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Schizophrenia is one of the most severe neuro-psychiatric disorders, which is associated with a poor
therapeutic response compared to the available therapeutic strategies [1]. Cognitive deficits, especially
deficits in working memory and executive functions, are seen to a greater degree of forgetfulness
compared to common positive symptoms of schizophrenia (hallucinations and delusions) in these
patients [2, 3]. These cognitive defects are related to functional problems as well as negative prognosis
in this disorder. For this reason, schizophrenia is known as a disorder with functional brain
abnormalities, especially in the frontal region of the brain, which is associated with cognitive defects in
this disorder, including working memory problems [4, 5]. Accordingly, interventions designed to
improve cognitive control and executive functions by modulating brain activity (using brain stimulatior
have recently been introduced as interventions with therapeutic potential in this disorder [7-9]. Despite
the relatively promising results of these interventions in schizophrenia, the underlying mechanisms that
explain their effectiveness are still unknown. In addition, regular review of treatment protocols derived
from these interventions still needs to be done so that they can lead to more effective interventions.

Non-invasive brain stimulation techniques are safe methods for directly changing brain functions in
humans, which are actually a method for causal study of the relationship between brain and behavior
[10]. On the other hand, functional brain imaging methods provide the possibility of studying brain
codes in an indirect and correlational way. Combining these methods provides a tool that can
experimentally and experimentally create changes in the brain (causally) and examine the effect of thos
changes on behavior in the form of functional and physiological correlates of the brain [10].
Transcranial electrical stimulation of the brain (tDCS) [11] as a new method to change the cortical
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activity of the brain has been introduced with beneficial cognitive effects in schizophrenia [12] and its
effect, as far as we know, is somewhat dependent on the intensity and dose. Stimulation depends.[13 2]

The results of recent physiological studies conducted on healthy samples using transcranial electric:
stimulation of the brain show that anodal stimulation with a current intensity of 3 mA, compared t
stimulation intensity of 2 and 1 mA, can have more long-term effects and create a stronger effect o
brain excitability (which is associated with neuroplasticity changes) [14]. On the other hand, in order t
understand the mechanism of the effect of brain electrical stimulation on cognitive functions, it i
important to consider the brain's neural networks [15]. While past studies have emphasized th
importance of the intensity and dose of stimulation in the cognitive effectiveness of transcrani:
electrical stimulation of the brain in schizophrenia, the effects of this new stimulation protocol (3 mA
have not been studied in schizophrenia.
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The general goal of this project is to investigate the physiological mechanisms of the effectiveness of

electrical stimulation of the prefrontal brain region with an intensity of 3 milliamps in improving the
working memory of patients with schizophrenia.
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1 -Investigating the cognitive effectiveness of electrical stimulation of the pre-

frontal brain with an intensity of 3 milliamps in behavioral performance
in the working memory test during stimulation and 24 hours after
electrical stimulation in patients with schizophrenia

2 -Investigating the physiological effects of electrical stimulation of the pre-

frontal brain region with intensity 3 by recording the BOLD response
(signal changes dependent on oxygen in the blood) before and after the
stimulation in patients with schizophrenia.

3- Investigating the amount of change in functional connections in brain
networks after electrical stimulation of the pre-frontal brain region with
an intensity of 3 milliamps in patients with schizophrenia
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-1Hypothesis: electrical stimulation of the pre-frontal area of the brain with an intensity of 3

milliamps compared to sham stimulation (placebo) improves the performance of patients with
schizophrenia in working memory tests (increasing correct answers)
-2Question 1: Electrical stimulation of the pre-frontal area of the brain with an intensity of 3

milliamps causes changes in the oxygen-dependent signal in the blood in the experimental group
compared to the placebo group?

-3Question 2: Electrical stimulation of the pre-frontal area of the brain with an intensity of 3
milliamps causes what changes in functional communication in the experimental group compared to
the placebo group?
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A- research sample:

Sample: non-catatonic schizophrenic patients with cognitive impairment in Tehran
Example: Schizophrenic patients in Tehran's Razi Hospital and specialized schizophrenia clinics
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B- Sampling method and sample size:

30 Patients will be recruited and will be randomly assigned to active and sham groups. The
inclusion criteria are (1) men or women (18-50 yrs old) with a DSM 5 SCZ diagnosis, (2)
significant cognitive impairment (1 SD below the norm on the working memory/executive
functioning task performance), (3) feasibility for tDCS interventions according to safety guidelines,
(4) stable medication regime especially the classical neuroleptics and all CNS-activating
medications, if taken, 4-6 weeks before the experiment, (5) right-handed, and (6) ability to provide
informed consent. The exclusion criteria include pregnancy, alcohol or substance dependence,
history of seizure, neurological disorder, or head injury. The required sample size for this
randomized, parallel-group design (f=0.35 equivalent to np?=0.10, a=0.05, power=0.95) would be
24 according to the results of a power analysis. We propose to include an additional 6 to account for
a 20% potential dropouts during the study. The smoking rate will be documented and controlled, as
most SCZ patients are smokers and exclusion of smokers is not feasible.
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C- data collection and meassures:

Behavioral data: The n-back working memory behavioral test is used to record behavioral
information (including reaction time and correct response rate).

