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Abstract

Background Schizophrenia is a complex neuropsychiatric disorder with various etiologic factors. Aberrant levels

of neurotransmitters or growth factors such as dopamine, serotonin, and BDNF have been shown to cause cognitive
impairment in schizophrenia. Recently, the gut microbiome has also been suggested as a factor in the development
of the disorder. To explore this potential link, we conducted a pilot study to examine the relationship between the gut
microbiome and plasma levels of neurotransmitters and growth factors in schizophrenia. Shotgun metagenome
sequencing of total RNA from fecal samples were used to profile the gut microbiome of schizophrenia patients

(SCZ) and healthy controls (HC). The MetaPhlAn2 and HUMaN2 pipelines were used for bioinformatic analyses. ELISA
was used to measure the plasma levels of dopamine, serotonin, and BDNF. Spearman’s rank correlation coefficient
was used for correlation analysis.

Results We found that butyrate-producing bacteria were enriched in HC, whereas succinate-producing bacteria,
namely Phascolarctobacterium succinatutens and Paraprevotella clara, were enriched in SCZ. The gut microbiota of SCZ
was enriched in lipid biosynthesis pathways related to bile-resistant bacteria, whereas phospholipid pathways linked
with butyrate-producing bacteria were enriched in HC. Alistipes indistinctus, Dorea longicatena, and Roseburia inulini-
vorans were negatively correlated with dopamine levels. Roseburia intestinalis and Parabacteroides goldsteini were
negatively correlated with serotonin and BDNF levels, respectively. We found a significant correlation between dopa-
mine and serotonin levels, and the super-pathway of purine deoxyribonucleoside degradation.

Conclusions This study provides further support that gut microbiota could modulate neurotransmitter levels. The
results suggest that gut microbiome-targeted therapies may help to rebalance neurotransmitter levels, offering new
hope for the treatment of schizophrenia.
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Background

Schizophrenia is a devastating neuropsychiatric disor-
der that manifests in adolescence or early adulthood
and is characterized by striking features such as halluci-
nations, delusions, and cognitive impairment. Accord-
ing to a WHO report (January 10, 2022), it affects
approximately 24 million people worldwide. Despite
numerous research efforts, the precise cause of schizo-
phrenia remains unknown.

The etiology of schizophrenia involves a complex
interplay of genetic and environmental factors [1].
Recent advances in next-generation sequencing tech-
nology have led researchers to investigate the role of
the human microbiome, particularly the gut micro-
biome, in mental function and development. This
emerging approach has the potential to uncover new
candidate genes or molecular mechanisms related to
mental disorders, which could improve management
and treatment strategies [2, 3].

The human digestive tract harbors approximately 103
to 10 microorganisms, collectively known as the gut
microbiota. The diversity and balance of these microor-
ganisms are crucial for host health [4]. Dysbiosis of the
gut microbiota has been implicated in several neuro-
logical and neuropsychiatric disorders, including mul-
tiple sclerosis, Alzheimer’s disease, Parkinson’s disease,
autism, major depressive disorder, bipolar disorder, and
schizophrenia [5].

Zheng and colleagues discovered that fecal transfer
of gut microbiota from schizophrenia patients induces
schizophrenia-related behaviors in germ-free mice,
accompanied by imbalances in glutamate, glutamine,
and gamma-aminobutyric acid (GABA) in the hip-
pocampus [6]. Studies using 16S rRNA and shotgun
sequencing have shown alterations in the gut microbi-
ome of schizophrenia patients [7]. Dysbiosis may con-
tribute to schizophrenia through several gut-brain axis
pathways, including the hypothalamic—pituitary—adre-
nal (HPA) axis, toll-like receptor (TLR) pathways, the
tryptophan-kynurenine pathway, the vagus nerve, and
neurotransmitter pathways involving brain-derived
neurotrophic factor (BDNF), dopamine, serotonin,
GABA, and short-chain fatty acids [8].

Schizophrenia is associated with abnormal levels of
neurotransmitters and growth factors, such as dopa-
mine, serotonin, and BDNF. These abnormalities are
linked to cognitive impairment and the regulation of
reality perception, memory, and attention [9-12]. This
paper aims to investigate the relationship between the
gut microbiome and plasma levels of neurotransmitters
and growth factors in schizophrenia.
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Methods

This cohort included 10 schizophrenia patients (6 males,
4 females) and 10 healthy controls (3 males, 7 females).
All participants read a written description of the study
objectives and provided written informed consent.

