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Schizophrenia is a debilitating psychiatric disorder characterized by
Published on: 30 Mar2024 | psychotic symptoms, including hallucinations and delusions, which profoundly impact
emotions, behavior, and cognition. Its global prevalence underscores its significance
as a public health concern, with substantial social and economic burdens. The
Published by: pathophysiology of schizophrenia implicates dysregulation of neurotransmitters,
DrSriram Publications particularly dopamine, serotonin, and glutamate. Schizophrenia is a complex
psychiatric disorder characterized by a wide range of symptoms and cognitive
impairments, profoundly impacting affected individuals and society. This article
provides an overview of schizophrenia, including its epidemiology, symptoms, and
2024 All rights reserved. | underlying pathophysiology involving dopamine, serotonin, and glutamate. It
discusses the current treatment landscape, emphasizing the importance of both
pharmacological and non-pharmacological interventions. Non-pharmacological

By approaches such as cognitive remediation, physical exercise, non-invasive brain

stimulation, complementary interventions, cognitive behavioral therapy, and yoga

Creative Commons therapy are explored, highlighting their efficacy in improving functional outcomes.
Attribution 4.0 Additionally, the article reviews pharmacological strategies targeting dopamine,
International License. serotonin, and glutamate receptors, as well as emerging treatments involving

adrenergic, cholinergic, muscarinic, and other agents. Despite advancements,
challenges in implementing evidence-based interventions persist, underscoring the
need for further research and collaboration to enhance schizophrenia management and
improve the lives of affected individuals.
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INTRODUCTION

Schizophrenia is a psychological condition characterized by psychotic symptoms, including
hallucinations and delusions, which profoundly impact emotions, behavior, and cognitive processes. Psychosis, a
hallmark of schizophrenia, entails a loss of connection with reality. Often referred to as a "split mind,"
schizophrenia manifests as a mental disorder marked by disturbances in perception or expression of reality,
coupled with significant social or occupational impairments. Individuals with schizophrenia may experience
delusions, hallucinations, disorganized speech, grossly disorganized behavior, or catatonic states. This disorder
affects approximately 1% of the global population, transcending geographical boundaries from China and Finland
to the United States and New Guinea. Schizophrenia ranks among the top five causes of disability in developed
nations, alongside conditions like heart disease, arthritis, substance abuse, and HIV. In the United States, a
significant portion of those with schizophrenia face homelessness, hospitalization, or incarceration, collectively
representing about 16% of the affected population, while 34% live independently. According to the World Health
Organization (WHO), over 40 million people worldwide grapple with mental disorders such as schizophrenia and
dementia. Tragically, over 10% of individuals diagnosed with schizophrenia ultimately die by suicide,
underscoring its severity as a global psychiatric illness!!.

The symptoms of schizophrenia are categorized into three main groups: positive symptoms, negative
symptoms, and cognitive symptoms. Positive symptoms involve alterations from typical functioning and
encompass experiences like delusions, hallucinations, paranoia, and agitation. Negative symptoms entail
deficiencies in functioning and encompass behaviors such as social withdrawal, reduced emotional expression,
and lack of motivation. Cognitive symptoms involve impairments in cognitive abilities like learning, memory,
attention, and executive functions?..

The pathophysiology of schizophrenia follows three hypothesizes mainly, Dopamine, Serotonin and

Glutamate.
Dopamine: Dysregulated dopamine signaling is central to schizophrenia, a complex psychiatric disorder marked
by disturbances in cognition, perception, and behavior. Excessive dopamine activity in the mesolimbic pathway
is linked to positive symptoms like hallucinations and delusions, while reduced dopamine function in the
mesocortical pathway contributes to negative symptoms such as social withdrawal and cognitive deficits.
Antipsychotic medications primarily target dopamine receptors to alleviate symptoms, highlighting the crucial
role of dopamine modulation in managing schizophrenia.

