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Abstract
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on the community. Schizophrenia is characterized by three core features, positive 
(e.g.,  hallucinations, delusions) and negative symptoms (e.g., emotional blunting, 
reduced motivation), as well as cognitive impairments (i.e., working memory and 
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�˜� �Ž�Ÿ�Ž�›�ð�1�•�˜�™�Š�–�’�—�Ž�,�œ�™�Ž�Œ�’���Œ�1
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indicating other neuronal systems are involved in SCZ. Evidence for hypofunction �,
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has continued to culminate as major contributors to the onset of SCZ. Furthermore, 
recent genetic studies reveal disrupted mutations in neurodevelopmental proteins at 
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aptic abnormalities seen in the disorder. Therefore, schizophrenia symptomatology 
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of symptoms presented in SCZ and its etiology. We also review the current treatment 
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provide perspective of where research should be directed to move forward with treat �,
ing this debilitating disease.
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1. Introduction
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toms, negative symptoms, and cognitive impairments. Due to the heterogeneity in symp �,
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depression and mood swings. Positive symptoms develop later and signify an escalated state 
of mind and altered reality, such as hallucinations, delusions, and false ideas. The amalgama�,
tion of these symptoms persist into adulthood and may perhaps lead to other comorbidities 
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substance abuse [1].
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sues that assist in characterizing the disorder. For instance, postmortem patients show an 
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cal anomalies include enlarged cerebral ventricles, such as the lateral and third ventricles. 
Lastly, at the cellular level, there are reports of reduced neuronal number and dendritic 
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�•�Š�•�1�Œ�˜�›�•�Ž�¡�1�ý�X, 4].

The neurophysiological changes are equally as detrimental as the structural changes 
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etiology of schizophrenia is the “Dopamine hypothesis,” which predicts dopamine imbal �,
ances within the mesocortical and mesolimbic pathways underlie schizophrenia pathology. 
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���X�,�›�Ž�Œ�Ž�™�•�˜�›�1 �—�Ž�ž�›�˜�—�œ�ð�1 �›�Ž�œ�™�˜�—�œ�’�‹�•�Ž�1 �•�˜�›�1 �•�‘�Ž�1 �™�˜�œ�’�•�’�Ÿ�Ž�1 �œ�¢�–�™�•�˜�–�œ�1 �ý�[]. Therefore, current treat�,
ments target dopamine receptors, but leave other pathophysiological mechanisms untar�,
geted. Typical and atypical antipsychotics, such as haloperidol and clozapine, respectively, 
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systems are likely involved.
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and signal transduction pathways. We will also include the reviewed literature describing 
the multiple neuronal subtypes and circuits involved in schizophrenia and potential thera �,
peutic options.

2. Glutamate hypothesis of schizophrenia
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subunits, with each representative monomer consisting of three transmembrane segments, 
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pore (Figure 1).
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the pathophysiology of schizophrenia [ �\�þ�ï�1���������1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�Š�›�Ž�1�‘�’�•�‘�•�¢�1�Š�‹�ž�—�•�Š�—�•�1� �’�•�‘�’�—�1�•�‘�Ž�1
forebrain and are responsible for regulating a variety of neuronal pathways; theoretically, 
damage to the glutamatergic system could underlie many pathologies of the central nervous 
�œ�¢�œ�•�Ž�–�ï�1���Œ�Œ�˜�›�•�’�—�•�•�¢�ð�1�•�‘�Ž�›�Ž�1�’�œ�1�Š�—�1�˜�Ÿ�Ž�›� �‘�Ž�•�–�’�—�•�1�Š�–�˜�ž�—�•�1�˜�•�1�Ž�Ÿ�’�•�Ž�—�Œ�Ž�1�’�•�•�ž�œ�•�›�Š�•�’�—�•�1�•�‘�Š�•�1���������1
receptor dysfunction contributes to the neurophysiology associated with schizophrenia [ �\, 7]. 
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schizophrenic symptoms [ �W�Y, 14]. Finally, genes implicated in schizophrenia have strong 
�Š�œ�œ�˜�Œ�’�Š�•�’�˜�—�œ�1� �’�•�‘�1���������1�›�Ž�Œ�Ž�™�•�˜�›�1�›�Ž�•�ž�•�Š�•�’�˜�—�1�ý�W�[�.17].

3. The NMDA receptor structure and function

���������1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�Š�›�Ž�1�•�¢�™�’�Œ�Š�•�•�¢�1�•�˜�Œ�Š�•�Ž�•�1�˜�—�1�Ž�¡�Œ�’�•�Š�•�˜�›�¢�1�•�•�ž�•�Š�–�Š�•�Ž�›�•�’�Œ�1�œ�¢�—�Š�™�œ�Ž�œ�ð�1�Š�•�•�‘�˜�ž�•�‘�1�™�›�Ž�œ�Ž�—�•�1
�’�—�1�–�Š�—�¢�1�Œ�Ž�•�•�1�•�¢�™�Ž�œ�1�û�’�ï�Ž�ï�ð�1�	�������Ž�›�•�’�Œ�1�—�Ž�ž�›�˜�—�œ�ð�1�•�˜�™�Š�–�’�—�Ž�›�•�’�Œ�1�—�Ž�ž�›�˜�—�œ�ð�1�Ž�•�Œ�ï�ü�ï�1���������1�›�Ž�Œ�Ž�™�•�˜�›�œ�1
are responsible for synaptic plasticity and cortical development, as well as cognitive pro �,
cesses such as learning and working memory [18�þ�ï�1���������1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�Š�›�Ž�1�Š�1�‘�Ž�•�Ž�›�˜�•�Ž�•�›�Š�–�Ž�›�’�Œ�1
�Œ�˜�–�™�•�Ž�¡�1�•�‘�Š�•�1�Œ�˜�—�œ�’�œ�•�œ�1�˜�•�1�Š�—�1�˜�‹�•�’�•�Š�•�˜�›�¢�1�‘�˜�–�˜�•�’�–�Ž�›�1�˜�•�1�����W�1�Š�—�•�1�‘�˜�–�˜�•�’�–�Ž�›�œ�1�˜�›�1�‘�Ž�•�Ž�›�˜�•�’�–�Ž�›�œ�1
�˜�•�1 �Ž�’�•�‘�Ž�›�1 �Œ�˜�–�‹�’�—�Š�•�’�˜�—�1 �˜�•�1 �����X���,���1 �˜�›�1 �����Y���,���1 �œ�ž�‹�ž�—�’�•�œ�1 �ûFigure 2�ü�ï�1 ���‘�Ž�1 ���������1 �Œ�‘�Š�—�—�Ž�•�1 �’�œ�1
�Ÿ�˜�•�•�Š�•�Ž�,�•�Ž�™�Ž�—�•�Ž�—�•�1 �Š�—�•�1 �•�’�•�Š�—�•�,�•�Š�•�Ž�•�ð�1 �Š�—�•�1 �‘�’�•�‘�•�¢�1 �™�Ž�›�–�Ž�Š�‹�•�Ž�1 �•�˜�1 ���Š+, K+, and Ca�X�,̧ causing 
�•�Ž�™�˜�•�Š�›�’�£�Š�•�’�˜�—�1 �˜�•�1 �Š�1 �Œ�Ž�•�•�1 �Š�—�•�1 �œ�ž�‹�œ�Ž�š�ž�Ž�—�•�1 �Ž�¡�Œ�’�•�Š�•�’�˜�—�1 �Š�—�•�1 �Š�Œ�•�’�Ÿ�Š�•�’�˜�—�1 �˜�•�1 �’�—�•�›�Š�Œ�Ž�•�•�ž�•�Š�›�1 �œ�’�•�—�Š�•�’�—�•�1
�™�Š�•�‘� �Š�¢�œ�ï�1���•�•�‘�˜�ž�•�‘�1�����W�1�œ�ž�‹�ž�—�’�•�œ�1�Š�›�Ž�1�›�Ž�š�ž�’�›�Ž�•�1�•�˜�›�1���������1�›�Ž�Œ�Ž�™�•�˜�›�1�•�ž�—�Œ�•�’�˜�—�ð�1�����X�&�����Y�1�œ�ž�‹�,
units are specialized and critical for functional diversity such as calcium permeability, decay 
�•�’�–�Ž�ð�1�˜�™�Ž�—�1�Œ�‘�Š�—�—�Ž�•�1�•�’�–�Ž�ð�1�Š�—�•�1�™�‘�Š�›�–�Š�Œ�˜�•�˜�•�¢�1�œ�Ž�—�œ�’�•�’�Ÿ�’�•�¢�ï�1���—�1�Š�•�•�’�•�’�˜�—�ð�1�����W�1�Š�—�•�1�����X�1�œ�ž�‹�ž�—�’�•�œ�1

