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 Abstract   
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Schizophrenia is a complex neurological disorder characterized by continuous 

or relapsing episodes of psychosis that profoundly affect an individual's thoughts, 
emotions, and behaviors. This review looks at the epidemiology, etiology, 
pathophysiology, clinical symptoms, and diagnosis of schizophrenia. 
Epidemiologically, it affects millions globally, with onset typically in late adolescence 
or early adulthood, and it carries a higher risk of premature mortality. Etiologically, 
schizophrenia involves anomalies in brain structure and neurotransmitter activity, with 
a neurodevelopmental model suggesting in utero abnormalities and genetic 
susceptibility. The pathogenesis is associated with abnormalities in dopamine, 
serotonin, and glutamate systems. Positive signs of schizophrenia include 
hallucinations and delusions, as well as negative symptoms such as social 
disengagement and cognitive deficiencies. Diagnosis relies on specific criteria 
involving symptom duration, social/occupational dysfunction, and exclusion of other 
causes. Understanding these aspects is crucial for early diagnosis and effective 
management of this debilitating disorder. 
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INTRODUCTION 

 
Schizophrenia is a severe complicated neurological condition characterized by recurrent or continuous 

episodes of psychosis that impair how a person thinks, feels, and interacts with others. Schizophrenia may appear 
to be disconnected from reality and may include hallucinations and delusions. It also affects your ability to 
recognize. It is a serious condition but is treatable. Social isolation, diminished emotional expressiveness, and 
indifference are among their symptoms. Symptoms often appear gradually during young adulthood and, in many 
cases, do not disappear. 1,2. 
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Epidemiology 
Schizophrenia affects around 24 million individuals worldwide, or one in every 300 people (0.32%). This 

occurs in 1 in 222 adults (0.4%). The most typical ages for onset are late teens and early twenties, and males often 
experience onset sooner than females. Symptoms are more common in men in their late teens or early twenties. 
Women's symptoms are most likely to appear in their early to mid-thirties. Schizophrenia patients are two to three 
times more likely than the normal population to die early.3–5. 
 
Etiology 

Numerous studies have shown that schizophrenia has anomalies in the way the brain's structure and 
functions even if the cause is unknown6. Abnormalities in several neurotransmitters, such as glutaminergic and 
GABA hypoactivity or dopaminergic, serotonergic, and alpha-adrenergic hyperactivity, have been linked to the 
development of schizophrenia, according to several studies. Schizophrenia is most likely caused by a combination 
of factors.1,6–9. 
 
Neurodevelopmental Model 

Schizophrenia develops from an unidentified in utero abnormality. The second trimester of pregnancy is 
when it generally happens. The aberrant neuronal migration found in the majority of brain investigations on 
schizophrenia serves as proof. This "schizophrenic lesion" may cause anomalies in cell location, symmetry, 
connectivity, form, and size, as well as the emergence of dysfunctional brain circuits6,10. Studies link upper 
respiratory infections with a greater risk of schizophrenia, and the alterations correspond to cell migration during 
the second trimester1,11.  

Other studies demonstrate a connection between schizophrenia and obstetric difficulties or new-born 
hypoxia. Additionally, several research link low birth weight (2500 g)7. Psychosis doesn't show clinical signs until 
adolescence or early adulthood because this is when neural growth takes place. The fact that, while studies have 
found lower cortical thickness and increased ventricular size in the brains of many people with schizophrenia, this 
happens in the absence of extensive gliosis lends more credence to a developmental hypothesis.6,12–14.  

It is believed that gliosis, or the expansion of glial cells, occurs as a result of a compensatory shift in 
degenerative brain diseases. One theory is that genetic susceptibility, along with obstetric difficulties and hypoxia, 
might trigger a glutamatergic cascade, leading to greater neuronal pruning. This hereditary propensity may be 
linked to the genes that regulate the N-methyl D-aspartate (NMDA) receptor activation, according to a theory. 
Dendrite pruning happens as part of the typical neurodevelopmental process8,15,16. 

In a typical person, by the middle of puberty, roughly 35% of the dendrites that peaked at 2 years old are 
trimmed. A larger percentage of pruning has been seen in people with schizophrenia, according to certain research. 
Additionally, glutamatergic dendrites are primarily involved in synaptic pruning. There may be fewer basal 
neurons to start with due to hypoxia or other prenatal insults, and glutamatergic stimulation may speed up the 
pruning process. This is consistent with research suggesting that prenatal hypoxia is linked to schizophrenia 
developing earlier in life. Others have proposed that alterations in the metabolism of membrane phospholipids 
may trigger a chain of events that manifest as schizophrenia8,17,18. 

Numerous studies have revealed that those who subsequently develop schizophrenia exhibit cognitive 
impairments as young as 4 years old1,7. Schizophrenia has been linked to delays in achieving typical motor 
milestones and aberrant motions in infants as early as 8 months old. These findings give empiric evidence that 
schizophrenia is a neurodevelopmental condition and that impairments in brain function occur long before the 
beginning of psychotic symptoms19,20. It also accompanies with the Tardive dyskinesia due to dopamine receptor 
blockade, also caused by use of antipsychotics also21–23. However, the continuous clinical deterioration in some 
people suggests that this disorder may have a neurodegenerative component. This is consistent with current brain 
imaging studies, which shows that persons with chronic diseases typified by relapses have worsening brain 
abnormalities19,24,25. Because of this, our discipline has begun to rethink schizophrenia as having a 
neurodegenerative tendency based on a susceptible neurodevelopmental substrate rather than schizophrenia 
having a neurodevelopmental or neurodegenerative genesis. This idea has important ramifications for the early 
diagnosis and management of this crippling illness26–28. 
 
