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Objective This study aims to examine the effect of giving probiotic adjuvant therapy on improving clinical symptoms & IL-6 levels in
patients with schizophrenia.

Methods This research was a double-blind, placebo-controlled trial conducted at Dadi Psychiatric Hospital, South Sulawesi Province,
Indonesia in November-December 2021. The sample of the research was patients with schizophrenia undergoing hospitalization who
received therapeutic doses of risperidone with a total of 21 samples in each treatment and control group. Research subjects were mea-
sured with Positive and Negative Syndrome Scale (PANSS) at baseline, 2nd, 4th, and 6th weeks. The treatment group received one cap-
sule/12 hours/oral of probiotics for six weeks and the control group received 1 capsule/12 hours/oral placebo for 6 weeks. In addition,
two measurements of IL-6 using enzyme-linked immunosorbent assay were performed in both groups, namely at the beginning of week
0 and the end of the 6th week.

Results We found the decrease in the PANSS value which described the improvement in clinical symptoms of the schizophrenic group
after receiving therapeutic doses of antipsychotics and probiotic capsules or the treatment group as well as the schizophrenia group re-
ceiving therapeutic doses of antipsychotics and placebo capsules or the control group.

Conclusion Improvements in clinical symptoms and decreased levels of IL-6 in the group of patients with schizophrenia who received
risperidone with probiotic adjuvant therapy were better than in the group of patients with schizophrenia who received risperidone with-

out probiotics as adjuvant therapy.
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INTRODUCTION

Schizophrenia is a complex brain disorder with an estimat-
ed lifetime prevalence of 1.6-12.1 per 1,000 people. The cause
of schizophrenia has not been fully defined, but the available
evidence supports the interaction of genetic and environmen-
tal variables as an etiology. Gatrointestinal comorbidity in
mental illness has been described so far, with laxatives and
emetics being offered as the dominant treatment strategy in
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the previous literature. Some recent studies reported exten-
sive inflammatory changes throughout the gastrointestinal
tract of patients with psychiatric symptoms.'

Recent studies suggest a link between gut microbiota and
mental health. Naufal et al.> found the occurrence of changes
in stress response in experimental animals. There are several
similar studies conducted. The recent findings found that the
gut-brain axis affects the endocrine, neural, and immune sys-
tems.” The brain-gut axis is the point of action of probiotics
on psychiatric symptoms. Probiotics have been shown to im-
prove intestinal barrier function, or in the immune system, to
activate regulatory T cells and improve defecation and meta-
bolic disorders.”

Various methods of treating psychiatric disorders have been
developed. The latest treatment concept is probiotics which
have psychobiotic properties. Psychobiotics are probiotics
that contain psychotropic properties and proven probiotics


http://crossmark.crossref.org/dialog/?doi=10.30773/pi.2022.0064&domain=pdf&date_stamp=2022-11-25

with proper administration can provide physiological and
psychological benefits for healthy people. In recent years,
many interventions have been carried out to identify this ef-
fect using human and animal samples.* Probiotics may have
beneficial effects on mood based on clinical trials.”

Giving probiotics can potentially be useful for overcoming
negative symptoms in patients with schizophrenia. The ad-
ministration of probiotic supplements has shown to have a
sustained effect on the gut microbiota and probiotics have
shown anti-inflammatory and immune-modulating proper-
ties, and it is hoped that the administration of probiotics can
improve the quality of life of patients with schizophrenia.® Ev-
idence suggesting possible changes in the microbiota in schizo-
phrenia include structural damage to the gastrointestinal tract,
increased immune responses to infectious pathogens and food
antigens as well as known differences in the microbiota in oth-
er neuropsychiatric disorders.*

A persons mental health is related to eating habits and brain
health. Recent findings have revealed that food plays a major
role in regulating stress and mental health. In this sense, pro-
biotics are beneficial microbes that are claimed to provide
health benefits when consumed in adequate amounts. Probi-
otics alter the microbial composition of the gut positively.
Most studies suggest that the consumption of probiotic for-
mulations improves cognitive function, stress management,
and decision making. There is a journal that reviews recent
findings regarding the effect of probiotic supplementation on
cognitive function, especially in human subjects. The role of
probiotics in maintaining healthy gut microbiota and detailed
results from the clinical trials here were reported with an easy-
to-understand concept. However, research involving clinical
trials is still very limited on probiotics, especially in patients
with schizophrenia. This study aims to examine the effect of
giving probiotic adjuvant therapy on improving clinical symp-
toms & IL-6 levels in patients with schizophrenia at the Hasa-
nuddin University Hospital and its network.”

