurasidone 
demonstrate low to minimal impact on weight, glucose, and lipid profiles, making them safer 
for long-term use, particularly in populations already at risk for metabolic syndrome. 
Traditional D₂ antagonists often produce extrapyramidal symptoms (EPS) and 
hyperprolactinemia, complicating adherence and quality of life 57. Third-generation partial 
agonists, including aripiprazole, brexpiprazole, and cariprazine, maintain dopaminergic tone, 
effectively lowering the incidence of EPS and prolactin elevation. This pharmacological 
refinement not only improves tolerability but also enhances treatment adherence and patient 
comfort, which are critical for long-term management 58. A transformative aspect of modern 
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antipsychotics is their impact on cognitive and affective domains, historically neglected by 
first- and second-generation drugs. By integrating serotonergic and glutamatergic modulation, 
these agents provide mild-to-moderate improvements in cognition, motivation, and mood, 
helping patients achieve better functional outcomes 59. For example, D₃-preferring drugs like 
cariprazine and multimodal compounds like lumateperone not only control positive symptoms 
but also support executive function, working memory, and emotional regulation, marking a 
significant step toward holistic symptom management in schizophrenia. Overall, the safety and 
tolerability profiles of these novel antipsychotics reflect a deliberate shift toward precision 
pharmacology, balancing efficacy with reduced adverse effects and improved cognitive and 
emotional function, ultimately enhancing quality of life and long-term prognosis. 

8. Future Directions  

The era of precision psychiatry is on the horizon, driven by advances in pharmacogenomics 
and neuroimaging. Genetic markers such as DRD2 polymorphisms, COMT variants, and other 
neurotransmitter-related alleles can help predict individual responses to antipsychotics, guiding 
personalized drug selection. Similarly, neuroimaging biomarkers provide insight into circuit-
level dysfunction, enabling clinicians to tailor therapy based on specific patterns of cortical 
and limbic activity 60. Together, these approaches promise a shift from empirical prescribing to 
data-driven, patient-specific treatment strategies, optimizing efficacy while minimizing side 
effects. Artificial intelligence is rapidly transforming antipsychotic drug discovery. Deep 
learning algorithms, molecular docking AI, and generative models accelerate the identification 
of receptor-biased ligands and polypharmacological compounds with enhanced safety and 
efficacy profiles 61-62. By simulating receptor interactions, predicting pharmacokinetics, and 
screening vast chemical libraries virtually, AI drastically reduces development timelines and 
resource requirements, enabling the next generation of highly targeted, rationally designed 
antipsychotics. Future antipsychotics are expected to act beyond individual receptors, targeting 
specific neural circuits implicated in schizophrenia 63-64. Insights from optogenetics, 
chemogenetics, and neuromodulation studies suggest that modulating prefrontal-limbic 
connectivity can improve cognition, emotion regulation, and negative symptoms. Drug 
candidates designed with these circuit-level principles may fine-tune synaptic activity, restore 
functional connectivity, and produce more holistic symptom relief than traditional receptor-
centric approaches 65. The traditional “one-drug-one-target” paradigm is giving way to 
polypharmacology, where a single compound modulates multiple neurotransmitter systems 
simultaneously. Future antipsychotics are likely to balance dopaminergic, serotonergic, 
glutamatergic, and neuroinflammatory pathways, addressing the complex pathophysiology of 
schizophrenia more comprehensively 66-67. Such hybrid and multi-target ligands aim not only 
to suppress positive symptoms but also to enhance cognition, mood, and functional outcomes, 
reflecting a truly integrative approach to treatment. In summary, the future of antipsychotic 
therapy lies in precision, multimodal, and circuit-informed strategies, integrating genetics, AI, 
and neurobiology to create safer, more effective, and patient-tailored treatments that go far 
beyond symptom suppression 68-69. 
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9.Conclusion 

The development of novel antipsychotics marks a transformative era in neuropharmacology, 
representing a true renaissance in psychotropic innovation. Modern compounds integrate 
receptor-biased signaling, serotonergic and glutamatergic modulation, TAAR1 agonism, and 
neuroimmune regulation, collectively redefining the boundaries of efficacy, tolerability, and 
functional improvement. Although a perfect antipsychotic—one that fully restores cognition, 
mood, and motivation without side effects—remains elusive, the trajectory of research is 
unmistakable. Therapy is shifting from broad dopamine blockade toward precision circuit 
modulation, from mere symptom suppression toward the promotion of neurofunctional 
recovery. The next generation of antipsychotics promises not only to manage schizophrenia 
but also to remodel neural circuits, potentially enabling sustained remission, improved quality 
of life, and a more holistic restoration of brain function. This evolution underscores a future in 
which treatment is mechanistically sophisticated, patient-centered, and functionally restorative, 
heralding a new standard in psychiatric care. 
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