Genetical 

The complicated method of inheritance for schizophrenia includes a number of genes, biological 
functions, and environmental influences. Genetic factors have a significant impact. It is yet unclear how numerous 
genes, as well as specific DNA and protein alterations, contribute to the aetiology of schizophrenia. Specific DNA 
variations and the role that different risk alleles play in the illness have been demonstrated in recent large-scale 
genomic investigations. Schizophrenia, according to genetic studies, includes hundreds or maybe thousands of 
distinct genetic loci, making it a highly polygenic condition. GWAS have discovered more than 100 distinct 
genetic loci with common alleles that have a variety of effects.29,30. 

There are shared risk variants between schizophrenia and bipolar disorder, major depressive disorder, 
and an autism spectrum disorder, demonstrating that the disease's genetic risk is very pleiotropic31.  Another 
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genomic analysis shows that genes encode a variety of synaptic proteins, including members of the voltage-gated 
calcium channel family and postsynaptic density (PSD) proteins. It also has an impact on genes that encode 
glutamate receptors and dopamine receptor D2 (DRD2)29.  

The major histocompatibility complex (MHC) has numerous linked variations, which is a notable result 
from the GWAS of schizophrenia. MHC class I molecules control the creation of synapses, neurite outgrowth, 
and homeostatic plasticity, among other aspects of brain development. The results of GWAS studies enable us to 
pinpoint potential genes for individualised therapy and further investigation into the immunological systems 
underlying schizophrenia. So, it's uncertain how much genetics will be used to treat schizophrenia32,33.  

An alternate method for examining phenotypic diversity in the search for the genes causing schizophrenia 
is called "endophenotype." The pathogenesis of schizophrenia involves a significant amount of CNS activity. 
These include alterations to the temporal lobe, which is in charge of language comprehension, auditory perception, 
and episodic memory, as well as changes to the frontal lobe, which is in charge of memory and executive functions. 
There are several putative genetic loci that predispose to these neurological abnormalities in schizophrenia34,35. 

COMT, DISC1, RGS4, PPP3CC, ZDHHC8, AKT1, neuregulin, dysbindin, G72/G30, TRAR4, and 
alpha-7 nicotinic receptor genes have all been connected in promising research. These genes influence dopamine 
regulation, which contributes to the underlying causes of schizophrenia. Although the actual mechanism behind 
these genetic associations is unknown, two of these genes, dystrobrevin binding protein 1 (DTNBP1) and 
neuregulin 1 (NRG1), exhibit the strongest evidence of linkage. DTNBP1 and NRG1 are both expressed at CNS 
synapses and have an influence on glutamate neurotransmission associated to schizophrenia36. 

Despite the fact that 0.6% to 1.9% of people in the general population are at risk of having schizophrenia, 
this risk rises to 10% in first-degree relatives and to 3% in second-degree relatives. The likelihood of having 
schizophrenic kids increases to about 40% if both parents have the disorder. According to twin studies with 
dizygotic twins, there is a 12% to 14% chance that the other twin will also develop schizophrenia if the first twin 
does. However, the risk rises to 48% in monozygotic twins37. Numerous research on adoption have shown that 
the biological parents carry the majority of the risk for schizophrenia, and that changes in the child's environment 
during developmental stages do not affect this. Siblings with schizophrenia often experience the start of the illness 
at the same age, reducing the likelihood of an environmental trigger7,37,38. 

It has been challenging to identify a genetic connection in schizophrenia, and any genetic causes are 
probably varied yet show comparable manifestations. There are potential loci found on chromosomes 6, 8, 13, 
and 2237. The focus of research on the genetics of schizophrenia has shifted more and more towards molecular 
mechanisms, going beyond conventional family and twin association studies6,37.Recent research has demonstrated 
that variability in the catecholamine-o methyl transferase gene's VAL/MET alleles may account for part of the 
frontal lobe functional abnormalities in schizophrenia patients. Several genes that code for neurodevelopment and 
trophic factors have been shown to have anomalies, according to other recent investigations37,39–41. 
 
Pathogenesis 
Brain Structural Changes 

The Computer Axial Tomography and Magnetic Resonance Imaging shown that there was increase in 
third and lateral ventricles size. Recent studies shows a decrease in size of brain with decrease in corticol and 
increase un ventricular size in left temporal zone along with changes in hippocampal volume, shows an 
impairment in neurological testing where first generation anti psychotics don’t produce enough action. There will 
be no decrease in number of neurons in affected region but will be a lack of connection between axonal, dendritic 
communication6,11,24,37,42. 

The clinical state that we refer to as schizophrenia certainly has several etiologies since it is a complicated 
illness. It is unwise to believe that any etiology now being considered can fully explain the origins of this 
complicated disease considering the facts we currently possess. It is possible to detect the biological problems 
connected to schizophrenia through molecular studies including genetically determined subtle alterations in G 
proteins, protein metabolism, and other subcellular processes. Based on that, 3 hypotheses were familiar. They are 
Dopamine hypothesis, Serotonin hypothesis and Glutaminergic hypothesis6,19,42. 

Schizophrenia can include secondary abnormalities in various neurotransmitters, with modifications in 
the dopaminergic, glutamatergic, or serotonergic systems constituting the major pathophysiologic aberration. 
Examples of primary defects that might cause postsynaptic DA receptor hypersensitivity include aberrant 
presynaptic release of dopamine from the cell and inadequate feedback mechanisms. Another strategy that can 
result in dysregulation across neurotransmitter systems is the NMDA hypofunction concept6,7,19,42,43. 
 
The Tracts(Dopaminergic Tracts) in Brain 

The Nigrostriatal tract begins in the Substantia nigra (A9 region), innervates the Caudate nucleus 
Putamen, and performs extrapyramidal system and movement tasks. The Mesolimbic tract arises from the ventral 
tegmentum of the midbrain (A10) and innervates Limbic regions (e.g., amygdala, olfactory tubercle, septal 
nuclei), the cingulate gyrus, and performs activities such as arousal, memory, stimuli processing, and motivational 
behaviour. The Mesocortical tract arises from the ventral tegmentum of the midbrain (A10) and innervates the 
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frontal and prefrontal lobe cortex, performing duties such as cognition, communication, social function, and stress 
response. The hypothalamic tuberoinfundibular tract innervates the pituitary gland and performs activities such 
as regulating prolactin secretion19,44. 
 