METHODS

Research design

This research was a double-blind, placebo-controlled trial
conducted at Dadi Psychiatric Hospital, South Sulawesi Prov-
ince, Indonesia in November-December 2021 (Makassar, In-
donesia). This research had received ethical approval from the
Ethics Committee for Biomedical Research in Humans, Fac-
ulty of Medicine, Hasanuddin University with number (754/
UN4.6.4.5.31/PP36/2021). All patients and families signed
informed consent forms prior to inclusion in the study.
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Sampling

Research participants were selected by consecutive sam-
pling. The sample size for this study was determined in two
groups of treatment and control with measurements using the

following formula:
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ny;, number of subjects of the first group; n,, number of sub-
jects of the second group; a, type I error, which is 5%, one-
sided hypothesis; Z,, standard deviation for a of 5%=1.64; {,
type II error, which is 20%; Z;, standard deviation for  of
20%=0.84; X1—Xo, the least significant difference=1.8; s, stan-
dard deviation=18.

From this formula, the minimum sample size is 20 for each
group. In this study, we used 25 subjects for each group, so
that a total of 50 participants were selected for this study.

Participants

Inclusion criteria were patients with schizophrenia based
on Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition and receiving antipsychotics according to the
therapeutic dose in the form of Risperidone 4-6 mg/day, while
being hospitalized, aged 20-45 years, and willing to participate
in the study. Exclusion criteria used were an abuse of psycho-
tropic drugs, alcohol and narcotics, receiving anti-inflamma-
tory drugs or steroids and antibiotics, severe physical illness
and other diseases based on history. Drop criteria were re-
search subjects who were unable to continue the study because
they were discharged from the hospital before six weeks or
passed away.

Intervention

Fifty subjects were recruited and then divided into two
groups. The treatment group, namely schizophrenia with ris-
peridone and the addition of one capsule/12 hours/oral probi-
otic for six weeks consisted of 25 subjects, and the control
group, namely schizophrenia with risperidone and the addition
of one capsule/12 hours/oral placebo for six weeks consisted of
25 subjects. Clinical symptoms were measured based on Posi-
tive and Negative Syndrome Scale (PANSS) at the initial week
(baseline), 2nd week, 4th week, and 6th week. Blood samples
were also taken to measure the levels of IL-6 in the blood in the
initial week (baseline) and at the end of the sixth week.

Objective criteria
IL-6 levels were measured in the form of serum which was
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duplicated by the enzyme-liked immunosorbent assay (ELI-
SA) method from the special IL-6 kit. The examination was
carried out at the Hasanuddin University Medical Research
Center (HUMRC) Laboratory. The examination followed the
instructions according to the Human IL-6 ELISA Kit 96 cat
protocol No. EO090Hu Bioassay Technology Laboratory, Shang-
hai, China. Blood samples were taken at the beginning of the
study and the end of the 6th week.

The PANSS is to measure positive and negative symptoms
in people with schizophrenia. This instrument has several ad-
vantages, including a clearer operational method, a more com-
prehensive symptom assessment, a more standardized scor-
ing determination, and has been validated in Indonesia. PANSS
consists of 33 items, each of which is rated on a 7-point scale.
The officers who judged were doctors who previously had a
perception equation and the assessment was not carried out
by the previous studies.?

Safety

Possible side effects and complications with the administra-
tion of probiotics may occur during the study. So far, the ad-
ministration of one capsule of probiotics/12 hours/orally/day
is well tolerated, and no clinical side effects have been detected.

RESULTS

Characteristics of research subjects

This study began by screening the group diagnosed with
schizophrenia who were hospitalized at the Hasanuddin Uni-
versity Hospital and its network from November to Decem-
ber 2021. Then after getting subjects who entered the inclu-
sion criteria and who agreed to participate in the study, the
subjects were divided into two: treatment and control groups.
The initial subjects were 50 participants and divided into two
groups. The control group was 25 subjects and the treatment
group was 25 subjects. For each group, initial measurements
were carried out using psychometrics in the form of initial
PANSS and initial blood sampling for IL-6 examination. Then
the treatment group was intervened using probiotic capsules
at a dose of one capsule per 12 hours and the control group
was intervened using a placebo capsule at a dose of one cap-
sule per 12 hours. After taking the initial PANSS scores, then
it was continued by the next PANSS examination in the sec-
ond, fourth, and sixth weeks in each group. Each group had
25 subjects per group who were willing to take part in the study.
Then when the study took place, eight subjects dropped out
in the first week, three subjects dropping out in the second
week, three subjects in the third week and two subjects in the
fourth week until the end of the study in the sixth week, only
21 subjects were found. Subjects who dropped out consisted
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of five participants who were picked up by their families be-
cause their area of origin was quite far from the research hos-
pital and three participants who suddenly left the hospital
without the officer’s knowledge. Group subjects were then
continued with the final PANSS examination in the sixth week
and blood collection for examination of IL-6 levels. Charac-
teristics of research subjects from primary data can be seen
in Table 1.