Figure 1. ���•�•�ž�œ�•�›�Š�•�’�˜�—�1�˜�•�1�™�›�˜�•�˜�•�¢�™�’�Œ�1�’�˜�—�˜�•�›�˜�™�’�Œ�1�›�Ž�Œ�Ž�™�•�˜�›�1�œ�ž�‹�ž�—�’�•�ï�1���1�œ�ž�‹�ž�—�’�•�1�Œ�˜�—�œ�’�œ�•�œ�1�˜�•�1�Š�1�•�Š�›�•�Ž�1�Ž�¡�•�›�Š�Œ�Ž�•�•�ž�•�Š�›�1���,�•�Ž�›�–�’�—�ž�œ�1
�•�˜�–�Š�’�—�ð�1 �Š�1 �–�Ž�–�‹�›�Š�—�Ž�1 �œ�™�Š�—�—�’�—�•�1 �œ�Ž�•�–�Ž�—�•�1 �û�����W�ü�ð�1 �Š�1 �œ�Ž�•�–�Ž�—�•�1 �•�‘�Š�•�1 �™�Š�›�•�’�Š�•�•�¢�1 �Ž�—�•�Ž�›�œ�1 �•�‘�Ž�1 �–�Ž�–�‹�›�Š�—�Ž�1 �û���������ü�ð�1 �Š�1 �•�•�ž�•�Š�–�Š�•�Ž�,
�‹�’�—�•�’�—�•�1�•�˜�–�Š�’�—�ð�1�•� �˜�1�–�˜�›�Ž�1�–�Ž�–�‹�›�Š�—�Ž�1�œ�™�Š�—�—�’�—�•�1�œ�Ž�•�–�Ž�—�•�œ�ð�1�Š�—�•�1�Š�—�1�’�—�•�›�Š�Œ�Ž�•�•�ž�•�Š�›�1�Œ�,�•�Ž�›�–�’�—�ž�œ�ï
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contain distinct sites that bind glycine, PCP, and Mg �X��̧1�•�‘�Š�•�1�–�˜�•�ž�•�Š�•�Ž�1�•�‘�Ž�1�Š�Œ�•�’�Ÿ�’�•�¢�1�˜�•�1���������1
receptors (Figure 2).

4. The NMDA receptor development

���Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�Š�•�•�¢�ð�1�•�‘�Ž�›�Ž�1�’�œ�1�Š�—�1�����X���,�1�•�˜�1�����X���,�œ�ž�‹�ž�—�’�•�1�œ� �’�•�Œ�‘�1�•�‘�Š�•�1�˜�Œ�Œ�ž�›�œ�1�•�›�˜�–�1�Œ�‘�’�•�•�‘�˜�˜�•�,�•�˜�,
adulthood in most brain regions that facilitate synaptic maturation [ 19�þ�ï�1�����X���1�™�›�˜�•�Ž�’�—�1�Ž�¡�™�›�Ž�œ�,
sion levels are highly abundant during early development and decline into adulthood; in 
�Œ�˜�—�•�›�Š�œ�•�ð�1�����X���1�•�Ž�Ÿ�Ž�•�œ�1�‹�Ž�•�’�—�1�•�˜� �1�Š�—�•�1�›�’�œ�Ž�1�’�—�1�Š�•�ž�•�•�ï�1���˜�•�‘�1�œ�ž�‹�ž�—�’�•�œ�1�Š�›�Ž�1�Ž�œ�œ�Ž�—�•�’�Š�•�1�•�˜�›�1�™�›�Ž�•�›�˜�—�•�Š�•�1
�œ�¢�—�Š�™�•�’�Œ�1�™�•�Š�œ�•�’�Œ�’�•�¢�1�Š�—�•�1�•�ž�—�Œ�•�’�˜�—�ò�1�‘�˜� �Ž�Ÿ�Ž�›�ð�1�����X���1�™�•�Š�¢�œ�1�Š�1�–�˜�›�Ž�1�•�˜�–�’�—�Š�—�•�1�›�˜�•�Ž�ï�1���˜�›�1�’�—�œ�•�Š�—�Œ�Ž�ð�1�’�—�1
�•�‘�Ž�1�™�›�Ž�•�›�˜�—�•�Š�•�1�Œ�˜�›�•�Ž�¡�ð�1�����X���1�•�Ž�Ÿ�Ž�•�œ�1�›�Ž�–�Š�’�—�1�‘�’�•�‘�1�’�—�•�˜�1�Š�•�ž�•�•�‘�˜�˜�•�1�Š�—�•�1�Š�›�Ž�1�’�–�™�˜�›�•�Š�—�•�1�•�˜�›�1� �˜�›�”�’�—�•�1
memory function [ �X�V, �X�W�þ�ï�1 �����X���,�Œ�˜�—�•�Š�’�—�’�—�•�1���������1 �›�Ž�Œ�Ž�™�•�˜�›�œ�1�™�•�Š�¢�1�Š�1�–�Š�“�˜�›�1 �›�˜�•�Ž�1�’�—�1�Œ�Š�•�Œ�’�ž�–�1
(Ca+�ü�1�’�—���ž�¡�1 �Š�•�1 �•�‘�Ž�1�™�˜�œ�•�œ�¢�—�Š�™�•�’�Œ�1�–�Ž�–�‹�›�Š�—�Ž�ð�1�Š�œ�1�����X���1 �›�Ž�Œ�Ž�™�•�˜�›�œ�1�‘�Š�Ÿ�Ž�1�œ�•�˜� �Ž�›�1 �”�’�—�Ž�•�’�Œ�œ�ð�1�•�‘�ž�œ�1�Š�1
�œ�•�˜� �Ž�›�1�•�Ž�Œ�Š�¢�1�•�’�–�Ž�1�Œ�˜�–�™�Š�›�Ž�•�1�•�˜�1�����X���,�Œ�˜�—�•�Š�’�—�’�—�•�1���������1�›�Ž�Œ�Ž�™�•�˜�›�œ�ï�1���‘�’�œ�1�’�—�•�’�Œ�Š�•�Ž�œ�1�•�‘�Š�•�1�����X���1
receptors conduct a large amount of Ca+ and Na+ due to the prolonged open channel state. 
���•�•�‘�˜�ž�•�‘�1�����X���1�’�œ�1�Ž�œ�œ�Ž�—�•�’�Š�•�1�•�˜�›�1�Œ�˜�•�—�’�•�’�˜�—�1�™�›�˜�Œ�Ž�œ�œ�Ž�œ�1� �’�•�‘�’�—�1�•�‘�Ž�1�Š�•�ž�•�•�ð�1�Š�—�1�˜�Ÿ�Ž�›�Š�‹�ž�—�•�Š�—�Œ�Ž�1�–�Š�¢�1
�‹�Ž�1�‘�Š�£�Š�›�•�˜�ž�œ�1�•�ž�Ž�1�•�˜�1�•�‘�Ž�1�œ�’�•�—�’���Œ�Š�—�•�1�’�—�Œ�›�Ž�Š�œ�Ž�1�’�—�1���Š+�1�Œ�˜�—�•�ž�Œ�•�Š�—�Œ�Ž�1�•�‘�Š�•�1�Œ�˜�ž�•�•�1�•�Ž�Š�•�1�•�˜�1�Ž�¡�Œ�’�•�˜�•�˜�¡�,
icity and neuronal death [ �X�W�þ�ï�1 ���‘�Ž�›�Ž�•�˜�›�Ž�ð�1 �����X���&�����X���1 �Œ�˜�–�™�˜�œ�’�•�’�˜�—�1 �•�ž�›�’�—�•�1 �•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1 �’�œ�1
�Ž�¡�•�›�Ž�–�Ž�•�¢�1�Œ�›�’�•�’�Œ�Š�•�1�•�˜�›�1�—�˜�›�–�Š�•�1�œ�¢�—�Š�™�•�’�Œ�1�–�Š�•�ž�›�Š�•�’�˜�—�ï