Dopamine Hypothesis 

Growing evidence suggests the existence of a defect in dopamine (DA) receptors in individuals with 
schizophrenia. Several investigations using positron emission tomography (PET) have found abnormalities in 
various areas of the brain. Among these are increased glucose metabolism in the caudate nucleus, decreased blood 
flow, and decreased glucose metabolism in the frontal and left temporal lobes. These findings point to increased 
dopaminergic activity in the caudate nucleus's head and decreased dopaminergic function in the frontotemporal 
regions6,7. 

PET studies using D2-specific ligands have revealed an increase in D2 receptor density in the head of 
the caudate nucleus and a reduction in density in the prefrontal cortex. This hypofrontality might be linked to a 
lack of will, which is one of the main negative symptoms noticed in people with schizophrenia. It's important to 
highlight that it's unclear if these alterations are the fundamental cause or secondary to other physiological 
anomalies in schizophrenia6,7. 

Given the variety of clinical manifestations of schizophrenia, some researchers have proposed that the 
DA theory may be more applicable to a subgroup of patients dubbed "neuroleptic-responsive psychosis," with 
many etiological variables likely contributing to schizophrenia45. Attempts have been attempted to establish links 
between these aberrant results and the behavioural symptoms seen by those suffering from schizophrenia. Positive 
symptoms tend to be more strongly connected with DA-receptor hyperactivity in the mesocaudate, whereas 
negative symptoms appear to be more strongly associated with DA-receptor hypofunction in the prefrontal 
cortex26,42,45. 

Furthermore, presynaptic D1 receptors in the prefrontal cortex are thought to have a role in controlling 
glutamatergic activity, which might be important in understanding working memory problems in people with 
schizophrenia42.  
 
Serotonin Hypothesis 

Serotoninergic receptors are found on dopaminergic axons, and when these receptors are stimulated, it's 
known to reduce the release of dopamine (DA), particularly in the striatum19,44. Although the distribution of 
serotonergic neurons is somewhat more widespread, It is comparable to dopaminergic neurons in that both 
neurotransmitter systems innervate overlapping brain areas. Serotonin2 (5-hydroxytryptamine2 or 5-HT2) 
receptors and D4 receptors have been discovered in the same locations of the brain, indicating possible 
connections between the two systems6,19,46. 

In individuals with schizophrenia who exhibit abnormal brain scans, there is evidence of higher 
concentrations of serotonin (5-HT) in their whole blood, and these concentrations have been associated with 
increased ventricular size, a common finding in such patients. Interestingly, atypical antipsychotic medications 
that have potent 5-HT2 receptor antagonist effects have been shown to reverse the worsening of symptoms 
induced by 5-HT agonists in individuals with schizophrenia. This suggests that modulating the serotonin system, 
particularly the 5-HT2 receptors, can have a beneficial impact on the symptoms of this psychiatric disorder43,47,48. 

Additionally, it's important to highlight that the interaction between the serotonin and dopamine systems 
in schizophrenia is an area of active research. Understanding these interactions could potentially lead to the 
development of more effective treatments for the disorder6,19,42,43. 
 
Glutamine Hypothesis 

The glutamatergic system is one of the most common excitatory neurotransmitter networks in the brain. 
Any variations in its operation, whether in the form of decreased activity (hypoactivity) or increased activity 
(hyperactivity), might cause detrimental effects in neurons6,7,42,49. 

Dopaminergic nerve pathways originating from the ventral striatum have the effect of diminishing the 
inhibitory activity of the limbic system, possibly through the involvement of γ-aminobutyric acid (GABA) 
interneurons. Consequently, stimulation of the dopaminergic system results in heightened arousal. In contrast, the 
corticostriatal glutamate pathways limit dopaminergic activity originating in the ventral striatum. Because of this 
inhibition, the limbic system might demonstrate enhanced inhibitory activity. Furthermore, descending 
glutamatergic pathways interact with dopaminergic tracts both directly and indirectly via GABA interneurons42,50. 

Notably, deficiencies in the glutamatergic system can produce symptoms akin to those stemming from 
excessive dopaminergic activity, and possibly those observed in individuals with schizophrenia.50 The finding that 
phencyclidine, a strong psychotomimetic drug, acts as a non-competitive antagonist at the NMDA receptor, a 
prominent glutamate receptor, lends weight to this notion. It is hypothesised that schizophrenia is caused by an 
unexplained prenatal trauma that causes a developmental deficit in NMDA receptor activity, known as NMDA 
hypofunction. This issue is expected to be clinically inactive, with cognitive impairments associated with NMDA 
hypofunction appearing only in late adolescence or early adulthood42,51,52. 



Nivetha S.R. et al / Int. J. of Pharmacology and Clin. Research, 8(1) 2024 [109-118] 

 

113 
 

Furthermore, studies show that overstimulating D2 receptors might impair NMDA transmission across 
GABAergic neurons. As a result, antipsychotic drugs have the potential to increase glutamatergic 
transmission42,53,54. 
 
Clinical manifestation 

Schizophrenia is a common functional psychosis but not mean split personality, have a significant 
disturbance in interpersonal relationships and ability to function in society daily. During acute psychotic episodes, 
individuals with schizophrenia experience a profound detachment from reality. In a way, their minds construct a 
false reality to replace the actual one. This results in a range of acute psychotic symptoms, including 
hallucinations, with auditory hallucinations especially hearing voices being a common manifestation. Delusions, 
which are fixed false beliefs, and ideas of influence, where patients believe external forces control their actions, 
are also prevalent. Thought processes become fragmented, leading to disjointed thinking (loose associations), 
making it challenging to engage in logical conversations (alogia). Simultaneously, contradictory thoughts may 
arise (ambivalence)1,50,55,56. 