The results showed that the mean age of the research sub-
jects was 33.57+8.07 years in the treatment group and 35.71+
6.41 years in the control group with more males than females.
The basic characteristics of the research subjects including age,
sex, education, occupation, marital status, antipsychotic dose
per day (p=0.072), antipsychotic equivalent dose (p=0.076),
and length of stay were not found to be significantly different
between the treatment and control groups. Thus, the research
subjects were homogeneous (Table 1).

Characteristics of research subjects were based on nutri-

Table 1. Characteristics of research subjects (N=21)

Variable Treatment Control
(N=21) (N=21)
Age (yr) 33.57£8.07 35.71+6.41 0.545
Sex >0.999
Male 16 (76.2) 16 (76.2)
Female 5(23.8) 5(23.8)
Education 0.774
Primary school 5(23.8) 4(19.0)
Junior high school 8(38.1) 8(38.1)
Senior high school 8(38.1) 8(38.1)
Bachelor 0 1(4.8)
Profession 0.777
Unemployed 9(42.9) 9(42.8)
Farmer 4(19.0) 2(9.5)
Private sector 4(19.0) 5(23.8)
Trader 2(9.5) 1(4.8)
Housewife 2(9.5) 4(19.0)
Marital status 0.172
Marry 13 (61.9) 17 (80.9)
Not married yet 8(38.1) 4(19)
Antipsychotic per day 0.072
Risperidone 4 mg 18 (85.7) 21 (100)
Risperidone 4 mg+ 3(14.3) 0

clozapine 25 mg

Equivalent dose 405.36+£13.45 400.00£10.68 0.076
of antipsychotic (mg)
Length of treatment (wk) 6 6 >0.999

Values are presented as meantstandard deviation, number (%), or
number only



tional status including weight, height, and body mass index
(BMI). The results showed that the weight had a p-value of
0.682 for treatment and 0.096 for control, while the height had
the p-values of 0.427 for both treatment and control. Lastly,
the measurement found p-values of BMI was 0.656 for treat-
ment and 0.100 for control. As there is no significant difference
between the treatment and control groups, thus the research
subjects were homogeneous (Table 2). The results of the com-
parison of nutritional status between the treatment and the
control groups found that all of the variables were not found
to have a significant difference. The p-values for weight were
0.704 (baseline) and 0.630 (the 6th week), while the p-value
for height was 0.427. Meanwhile, the p-values for BMI were
0.422 for baseline and 0.369 for the 6th week.

Comparison of IL-6 levels

A total of 42 study subjects who received risperidone in
both the treatment group and the control group were mea-
sured serum IL-6 levels at the baseline and the end of the 6th
week. The measurement results are shown in Table 3.

The results as shown in Table 3 found that there was a de-
crease in baseline IL-6 levels in the treatment group from
11.20 pg/mL to 7.59 pg/mL after 6 weeks with a difference of
3.61 pg/mL (p=0.001), while the control group on the base-
line IL-6 from 11.00 pg/mL to 8.54 pg/mL with a difference
of 2.46 pg/mL (p=0.001). The results in Figure 1 showed a sig-
nificant decrease in IL-6 levels in the treatment group and the
control group. Moreover, the decrease in IL-6 levels was great-
er in the treatment group than in the control group (p<0.002).
This indicates a significant improvement in IL-6 levels in the
treatment group compared to the control group.