Glutamate: Glutamate, the primary excitatory neurotransmitter in the brain, is implicated in the
pathophysiology of schizophrenia. Dysregulation of glutamate signaling, particularly involving the N-methyl-D-
aspartate (NMDA) receptor, contributes to cognitive, affective, and psychotic symptoms characteristic of the
disorder. Neuroimaging studies have revealed alterations in glutamate levels and receptor densities in brain
regions associated with schizophrenia. Preclinical research using animal models has demonstrated that
manipulating glutamatergic neurotransmission can induce schizophrenia-like symptoms. Understanding the role
of glutamate in schizophrenia may lead to the development of novel therapeutic interventions targeting glutamate
neurotransmission to improve treatment outcomes.

Serotonin: While the exact role of serotonin in schizophrenia is not fully understood, research suggests
that disturbances in serotonin neurotransmission, particularly involving serotonin receptors, may contribute to
certain symptoms of the disorder. Medications targeting serotonin receptors, such as atypical antipsychotics, are
commonly used in schizophrenia treatment, indicating a potential therapeutic relevance of serotonin modulation.
The majority of treatment approaches are founded on these theoretical frameworks.

NON PHARMACOLOGICAL APPROACHES
COGNITIVE REMEDIATION

Cognitive Remediation (CR) is a behavioral intervention tailored to address Cognitive Impairment
Associated with Schizophrenia (CIAS), aiming to enhance psychosocial functioning and real-world outcomes
over the long term[3-%l, Recent systematic reviews and meta-analyses have demonstrated the efficacy of CR in
improving CIAS, with notable gains in functional abilities!). Factors such as the involvement of a trained
therapist, the development of new cognitive strategies, techniques to transfer improvements into daily life,
integration with psychiatric rehabilitation programs, and combination with other evidence-based interventions
consistently enhance CR outcomes!'’l. Interestingly, individual characteristics, including age, do not significantly
affect CR effectiveness, suggesting its feasibility across different age groups, including older patients.

This robust evidence has led to CR receiving the highest recommendation level in European Psychiatric
Association guidelines for CIAS treatment. Additionally, recent studies have highlighted CR's favorable
acceptability profile, aligning with other psychosocial interventions commonly used in schizophrenia
rehabilitation!'!). Factors influencing CR engagement include the severity of CIAS and negative symptoms,
intrinsic motivation levels, and baseline self-efficacy. Furthermore, research indicates that CR benefits both
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pharmacological treatment responders and individuals with treatment-resistant schizophrenia, underscoring its
effectiveness across various clinical presentations!?. Moreover, participants with greater clinical severity, older
age, and lower education levels tend to experience more significant functional improvements post-CR. Despite
these endorsements and evidence, the implementation of CR and other evidence-based non-pharmacological
treatments in schizophrenia management still faces challenges!'*.

PHYSICAL EXERCISE

Indeed, the efficacy of physical exercise interventions in treating CIAS has been extensively documented
in numerous large-scale meta-analyses. While the European Psychiatric Association guidelines recommend their
use, the level of recommendation is lower compared to CR due to a lack of systematic assessments regarding
intervention types and their effects on functional outcomes in routine rehabilitation practicel'*'%). However, recent
meta-analyses have shed light on potential moderators of physical exercise interventions' effects on CIAS. Aerobic
exercise, conducted in group settings under the supervision of trained professionals, has been identified as the
most effective form['”). Additionally, cognitive improvements exhibit a dose-response relationship, with
significant benefits observed with a minimum duration of > 90 minutes per week for > 12 weeks, indicating a
direct correlation between physical exercise and cognitive enhancements!'®. Moreover, another meta-analysis
focusing on functional outcomes in people with SSD revealed moderate to large effects, particularly in aerobic
exercise interventions of moderate to vigorous intensity.