Emotional expression, can be noticeably flat (displaying no emotional expression) or inappropriate and 
unstable. Patients often withdraw from social interactions and become introverted (autism). Due to their distorted 
perception of reality, they might exhibit uncooperativeness, hostility, and even verbal or physical aggression. Self-
care abilities decline, resulting in poor personal hygiene. Sleep patterns and appetite are frequently disrupted 
during these episodes1,50,57,58. 

When the acute psychotic episode subsides, residual symptoms typically persist, setting schizophrenia 
apart from other psychotic disorders. These lingering symptoms can manifest as difficulties in managing anxiety, 
heightened suspiciousness, and a lack of volition, motivation, insight, and judgment. Consequently, individuals 
with schizophrenia often struggle to live independently within the community. Their social withdrawal, coupled 
with impaired self-care skills, makes it challenging for them to maintain employment and form close 
relationships1,17,50,59,60. 

Furthermore, people suffering from schizophrenia frequently lack historical perspective, making it harder 
for them to learn from prior experiences. They may make the same social blunders again and over again, failing 
to recognise the need of therapy, including medication, in preserving their capacity to function in society. This 
frequently results in the withdrawal of drugs and other therapies, which raises the risk of relapse and 
rehospitalization1,44,50,61,62. 

Schizophrenia has a diverse path, but the long-term prognosis is dismal for many people. The condition 
is distinguished by intermittent acute psychotic episodes and reduced psychosocial functioning between these 
episodes, with the greatest deterioration in psychosocial functioning often happening within five years after the 
first psychotic episode63. Later in life, individuals may look "burned out," with the termination of acute psychotic 
episodes but the persistence of residual symptoms. Surprisingly, functional abilities may increase in comparison 
to previous phases of the illness. However, in a minority of individuals, around 5% to 15%, psychotic symptoms 
are almost constant, and they respond poorly to standard antipsychotic drugs61,62,64. 
The DSM-V-TR (Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, Text Revision) 
emphasises the chronic character of schizophrenia as well as the occurrence of negative symptoms. It states that 
for a schizophrenia diagnosis, the dysfunction must have lasted at least six months. Individuals with schizophrenia 
seldom regain the same level of adaptive functioning they had before to the start of the condition, showing the 
illness's chronicity1,64–66. 

Positive and negative symptoms are generally divided into two groups in the DSM-V-TR categorization 
of schizophrenia symptoms. However, current focus has shifted to a third category: cognitive impairment. 
Individuals with schizophrenia show impairments in areas such as attention, working memory, and executive 
function within this cognitive domain67. Positive symptoms, including hallucinations and delusions, have 
traditionally received the greatest attention and are the major targets of conventional antipsychotic drugs. 
However, it is critical to recognize that unpleasant symptoms and cognitive impairment are inextricably related to 
poor psychosocial functioning, emphasizing the importance of these factors when evaluating pharmaceutical 
therapy alternatives1,64,66–69. 

Various studies have attempted to identify subgroups of schizophrenia, with the hypothesis that symptom 
patterns may correspond with prognosis, cognitive ability, structural brain abnormalities, and reactions to 
antipsychotic medicines. Negative symptoms and cognitive deficiencies tend to be more strongly associated to 
prefrontal lobe dysfunction, whilst positive symptoms appear to be more directly linked to temporolimbic 
abnormalities. Many people with schizophrenia display a mix of positive and negative symptoms. Those with 
strong negative symptoms are more likely to have a history of poor adjustment before to disease start, poorer 
educational achievement, and a less favorable long-term prognosis. Understanding these symptom categories and 
their consequences can help guide treatment strategies and actions for those suffering from 
schizophrenia1,15,61,64,70,71. 

Symptoms are classified into three categories in the context of schizophrenia symptomatology: positive, 
negative, and cognitive. Suspiciousness, strange thinking content (delusions), hallucinations, and conceptual 
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disorganization are all positive symptoms that are characterized by the existence of anomalous experiences or 
ideas. Affective flattening (limited emotional expression), alogia (poverty of speech), anhedonia (loss of interest 
or pleasure), and avolition (lack of desire or goal-directed behavior) are examples of negative symptoms that 
indicate deficiencies in emotional expression and motivation. Finally, the cognitive domain is characterized by 
reduced attention, working memory, and executive function, emphasizing disruptions in cognitive processes such 
as focus, information retention, and decision-making. Understanding these various symptom categories is critical 
for diagnosing and managing schizophrenia because they can influence treatment methods and interventions 
customized to the specific requirements of people suffering from this complicated condition1,12,56,64,65,72,73. 
 
Diagnoisis 
Schizophrenia is diagnosed based on specific criteria 

1. Characteristic Symptoms: The presence of two or more of the following symptoms, each lasting at least 
one month, such as Delusions, Hallucinations, Negative symptoms include disorganised speech, grossly 
disorganised or catatonic conduct, and grossly disorganised or catatonic behaviour. (If the delusions are odd 
or the hallucinations entail hearing voices offering a running commentary on the person's behaviour or 
several voices speaking, just one of these symptoms is required to fulfil this requirement.) 

2. Social/Occupational Dysfunction: One or more key components of functioning, such as job, interpersonal 
connections, or self-care, must be significantly below the level seen prior to the commencement of the 
condition for a significant portion of the period since the onset of the disorder. 

3. Duration: For a minimum of six months, there should be no evidence of the disease. Unless the symptoms 
have responded adequately to therapy, this time must include at least one month of symptoms matching 
criteria A. This six-month period may contain both prodromal (early warning indications) and lingering 
symptoms. 