Figure 2. ���Œ�‘�Ž�–�Š�•�’�Œ�1 �•�’�Š�•�›�Š�–�1 �•�Ž�™�’�Œ�•�’�—�•�1 �Š�1 ���������1 �›�Ž�Œ�Ž�™�•�˜�›�1 �Œ�˜�–�™�•�Ž�¡�ï�1 �	�•�ž�•�Š�–�Š�•�Ž�1 �‹�’�—�•�œ�1 �Š�•�1 �����X�&�����Y�1 �Œ�˜�–�™�•�Ž�¡�1 �Š�—�•�1 �Œ�˜�,
agonist glycine or D�,�œ�Ž�›�’�—�Ž�1�‹�’�—�•�œ�1�Š�•�1�����W�1�Œ�˜�–�™�•�Ž�¡�ï�1���™�˜�—�1�•�Ž�™�˜�•�Š�›�’�£�Š�•�’�˜�—�ð�1���•�X��̧1�’�œ�1�›�Ž�–�˜�Ÿ�Ž�•�ï�1���������1�›�Ž�Œ�Ž�™�•�˜�›�1�™�Ž�›�–�Ž�Š�•�Ž�œ�1
Na+ and Ca+�1�’�—���ž�¡�1�Š�—�•�1�
+�1�Ž���ž�¡�1�ž�™�˜�—�1�Š�Œ�•�’�Ÿ�Š�•�’�˜�—�ï�1���’�—�•�’�—�•�1�œ�’�•�Ž�œ�1�•�˜�›�1�������ð�1�”�Ž�•�Š�–�’�—�Ž�ð�1�Š�—�•�1���
�^�V�W�1�Š�›�Ž�1�’�—�Œ�•�ž�•�Ž�•�1�û���’�•�ž�›�Ž�1� �Š�œ�1
�–�˜�•�’���Ž�•�1�•�›�˜�–�1���—�¢�•�Ž�›�1�Ž�•�1�Š�•�ï�1�ý�\�þ�1�Š�—�•�1���’�˜���1�Ž�•�1�Š�•�ï�1�ý14]).
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5. NMDA receptor dysregulation and hypofunction in schizophrenia
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sequencing of patients with schizophrenia also displays disruptive mutations in genes 
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phenotypes of the disorder.
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elicits positive and negative symptoms; and lastly ketamine administration was shown to 
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locomotor activity [ �X�]].

6. High-risk genes implicated in schizophrenia
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Despite the controversy and debate [�W�\, �Y�V], evidence shows that schizophrenic patients 
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ronmental stressors during neurodevelopment that may lead to the pathogenesis of the 
disorder [ �Y�W, �Y�X].
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Environmental factors during development, such as infection, drug use, parental age, prena�,
tal and early postnatal or childhood stress, have all been linked to the emergence of schizo�,
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risk factors during adolescence, potentially contributing to the onset of the disorder [ �\, �Y�Y, �Y�Z]. 
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sitive to environmental stimuli [ �Y�[]. Previous studies describe that neurodevelopment in the 
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activation. These processes are important for synaptic plasticity during neurodevelopment 
and if dysregulated could be highly responsible for the pathologies of schizophrenia [ 7]. 
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is a process involved in the targeting and removal of proteins and is responsible for regulating 
���������1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�•�Ž�•�›�Š�•�Š�•�’�˜�—�1�•�ž�›�’�—�•�1�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�ï�1���™�Ž�Œ�’���Œ�Š�•�•�¢�ð�1�œ�ž�‹�ž�—�’�•�œ�1�œ�ž�Œ�‘�1�Š�œ�1�����W�1�Š�—�•�1
�����X���1�ž�—�•�Ž�›�•�˜�1�™�˜�•�¢�ž�‹�’�š�ž�’�•�’�—�Š�•�’�˜�—�1�Š�•�1�•�‘�Ž�1�œ�¢�—�Š�™�œ�Ž�1�ý41]. Nonetheless, palmitoylation and ubiq �,
�ž�’�•�’�—�Š�•�’�˜�—�1�›�Ž�š�ž�’�›�Ž�1�•�ž�›�•�‘�Ž�›�1�’�—�Ÿ�Ž�œ�•�’�•�Š�•�’�˜�—�1�’�—�1�’�•�œ�1�›�˜�•�Ž�1�’�—�1���������1�›�Ž�Œ�Ž�™�•�˜�›�1�›�Ž�•�ž�•�Š�•�’�˜�—�1�Š�—�•�1�™�˜�•�Ž�—�•�’�Š�•�1
implication in schizophrenia.
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systems that are responsible for the positive, negative, and cognitive symptoms observed in 
schizophrenia.

9. Drug treatment that targets NMDA receptors

Typically, drug treatment for schizophrenia patients consists of antipsychotics, such as clo�,
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remains to be determined.
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10. Glutamate-GABA association in schizophrenia
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and due to recurrent collaterals from the two cell types, causes an inhibitory feedback loop. 
�
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Figure 3. ���›�˜�œ�œ�,�Œ�˜�—�—�Ž�Œ�•�’�˜�—�œ�1�‹�Ž�•� �Ž�Ž�—�1���������1�›�Ž�Œ�Ž�™�•�˜�›�œ�ð�1�	�������Ž�›�•�’�Œ�1�—�Ž�ž�›�˜�•�›�Š�—�œ�–�’�œ�œ�’�˜�—�ð�1�Š�—�•�1�������,�•�Ž�™�Ž�—�•�Ž�—�•�1�Œ�˜�•�—�’�•�’�˜�—�ï�1
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role in this process [�[�V, �[�W�þ�ï�1���������1�Š�—�•�Š�•�˜�—�’�œ�–�1�’�—�1�Œ�˜�—�œ�Œ�’�˜�ž�œ�1�‹�Ž�‘�Š�Ÿ�’�—�•�1�–�˜�—�”�Ž�¢�œ�1�’�–�™�Š�’�›�œ�1�™�›�Ž�•�›�˜�—�•�Š�•�,�•�Ž�™�Ž�—�•�Ž�—�•�1� �˜�›�”�’�—�•�1
memory [ �[�X] and induces cognitive impairments in healthy human subjects [ 11, �[�Y�.�[�\], demonstrating a parallel between 
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function through the shaping and synchronization of pyramidal cell output. PV cortical interneurons are especially 
fundamental for generating fast gamma oscillations, which has been demonstrated in humans to be necessary for proper 
working memory [ �[�]�þ�ï�1�����������œ�1�Š�—�•�1�	�������Ž�›�•�’�Œ�1�’�—�•�Ž�›�—�Ž�ž�›�˜�—�œ�1�Š�›�Ž�1�’�—�•�Ž�›�›�Ž�•�Š�•�Ž�•�1�‹�Ž�Œ�Š�ž�œ�Ž�1���������1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�™�•�Š�¢�1�Š�1�•�Š�›�•�Ž�1
role in the maturation [ �[�^�þ�1�Š�—�•�1�–�Š�’�—�•�Ž�—�Š�—�Œ�Ž�1�˜�•�1�’�—�•�Ž�›�—�Ž�ž�›�˜�—�œ�ð�1�Ž�œ�™�Ž�Œ�’�Š�•�•�¢�1�•�‘�Ž�1�����X���1�œ�ž�‹�ž�—�’�•�1�ý�[�_].
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in membrane potential, receptor desensitization, or cell death. These results would have a 
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neurons could activate dopaminergic systems that lead to positive symptoms and further 
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Figure 3. Still, how these two systems interact to induce phenotypes and symptoms in schizo�,
phrenia remains to be determined.