With these findings, physical exercise-based interventions can now be recognized as evidence-based
treatments for CIAS!'*2% Recent studies have also demonstrated the feasibility of combining physical exercise
programs with CR, yielding greater benefits than either intervention alone and leading to faster cognitive
performance improvements!l,

However, similar to CR and other psychosocial interventions for SSD, the implementation of physical
exercise interventions faces challenges in clinical services. Currently, they are inconsistently provided to service
users, even within inpatient settings. Addressing this issue requires further research to understand implementation
facilitators and barriers while simultaneously advocating for policy and organizational changes to bridge the gap
between research findings and clinical practice?>23,

NON-INVASIVE BRAIN STIMULATION

In addition to psychosocial interventions, another category of non-pharmacological treatments for people
with SSD involves brain stimulation techniques, particularly non-invasive methods®*l. These techniques, mainly
transcranial direct current stimulation (tDCS) and transcranial magnetic stimulation (TMS), have been explored
for treating CIAS. TDCS involves applying low-amplitude direct currents through scalp electrodes, modulating
cortical excitability in a non-focal manner by altering neuronal membrane potentials. On the other hand, TMS
delivers electromagnetic pulses through a coil to stimulate specific brain areas, inducing secondary electric
currents and modulating neuronal firing rates?>-2%],

Recent meta-analyses have indicated that both tDCS and TMS could have positive effects in treating
CIAS™, Specifically, they have shown small improvements, particularly in the domain of working memory, with
tDCS having more consistent evidence supporting its effectiveness.

However, there is considerable variability in the stimulation protocols used in tDCS trials, including
differences in electrode placement, session length, timing, and overall treatment duration. This methodological
diversity may obscure the true potential of the treatment, and it's possible that certain protocols could yield
consistent benefits in CIAS and other key aspects of SSDPY. Further research is needed to identify optimal
treatment modalities and durations to accurately assess the effectiveness of non-invasive brain stimulation,
essential for providing clear recommendations in clinical practice.

Furthermore, a recent systematic review and meta-analysis compared the effectiveness of combining
non-invasive brain stimulation with CR versus CR alone on cognitive and functional outcomes. While the
combined approach showed superior benefits in the working memory domain, especially in SSD, the majority of
included studies exhibited a significant risk of bias. This underscores the necessity for more research on the
effectiveness of this combination, particularly in SSD populations(*!-32],

COMPLEMENTARY INTERVENTION AND DIET

Brown et al™. found that individuals with schizophrenia had diets higher in total fat and lower in fiber
compared to a control group matched for age, gender, and education™¥. However, the intake of unsaturated fat
was similar between both groups. Another study investigated the dietary habits of individuals with schizophrenia
residing in assisted-living facilities in Scotland, alongside a control group matched for sex, age, smoking, and
employment statust®3]. The majority of schizophrenia patients were overweight or obese, and their saturated fat
intake exceeded recommended levels.

Furthermore, individuals with schizophrenia were found to consume less total fiber, retinol, carotene,
vitamin C, vitamin E, fruits, and vegetables compared to the control group. McCreadie et al. examined the dietary
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patterns of schizophrenia patients, with a particular focus on fruit and vegetable consumption and smoking
behavior®®l, The findings indicated poor dietary choices, especially among male patients.

Graham et al. proposed that administering vitamin D to individuals with schizophrenia could alleviate
negative symptoms. Similarly, Strassnig et al. investigated the dietary habits of community-dwelling adults with
schizophrenia, revealing higher consumption of protein, carbohydrates, and fats compared to a control group7l.
Such dietary habits may increase the risk of cardiovascular diseases, type I diabetes, and systemic inflammation,
contributing to the shortened lifespan observed in individuals with schizophrenia.

Joseph et al. suggested that high-fiber diets could enhance the immune and cardiovascular systems,
potentially preventing premature mortality in schizophrenial®®l. Summarizing the beneficial effects of
complementary interventions, including folic acid supplements, vitamin C, E, and B, in managing schizophrenia
symptomsP). Although vitamin D administration may improve daily functioning, further research is necessary to
explore the relationship between complementary medications and schizophrenia comprehensively#%#!],

COGNITIVE BEHAVIOR THERAPY

Cognitive behavioral therapy (CBT) is a therapeutic method aimed at altering undesirable patterns of
thinking, feeling, and behavior. It encompasses practical strategies for self-help that have been proven to alleviate
positive symptoms in schizophrenia by integrating cognitive and behavioral therapy techniques. Morrison
provides an overview of CBT's application in addressing primary symptoms and social deficits in individuals with
schizophrenia. Additionally, CBT is suggested as a complement to antipsychotic medications, potentially
enhancing treatment outcomes*!l.