4. Exclusion of Schizoaffective or Mood Disorder: The fundamental cause of the symptoms must be ruled 
out as schizoaffective disease or a mood condition. 

5. Absence of Medical Disorder or Substance Use: The aetiology of the problem should not be due to a 
medical issue or substance abuse. 

6. Pervasive Developmental Disorder: If there is a history of a pervasive developmental problem, signs of 
hallucinations or delusions must be present for at least one month. 

 
These criteria are used to diagnose schizophrenia, with physicians searching for a mix of particular 

symptoms, functional impairment, duration of symptoms, and the elimination of alternative possible explanations 
of the observed symptoms. Imaging methods are not extensively utilised for diagnosis, but they are useful for 
ruling out other illnesses, doing research, and planning therapy. Magnetic resonance imaging and computed 
tomography are two of these imaging methods.1,73–75. 
 
CONCLUSION 
 

Schizophrenia remains a significant challenge in the field of mental health, affecting millions worldwide 
with its complex and debilitating nature. Its epidemiology highlights the need for increased awareness and 
resources for early detection and intervention, as its onset often occurs during the crucial transition to adulthood. 
Etiological research has shed light on the involvement of various genetic and neurodevelopmental factors, 
emphasizing the multifaceted nature of this disorder. The pathogenesis of schizophrenia is intricately linked to 
abnormalities in neurotransmitter systems, notably dopamine, serotonin, and glutamate, which underpins the array 
of clinical manifestations observed in affected individuals. Understanding these underlying mechanisms is crucial 
for the development of targeted treatments. Clinically, schizophrenia is characterized by a range of symptoms, 
including positive manifestations like hallucinations and delusions, negative symptoms that impact social 
functioning, and cognitive deficits that significantly affect daily life. Recognizing and addressing these diverse 
symptoms is essential for comprehensive patient care. Diagnosis relies on specific criteria, including symptom 
duration and functional impairment, necessitating a careful and thorough assessment to exclude other potential 
causes of psychotic symptoms. Early detection and intervention hold promise for improving outcomes and 
reducing the burden of this disorder. In conclusion, schizophrenia remains a complex and challenging mental 
health condition, but ongoing research and clinical advancements offer hope for improved diagnosis, treatment, 
and support for individuals and their families. Efforts to destigmatize the condition and increase awareness are 
critical steps towards a more compassionate and effective approach to managing schizophrenia in our 
communities. 
 
 
 



Nivetha S.R. et al / Int. J. of Pharmacology and Clin. Research, 8(1) 2024 [109-118] 

 

115 
 

REFERENCES 
 
1. American Psychiatric Association. Diagnostic and statistical manual of mental disorders. American 

Psychiatric Association Publishing; 2022. doi: 10.1176/appi.books.9780890425787. 
2. Fatemi SH. Schizophrenia. In: Fatemi SH, Clayton PJ, editors. The medical basis of psychiatry. Humana 

Press; 2008. p. 85-108. doi: 10.1007/978-1-59745-252-6_6. 
3. Saha S, Chant D, Welham J, McGrath J. A systematic review of the prevalence of schizophrenia. PLOS 

Med. 2005;2(5):e141. doi: 10.1371/journal.pmed.0020141, PMID 15916472. 
4. McGrath J, Saha S, Chant D, Welham J. Schizophrenia: A concise overview of incidence, prevalence, and 

mortality. Epidemiol Rev. 2008;30(1):67-76. doi: 10.1093/epirev/mxn001, PMID 18480098. 
5. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived with disability (YLDs) 

for 1160 sequelae of 289 diseases and injuries 1990-2010: a systematic analysis for the Global Burden of 
Disease Study 2010. Lancet. 2012;380(9859):2163-96. doi: 10.1016/S0140-6736(12)61729-2, PMID 
23245607. 

6. Harrison PJ. The neuropathology of schizophrenia: A critical review of the data and their interpretation. 
Brain. 1999;122(4):593-624. doi: 10.1093/brain/122.4.593, PMID 10219775. 

7. Jones PB, Buckley PF, Kessler D. Schizophrenia. Churchill Livingstone/Elsevier; 2006. Available from: 
https://books.google.co.in/books?id=0zKZjhuHe7QC. 

8. Mahadik SP, Evans DR. Is schizophrenia a metabolic brain disorder? Membrane phospholipid 
dysregulation and its therapeutic implications. Psychiatr Clin North Am. 2003;26(1):85-102. doi: 
10.1016/S0193-953X(02)00033-3, PMID 12683261. 

9. Curran S. Psychotropic handbook. 7th ed Perry PJ, Alexander B, Liskov BI, editors. Washington, DC: 
American Psychiatric Publishing. 1996. 740 p. £42. 50. ISBN 0-88048-851-4. The British Journal of 
Psychiatry. 1999;174(4):371-371. doi:DOI, doi: 10.1192/S000712500015281X. 

10. Lewis DA, Levitt P. Schizophrenia as a disorder of neurodevelopment. Annu Rev Neurosci. 
2002;25(1):409-32. doi: 10.1146/annurev.neuro.25.112701.142754, PMID 12052915. 

11. Brown AS, Susser ES. In utero infection and adult schizophrenia. Ment Retard Dev Disabil Res Rev. 
2002;8(1):51-7. doi: 10.1002/mrdd.10004, PMID 11921387. 

12. Owen MJ, Williams NM, O’Donovan MC. The molecular genetics of schizophrenia: new findings promise 
new insights. Mol Psychiatry. 2004;9(1):14-27. doi: 10.1038/sj.mp.4001444, PMID 14581932. 

13. Cross-Disorder Group of the Psychiatric Genomics Consortium, Lee SH, Ripke S, Neale BM, Faraone SV, 
Purcell SM et al. Genetic relationship between five psychiatric disorders estimated from genome-wide 
SNPs. Nat Genet. 2013;45(9):984-94. doi: 10.1038/ng.2711, PMID 23933821. 