Total Positive and Negative Syndrome Scale value
comparison

Table 3 also showed the comparison of total PANSS values
in the treatment group and control group measured at the
initial week, 2nd week, 4th week, and 6th week. Based on bi-

Table 2. Characteristics of research subjects based on nutritional status
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variate analysis using Friedmanss test, the total PANSS values
showed a significant difference between the initial week, 2nd
week, 4th week, and 6th week in the treatment group (p=
0.001). Meanwhile, in the control group, the total PANSS
scores were compared between the initial week, 2nd week,
4th week, and 6th week which also showed a significant dif-
ference (p=0.001). Furthermore, the results obtained that the
level of improvement in clinical symptoms based on the dif-
ference between the baseline and 6th week PANSS in the con-
trol group and the treatment group found a significant de-
crease (p=0.001) with moderate improvement in the treatment
group and minimal improvement in the control group (Sup-
plementary Table 1 in the online-only Data Supplement).
The results found a decrease in the PANSS value which de-
scribes the improvement in clinical symptoms of the schizo-
phrenic group after receiving therapeutic doses of antipsy-
chotics and probiotic capsules or the treatment group as well
as the schizophrenia group receiving therapeutic doses of an-
tipsychotics and placebo capsules or the control group. How-
ever, the decrease in the schizophrenia group after receiving
therapeutic doses of antipsychotic and probiotic capsules was

Table 3. Comparison of IL-6 and PANSS in the treatment group and
the control group

. . Treatment Control

Variable Timeline (N=21) (N=21)

IL-6 (pg/mL) 0.001* 0.001*
Baseline 11.2+1.41 11.0+2.16
6thweek  7.59+1.11 8.54+1.79

PANSS 0.001** 0.001**
Early week 98.0+3.13 97.7£2.76
2nd week  87.8+4.24 90.0+6.93
4th week ~ 79.5+6.42 86.8+8.72
6th week  72.2+6.28 82.9+9.59

Values are presented as meanz+standard deviation. *significant p<0.05
(paired t-test); **significant p<0.05 (Friedman test). PANSS, Posi-
tive and Negative Syndrome Scale

. Comparison
Variable Treatment (N=21) p* Control (N=1) p* -

Weight (kg) 0.682 0.096

Baseline 56.90+11.30 55.70+8.47 0.704

6th week 57.00+£11.30 55.50+8.02 0.630
Height (m) 1.59+0.05 0.427 1.61+£0.09 0.427 0.427
Body mass index (kg/m?) 0.656 0.100

Baseline 22.49+4.41 21.52+3.20 0.422

6th week 22.51+4.40 21.44+3.11 0.369

Values are presented as meanstandard deviation. *significant p<0.05 (paired t-test); **significant p<0.05 (independent t-test)
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Figure 1. Comparison of the decrease in IL-6 (A) and PANSS (B) in the treatment group and the control group. *sig. value <0.05. PANSS,

Positive and Negative Syndrome Scale.

Table 4. Correlation between IL-6 values and total PANSS value

Treatment (N=21)

Control (N=21)

Variable IL-6 baseline IL-6 6th week IL-6 baseline IL-6 6th week
r p r P r p r p
PANSS early week 0.113 0.624 -0.040 0.863 0.212 0.357 -0.222 0.333
PANSS 2nd week -0.128 0.579 -0.188 0413 0.095 0.682 0.008 0.973
PANSS 4th week 0.122 0.598 -0.001 0.995 0.247 0.280 0.007 0.975
PANSS 6th week 0.218 0.343 0.025 0912 0.102 0.660 -0.244 0.287

r=correlation strength; 0.1-0.3=weak; 0.4-0.6=medium; 0.7-0.9=strong. PANSS, Positive and Negative Syndrome Scale

more significant than in the group that did not receive probi-
otics (p<0.001) (Figure 1).

Correlation between IL-6 levels and total Positive
and Negative Syndrome Scale values

The relationship between IL-6 levels and the total PANSS
value for the two groups can be seen in Table 4.

The results of correlation analysis using the Spearman cor-
relation test showed the correlation between the PANSS with
baseline IL-6 levels in the treatment group was not significant
in the initial week (p=0.624), 2nd week (p=0.579), 4th week
(p=0.598), and 6th week (p=0.343) with a weak correlation
with the positive directions at the initial week, 4th week, and
6th week and negative direction 2nd week. The results of
correlation analysis also showed the correlation between the
PANSS with 6th-week serum IL-6 levels in the treatment group
was insignificant in the initial week (p=0.863), 2nd week (p=
0.413), 4th week (p=0.995), and 6th week (p=0.912) with a
weak correlation with the negative directions at the initial
week, 2nd week, and 4th week and positive direction at 6th
week.