Qualified psychiatrists at both hospitals diagnosed
schizophrenia using the Diagnostic and Statistical Man-
ual of Mental Disorders, 5th Edition (American Psy-
chiatric Association, 2013). The severity of psychotic
symptoms was assessed using the 30-item Positive and
Negative Symptom Scale (PANSS). Clinical data, includ-
ing age, gender, race, PANSS score, and BMI, were col-
lected from both patients and healthy controls by
evaluating psychiatrists. Schizophrenia patients were
receiving a single antipsychotic medication at the time of
the study: eight were on risperidone and two on olanzap-
ine. Excluded from the study were patients with recent
antibiotic use, substance addiction, alcohol consumption,
HIV infection, severe neurologic problems, or mental
impairment. Healthy control individuals were screened
using the Structured Clinical Interview for Non-Patient
Edition (SCID-NP) and were excluded if they had a his-
tory of medical or mental illnesses, drug or alcohol mis-
use, or recent antibiotic use.

Each participant received a fecal collection kit with
explicit instructions for self-collection of feces following
defecation. The kit included disposable gloves, a sterile
50 ml Falcon tube with a wooden tongue depressor for
stool collection, a 15 ml Falcon tube containing 5 ml of
RNA Protect Bacteria reagent (Qiagen, USA) for sample
preservation, and a stand to hold the tube upright during
storage, transport, and laboratory analysis. Fecal samples
were collected on the same day or within two days, and
participants notified researchers once the sample was
collected. The samples were either analyzed immediately
upon arrival at the laboratory or frozen at —80 °C for later
analysis. Blood samples (2 ml) were collected via veni-
puncture, stored in EDTA anticoagulant tubes at —80 °C,
and analyzed later.

ELISA was used to measure plasma levels of dopamine,
serotonin, and BDNF. Competitive ELISA kits (Elabsci-
ence, USA) measured dopamine and serotonin, while the
Human BDNF ELISA Kit PicoKine ™ Pre-Coated ELISA
kit (Boster Bio, USA) assessed BDNF levels. All tests fol-
lowed the manufacturer’s instructions. The Mann—Whit-
ney U test was used to compare neurotransmitter levels
between groups, and the Spearman rank correlation test
assessed correlations between dopamine and serotonin
levels.

RNA extraction was performed using the RNeasy
Power Microbiome Kit (Qiagen, USA) with modifica-
tions in the lysis step. A total of 0.25 g of feces was trans-
ferred to a tube prefilled with 0.1 mm glass beads. The
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tube was filled with 650 pl of lysis solution PM1 (chemi-
cal lysis solution) and 6.5 pl of beta-mercaptoethanol,
then vortexed using the Omni Bead Ruptor 4 Bead Mill
Homogenizer (Omni International, USA) at 3 m per
second (m/s) for 6 min and 5 m per second (m/s) for
8 min. The remaining steps of the protocol were car-
ried out according to the manufacturer’s instructions.
rRNA was removed using the Ribo-Zero rRNA Removal
kit (Illumina, USA), and library quality was controlled
with Qubit 2.0 (Thermo Scientific, USA). Libraries were
sequenced on the Illumina HiSeq 2000 platform (Illu-
mina, USA).

Bioinformatics analysis was performed using the
ASaiM pipeline [13]. Initial sequence quality control was
executed with FastQC v0.11.8 (2018, Babraham Bioinfor-
matics, United Kingdom) to assess overall read quality.
Data cleaning was carried out using Cutadapt v2.8 (2019,
Marcel Martin, Germany), which removed adaptors and
low-quality reads, ensuring a minimum read length of
30 base pairs and a Phred quality score threshold of 30.
To differentiate between ribosomal and non-ribosomal
RNA, SortmeRNA v2.1 (2016, Evguenia Kopylova, Lau-
rent Noé, and Héléne Touzet, France) was employed,
focusing on non-ribosomal RNA to represent the func-
tional microbial community.

Microbiota community identification was conducted
using MetaPhlAn2 v2.6.0 (2015, Nicola Segata, Harvard
T.H. Chan School of Public Health, USA), which uti-
lizes clade-specific marker genes from a comprehensive
database of 17,000 reference genomes (including 13,500
bacterial and archaeal, 3500 viral, and 110 eukaryotic
genomes). Functional analysis of microbial communi-
ties was performed using HUMaN2 v0.11.1 (2012, Cur-
tis Huttenhower, Harvard T.H. Chan School of Public
Health, USA).