14. de Graaf-Peters VB, Hadders-Algra M. Ontogeny of the human central nervous system: what is happening 
when? Early Hum Dev. 2006;82(4):257-66. doi: 10.1016/j.earlhumdev.2005.10.013, PMID 16360292. 

15. Pantelis C, Velakoulis D, McGorry PD, Wood SJ, Suckling J, Phillips LJ, et al. Neuroanatomical 
abnormalities before and after onset of psychosis: a cross-sectional and longitudinal MRI comparison. 
Lancet. 2003;361(9354):281-8. doi: 10.1016/S0140-6736(03)12323-9, PMID 12559861. 

16. Keshavan MS, Collin G, Guimond S, Kelly S, Prasad KM, Lizano P. Neuroimaging in schizophrenia. 
Neuroimaging Clin N Am. 2020;30(1):73-83. doi: 10.1016/j.nic.2019.09.007. 

17. McGlashan TH. Early detection and intervention of schizophrenia: rationale and research. Br J Psychiatry 
Suppl. 1998;172(33):3-6. doi: 10.1192/S0007125000297584, PMID 9764119. 

18. Holloman LC, Marder SR. Management of acute extrapyramidal effects induced by antipsychotic drugs. 
Am J Health Syst Pharm. 1997;54(21):2461-77. doi: 10.1093/ajhp/54.21.2461, PMID 9359953. 

19. Weinberger DR, Marenco S. Schizophrenia as a neurodevelopmental disorder. Schizophrenia. 2003:326-
48. doi: 10.1002/9780470987353.ch18. 

20. Marder SR, Essock SM, Miller AL, Buchanan RW, Davis JM, Kane JM, et al. The Mount Sinai conference 
on the pharmacotherapy of schizophrenia. Schizophr Bull. 2002;28(1):5-16. doi: 
10.1093/oxfordjournals.schbul.a006926, PMID 12047022. 

21. Egan MF, Apud J, Wyatt RJ. Treatment of tardive dyskinesia. Schizophr Bull. 1997;23(4):583-609. doi: 
10.1093/schbul/23.4.583, PMID 9365997. 

22. Procyshyn RM, Bezchlibnyk-Butler KZ, Jeffries JJ. Clinical handbook of psychotropic drugs. Hogrefe 
Publishing; 2021. Available from: https://books.google.co.in/books?id=PtA3EAAAQBAJ. 

23. Sprague RL, Kalachnik JE. Reliability, validity, and a total score cutoff for the dyskinesia identification 
system: condensed user scale (DISCUS) with mentally ill and mentally retarded populations. 
Psychopharmacol Bull. 1991;27(1):51-8. 

24. Mathalon DH, Sullivan EV, Lim KO, Pfefferbaum A. Progressive brain volume changes and the clinical 
course of schizophrenia in men: a longitudinal magnetic resonance imaging study. Arch Gen Psychiatry. 
2001;58(2):148-57. doi: 10.1001/archpsyc.58.2.148, PMID 11177116. 

25. Ho BC, Andreasen NC, Nopoulos P, Arndt S, Magnotta V, Flaum M. Progressive structural brain 
abnormalities and their relationship to clinical outcome: A longitudinal magnetic resonance imaging study 



Nivetha S.R. et al / Int. J. of Pharmacology and Clin. Research, 8(1) 2024 [109-118] 

 

116 
 

early in schizophrenia. Arch Gen Psychiatry. 2003;60(6):585-94. doi: 10.1001/archpsyc.60.6.585, PMID 
12796222. 

26. McClure R, Lieberman J. Neurodevelopmental and neurodegenerative hypotheses of schizophrenia: a 
review and critique. Curr Opin Psychiatry. 2003;16:S15-28. doi: 10.1097/00001504-200304002-00004. 

27. Buckley PF, Mahadik S, Evans D, Stirewalt E. Schizophrenia: causes, course, and neurodevelopment. Curr 
psychos Ther rep. Current Psychosis & Therapeutics Reports. 2003;1(1):41-9. doi: 10.1007/BF02629438. 

28. Bradford LD. CYP2D6 allele frequency in European Caucasians, Asians, Africans and their descendants. 
Pharmacogenomics. 2002;3(2):229-43. doi: 10.1517/14622416.3.2.229, PMID 11972444. 

29. Ripke S, Neale BM, Corvin A. Biological insights from 108 schizophrenia-associated genetic loci. 
Nature. 2014;511(7510):421-7. doi: 10.1038/nature13595, PMID 25056061. 

30. Franke B, Stein JL, Ripke S, Anttila V, Hibar DP, van Hulzen KJE, et al. Genetic influences on 
schizophrenia and subcortical brain volumes: large-scale proof of concept. Nat Neurosci. 2016;19(3):420-
31. doi: 10.1038/nn.4228, PMID 26854805. 

31. Hirayasu Y, Tanaka S, Shenton ME, Salisbury DF, DeSantis MA, Levitt JJ, et al. Prefrontal gray matter 
volume reduction in first episode schizophrenia. Cereb Cortex. 2001;11(4):374-81. doi: 
10.1093/cercor/11.4.374, PMID 11278200. 

32. Sekar A, Bialas AR, de Rivera H, Davis A, Hammond TR, Kamitaki N, et al. Schizophrenia risk from 
complex variation of complement component 4. Nature. 2016;530(7589):177-83. doi: 
10.1038/nature16549, PMID 26814963. 

33. Shi J, Levinson DF, Duan J, Sanders AR, Zheng Y, Pe’er I, et al. Common variants on chromosome 6p22.1 
are associated with schizophrenia. Nature. 2009;460(7256):753-7. doi: 10.1038/nature08192, PMID 
19571809. 