The results of correlation analysis using the Spearman cor-
relation test showed the correlation between the PANSS with
baseline IL-6 levels in the control group was not significant in
the initial week (p=0.357), 2nd week (p=0.682), 4th week (p=
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0.280), and 6th week (p=0.660) with a weak correlation with
the positive directions at the initial week, 2nd week, 4th week,
and 6th week. The results of correlation analysis also showed
the correlation between the PANSS with 6th week serum IL-6
levels in the control group was not significant in the initial
week (p=0.333), 2nd week (p=0.973), 4th week (p=0.975), and
6th week (p=0.287) with a weak correlation with the negative
directions at the initial week and 6th week and the positive
directions at 2nd week and 4th week (Figure 2).

Furthermore, the results about the correlation between IL-6
levels and improvement in clinical symptoms (total PANSS
value) in the treatment group can be seen in Figure 3A (for
baseline IL-6 with total PANSS at the start of the week), Fig-
ure 3B (for baseline IL-6 with total PANSS after 6th week),
Figure 3C (for 6th week serum IL-6 after with total PANSS in
the 1st week), and Figure 3D (for 6th week serum IL-6 with
total PANSS after 6th week).

Meanwhile, the results about the correlation between se-
rum IL-6 levels and improvement in clinical symptoms (total
PANSS value) in the control group can be seen in Figure 3A
(for baseline IL-6 levels with total PANSS at the initial week),
Figure 3B (for baseline IL-6 levels with total PANSS after 6th
week), Figure 3C (for 6th week serum IL-6 levels with total
PANSS at baseline), and Figure 3D (for 6th week serum IL-6
levels with total PANSS after 6th week) (Figure 3; Supplemen-
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Figure 2. Correlation of baseline serum IL-6 levels with total PANSS at (A) baseline and (B) after 6 weeks in the treatment group; correlation
of 6th week serum IL-6 levels with total PANSS at (C) baseline and (D) after 6 weeks in the treatment group. PANSS, Positive and Negative

Syndrome Scale.

tary Table 2 in the online-only Data Supplement).

The correlation between the difference in PANSS with the
difference in IL-6 was found to be insignificant in the treatment
group (p=0.383) and the control group (p=0.480) with a weak
correlation and negative direction (Figure 4).

DISCUSSION

This study was conducted to examine the effect of adjuvant
therapy with probiotics on clinical symptoms as measured by
PANSS and the effect on blood levels of IL-6 in patients with
schizophrenia who were administered for 6 weeks. The basic
characteristics of the research subjects including age, sex, ed-
ucation, occupation, marital status, antipsychotic dose per day,
antipsychotic equivalent dose, and length of stay were not
found to be significantly different between the treatment and
control groups. Thus, the research subjects are homogeneous.

In this study, there were more male subjects than female
subjects due to the distribution of men who were temporarily

hospitalized during the study, more were hospitalized at the
hospital where the study took place. According to theory, the
prevalence of schizophrenia in males and females is the same.
However, there are also differences in the onset and course of
the disease. Earlier onset is usually found in males than fe-
males so that more than half of people with schizophrenia are
men but only a third are women.’

Several hypotheses can explain sex differences in schizophre-
nia. The theory of schizophrenia involves gonadal hormones,
such as estrogen, which plays a neuroprotective role in pre-
venting the pathology of schizophrenia in women. Estrogen
deficiency at menopause is strongly associated with the sever-
ity of psychiatric symptoms in women. A negative correlation
between patients’ plasma estrogen levels and schizophrenia
symptoms was also reported in men. Gender-specific associ-
ations of certain dopaminergic genes (catechol-O-methyl-
transferase, monoamine oxidase) are also associated with
schizophrenia. Meanwhile, dopamine deficits and excesses
have been associated with positive and negative symptoms of
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schizophrenia in general."’

Based on the highest educational qualification of patients
with schizophrenia, it was almost balanced between the treat-
ment group and the control group. In the last education treat-

ment group, the highest number was the secondary school
with 38% each and the lowest was elementary education with
23.8%. For the control group, it was almost the same as the last
education level in the treatment group, the most being second-
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Figure 3. Correlation of baseline serum IL-6 levels with total PANSS at (A) baseline and (B) after 6 weeks in the control group; correlation of
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ary school with 38% each and the lowest was the bachelor level
with 4.76%. If it is seen from these data, individuals with schizo-
phrenia are also less likely to have a higher education than in-
dividuals without schizophrenia, only one person has reached
the level 1 education level. Poor academic achievement before
the age of 16 years associated with the appearance of prodro-
mal symptoms may represent a premorbid cognitive marker
that is susceptible to schizophrenia later in life."