Within CBT, various techniques are employed to effectively modify thoughts and behaviors in
schizophrenia. For instance, cognitive restructuring involves challenging the evidence behind delusional beliefs,
guiding patients to recognize and challenge negative thoughts, and replacing them with more realistic and positive
ones!*l. CBT has also demonstrated effectiveness in addressing homelessness and enhancing social relationships
through cognitive enhancement.

Over the past 15 years, validation studies have established CBT as one of the most commonly utilized
therapies for schizophrenia in the UK, often used alongside medications. Both the UK National Health Service
(NHS) and the American Psychiatric Association recommend CBT as a primary treatment for schizophrenia,
especially for individuals with persistent psychotic symptoms*l. CBT has shown promise in reducing
disorganized behavior and improving various symptoms, including positive and negative symptoms, mood, and
social anxiety.

Involving family members in CBT sessions can foster a collaborative treatment environment and
promote active engagement in therapy. Assigning homework tasks in CBT can help alleviate distressing
symptoms, encourage medication adherence, facilitate community integration, and promote healthy lifestyle
choices. Combining CBT with antipsychotic medication has been found to enhance efficacy compared to
medication alone.

Studies have demonstrated significant reductions in positive and negative symptoms and depression with
CBT over a nine-month period, with sustained improvement observed in follow-up assessments™4. To effectively
implement CBT for schizophrenia, a thorough understanding of the patient's symptoms is crucial, followed by
addressing issues related to positive and negative symptoms.

Furthermore, CBT has been shown to decrease suicidal thoughts and violent behavior, promote regular
exercise, facilitate community integration, prevent stigmatization, and discourage substance abuse in individuals
with schizophrenia®]. A summary of the holistic management of schizophrenia and associated CBT intervention
options is provided.

YOGA THERAPY

Yoga therapy is another approach for managing symptoms of schizophrenia, often used in conjunction
with pharmacological medications. Solely relying on medication may not achieve all desired effects in symptom
management, particularly for negative symptoms. Integrating yoga alongside antipsychotic medications has
shown promise in addressing both positive and negative symptoms more effectively than medications alone!*").
Moreover, pharmacological treatments can often lead to weight gain in individuals with schizophrenia, whereas
yoga therapy has been found to help mitigate this side effect.

In a study by Gangadhar et al., two groups of patients receiving antipsychotic medications were
compared, with one group receiving yoga therapy and the other group undergoing a set of physical exercises! ¢,
After a month of training (comprising at least 12 sessions), the yoga group exhibited better scores for negative
symptoms and social dysfunction compared to the other group. Similarly, Vancampfort et al. observed that
practicing yoga reduces psychiatric symptoms, improves mental and physical quality of life, and lowers metabolic
risk.

The effectiveness of yoga therapy is likely attributed to the release of oxytocin in the body, a hormone
associated with well-being. In a study where oxytocin was administered alongside antipsychotic medications to
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40 patients, improvements were observed in both negative and positive symptoms. The benefits of yoga therapy
are multifaceted, including reductions in psychotic symptoms and depression, improvements in cognition, and
enhancements in overall quality of lifel**,

PHARMACOLOGICAL APPROACHES

Antipsychotic drugs are classified into various categories based on their chemical structure and pharmacological
properties. These medications are an essential component of the pharmacological approach to treating
schizophrenia, aimed at alleviating symptoms and improving the overall quality of life for individuals affected by
this disorder.

| ANTIPSYCHOTIC DRUGS

I |
[ TYPICAL NEUROLEPTICS |

I I I CLOZAPINE
OLANZAPINE
PHENOTHIAZINE THIOXANTHINE BUTYROPHENONES QUETIAPINE
RISPERIDONE
Chlorpromazine Flupenthixol Haloperidol LURASIDONE
Thioridazine Thiothixene Droperidol