11. GABAergic cortical interneurons
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�Š�—�•�1�›�Ž�•�Ž�›�›�Ž�•�1�•�˜�1�Š�œ�1�•�‘�Ž�1���Œ�Ž�•�•�œ�1� �’�•�‘�1�œ�‘�˜�›�•�1�Š�¡�˜�—�œ���1�ý�\�V]. Cortical interneurons are typically distin �,
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several features including morphology, connectivity, neurochemistry, and physiology [ �\�V�.�\�X] 
(Figure 4). Due to the heterogeneity of this neuronal population, interneurons can fall into more 
than one category, showing a great degree of overlap; therefore, interneurons fall more along a 
�œ�™�Ž�Œ�•�›�ž�–�1�›�Š�•�‘�Ž�›�1�•�‘�Š�—�1�’�—�•�˜�1�•�’�œ�•�’�—�Œ�•�1�œ�ž�‹�•�›�˜�ž�™�œ�ï�1���•�•�‘�˜�ž�•�‘�1�•�‘�’�œ�1�•�›�˜�ž�™�1�’�œ�1�Ÿ�Ž�›�¢�1�•�’�Ÿ�Ž�›�œ�Ž�ð�1�Š�¡�˜�—�Š�•�1�Š�›�‹�˜�,
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a lot about a circuitry's function. Essentially, where and how an interneuron synapses onto a 
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�•�‘�Ž�1�™�›�Ž�•�›�˜�—�•�Š�•�1�Œ�˜�›�•�Ž�¡�1�Œ�˜�—�•�Š�’�—�œ�1�•�‘�’�œ�1�–�’�Œ�›�˜�Œ�’�›�Œ�ž�’�•�1�œ�™�Ž�Œ�’�Š�•�’�£�Ž�•�1�•�˜�›�1� �˜�›�”�’�—�•�1�–�Ž�–�˜�›�¢�1�ý�\�X].
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and neurochemically the largest group, making up half of the interneuronal population in 
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 segment. For the remainder of this section, we will focus on parvalbumin chandelier cells 
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working memory and also have been implicated in the pathophysiology of neuropsychiatric 
disorders such as schizophrenia [�\�V, �\�X].
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for modulating neuronal activity throughout the brain and spinal cord [ �\�Y�.�]�V]. The enzyme 
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and prevent over inhibition [ �\�]].
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���¢�™�’�Œ�Š�•�•�¢�ð�1�	�������� �1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�Š�›�Ž�1�‘�Ž�•�Ž�›�˜�™�Ž�—�•�Š�–�Ž�›�’�Œ�1�œ�•�›�ž�Œ�•�ž�›�Ž�œ�1�Œ�˜�–�™�˜�œ�Ž�•�1�˜�•�1���Ÿ�Ž�1�•�’���Ž�›�Ž�—�•�1�œ�ž�‹�,
�ž�—�’�•�œ�1�û�…�W�,�\�ð�1�†�W�,�Y�ð�1���W�,�Y�1�û���X���ð�1���X���ü�ð�1�•�W�,�Y�ð�1�ˆ�ð�1�‰�ð�1�Œ�ð�1�Š�—�•�1�”�ü�ð�1�Ž�Š�Œ�‘�1�Œ�˜�—�•�Š�’�—�’�—�•�1�•�˜�ž�›�1�•�›�Š�—�œ�–�Ž�–�‹�›�Š�—�Ž�1
�•�˜�–�Š�’�—�œ�1�û�����W�,�Z�ü�1�ûFigures 5 and 6�ü�ï�1���’�Ÿ�Ž�1�˜�ž�•�1�˜�•�1�•� �Ž�—�•�¢�,�˜�—�Ž�1�Š�Ÿ�Š�’�•�Š�‹�•�Ž�1�œ�ž�‹�ž�—�’�•�œ�1�Œ�˜�–�™�›�’�œ�Ž�1�•�‘�Ž�1
�Œ�˜�–�™�•�Ž�¡�ð�1�•�˜�›�–�’�—�•�1�Š�1�™�˜�›�Ž�1�•�›�˜�–�1�•�‘�Ž�1�����X�1�œ�Ž�•�–�Ž�—�•�œ�1�ý�\�]�.�]�V]. The top three most common struc�,
�•�ž�›�Š�•�1�Œ�˜�–�™�˜�œ�’�•�’�˜�—�œ�1�’�—�1�•�‘�Ž�1�‹�›�Š�’�—�1�Š�›�Ž�1�…�W�†�X�‡�X�ð�1�…�X�†�Y�‡�X�ð�1�Š�—�•�1�…�Y�†�Y�‡�X�ð�1� �’�•�‘�1�•�‘�Ž�1�•�’�”�Ž�•�¢�1�œ�•�˜�’�Œ�‘�’�˜�–�Ž�•�›�¢�1
�˜�•�1�X�…�ñ�X�†�ñ�W�‡�1�ý�\�[, �\�], �\�_].