Physiological data: Physiological information is collected by recording the BOLD response and
functional communication by measuring fMRI in the resting state before and after the intervention.
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D- Procedure: After selecting the subjects according to the entry and exit criteria and obtaining
written consent, the subjects are randomly divided into experimental and control groups. Before
starting the experiment, each subject performs a working memory test before the intervention
(baseline). One week later, the subjects were brought to the National Brain Laboratory by the
experimenter and relevant people, and depending on the intervention group, they received 20
minutes of real or fake electrical stimulation while they were in the fMRI machine, while they
performed the task of the working memory test during the stimulation. . Before the intervention,
a structural brain scan (with T1 weighting) and an fMRI recording in the resting state are
performed, and after the brain stimulation, another fMRI recording is performed in the resting
state. The subjects are then discharged and handed over to the relevant supervisor to go home or
to the hospital. 24 hours after the stimulation, the subjects will perform the behavioral task of
working memory again at their place of residence and through a laptop. Visiting and returning
of the subjects is done by the vehicle provided by the experimenters. Also, the study is double-
blind so that the subjects do not know the type of stimulation received (fake or placebo). The
technicians who perform the intervention and registration are also not aware of the hypotheses
and research questions. The data is analyzed by an independent experimenter. Each subject
receives an amount for participating in the study (Fig. 1).

Structural MRI Pre-Restin, Online tDCS for 20 min - Post-Restin,
n-back task g g n-back task
: T1 fMRI concurrent n-back task fMRI $
baseline 4 2 & % 24 h later
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Fig. 1: The course of study
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E- Statistical analysis:

Behavioral data analysis is done by SPSS and R software. Brain imaging data is processed by
common imaging data analysis packages such as SPM or FSL. The statistical method used for
the statistical analysis of the mentioned data, considering that the experimental design is with
parallel grooves, will be the variance analysis test with repeated measures for between-group
designs (Mixed model repeated measures ANOVA).

1- Participants: 30 Patients will be recruited and will be randomly assigned to active and sham
groups. The inclusion criteria are (1) men or women (18-50 yrs old) with a DSM 5 SCZ diagnosis,
(2) significant cognitive impairment (1 SD below the norm on the working memory/executive
functioning task performance), (3) feasibility for tDCS interventions according to safety guidelines,
(4) stable medication regime especially the classical neuroleptics and all CNS-activating
medications, if taken, 4-6 weeks before the experiment, (5) right-handed, and (6) ability to provide
informed consent. The exclusion criteria include pregnancy, alcohol or substance dependence,
history of seizure, neurological disorder, or head injury. The required sample size for this
randomized, parallel-group design (f=0.35 equivalent to np?=0.10, 0=0.05, power=0.95) would be
24 according to the results of a power analysis. We propose to include an additional 6 to account for
a 20% potential dropouts during the study. The smoking rate will be documented and controlled, as
most SCZ patients are smokers and exclusion of smokers is not feasible.

2- Intervention: A single session of prefrontal tDCS will be conducted. The tDCS montage in both,
active and sham conditions will be anodal left DLPFC (F3)- cathodal right DLPFC (F4) (3 mA, 20
min). The protocol is based on recent findings from the motor cortex model in healthy individuals
showing longer-lasting and stronger aftereffects compared to conventional protocols?’. To achieve
efficient blinding, topical anesthetic cream will be applied under the electrode areas in line with
previous studies®®.

3- Behavioral measure: A computerized version of the n-letter back working memory task, will be
employed during the experiment. The working memory paradigm includes 1 and 3-back conditions
to account for working memory load. The order of stimuli presentation will be randomized. The
task takes 6 minutes for each block (12 min in total) to complete.

4- Functional MRI acquisition and analyses: The fMRI data will be acquired with a 3T PRISMA
Scanner (Siemens, Germany) and include a T1-weighted sequence (5min), a pre-intervention
resting-state fMRI (5 min) followed by post-intervention fMRI sequences (20 min). Functional MRI
data will be analyzed with a robust processing pipeline with SPM and FSL'®. Right and left DLPFC
will be used to construct brain functional connectivity patterns. The changes in these patterns during
treatment conditions will be compared.

5- Procedure: After recruiting patients, receiving written informed consent, at screening
participants' chronotypes®®, participants will undergo baseline task performance before the
intervention. One week later, they attend the National Brain Mapping Laboratory (NBML) at
the University of Tehran for the pre-intervention resting-state fMRI acquisitions. They will
undergo the tDCS intervention (active or sham) during which they perform the working
memory task (online stimulation). Right after the stimulation participants go to the scanner
again for the post-intervention resting fMRI. They will perform the task 24 h later again
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.We confirm the accuracy of the contents in the questionnaire
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