Fluphenazine

Fig 1: Tripathi Book of Essential Pharmacology

DRUGS AFFECTING DOPAMINERGIC HYPOTHESIS

Scientists have studied drugs that affect dopamine receptors extensively, hoping to find better treatments
for schizophrenia. These drugs work by interacting with different types of dopamine receptors in the brain. For
instance, dopamine D1 receptors are involved in cognitive functions like working memory. Some medications
that activate these receptors have shown potential for improving cognitive function in schizophrenia patients.
However, one such drug, dihydrexidine, didn't lead to significant improvements in symptoms in a study, even
though it increased brain activity. Other medications, like talipexole and preclamol, partially activate dopamine
D2 receptors. While they haven't been very effective in treating the main symptoms of schizophrenia, they may
help with negative symptoms such as lack of motivation.

One promising new medication, cariprazine, works by partially activating dopamine receptors and also
affecting serotonin receptors. Early studies suggest it may have fewer side effects than other medications.
Scientists are also exploring medications that target dopamine D3 and D4 receptors. However, it's still unclear
how effective these drugs will be in treating schizophrenia. Overall, while medications that target dopamine
receptors show promise, more research is needed to find the best treatments for schizophrenia %3],

DRUGS AFFECTING SEROTONIN HYPOTHESIS

Certain medications target serotonin receptors, which are involved in regulating mood and cognitive
function, in addition to dopamine receptors. For example, drugs that activate the 5-HT1A receptor, such as
tandospirone and buspirone, have been found to enhance certain aspects of cognition in schizophrenia patients
when combined with other antipsychotic medications. Similarly, medications that block the 5S-HT2A receptor,
like ritanserin, may help reduce negative symptoms and depressed mood in schizophrenia patients. However,
some newer drugs targeting this receptor, such as M-100907 and SR-46349B, haven't shown consistent
effectiveness in clinical trials.

Another approach involves using drugs that act as inverse agonists at the 5-HT2A receptor, such as
pimavanserin. These drugs may help improve symptoms and reduce side effects like akathisia. Additionally,
medications targeting serotonin receptors like 5-HT2C, 5-HT3, 5-HT4, 5-HT6, and 5-HT7 are being investigated
for their potential to treat schizophrenia symptoms and improve cognitive function. These drugs may offer new
options for patients who don't respond well to traditional antipsychotic medications®>>3],

Overall, while targeting serotonin receptors shows promise, more research is needed to fully understand their role
in schizophrenia and develop effective treatments.
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DRUGS AFFECTING GLUTAMINERGIC HYPOTHESIS

Glycine site allosteric modulators are substances that affect the NMDA receptors, which are implicated
in schizophrenia. These modulators, like glycine, D-cycloserine, D-serine, and D-alanine, are studied for their
potential to improve symptoms of schizophrenia by enhancing NMDA receptor activity. A recent analysis found
that glycine therapy reduced overall psychopathology, positive symptoms, and depressive symptoms in
schizophrenia patients. However, while D-serine showed effectiveness in reducing total psychopathology,
negative symptoms, and cognitive symptoms, D-cycloserine did not have significant effects. Furthermore, glycine
site modulators added to second-generation antipsychotics (SGAs) were more effective than first-generation
antipsychotics or clozapine in improving negative symptoms and overall psychopathology. However, these
modulators did not consistently improve cognitive function in schizophrenia.

Another approach involves glycine transporter inhibitors, which increase NMDA receptor activity by
blocking the reuptake of glycine. Sarcosine, a glycine transporter inhibitor, showed efficacy in improving positive
and negative symptoms when added to existing antipsychotic medications. However, it did not show effectiveness
when added to clozapine.

A recent study found that RG1678, a GlyT1 inhibitor, improved negative symptoms in schizophrenia
patients, but another GlyT1 inhibitor, Org-25935, did not show significant improvement in a different study. More
research is needed to determine the effectiveness of GlyT1 inhibitors in treating cognitive deficits in
schizophrenia.