The sequencing effort generated a total of 636,206,364
unprocessed sequences across 20 samples, with indi-
vidual sequence counts ranging from 26,645,328 to
37,197,780. Quality metrics were assessed with Q20 and
Q30 percentages ranging from 97.41 to 99.03% and 92.84
to 95.76%, respectively. These metrics corresponded to
base-calling accuracies between 97.67 and 99.22%, with
minimal base-calling errors ranging from 0.02 to 0.03%.
All samples passed the quality control criteria for Q20
and Q30, and the GC content of all raw data was within
the acceptable range of 40-60%.

Statistical analysis of clinical variables, including age,
BM]I, gender, neurotransmitter levels, and bacterial spe-
cies abundance, was conducted using GraphPad Prism
(version 9.0.0, 2020; GraphPad Software, San Diego, CA,
USA). The modalities employed from GraphPad Prism
included the Shapiro—Wilk test to assess whether the data
followed a normal distribution, the Anderson-Darling
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test to provide a measure of goodness-of-fit for the dis-
tribution, and the Mann—Whitney U test to compare
differences in non-normally distributed data between
schizophrenia patients (SCZ) and healthy controls (HC).

Bacterial profiles of HC and SCZ were visually exam-
ined at the family, genus, and species levels using a TSS-
normalized OTU count table. Alpha diversity metrics,
including Observed, Chaol, Shannon, and Simpson indi-
ces, were calculated to quantify the diversity within each
sample. These metrics were analyzed using the R func-
tion estimate richness and visualized using GraphPad
Prism version 9 (2020, GraphPad Software, USA).

Beta diversity, which measures differences in micro-
bial community composition between HC and SCZ,
was assessed using the MicrobiomeAnalyst v1.0 (2017,
McGill University, Canada). Bray—Curtis and Jaccard
indices were calculated and visualized using non-metric
multidimensional scaling (NMDS). The PERMANOVA
test was applied to determine the statistical significance
of observed differences in microbial community compo-
sition between the two groups.

To identify significant differences in microbial abun-
dance and functional metabolisms between HC and SCZ,
we used LEfSe v1.1.01 (2011, Harvard T.H. Chan School
of Public Health, USA (Linear Discriminant Analysis
Effect Size) with a Linear Discriminant Analysis (LDA)
threshold >0.2 and p-value <0.05. LEfSe is designed to
detect taxonomic features and functional biomarkers that
differ significantly between groups, accounting for both
biological significance and effect size. This analysis iden-
tified differentially abundant microbial taxa and func-
tional pathways associated with schizophrenia.

To evaluate the diagnostic potential of different micro-
bial species, Receiver Operating Characteristic (ROC)
curves were generated using GraphPad Prism version 9
(2020, GraphPad Software, USA). ROC curves assessed
the ability of specific microbial features to distinguish
between HC and SCZ, providing insights into their
potential as diagnostic biomarkers.

To explore the relationships between bacterial species
abundance, neurotransmitter levels, and functional path-
ways, we conducted Spearman rank correlation analysis.
This non-parametric method assessed the strength and
direction of monotonic associations among these vari-
ables, providing insights into how changes in microbial
communities relate to neurotransmitter levels and func-
tional pathways.

Results

Table 1 displays the clinical characteristics of the 20 sub-
jects chosen. There were no statistically significant dif-
ferences in age, gender, or BMI between HC and SCZ
(p>0.05).
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Table 1 Demographics and clinical characteristics of the study
participants

Demographic Healthy Schizophrenia (SCZ)  pvalue
variables control
(HO)
Number (n=10) (h=10)
Age? (years) 315 27.5 04917
Gender? 0.3698
Male 3(30%) 6 (60%)
Female 7 (70%) 4 (40%)
Race 0.721
Malay 9 (90%) 10 (100%)
Chinese 1(10%) 0
BMIP 26.84 2877 0.502
Antipsychotic drugs NA Risperidone (n=8, 80%)
Olanzapine (n=2, 20%)
PANNS score NA Mean:102.7
Dopamine® (pg/ml) 9515 1178 0.0089
Serotonin® (ng/ml) 9191 139.7 0.0387
BDNF® (pg/ml) 4329 416.2 0.7449

2The variable is abnormally distributed and Mann-Whitney U test was applied
to compare the variables between group

bVvariable is normally distributed, and unpaired T-test was applied to compare
the variables between groups