���Ž�—�£�˜�•�’�Š�£�Ž�™�’�—�Ž�œ�1 �™�˜�•�Ž�—�•�’�Š�•�Ž�1 �•�‘�Ž�1 �’�—�‘�’�‹�’�•�˜�›�¢�1 �Ž���Ž�Œ�•�œ�1 �˜�•�1 �	�������1 �‹�¢�1 �Š�•�•�˜�œ�•�Ž�›�’�Œ�Š�•�•�¢�1 �Š�•�•�Ž�›�’�—�•�1 �•�‘�Ž�1
�›�Ž�Œ�Ž�™�•�˜�›�1�Š�—�•�1�’�—�Œ�›�Ž�Š�œ�’�—�•�1�’�•�œ�1�Š���—�’�•�¢�1�•�˜�›�1�	�������1�ý�\�]�þ�ï�1���Ž�—�£�˜�•�’�Š�£�Ž�™�’�—�Ž�,�’�—�œ�Ž�—�œ�’�•�’�Ÿ�Ž�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�Š�›�Ž�1
�•�˜�›�–�Ž�•�1� �‘�Ž�—�1�•�‘�Ž�1�‡�1�œ�ž�‹�ž�—�’�•�1�’�œ�1�›�Ž�™�•�Š�Œ�Ž�•�1�‹�¢�1�ˆ�ð�1�‰�ð�1�˜�›�1�”�1�ý�\�_�þ�ï�1���‘�˜�1�û�•�ü�1�œ�ž�‹�ž�—�’�•�œ�1�Š�›�Ž�1�ž�—�’�š�ž�Ž�1�‹�Ž�Œ�Š�ž�œ�Ž�1
�•�‘�Ž�œ�Ž�1 �œ�ž�‹�ž�—�’�•�œ�1 �™�›�Ž�•�˜�–�’�—�Š�•�Ž�•�¢�1 �Œ�˜�,�Š�œ�œ�Ž�–�‹�•�Ž�1 �•�˜�•�Ž�•�‘�Ž�›�1 �•�˜�1 �•�˜�›�–�1 �‘�˜�–�˜�,�1 �Š�—�•�1 �‘�Ž�•�Ž�›�˜�,�˜�•�’�•�˜�–�Ž�›�œ�ï�1
���›�Ž�Ÿ�’�˜�ž�œ�•�¢�ð�1�•�1�˜�•�’�•�˜�–�Ž�›�œ�1� �Ž�›�Ž�1�Œ�•�Š�œ�œ�’���Ž�•�1�Š�œ�1�	������C receptors, but more recently are consid�,
�Ž�›�Ž�•�1�Š�1�œ�ž�‹�Œ�•�Š�œ�œ�1�˜�•�1�	�������� �1�›�Ž�Œ�Ž�™�•�˜�›�œ�ï�1���Ÿ�Ž�—�1�•�‘�˜�ž�•�‘�1�	�������� �1�Š�—�•�1�	������C receptors are structur�,
�Š�•�•�¢�1�Ÿ�Ž�›�¢�1�œ�’�–�’�•�Š�›�1�•�˜�1�˜�—�Ž�1�Š�—�˜�•�‘�Ž�›�ð�1�•�‘�Ž�œ�Ž�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�•�˜�›�–�Š�•�•�¢�1�•�Ž�•�•�1�’�—�•�˜�1�•� �˜�1�•�’���Ž�›�Ž�—�•�1�•�›�˜�ž�™�œ�1�‹�Š�œ�Ž�•�1
�˜�—�1�•�‘�Ž�’�›�1�•�’���Ž�›�Ž�—�•�’�Š�•�1�™�‘�Š�›�–�Š�Œ�˜�•�˜�•�¢�1�Š�—�•�1�™�‘�¢�œ�’�˜�•�˜�•�¢�1�ý�\�_, �]�V�þ�ï�1���1�–�Š�“�˜�›�1�•�’���Ž�›�Ž�—�Œ�Ž�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�1
���1�Š�—�•�1���1�œ�ž�‹�•�¢�™�Ž�œ�1�Š�›�Ž�1�•�‘�Š�•�1�	��������  receptors are selectively blocked by bicuculline and modu�,
�•�Š�•�Ž�•�1 �‹�¢�1 �‹�Ž�—�£�˜�•�’�Š�£�Ž�™�’�—�Ž�œ�ð�1 �œ�•�Ž�›�˜�’�•�œ�ð�1 �Š�—�•�1 �‹�Š�›�‹�’�•�ž�›�Š�•�Ž�œ�ï�1 �	������C receptors are not sensitive to 
�•�‘�Ž�1�œ�Š�–�Ž�1�•�›�ž�•�œ�ð�1�‹�ž�•�1�›�Š�•�‘�Ž�›�1�Š�›�Ž�1�‹�•�˜�Œ�”�Ž�•�1�‹�¢�1�W�ð�X�ð�[�ð�\�,�•�Ž�•�›�Š�‘�¢�•�›�˜�™�¢�›�’�•�’�—�,�Z�,�¢�•�ü�1�–�Ž�•�‘�¢�•�™�‘�˜�œ�™�‘�’�—�’�Œ�1
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�Š�Œ�’�•�1�û�����������ü�1�Š�—�•�1�Š�Œ�•�’�Ÿ�Š�•�Ž�•�1�‹�¢�1���,�Z�,�Š�–�—�’�˜�‹�ž�•�,�X�,�Ž�—�˜�’�Œ�1�Š�Œ�’�•�1�ý�Œ�’�œ�,�Š�–�’�—�˜�Œ�›�˜�•�˜�—�’�Œ�1�Š�Œ�’�•�1�û���������ü�þ�ï�1
���•�•�’�•�’�˜�—�Š�•�•�¢�ð�1 �	������C�1 �›�Ž�Œ�Ž�™�•�˜�›�œ�1�Ž�¡�‘�’�‹�’�•�1 �Š�1�‘�’�•�‘�Ž�›�1 �œ�Ž�—�œ�’�•�’�Ÿ�’�•�¢�1 �•�˜�1 �	�������ð�1 �Œ�˜�—�•�ž�Œ�•�1 �•�Ž�œ�œ�1�Œ�ž�›�›�Ž�—�•�ð�1
have longer channel opening times, and desensitize slower in the presence of an agonist. 
�	������ C�1�›�Ž�Œ�Ž�™�•�˜�›�œ�ð�1�‘�˜� �Ž�Ÿ�Ž�›�ð�1�Š�›�Ž�1�—�˜�1�•�˜�—�•�Ž�›�1�Œ�•�Š�œ�œ�’���Ž�•�1�Š�œ�1�Š�1�œ�Ž�™�Š�›�Š�•�Ž�1�•�’�Ÿ�’�œ�’�˜�—�ð�1�‹�ž�•�1�Š�›�Ž�1�—�˜� �1�Œ�˜�—�,
�œ�’�•�Ž�›�Ž�•�1�Š�1�	�������� �,�•�1�œ�ž�‹�Œ�•�Š�œ�œ�1�‹�Ž�Œ�Š�ž�œ�Ž�1�•�‘�Ž�¢�1�Š�›�Ž�1�Ž�¡�Œ�•�ž�œ�’�Ÿ�Ž�•�¢�1�Œ�˜�—�œ�•�›�ž�Œ�•�Ž�•�1�˜�•�1�•�1�œ�ž�‹�ž�—�’�•�œ�1�ý�]�V].

�	������ �� receptors are metabotropic Ca�X� ̧ or K+ channels, conducting slow inhibitory neu �,
�›�˜�•�›�Š�—�œ�–�’�œ�œ�’�˜�—�ð�1 �’�—�1 � �‘�’�Œ�‘�1 �Š�1 �•�’�•�Š�—�•�1 �û�’�ï�Ž�ï�ð�1 �	�������ü�1 �‹�’�—�•�œ�1 �Š�—�•�1 �’�—�•�’�›�Ž�Œ�•�•�¢�1 �’�—�•�ž�Œ�Ž�œ�1 �™�˜�›�Ž�1 �˜�™�Ž�—�’�—�•�1
�•�‘�›�˜�ž�•�‘�1�	�,�™�›�˜�•�Ž�’�—�1�Œ�˜�ž�™�•�’�—�•�1�Š�Œ�•�’�Ÿ�Š�•�’�˜�—�1�Š�—�•�1�œ�Ž�Œ�˜�—�•�1�–�Ž�œ�œ�Ž�—�•�Ž�›�1�œ�’�•�—�Š�•�’�—�•�1�ý�\�Z, �\�], �\� ]̂ (Figure 7). 
���ž�—�Œ�•�’�˜�—�Š�•�1�	���������1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�Ž�¡�’�œ�•�1�Š�œ�1�‘�Ž�•�Ž�›�˜�•�’�–�Ž�›�œ�1�Œ�˜�–�™�˜�œ�Ž�•�1�˜�•�1�˜�—�Ž�1�	���������û�W�ü�1�û�W�Š�,�•�ü�1�Š�—�•�1�˜�—�Ž�1
�	������ �� subunit [ �]�V�þ�ï�1���‘�Ž�1�	���������û�W�ü�1�œ�ž�‹�ž�—�’�•�1�‹�’�—�•�œ�1�•�˜�1�	�������1�Š�—�•�1�’�œ�1�–�Š�—�•�Š�•�˜�›�¢�1�•�˜�›�1�•�ž�—�Œ�•�’�˜�—�Š�•�1
�›�Ž�Œ�Ž�™�•�˜�›�œ�ð�1� �‘�Ž�›�Ž�Š�œ�1�•�‘�Ž�1�	���������X�1�œ�ž�‹�ž�—�’�•�1�’�œ�1�›�Ž�œ�™�˜�—�œ�’�‹�•�Ž�1�•�˜�›�1�	�,�™�›�˜�•�Ž�’�—�1�Œ�˜�ž�™�•�’�—�•�1�Š�—�•�1�œ�’�•�—�Š�•�’�—�•�ï�1
���‘�Ž�1�–�˜�œ�•�1�™�›�Ž�Ÿ�Š�•�Ž�—�•�1�	���������1�’�œ�˜�•�˜�›�–�œ�1�Š�›�Ž�1�	���������û�W�Š�ü�1�Š�—�•�1�	���������û�W�‹�ü, which are highly conserved 
�Š�Œ�›�˜�œ�œ�1�œ�™�Ž�Œ�’�Ž�œ�ï�1���•�‘�Ž�›�1�’�œ�˜�•�˜�›�–�œ�ð�1�W�Œ�,�•�ð�1�‘�Š�Ÿ�Ž�1�Š�•�œ�˜�1�‹�Ž�Ž�—�1�’�•�Ž�—�•�’���Ž�•�ð�1�‹�ž�•�1�Š�›�Ž�1�Ž�’�•�‘�Ž�›�1�œ�™�Ž�Œ�’�Ž�œ�,�œ�™�Ž�Œ�’���Œ�1
�˜�›�1�•�˜�1�—�˜�•�1�Ž�¡�’�œ�•�1�—�Š�•�ž�›�Š�•�•�¢�1�ý�\�Z�þ�ï�1���Š�Œ�•�˜�•�Ž�—�ð�1�Œ�•�’�—�’�Œ�Š�•�•�¢�1�ž�œ�Ž�•�1�Š�œ�1�Š�1�–�ž�œ�Œ�•�Ž�1�›�Ž�•�Š�¡�Š�—�•�ð�1�œ�•�’�–�ž�•�Š�•�Ž�œ�1�	�������� 
�›�Ž�Œ�Ž�™�•�˜�›�œ�ð�1� �‘�’�Œ�‘�1�Š�›�Ž�1�˜�•�‘�Ž�›� �’�œ�Ž�1�’�—�œ�Ž�—�œ�’�•�’�Ÿ�Ž�1�•�˜�1�•�›�ž�•�œ�1�•�‘�Š�•�1�–�˜�•�ž�•�Š�•�Ž�1�•�‘�Ž�1�	��������  receptors [�\�]].