In this study, 42.8% of the research subjects did not work
in both the treatment and control groups. This could be due
to a lack of economic support that could make the subject en-
ter hospitalization or the subject unable to work due to the ill-
ness he was suffering from. Previous research concluded sev-
eral criteria of job function that need to be considered in people
with schizophrenia, namely the work is paid or not, parttime
or full time. Most people with schizophrenia often work with-
out pay at home. However, 10%-20% of people with schizo-
phrenia can also work competitively, where the job requires a
normal recruitment process and is not part of a job program
created by a social company such as job training for people
with mental disorders. People with schizophrenia who are
employed in normal jobs, generally get laid off because of dis-
satisfaction from the company with the results of the work
they do."” Factors of stigmatization and discrimination from
society cause patients to lack self-motivation and limit their
right to get a job. The prognosis for patients who are unem-
ployed and economically unstable has a worse response."
People who do not work will more easily experience stress as-
sociated with high stress which will eventually lead to help-
lessness. Some patients with schizophrenia cannot work be-
cause of difficulties in getting job opportunities and the rest
decide to quit their jobs because of their illness because peo-
ple who work have a sense of optimism about the future and
have greater enthusiasm for life than those who do not work."*

Based on marital status, most of the subjects were married
and had partners of 13 participants for the treatment group
and 17 participants for the control group. For those who are not
married and do not have a partner about 8 participants for
the treatment group and 4 participants for the control group.
This data when compared with several previous studies is bet-
ter because subjects who are married or temporarily have a
partner more than those who are not married or do not have
a partner. Meanwhile, another study states that a person who
is not married may be at greater risk of experiencing mental
disorders of schizophrenia when compared to someone who
is married, although statistically no significant difference was
found between marital status and the incidence of schizo-
phrenia. Sadock et al.’ said that the prognosis of patients with
schizophrenia who are unmarried, unmarried, divorced, or
widowed tends to be worse than patients with schizophrenia
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who have a supportive partner for the patients recovery."

The dominant dose of antipsychotic in this study was ris-
peridone 4 mg for both groups. Only three study subjects in
the treatment group received additional therapy with clozap-
ine 25 mg. Clozapine 25 mg was given to some subjects only
as a sedative therapy and did not meet the therapeutic dose as
an antipsychotic treatment for patients with schizophrenia. So
the equivalent dose of antipsychotic obtained for the treatment
group was 405.36+13.45 mg while for the control group 400.00+
10.68 because no one received treatment other than risperi-
done.

For assessment of nutritional status, there was no signifi-
cant difference between the control and treatment groups in
the form of weight (p=0.682 for treatment and 0.096 for con-
trol), height (p=0.427 for both treatment and control), and BMI
(p=0.656 for treatment and 1.00 for control) at the beginning
of the study until the end of the study after six weeks. For both
treatment groups, there was an increase in body weight but
not significant, while for the control group there was no weight
gain. In previous studies, some atypical antipsychotics can
stimulate weight gain. In addition, another study explained
that the use of atypical antipsychotics for at least four weeks
can cause weight gain in patients with schizophrenia and doc-
tors are recommended to monitor metabolic side effects due
to the use of atypical antipsychotics."®

Several factors may alter the microbiome such as infection,
disease and diet. Turnbaugh et al.” demonstrated that switch-
ing from a low-fat, polysaccharide-rich diet to a high-fat,
high-sugar diet shifts the structure of the microbiota over the
course of a day and alters the representation of metabolic
pathways in the microbiome, which may occur in hospital-
ized patients. Recent studies have shown that antipsychotics
can also alter the microbiota. There are also markers of the
metabolic syndrome occurring more frequently in patients
with schizophrenia receiving atypical than typical combina-
tion therapy.'®