The p value <0.05 is significant

BMI body mass index, PANNS Positive and Negative Symptom Scale, BDNF brain-
derived neurotrophic factor, NA not applicable

We compared the levels of dopamine, serotonin, and
BDNF in HC and SCZ (Fig. 1). SCZ patients showed a
higher level of dopamine and serotonin compared to HC
(p<0.05). BDNF level was higher in HC, but the differ-
ence was not statistically different (p>0.05). This could
be due to the effect of atypical antipsychotics, especially
risperidone that aims to bring the BDNF in schizophrenia
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patients to normal levels [14]. Our finding is consistent
with prior studies indicating that increase in dopamine
in schizophrenia cause hallucinations and delusions
[15]. Although the schizophrenia patients in this study
are being treated with atypical antipsychotics such as
risperidone and olanzapine, these medications primar-
ily target serotonin rather than dopamine. In addition,
atypical antipsychotics may enhance dopamine release
in the prefrontal cortex [16, 17]. According to a previous
study [18], people with schizophrenia have a greater sero-
tonin level compared to healthy controls, which concur
with our results. The schizophrenia patients in this study
were given risperidone or olanzapine to rebalance their
serotonin level by blocking serotonin 5-HT2 receptors.
However, the serotonin levels in SCZ were still higher
than those of HC, and the reason for this disparity is
unknown. We also found a strong correlation between
dopamine and serotonin levels among the 20 subjects
(tho=0.73 p=0.0002) (Fig. 1D).

The compositional profile of the gut microbiome
at the family level revealed that the top 15 families
accounted for 94.6 and 90.4% of the gut microbiome
in HC and SCZ, respectively. Ruminococcaceae (HC:
23.16%, SCZ: 16.88%) and Veillonellaceae (HC: 17.59%,
SCZ: 16.58%) were the most abundant in both groups.
This was followed by Lachnospiraceae (10.74%) in HC
and Acidaminococcaceae (11.20%) in SCZ. Interestingly,
Prevotellaceae was more abundant by 10.56% in SCZ
compared to HC (HC: 0.19%, SCZ: 10.56%), while Corio-
bacteriaceae was lower by 5.88% in SCZ compared to HC
(HC: 7.80%, SCZ: 1.91%) (Fig. 2A).

The top 15 genera accounted for 81.8 and 79.4% of the
total microbiota profile in HC and SCZ, respectively.
Megasphaera (HC: 16.47%, SCs: 14.5%) and Faecalibacte-
rium (HC: 11.41%, SCZ: 12.43%) were the most prevalent
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Fig. 1 Comparison of schizophrenia-related neurotransmitter levels between HCs and SCZs. Dopamine A serotonin B and BDNF C levels measured
using ELISA. The levels of dopamine and serotonin were significantly higher in SCZ compered to HCs (Mann-Whitney test, p <0.05). D Dopamine
and serotonin levels are positively correlated in the entire cohort (Spearman correlation, p < 0.05)
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Fig. 2 The gut microbiome profiles, diversity and interpersonal variations in HCs compared to SCZs. A Microbiome composition profiles
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genera in both groups, with Ruminococcus (9.63%) domi-
nating in HC and Prevotella (10.67%) in SCZ (Fig. 2B).
Faecalibacterium prausnitzii, Megasphaera unclassi-
fied, Eubacterium rectale, and Ruminococcus torques,
with median relative abundances of 0.148, 0.144, 0.020,
and 0.0189, respectively, are listed among the top 4
most abundant bacteria at species level in both groups
(Fig. 2C).

Next, we evaluated the alpha diversity utilizing several
indexes (observed, Chaol, Shannon, and Simpson). HC
exhibited a trend towards greater Shannon and Simpson
metrics at the species level than SCZ, but these differ-
ences were not statistically significant (p>0.05) (Fig. 2D).
We found a substantial beta diversity between HC and
SCZ. Non-metric multidimensional scaling (NMDS)

based on Bray—Curtis dissimilarity distances and Jaccard
index for beta diversity revealed a statistically significant
difference between the microbial communities of HC and
SCZ using the PERMANOVA test (p <0.05) (Fig. 2E).