34. Lenzenweger MF. Schizophrenia: refining the phenotype, resolving endophenotypes. Behav Res Ther. 
1999;37(3):281-95. doi: 10.1016/S0005-7967(98)00138-7, PMID 10087646. 

35. American Diabetes Association, American Psychiatric Association, American Association of Clinical 
Endocrinologists, North American Association for the Study of Obesity. Consensus development 
conference on antipsychotic drugs and obesity and diabetes. Diabetes Care. 2004;27(2):596-601. doi: 
10.2337/diacare.27.2.596, PMID 14747245. 

36. Owen MJ, Craddock N, O’Donovan MC. Schizophrenia: genes at last? Trends Genet. 2005;21(9):518-25. 
doi: 10.1016/j.tig.2005.06.011, PMID 16009449. 

37. McDonald C, Murphy KC. The new genetics of schizophrenia. Psychiatr Clin North Am. 2003;26(1):41-
63. doi: 10.1016/S0193-953X(02)00030-8. 

38. Gottesman II, Shields J. Schizophrenia and genetics: A twin study vantage point. Academic Press; 1972. 
39. Egan MF, Goldberg TE, Kolachana BS, Callicott JH, Mazzanti CM, Straub RE, et al. Effect of COMT 

Val108/158 Met genotype on frontal lobe function and risk for schizophrenia. Proc Natl Acad Sci U S A. 
2001;98(12):6917-22. doi: 10.1073/pnas.111134598, PMID 11381111. 

40. Novak G, Kim D, Seeman P, Tallerico T. Schizophrenia and Nogo: elevated mRNA in cortex, and high 
prevalence of a homozygous CAA insert. Brain Res Mol Brain Res. 2002;107(2):183-9. doi: 
10.1016/S0169-328X(02)00492-8, PMID 12425946. 

41. Wei J, Hemmings GP. The NOTCH4 locus is associated with susceptibility to schizophrenia. Nat Genet. 
2000;25(4):376-7. doi: 10.1038/78044, PMID 10932176. 

42. Frankle WG, Lerma J, Laruelle M. The synaptic hypothesis of schizophrenia. Neuron. 2003;39(2):205-16. 
doi: 10.1016/S0896-6273(03)00423-9, PMID 12873379. 

43. Meltzer HY. What’s atypical about atypical antipsychotic drugs? Curr Opin Pharmacol. 2004;4(1):53-7. 
doi: 10.1016/j.coph.2003.09.010, PMID 15018839. 

44. Weinberger DR. Implications of normal brain development for the pathogenesis of schizophrenia. Arch 
Gen Psychiatry. 1987;44(7):660-9. doi: 10.1001/archpsyc.1987.01800190080012, PMID 3606332. 

45. Lieberman JA, Sheitman BB, Kinon BJ. Neurochemical sensitization in the pathophysiology of 
schizophrenia: deficits and dysfunction in neuronal regulation and plasticity. Neuropsychopharmacology. 
1997;17(4):205-29. doi: 10.1016/S0893-133X(97)00045-6, PMID 9326746. 

46. Lieberman JA. Atypical antipsychotic drugs as a first-line treatment of schizophrenia: a rationale and 
hypothesis. J Clin Psychiatry. 1996;57;Suppl 11:68-71. PMID 8941173. 

47. Citrome LL, Jaffe AB. Relationship of atypical antipsychotics with development of diabetes mellitus. Ann 
Pharmacother. 2003;37(12):1849-57. doi: 10.1345/aph.1D142, PMID 14632602. 

48. Rush AJ, Crismon ML, Toprac MG, et al. Implementing guidelines and systems of care. J Psychiatr Pract. 
1999;5(2):75-86. doi: 10.1097/00131746-199903000-00002. 

49. Harris EC, Barraclough B. Excess mortality of mental disorder. Br J Psychiatry. 1998;173(1):11-53. 
doi:DOI. doi: 10.1192/bjp.173.1.11, PMID 9850203. 

50. Seeman P. Dopamine receptors and the dopamine hypothesis of schizophrenia. Synapse. 1987;1(2):133-
52. doi: 10.1002/syn.890010203, PMID 2905529. 



Nivetha S.R. et al / Int. J. of Pharmacology and Clin. Research, 8(1) 2024 [109-118] 

 

117 
 

51. Carlsson M, Carlsson A. Schizophrenia: A subcortical neurotransmitter imbalance syndrome? Schizophr 
Bull. 1990;16(3):425-32. doi: 10.1093/schbul/16.3.425. 

52. Sanacora G, Zarate CA, Krystal JH, Manji HK. Targeting the glutamatergic system to develop novel, 
improved therapeutics for mood disorders. Nat Rev Drug Discov. 2008;7(5):426-37. doi: 10.1038/nrd2462, 
PMID 18425072. 

53. Tsai G, Coyle JT. Glutamatergic mechanisms in schizophrenia. Annu Rev Pharmacol Toxicol. 
2002;42(1):165-79. doi: 10.1146/annurev.pharmtox.42.082701.160735, PMID 11807169. 

54. Olney JW, Newcomer JW, Farber NB. NMDA receptor hypofunction model of schizophrenia. J Psychiatr 
Res. 1999;33(6):523-33. doi: 10.1016/S0022-3956(99)00029-1, PMID 10628529. 

55. Barrett K. The cognitive neuropsychology of schizophrenia. By Christopher Frith. Hove: Lawrence 
Erlbaum Associates. 1992. 169 pp. £14.95. Br J Psychiatry. 1993;163(5):709-. 169 p. doi: 
10.1192/S0007125000182716. 

56. Bilder RM, Goldman RS, Robinson D, Reiter G, Bell L, Bates JA, et al. Neuropsychology of first-episode 
schizophrenia: initial characterization and clinical correlates. Am J Psychiatry. 2000;157(4):549-59. doi: 
10.1176/appi.ajp.157.4.549, PMID 10739413. 