Figure 5. �	������ �� �1�›�Ž�Œ�Ž�™�•�˜�›�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�Š�—�•�1�Œ�›�˜�œ�œ�,�œ�Ž�Œ�•�’�˜�—�ï�1�	�������� �1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�Œ�˜�—�•�Š�’�—�1���Ÿ�Ž�1�œ�ž�‹�ž�—�’�•�œ�ð�1�•�¢�™�’�Œ�Š�•�•�¢�1�’�—�1�•�‘�Ž�1�›�Š�•�’�˜�1�˜�•�1
�X�…�ñ�X�†�ñ�W�‡�ð�1� �’�•�‘�1�•�‘�Ž�1�•�›�Š�—�œ�–�Ž�–�‹�›�Š�—�Ž�1�•�˜�–�Š�’�—�1�X�1�û�����X�ü�1�•�˜�›�–�’�—�•�1�•�‘�Ž�1�Œ�‘�•�˜�›�’�•�Ž�,�™�Ž�›�–�Ž�Š�‹�•�Ž�1�™�˜�›�Ž�ï�1���Š�Œ�‘�1�œ�ž�‹�ž�—�’�•�1�Œ�˜�—�œ�’�œ�•�œ�1�˜�•�1�•�˜�ž�›�1
�‘�¢�•�›�˜�™�‘�˜�‹�’�Œ�1�•�›�Š�—�œ�–�Ž�–�‹�›�Š�—�Ž�1�•�˜�–�Š�’�—�œ�1� �’�•�‘�1�•�‘�Ž�1���,�1�Š�—�•�1���,�1�•�Ž�›�–�’�—�ž�œ�1�•�Š�Œ�’�—�•�1�•�‘�Ž�1�Ž�¡�•�›�Š�Œ�Ž�•�•�ž�•�Š�›�1�œ�’�•�Ž�ï�1���‘�Ž�1�	�������1�‹�’�—�•�’�—�•�1
�œ�’�•�Ž�1�’�œ�1�•�˜�Œ�Š�•�Ž�•�1�Š�•�1�•�‘�Ž�1�’�—�•�Ž�›�•�Š�Œ�Ž�1�‹�Ž�•� �Ž�Ž�—�1�…�1�Š�—�•�1�†�1�œ�ž�‹�ž�—�’�•�ð�1� �‘�’�•�Ž�1�•�‘�Ž�1�‹�Ž�—�£�˜�•�’�Š�£�Ž�™�’�—�Ž�1�û�����œ�ü�1�‹�’�—�•�’�—�•�1�œ�’�•�Ž�1�œ�’�•�œ�1�Š�•�1�•�‘�Ž�1�“�ž�—�Œ�•�’�˜�—�1
�‹�Ž�•� �Ž�Ž�—�1�…�1�Š�—�•�1�‡�ï�1�	�������1�‹�’�—�•�’�—�•�1�•�›�’�•�•�Ž�›�œ�1�Œ�‘�Š�—�—�Ž�•�1�˜�™�Ž�—�’�—�•�ð�1�Š�•�•�˜� �’�—�•�1�’�—� �Š�›�•�1�Œ�‘�•�˜�›�’�•�Ž�1�’�˜�—�1���ž�¡�ð�1� �‘�Ž�›�Ž�Š�œ�1�‹�Ž�—�£�˜�•�’�Š�£�Ž�™�’�—�Ž�1
�‹�’�—�•�’�—�•�1�™�˜�•�Ž�—�•�’�Š�•�Ž�œ�1�•�‘�Ž�1�	�������,�’�—�•�ž�Œ�Ž�•�1�Œ�‘�•�˜�›�’�•�Ž�1�’�—���ž�¡�1�ý�\�[, �\�_�þ�1�û���˜�•�’���Ž�•�1�•�›�˜�–�1���Š�Œ�˜�‹�1�Ž�•�1�Š�•�ï�1�ý�\�[] and Vithlani et al. [ �\�_]).
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Figure 6. �	������ �� �1 �›�Ž�Œ�Ž�™�•�˜�›�1 �•�›�Š�—�œ�–�Ž�–�‹�›�Š�—�Ž�1 �•�˜�™�˜�•�˜�•�¢�ï�1 ���Š�Œ�‘�1 �œ�ž�‹�ž�—�’�•�1 �Œ�˜�—�œ�’�œ�•�œ�1 �˜�•�1 �•�˜�ž�›�1 �•�›�Š�—�œ�–�Ž�–�‹�›�Š�—�Ž�1 �•�˜�–�Š�’�—�œ�ï�1 ���‘�Ž�1 ���,�1
�Š�—�•�1 ���,�•�Ž�›�–�’�—�ž�œ�1 �•�’�Ž�1 �˜�—�1 �•�‘�Ž�1 �Ž�¡�•�›�Š�Œ�Ž�•�•�ž�•�Š�›�1 �œ�’�•�Ž�ð�1 � �’�•�‘�1 �•�‘�Ž�1 ���,�•�Ž�›�–�’�—�ž�œ�1 �‹�Ž�’�—�•�1 �•�‘�Ž�1 �œ�’�•�Ž�1 �˜�•�1 �Š�Œ�•�’�˜�—�1 �•�˜�›�1 �œ�Ž�Ÿ�Ž�›�Š�•�1 �•�›�ž�•�œ�ï�1���1 �•�Š�›�•�Ž�1
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Figure 7. �	������ ���1�›�Ž�Œ�Ž�™�•�˜�›�1�œ�•�›�ž�Œ�•�ž�›�Ž�ï�1�	�������� receptors are heterodimers composed of either a 1a or 1b subunit and a 
�–�Š�—�•�Š�•�˜�›�¢�1�X�1�œ�ž�‹�ž�—�’�•�ï�1�	���������1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�Š�›�Ž�1�	�,�™�›�˜�•�Ž�’�—�1�Œ�˜�ž�™�•�Ž�•�1�Š�—�•�1�Š�›�Ž�1�Š�Œ�•�’�Ÿ�Š�•�Ž�•�1�‹�¢�1�•�‘�Ž�1�•�’�•�Š�—�•�1�	�������ð�1� �‘�’�Œ�‘�1�‹�’�—�•�œ�1�•�˜�1�•�‘�Ž�1
�W�1�œ�ž�‹�ž�—�’�•�ï�1���˜�•�•�˜� �’�—�•�1�	�������1�•�’�•�Š�—�•�1�‹�’�—�•�’�—�•�ð�1�	�,�™�›�˜�•�Ž�’�—�1�Š�Œ�•�’�Ÿ�Š�•�’�˜�—�1�’�—�•�ž�Œ�Ž�œ�1�˜�™�Ž�—�’�—�•�1�˜�•�1�™�˜�œ�•�œ�¢�—�Š�™�•�’�Œ�1�™�˜�•�Š�œ�œ�’�ž�–�1�Œ�‘�Š�—�—�Ž�•�œ�1
�Š�—�•�1�Œ�•�˜�œ�’�—�•�1�˜�•�1�™�›�Ž�œ�¢�—�Š�™�•�’�Œ�1�Œ�Š�•�Œ�’�ž�–�1�Œ�‘�Š�—�—�Ž�•�œ�ð�1�‘�¢�™�Ž�›�™�˜�•�Š�›�’�£�’�—�•�1�•�‘�Ž�1�•�Š�›�•�Ž�•�1�Œ�Ž�•�•�1�û���˜�•�’���Ž�•�1�•�›�˜�–�1���–�œ�˜�—�1�ý�\�Z]).
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13. Distribution