The 42 study subjects who received risperidone in both the
treatment and control groups were measured for serum IL-6
levels at the baseline and the end of the 6th week. There was
also a decrease in baseline IL-6 levels in the treatment group
after six weeks with a difference of 3.61 pg/mL (p=0.001), while
the control group on the baseline IL-6 with a difference of 2.46
pg/mL (p=0.001). There was a significant decrease in IL-6
levels in the treatment group and the control group. This in-
dicates an improvement in IL-6 levels for both groups. The
decrease in both groups could have occurred due to the ad-
ministration of antipsychotic therapy in both groups which
caused a decrease in proinflammatory cytokines, namely IL-6
levels after administration for six weeks, but the decrease in
the treatment group was greater than in the control group.
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This is in line with previous studies where inflammation is
thought to have a relationship with the structure and compo-
sition of gut microbes. Strains of the genera Lactobacillus and
Bifidobacterium are commonly referred to as lactic acid bac-
teria. Lactic acid bacteria are considered nonpathogenic and
are believed to be beneficial to human health. The so-called
probiotic effects of lactic acid bacteria can include stimulation
of the immune system. Past studies suggest that the initial
production of IL-6 showed little variability in repeated experi-
ments and the amount of IL-6 released after stimulation with
strains of lactic acid bacteria varied. Most bacteria showed a
tendency to be better inducers of IL-6 than the pre-existing
bacteria.”” Biagi et al.** found that an increase in the pro-in-
flammatory cytokine IL-6 was correlated with enriched mi-
crobes and a decrease in some butyrate-producing bacteria.
The findings of previous investigators support that changes
in the gut microbiota profile may play a role in inflammation
or be influenced by systemic inflammatory status. Past stud-
ies also hypothesized that to achieve intestinal microbiota re-
modeling, a balance between inflammatory and anti-inflam-
matory processes must be achieved.”

Several probiotic strains have been shown to induce in vitro
release of proinflammatory cytokines, tumor necrosis factor,
and IL-6 which reflect stimulation of nonspecific immunity.”
Cytokines alter the concentration of several neurotransmit-
ters that regulate communication in the brain including sero-
tonin, dopamine and glutamate. By reducing the total amount
of pro-inflammatory cytokines, either directly or by increas-
ing anti-inflammatory cytokines, probiotics that have psycho-
biotic properties can reduce the cytokines that have access to
the central nervous system and may also reverse inflammation
that induces the permeability of the blood-brain barrier.”

For clinical symptoms as measured by the total PANSS val-
ue based on the analysis of the treatment group, the total PANSS
showed a significant difference (p=0.001) between the initial
week, 2nd week, 4th week, and 6th week. This study also ob-
tained a significant improvement in clinical symptoms in the
treatment group with moderate improvement (29%+6%) and
minimal improvement (15%+9%) in the control group. The
decrease in the PANSS value from week to week describes the
improvement in clinical symptoms of patients with schizo-
phrenia after receiving therapeutic doses of antipsychotics
and probiotic capsules compared to the group that did not re-
ceive probiotic capsules. In the initial week of PANSS for the
treatment group, the conditions were more varied than in the
control group. But, after giving antipsychotics and adjuvant
probiotic therapy in the 2nd week, 4th week, and 6th week,
the opposite happened so that the decrease in PANSS values
was more consistent and better in the group treatment com-
pared to the control group. It can also be seen that adjuvant
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probiotic therapy improves after at least 2 weeks of adminis-
tration in subjects receiving the additional therapy. Other
studies stated that when conditions are stressed, the hypo-
thalamic-pituitary-adrenal axis is activated and causes the
adrenal glands to secrete cortisol, in which probiotics can al-
ter this dysfunction and help reduce stress. Probiotics act as
anti-inflammatory agents when inflammation occurs as a
marker that sends impulses to the brain via the vagus nerve
causing stress but probiotics can minimize the inflammation
thereby increasing immune function.” Theoretically, various
bacteria are capable of producing and secreting neurochemi-
cals that are used for calming. Certain strains of Lactobacillus
and Bifidobacterium secrete gamma-aminobutyric acid. The
main role of inhibitory neurotransmitters in the brain that reg-
ulates many logical and psychological processes with dys-
function in systems involved in anxiety, depression, and even
anxiety.”* Before treatment with probiotics, the flora pattern
was similar to that of Enterococcus being the main bacteria
which accounted for about 60% of the flora. However, 30 days
after the start of treatment, Enterococcus peaks were no longer
visible and Clostridium, Ruminococcus, Eubacterium, Cateni-
bacterium, and Bacteroides were detected showing a clear
change in the flora pattern. In line with this change, the PANSS
score improved slightly. It appears that changes in gut flora
improve cytokine balance leading to immune system-mediat-
ed beneficial effects on the nervous system. Changes in fecal
flora and reduction in negative symptoms noted after treat-
ment with probiotics are suggested to have clinical significance
for immunomodulation in patients with schizophrenia.”
The results of the correlation between PANSS and IL-6 lev-
els in this study showed the dynamics of changes occurred in
a better direction where the decrease in PANSS was accompa-
nied by a decrease in IL-6 levels and changes occurred after
the 2nd week of administration. Furthermore, there was a
weak correlation in each measurement with varying correla-
tion directions, namely in the positive and negative directions.
The improvement in PANSS was accompanied by an im-
provement in IL-6 levels with a decrease in these levels after
examination, where the two variables had a unidirectional re-
lationship or a positive correlation. Therefore, the administra-
tion of probiotics as adjuvant therapy in patients with schizo-
phrenia can be given at least two weeks before it will have an
effect on improving clinical symptoms as measured by PANSS
and decreasing IL-6 levels. Previous studies have demonstrat-
ed increased serum levels of proinflammatory cytokines in
patients with schizophrenia compared with controls and a
correlation between levels of inflammatory markers and se-
verity of clinical symptoms. Showing an increased inflamma-
tory response and a shift in the ratio to normal has been as-
sociated with a positive response to treatment.’ The use of