Metabotropic glutamate receptor agonists, which target different subtypes of glutamate receptors, have
shown promise in preclinical studies but have yielded mixed results in clinical trials. Similarly, metabotropic
glutamate receptor modulators, which enhance glutamate transmission, have shown potential benefits in
preclinical studies but require further investigation in clinical populations. Ampakines, which enhance AMPA
receptor function, have not shown significant effects on symptoms or cognitive impairment in schizophrenia
patients in clinical trials. Glutathione precursors, like N-acetylcysteine (NAC), have shown promise in improving
symptoms, particularly negative symptoms, and cognitive function in schizophrenia patients, but more research
is needed to confirm their efficacy®***. In summary, while several glutamatergic modulators show promise as
adjunctive treatments for schizophrenia, further research is needed to determine their effectiveness and optimal
use.

ADRENERGIC AGENTS

Adrenergic agents: The role of a2 adrenergic receptors (ARs) in cognitive function, particularly in
working memory, has been explored. Agonists like clonidine and guanfacine show promise in improving
cognition in preclinical and early clinical trials. Antagonists like clozapine and risperidone, on the other hand,
may contribute to the 'atypicality' of second-generation antipsychotics (SGAs) by enhancing dopaminergic
transmission. Further large-scale trials are needed to determine the potential benefits of a2 AR agonists in
schizophrenia. It's uncertain whether agonists or antagonists of a2 ARs will have greater benefits.

COMT INHIBITORS

COMT inhibitors: Catechol-O-methy] transferase (COMT) inhibitors, like tolcapone, show potential in
enhancing prefrontal cognitive function in preclinical and early human studies. However, due to safety concerns
and restricted use, further investigation is required, especially with COMT inhibitors like tolcapone and
entacapone in phase II trials.

CHOLINERGIC AGENTS

Cholinergic agents: Nicotinic acetylcholine receptors (nAChRs) have implications in cognitive function,
particularly the a7 subtype. Various agonists are under investigation for adjunctive treatment in schizophrenia,
with mixed results in clinical trials. Additionally, a4-b2 nAChRs are targeted for cognitive enhancement, but
results have been inconsistent, especially with agents like varenicline, which also poses psychiatric side effects.

MUSCARINIC AGENTS

Muscarinic agents: Partial agonists of muscarinic receptors, like xanomeline, show efficacy in improving
cognition and general psychopathology in schizophrenia. However, further studies are needed to confirm their
effectiveness.

OTHER AGENTS

Other agents: Various compounds like cannabinoid-1 receptor antagonists, GABA-A-positive
modulators, anti-inflammatory agents, neurokinin-3 receptor antagonists, estrogen, neurosteroids, omega-3 fatty
acids, oxytocin, PDE10A inhibitors, secretin, erythropoietin, and ginkgo are being investigated for their potential
in schizophrenia treatment, targeting different pathways including neurotransmitter modulation, anti-
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inflammatory effects, neuroprotection, and cognitive enhancement. Results from clinical trials are mixed, with
some showing promise but requiring further validation through larger and longer studiest¢.

CONCLUSION

Schizophrenia remains a challenging mental disorder that profoundly affects the people it targets and
society as a whole. It is a complex phenomenon with its varied symptoms, cognitive impairment among others
thus both therapy methods such as pharmacological and non-pharmacological ones should be employed. Some of
these approaches include physical exercise, yoga therapy, cognitive remediation (CR), complementary
interventions, non-invasive brain stimulation (NIBS) and cognitive behavioral therapy (CBT). However despite
the various benefits attendant to their use, there exist challenges associated with implementation of these therapies
necessitating further research and advocacy in order to bridge the gap between evidence-based practices and
clinical services. Antipsychotic drugs are still very much used in treating schizophrenia but an ongoing search for
new drug targets has led to an exploration of novel approaches based on dopamine, serotonin and glutamate
hypotheses. Though several drugs have shown promise in animal studies or early human trials, more work needs
to be done before one can say they are effective and safe enough for general clinical use.
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