�	������ �� �1�œ�ž�‹�ž�—�’�•�1�Ž�¡�™�›�Ž�œ�œ�’�˜�—�1�‘�Š�œ�1�‹�Ž�Ž�—�1� �Ž�•�•�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�£�Ž�•�1�’�—�1�•�‘�Ž�1�›�Š�•�1�‹�›�Š�’�—�1�ý�\�\]. Several subunits 
�Ž�¡�‘�’�‹�’�•�1�‹�›�˜�Š�•�1�Ž�¡�™�›�Ž�œ�œ�’�˜�—�1�•�‘�›�˜�ž�•�‘�˜�ž�•�1�•�‘�Ž�1�—�Ž�›�Ÿ�˜�ž�œ�1�œ�¢�œ�•�Ž�–�ð�1���ž�Œ�•�ž�Š�•�’�—�•�1�Š�Œ�›�˜�œ�œ�1�•�Ž�Ÿ�Ž�•�˜�™�–�Ž�—�•�1�Š�—�•�1
�›�Ž�•�’�˜�—�œ�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�Š�1�•�Ž� �1�œ�ž�‹�ž�—�’�•�œ�1�•�Ž�–�˜�—�œ�•�›�Š�•�Ž�1�›�Ž�•�’�˜�—�Š�•�1�˜�›�1�Œ�Ž�•�•�,�•�¢�™�Ž�1�œ�™�Ž�Œ�’���Œ�’�•�¢�ï�1���˜�›�1�Ž�¡�Š�–�™�•�Ž�ð�1
�…�\�1 �œ�ž�‹�ž�—�’�•�1 �’�œ�1 �Ž�¡�Œ�•�ž�œ�’�Ÿ�Ž�•�¢�1 �Ž�¡�™�›�Ž�œ�œ�Ž�•�1 �’�—�1 �Œ�Ž�›�Ž�‹�Ž�•�•�Š�›�1 �•�›�Š�—�ž�•�Ž�1 �Œ�Ž�•�•�œ�1 �Š�—�•�1 �•�‘�Ž�1 �•�1 �œ�ž�‹�ž�—�’�•�1 �’�œ�1 �•�Š�›�•�Ž�•�¢�1
�›�Ž�œ�•�›�’�Œ�•�Ž�•�1 �•�˜�1 �•�‘�Ž�1 �›�Ž�•�’�—�Š�ï�1 ���Ž�›�’�™�‘�Ž�›�Š�•�1 �Ž�¡�™�›�Ž�œ�œ�’�˜�—�1 �˜�•�1 �	��������  receptors has been demonstrated 
in the liver, smooth airway muscles, the lung, immune cells, and the intestines [ �\�^�þ�ï�1�	�������� 
receptors are localized in the striatum, brainstem, thalamus, hippocampus, cerebellum, and 
�Œ�˜�›�•�Ž�¡�ï�1���‘�Ž�1�W�‹�1�œ�ž�‹�ž�—�’�•�1�’�œ�1�•�‘�Ž�1�–�˜�œ�•�1�™�›�Ž�Ÿ�Š�•�Ž�—�•�•�¢�1�Ž�¡�™�›�Ž�œ�œ�Ž�•�1�Š�Œ�›�˜�œ�œ�1�Š�•�•�1�‹�›�Š�’�—�œ�1�›�Ž�•�’�˜�—�œ�ð�1�Ž�¡�Œ�Ž�™�•�1�•�˜�›�1
the striatum in which the 1a subunit is the most abundant [ �\�Z].

14. Parvalbumin interneurons and the prefrontal cortex

���‘�Ž�1 �™�›�Ž�•�›�˜�—�•�Š�•�1 �Œ�˜�›�•�Ž�¡�1 �û�������ü�1 �’�œ�1 �•�‘�Ž�1 �—�Ž�ž�›�˜�Š�—�Š�•�˜�–�’�Œ�Š�•�1 �‘�ž�‹�1 �•�˜�›�1 �Ž�¡�Ž�Œ�ž�•�’�Ÿ�Ž�1 �•�ž�—�Œ�•�’�˜�—�œ�1 �œ�ž�Œ�‘�1 �Š�œ�1
working memory, which can be metaphorically thought of as the brain's blackboard [ �X�W, 71]. 
���—�Œ�˜�–�’�—�•�1 �œ�•�’�–�ž�•�’�1 �Š�›�Ž�1 �•�›�Š�—�œ�’�Ž�—�•�•�¢�1 �œ�•�˜�›�Ž�•�ð�1 �–�Š�—�’�™�ž�•�Š�•�Ž�•�ð�1 �ž�™�•�Š�•�Ž�•�ð�1 �Š�—�•�1 �•�ž�’�•�Ž�1 �•�˜�Š�•�,�•�’�›�Ž�Œ�•�Ž�•�1
behavior [ �]�X]. Working memory is dependent on prefrontal circuitry involving the unique 
�‹�Š�•�Š�—�Œ�Ž�1�‹�Ž�•� �Ž�Ž�—�1�™�¢�›�Š�–�’�•�Š�•�1���Ž�•�Š�¢�1�Ž�¡�Œ�’�•�Š�•�˜�›�¢�1�—�Ž�ž�›�˜�•�›�Š�—�œ�–�’�œ�œ�’�˜�—�1�Š�—�•�1�	�������Ž�›�•�’�Œ�1�’�—�•�Ž�›�—�Ž�ž�,
ronal inhibition [ �[�], �\�X, 71�þ�ï�1���¡�Œ�’�•�Š�•�˜�›�¢�1���Ž�•�Š�¢�1�Œ�Ž�•�•�œ�1�‹�Ž�Œ�˜�–�Ž�1�Š�Œ�•�’�Ÿ�Š�•�Ž�•�1�ž�™�˜�—�1�™�›�Ž�œ�Ž�—�•�Š�•�’�˜�—�1�˜�•�1�Š�1
�œ�Š�•�’�Ž�—�•�1�Œ�ž�Ž�1�Š�—�•�1�œ�ž�œ�•�Š�’�—�1�—�Ž�ž�›�˜�—�Š�•�1�Š�Œ�•�’�Ÿ�’�•�¢�1�•�‘�›�˜�ž�•�‘�˜�ž�•�1�Š�1�•�Ž�•�Š�¢�1�™�Ž�›�’�˜�•�ð�1�Ž�œ�œ�Ž�—�•�’�Š�•�•�¢�1���›�Ž�–�Ž�–�‹�Ž�›�,
�’�—�•���1 �•�‘�Ž�1 �Œ�ž�Ž�ð�1 �Š�—�•�1 �Š�•�•�˜� �’�—�•�1 �Š�—�1 �Š�™�™�›�˜�™�›�’�Š�•�Ž�1 �›�Ž�œ�™�˜�—�œ�Ž�ï�1 ���˜�›�1 �’�—�œ�•�Š�—�Œ�Ž�ð�1Figure 8 represents an 