57. Gogtay N, Giedd JN, Lusk LA, Hayashi KM, Greenstein D, Vaituzis AC, et al. Dynamic mapping of 
human cortical development during childhood through early adulthood. Proc Natl Acad Sci U S A. 
2004;101(21):8174-9. doi: 10.1073/pnas.0402680101, PMID 15148381. 

58. Heinrichs DW, Buchanan RW. Significance and meaning of neurological signs in schizophrenia. Am J 
Psychiatry. 1988;145(1):11-8. doi: 10.1176/ajp.145.1.11, PMID 3276226. 

59. Jablensky A, Sartorius N, Ernberg G, Anker M, Korten A, Cooper JE, et al. Schizophrenia: manifestations, 
incidence and course in different cultures A World Health Organization Ten-Country Study. Psychol Med 
Monogr Suppl. 1992;20:1-97. doi:DOI. doi: 10.1017/S0264180100000904, PMID 1565705. 

60. Ross CA, Margolis RL, Reading SAJ, Pletnikov M, Coyle JT. Neurobiology of schizophrenia. Neuron. 
2006;52(1):139-53. doi: 10.1016/j.neuron.2006.09.015, PMID 17015232. 

61. Crow TJ. The two-syndrome concept: origins and current status. Schizophr Bull. 1985;11(3):471-86. doi: 
10.1093/schbul/11.3.471, PMID 2863873. 

62. Heidelberg. Psychiatrie: ein Lehrbuch für Studirende und Aerzte (Psychiatry: a Manual for Students and 
Physicians). Von Dr. Emil Kraepelin, Professor an der Universität, Heidelberg. Leipzig: Barth, 1899, 2 
vols. Price, vol. i, 9 marks; vol. ii, 15 marks [Psychiatry: a manual for students and physicians]. J Ment 
Sci. 1899;45(190);2 vols:581-3. doi: 10.1192/bjp.45.190.581. 

63. Tandon R. Safety and tolerability: how do newer generation ”atypical” antipsychotics compare? Psychiatr 
Q. 2002;73(4):297-311. doi: 10.1023/a:1020464017021, PMID 12418358. 

64. Lehman AF, Lieberman JA, Dixon LB, McGlashan TH, Miller AL, Perkins DO, et al. Practice guideline 
for the treatment of patients with schizophrenia, second edition. Am J Psychiatry. 2nd ed. 
2004;161(2);Suppl:1-56. PMID 15000267. 

65. Kay SR, Fiszbein A, Opler LA. The Positive and Negative Syndrome Scale (PANSS) for schizophrenia. 
Schizophr Bull. 1987;13(2):261-76. doi: 10.1093/schbul/13.2.261, PMID 3616518. 

66. Keefe RSE, Fenton WS. How should DSM-V criteria for schizophrenia include cognitive impairment? 
Schizophr Bull. 2007;33(4):912-20. doi: 10.1093/schbul/sbm046, PMID 17567627. 

67. Keefe RSE, Harvey PD. Cognitive impairment in schizophrenia. In: Geyer MA, Gross G, editors. Novel 
antischizophrenia treatments. Berlin, Heidelberg: Springer; 2012. p. 11-37. doi: 10.1007/978-3-642-
25758-2_2, PMID 23027411. 

68. Andreasen NC, Carpenter WT, Kane JM, Lasser RA, Marder SR, Weinberger DR. Remission in 
schizophrenia: proposed criteria and rationale for consensus. Am J Psychiatry. 2005;162(3):441-9. doi: 
10.1176/appi.ajp.162.3.441, PMID 15741458. 

69. Luvsannyam E, Jain MS, Pormento MKL, Siddiqui H, Balagtas ARA, Emuze BO, et al. Neurobiology of 
schizophrenia: A comprehensive review. Cureus. 2022;14(4):e23959. doi: 10.7759/cureus.23959, PMID 
35541299. 

70. Keefe RSE, Silva SG, Perkins DO, Lieberman JA. The effects of atypical antipsychotic drugs on 
neurocognitive impairment in schizophrenia: a review and meta-analysis. Schizophr Bull. 1999;25(2):201-
22. doi: 10.1093/oxfordjournals.schbul.a033374, PMID 10416727. 

71. Gogtay N, Giedd JN, Lusk LA, Hayashi KM, Greenstein D, Vaituzis AC, et al. Dynamic mapping of 
human cortical development during childhood through early adulthood. Proc Natl Acad Sci U S A. 
2004;101(21):8174-9. doi: 10.1073/pnas.0402680101, PMID 15148381. 

72. Bayer TA, Falkai P, Maier W. Genetic and non-genetic vulnerability factors in schizophrenia: the basis of 
the ”Two hit hypothesis.” J Psychiatr Res. 1999;33(6):543-8. doi: 10.1016/S0022-3956(99)00039-4, PMID 
10628531. 

73. Velligan DI, DiCocco M, Bow-Thomas CC, Cadle C, Glahn DC, Miller AL, et al. A brief cognitive 
assessment for use with schizophrenia patients in community clinics. Schizophr Res. 2004;71(2-3):273-
83. doi: 10.1016/j.schres.2004.02.027, PMID 15474898. 



Nivetha S.R. et al / Int. J. of Pharmacology and Clin. Research, 8(1) 2024 [109-118] 

 

118 
 

74. Chandran GJ, Mikler JR, Keegan DL. Neuroleptic malignant syndrome: case report and discussion. CMAJ 
Can Med Assoc J. 2003;169(5):439-42. PMID 12952806. 

75. Crismon ML. Psychotropic drugs in the elderly: principles of use. Am Pharm. 1990;NS30(12):57-63. doi: 
10.1016/s0160-3450(15)31398-2, PMID 2275456. 

 