probiotics in patients with schizophrenia previously also found
a correlation between proinflammatory cytokines and clinical
symptoms. The duration of the intervention can also affect the
results of the study. However, evidence suggesting a minimal
duration of intervention showing a significant effect of pro-
biotic treatment is also very scarce.” In one study, intake of
the same strain of Bifidobacterium breve Al significantly re-
duced the anxiety and depression scale and hospital anxiety
and the PANSS at four weeks of administration. The probiot-
ics Ligilactobacillus salivarius (LS 01) and Ligilactobacillus ac-
idophilus (LA 02) were able to significantly decrease levels of
proinflammatory cytokines and reactive oxygen species and
increase anti-inflammatory cytokines in peripheral blood
mononuclear cells from healthy patients and controls.*®

Lastly, it is worth noting that given that most mechanistic
studies were conducted using animal models, it is also im-
portant to highlight that there are still existing gaps in knowl-
edge regarding the interaction between the microbiome and
the host in vivo and the pathway of its metabolites and how
their metabolites influence the microenvironment. A study
that analyzed colony microbiota against the HPA axis and
stress response in mice found that germfree (GF) mice expe-
rienced increased adrenocorticotrophic hormone and corti-
costerone associated with the stress response, and decreased
brain-derived neurotrophic factor in the cortex and hippo-
campus. After receiving the Bifidobacterium infantis micro-
biome, GF mice underwent a reconstitution of the HPA axis
of stress response.”

In conclusion, the results showed a decrease in the PANSS
value which describes the improvement in clinical symptoms
of the schizophrenic group after receiving therapeutic doses
of antipsychotics and probiotic capsules or the treatment
group as well as the schizophrenia group receiving therapeu-
tic doses of antipsychotics and placebo capsules or the con-
trol group.

Improvements in clinical symptoms and decreased levels
of IL-6 in the group of patients with schizophrenia who re-
ceived risperidone with probiotic adjuvant therapy were bet-
ter than in the group of patients with schizophrenia who re-
ceived risperidone without probiotic adjuvant therapy. The
administration of probiotics as adjuvant therapy gave an im-
provement effect after two weeks of administration in the
treatment group.

For the limitations of this study, although probiotic strains
can affect research results, there has been no research con-
firming probiotic strains that are very effective for improving
long-term psychological conditions. The single-use of risper-
idone was not completely found in the treatment group sub-
jects, where there were still those who received additional
therapy for sedatives, namely clozapine 25 mg so that the
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equivalent dose still varied for the treatment group. This study
did not control the use of clozapine 25 mg as this was the treat-
ment protocol used at Dadi Psychiatric Hospital. In addition,
the use of clozapine as a sedative is also a therapeutic proto-
col in schizophrenic patients with sleep disorders.
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Supplemenentary Table 1. Comparison of improvement in clinical symptoms based on the difference between baseline and 6th week
PANSS in the control group and the treatment group

Improvement Treatment (N=21) Control (N=21)
of clinical symptoms Mean+SD Interpretation Mean+SD Interpretation P
PANSS 29%+6% Medium repair 15%+9% Minimal repair 0.001*

*significant p<0.05 (independent t-test). PANSS, Positive and Negative Syndrome Scale; SD, standard deviation



Supplemenentary Table 2. Correlation between the difference in
the value of IL-6 and the difference in total PANSS

Treatment (N=21) Control (N=21)
Variabel Difference IL-6 Difference IL-6
r P r p
PANSS difference  -0.201 0.383 -0.163 0.480

r=correlation strength, 0.1-0.3=weak, 0.4-0.6=medium, 0.7-0.9=
strong. PANSS, Positive and Negative Syndrome Scale