Figure 8. Single unit electrophysiological activity of a Delay cell in the primate DLPFC during a working memory task. 
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�Œ�ž�Ž�ð�1 ���Ž�•�Š�¢�1 �Œ�Ž�•�•�œ�1 �™�Ž�›�œ�’�œ�•�Ž�—�•�•�¢�1 ���›�Ž�1 �•�ž�›�’�—�•�1 �•�‘�Ž�1 �•�Ž�•�Š�¢�1 �™�Ž�›�’�˜�•�1 �Š�—�•�1 �Š�•�•�˜� �1 �•�˜�›�1 �•�‘�Ž�1 �•�Ž�—�Ž�›�Š�•�’�˜�—�1 �˜�•�1 �Š�1 �•�˜�Š�•�,�•�’�›�Ž�Œ�•�Ž�•�1 �›�Ž�œ�™�˜�—�œ�Ž�1
�û�Ž�ï�•�ï�ð�1 �œ�Š�Œ�Œ�Š�•�Ž�ü�ï�1 ���‘�Ž�1 �œ�ž�œ�•�Š�’�—�Ž�•�1 �—�Ž�ž�›�˜�—�Š�•�1 ���›�’�—�•�1 �•�ž�›�’�—�•�1 �•�‘�Ž�1 �•�Ž�•�Š�¢�1 �™�Ž�›�’�˜�•�1 �’�œ�1 �‘�¢�™�˜�•�‘�Ž�œ�’�£�Ž�•�1 �•�˜�1 �‹�Ž�1 �•�‘�Ž�1 �—�Ž�ž�›�Š�•�1 �Œ�˜�›�›�Ž�•�Š�•�Ž�1 �˜�•�1
� �˜�›�”�’�—�•�1�–�Ž�–�˜�›�¢�1�Š�—�•�1�•�Ž�™�Ž�—�•�œ�1�˜�—�1�‹�˜�•�‘�1�Ž�¡�Œ�’�•�Š�•�˜�›�¢�1�™�¢�›�Š�–�’�•�Š�•�1�Š�Œ�•�’�Ÿ�’�•�¢�1�Š�œ�1� �Ž�•�•�1�Š�œ�1�•�Š�œ�•�,�œ�™�’�”�’�—�•�1�	�������Ž�›�•�’�Œ�1�’�—�•�Ž�›�—�Ž�ž�›�˜�—�œ�1�’�—�1
the DLPFC [�X�W, 71, �]�Y, 74�þ�1�û���˜�•�’���Ž�•�1�•�›�˜�–�1���˜�—�Š�Œ�˜�1�Ž�•�1�Š�•�ï�1�ý�X�W]).
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period, an appropriate response would be an eye saccade in the direction that the cue was 
���›�œ�•�1�™�›�Ž�œ�Ž�—�•�Ž�•�ï

Working memory, the sustained neuronal activity that occurs during the delay, is not only 
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task. Therefore, working memory, particularly sustained neuronal activity during the 
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nal activity and its role in working memory function are also connected to gamma oscilla �,
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band oscillations increased proportionally with working memory load [ �[�], �\�X, �]�\]. More 
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performance most strongly determines functional outcomes. Working memory function 
requires fast and synchronous inhibition of pyramidal neuronal networks within the pre �,
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DLPFC during a working memory task and cognitive impairments are a core feature, dis �,
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anatomical region [ �[�], �\�X, 77�.79].
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dal neurons and mediate fast synaptic inhibitory neurotransmission ( Figure 9). Therefore, this 

Figure 9. Comparison of normal and schizophrenia synaptic connection at the junction between a parvalbumin 
�Œ�‘�Š�—�•�Ž�•�’�Ž�›�1 �’�—�•�Ž�›�—�Ž�ž�›�˜�—�1 �û�������‘�ü�1 �Š�—�•�1 �Š�1 �™�¢�›�Š�–�’�•�Š�•�1 �Š�¡�˜�—�1 �’�—�’�•�’�Š�•�1 �œ�Ž�•�–�Ž�—�•�ï�1 ���1 �Œ�˜�›�Ž�1 �•�Ž�Š�•�ž�›�Ž�1 �˜�•�1 �œ�Œ�‘�’�£�˜�™�‘�›�Ž�—�’�Š�1 �’�œ�1 �	�����Ž�›�•�’�Œ�1
�•�Ž���Œ�’�•�œ�ò�1�’�—�1�•�‘�Ž�1�›�Ž�‹�Š�•�Š�—�Œ�Ž�•�1�Œ�’�›�Œ�ž�’�•�›�¢�ð�1�™�›�Ž�œ�¢�—�Š�™�•�’�Œ�1�Ž�¡�™�›�Ž�œ�œ�’�˜�—�1�˜�•�1�	�������1�•�›�Š�—�œ�™�˜�›�•�Ž�›�1�W�1�û�	�����W�ü�1�˜�—�1�•�‘�Ž�1�Š�¡�˜�—�Š�•�1�•�Ž�›�–�’�—�Š�•�œ�1�˜�•�1
�•�‘�Ž�1�	�������Ž�›�•�’�Œ�1�’�—�•�Ž�›�—�Ž�ž�›�˜�—�œ�1�’�œ�1�•�Ž�Œ�›�Ž�Š�œ�Ž�•�ð�1� �‘�’�•�Ž�1�•�‘�Ž�1�Ž�¡�™�›�Ž�œ�œ�’�˜�—�1�˜�•�1�	�������� �…�X�1�›�Ž�Œ�Ž�™�•�˜�›�œ�1�Š�•�1�•�‘�Ž�1�Š�¡�˜�—�1�’�—�’�•�’�Š�•�1�œ�Ž�•�–�Ž�—�•�œ�1�˜�•�1
�™�¢�›�Š�–�’�•�Š�•�1�—�Ž�ž�›�˜�—�œ�1�’�œ�1�’�—�Œ�›�Ž�Š�œ�Ž�•�1�û���˜�•�’���Ž�•�1�•�›�˜�–�1���Ž� �’�œ�1�Ž�•�1�Š�•�ï�1�ý�\�X] and Lewis et al. [�[�]]).

�7�K�H���&�R�Q�Y�H�U�J�H�Q�F�H���R�I���*�O�X�W�D�P�D�W�H���D�Q�G���*�$�%�$���'�\�V�U�H�J�X�O�D�W�L�R�Q���L�Q���6�F�K�L�]�R�S�K�U�H�Q�L�D
�K�W�W�S�������G�[���G�R�L���R�U�J����������������������������

����



�’�—�Ÿ�Ž�›�œ�Ž�1�Œ�˜�›�›�Ž�•�Š�•�’�˜�—�1�’�œ�1�œ�™�Ž�Œ�ž�•�Š�•�Ž�•�1�•�˜�1�Š�Œ�•�1�Š�œ�1�Š�1�Œ�˜�–�™�Ž�—�œ�Š�•�˜�›�¢�1�1�–�Ž�Œ�‘�Š�—�’�œ�–�1�•�˜�1�’�—�Œ�›�Ž�Š�œ�Ž�1�•�‘�Ž�1�Ž���Ž�Œ�•�1�˜�•�1
�	�������1�˜�—�1�™�˜�œ�•�œ�¢�—�Š�™�•�’�Œ�1�Œ�Ž�•�•�œ�1�Š�—�•�1�›�Ž�•�ž�›�—�1�•�‘�Ž�1�Œ�’�›�Œ�ž�’�•�›�¢�1�‹�Š�Œ�”�1�•�˜�1�‘�˜�–�Ž�˜�œ�•�Š�•�’�Œ�1�Œ�˜�—�•�’�•�’�˜�—�œ�1�ý�[�], �\�X, �^�X].

�
�˜� �Ž�Ÿ�Ž�›�ð�1� �‘�Š�•�1�›�Ž�–�Š�’�—�œ�1�•�˜�1�‹�Ž�1�ž�—�Š�—�œ� �Ž�›�Ž�•�1�’�œ�1� �‘�’�Œ�‘�1�™�›�˜�Œ�Ž�Ž�•�œ�1� �‘�’�Œ�‘�ñ�1���������1�›�Ž�Œ�Ž�™�•�˜�›�1�‘�¢�™�˜�,
�•�ž�—�Œ�•�’�˜�—�’�—�•�1 �˜�›�1 �	�������Ž�›�•�’�Œ�1 �•�Ž���Œ�’�•�œ�ï�1 ���—�1 �˜�›�•�Ž�›�1 �•�˜�1 �ž�—�•�Ž�›�œ�•�Š�—�•�1 �‘�˜� �1 �Œ�˜�•�—�’�•�’�Ÿ�Ž�1 �’�–�™�Š�’�›�–�Ž�—�•�œ�1 �’�—�1
�œ�Œ�‘�’�£�˜�™�‘�›�Ž�—�’�Š�1�Ž�–�Ž�›�•�Ž�ð�1� �Ž�1�–�ž�œ�•�1���›�œ�•�1�ž�—�Œ�˜�Ÿ�Ž�›�1�•�‘�Ž�1�–�˜�•�Ž�Œ�ž�•�Š�›�1�ž�—�•�Ž�›�™�’�—�—�’�—�•�œ�1�•�‘�Š�•�1�•�Ž�Š�•�1�•�˜�1�•�‘�Ž�1
root of these dysfunctions.

16. Current GABA-targeted therapeutics
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