To identify the specific bacterial taxa linked with schiz-
ophrenia, we utilized LEfSe to analyze the gut micro-
biota of SCZ and HC [19]. The LEfSe analysis showed
that Bacteroidetes (phylum), Bacteroidia (class), Bacte-
roidales, Paraprevotella (genus) were more abundant in
SCZ while Adlercreutzia (genus) was more abundant in
HC (Fig. 3A). LEfSe analysis also revealed that 8 bacterial
species were enriched in HC, these included Roseburia
intestinalis, Adlercreutzia equolifaciens, Roseburia inulin-
ivorans, Bacteroides finegoldii, Dorea longicatena, Eubac-
terium eligens, Alistipes indistinctus and Streptococcus
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p<0.05)

lutetiensis. On the other hand, the gut microbiome of
SCZ was enriched with Eubacterium biforme, Sutterella
wadsworthensis, Phascolarctobacterium succinatutens,
Paraprevotella clara and Parabacteroides goldsteinii
(Fig. 3B).

We further evaluated the discriminative power of these
significant bacteria. The results of the ROC showed that
the area under curve (AUC) scores of Dorea longicat-
ena, Roseburia intestinalis, Alistipes indistinctus, Eubac-
terium biforme, Sutterella wadsworthensis, Bacteroides

finegoldii, Eubacterium eligens, and Roseburia inulini-
vorans ranged from 0.80 to 0.87 (AUC; 95% CI, p<0.05),
indicating excellent predictive power, while Adlercreut-
zia equolifaciens, Paraprevotella clara, Phascolarcto-
bacterium succinatuten, Parabacteroides goldsteinii, and
Streptococcus lutetiensis had a AUC scores of 0.70 to 0.75
(AUCG; 95% CI, p<0.05) reflecting strong predictive capa-
bility (Fig. 3C).

Network analysis based on Spearman correlation
revealed that the bacteria enriched in the HC showed a
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positive correlation with each other (rho=0.49 to 0.69,
p<0.05) but a negative correlation with those enriched
in the SCZ (rho=-0.46 to 0.62, p<0.05). Positive cor-
relation was observed between SCZ-enriched bacte-
ria (rho=0.49 to 0.59, p<0.05). We found that Alistipes
indistinctus, Dorea longicatena and Roseburia inulini-
vorans (tho=-0.4682 to —0.585 p<0.05) was negatively
correlated with dopamine levels, Roseburia intestinalis
negatively correlated with serotonin concentration
(rho=-0.483, p<0.05) and Parabacteroides goldsteini
negatively correlated with BDNF (-0.7033, p<0.05, in
SCZ). There was no significant correlation between the
bacteria and age and BMI (Fig. 4A).

Using LEfSe, 14 functional metabolic pathways that
were different between HC and SCZ were found. Three
pathways including lipid biosynthesis, tetrapyrrole bio-
synthesis I (from glutamate) and heme biosynthesis I
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(aerobic) were upregulated in SCZ, whereas the following
metabolic pathways were upregulated in HC: pyruvate
fermentation to acetate and lactate II, phosphopanto-
thenate biosynthesis I, superpathway of purine deoxyri-
bonucleoside degradation, super-pathway of L-aspartate
and L-asparagine biosynthesis, L-isoleucine biosynthesis
IV, phosphatidylglycerol biosynthesis I and II, inosine
5’-phosphate biosynthesis II and CDP-diacylglycerol bio-
synthesis I and II (Fig. 4B).

Furthermore, a significant correlation was found
between levels of dopamine and serotonin with the
superpathway of purine deoxyribonucleoside degrada-
tion (rho=-0.60 and rho=—0.47, respectively, p <0.05).
Serotonin also correlated negatively with the pathway of
L-isoleucine biosynthesis IV (rho=-0.45, p<0.05) and
correlated positively with the pathway of inosine 5-phos-
phate biosynthesis II (rho=0.48, p<0.05). Dopamine
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Fig. 4 Co-occurrence of microbiota and their functional characteristics in HCs and SCZs and their correlation with brain neurotransmitters. A
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and the darker green and pink, the stronger the correlation (Spearman correlation, p <0.05)
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was also found to have a negative correlation with the
super pathways of L-aspartate and L-asparagine biosyn-
thesis, as well as CDP-diacylglycerol biosynthesis I and
II (tho=-0.45 and rho=-0.67, respectively, p<0.05)
(Fig. 4C).

Discussion

The gut microbiome plays a crucial role in mental
health through the gut-brain axis. Our study examined
the impact of gut microbiome composition on neuro-
transmitter levels related to schizophrenia and identi-
fied potential functional pathways involved in these
interactions.

We observed significant differences in gut microbi-
ome composition between schizophrenia patients and
healthy controls. Specifically, Phascolarctobacterium suc-
cinatutens and Paraprevotella clara, which produce suc-
cinate, were more abundant in schizophrenia patients.
Elevated succinate levels are associated with inflamma-
tion-related conditions such as obesity and type 2 diabe-
tes, which are common comorbidities in schizophrenia
[20-22].

In contrast, butyrate-producing bacteria like Roseburia
inulinivorans, Eubacterium eligens, Roseburia intestinalis,
and Dorea longicatena were more prevalent in healthy
controls. Previous studies have linked decreased butyrate
levels with increased inflammation and central nervous
system infections in schizophrenia [23].

Although the precise mechanistic role of the gut
microbiome in schizophrenia is unknown, a few poten-
tial mechanisms could explain the link between the gut
microbiome, schizophrenia and its comorbidities. Irri-
table bowel syndrome (IBS) is one of the most com-
mon comorbidities of schizophrenia [24, 25]. In the
SCZ group, we discovered some bacteria, namely Adler-
creutzia equolifaciens, Bacteroides finegoldii, and Alis-
tipes, whose deficiencies have been associated with IBS
[26-28]. Furthermore, there was a high abundance of
Paraprevotella clara species, an acetic acid-producing
intestinal bacteria [29] in the SCZ group. Chronic schizo-
phrenia associated with increased levels of acetic acid
may lead to alterations in the body’s acid—base homeo-
stasis [30]. Studies have found that changes in body acid—
base homeostasis are associated with panic disorder and
other psychiatric disorders. There were also evidences
that showed the brain pH of patients with schizophrenia
and bipolar disorder was lower than in healthy individu-
als [31-34].

In our study, Parabacteroides goldsteinii was
enriched in SCZ while absent in HC, and it showed
a negative correlation with BDNF level (rho=-0.70
p=0.028, 40% prevalence). Nobel and colleagues
[35] suggested that Parabacteroides negatively affect
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hippocampus-dependent, peri-rhinal cortex-depend-
ent memory functions and cause cognitive impairment.
Roseburia inulinivorans was negatively correlated with
dopamine levels in SCZ. A previous study by Chen and
colleagues [36] showed that Roseburia level was deceased
in SCZ. Additionally, it has been demonstrated that Rose-
buria decreases in the gut microbiota of patients suf-
fering from anorexia nervosa, a serious psychological
disorder with similar symptoms to schizophrenia [23].
Sodersten and colleagues [37] found that anorexics have
increased dopamine levels in the brain and this was sup-
ported by genome-wide association studies that identi-
fied metabolic factors in the etiology of anorexia nervosa
[38, 39].

We further found that the super pathway of purine
deoxyribonucleoside degradation was decreased in SCZ,
and this was negatively correlated with both dopamine
and serotonin levels. The change in this metabolic path-
way was marked by the absence of butyrate-producing
bacteria such as Eubacterium eligens, Roseburia intes-
tinalis, and Roseburia inulinivorans, and the increase in
the levels of Eubacterium biformes. Studies have shown
that alteration of purine degradation affects dopamine
and serotonin levels leading to abnormalities in brain
function and schizophrenia [40—44]. The brain, which is
60% lipids, requires an abundance of phospholipids in the
right proportions to stabilize neuronal cell membranes
and promote cognitive function [45]. In the SCZ, the
lipid biosynthesis pathway showed an increase while the
phospholipid and asparagine biosynthesis pathways were
decreased. Several studies have also found that patients
with schizophrenia have higher serum lipid levels (cho-
lesterol and triglycerides) than healthy individuals and
low phospholipid levels [46—48]. Low levels of amino acid
asparagine are correlated with a high level of dopamine
and the Sutterella wadsworthensis. Association of aspar-
agine deficiency with brain abnormality and cognitive
impairment have been shown in a previous study [49].

Overall, we found that butyrate, a short-chain fatty acid
known for its anti-inflammatory properties, was depleted
in individuals with schizophrenia. Butyrate plays a cru-
cial role in maintaining gut barrier integrity and reducing
systemic inflammation, which can, in turn, influence the
kynurenine pathway and affect kynurenic acid (KYNA)
levels [50]. Since KYNA modulates dopaminergic and
glutamatergic pathways—both of which are implicated
in schizophrenia—alterations in gut microbiome-derived
metabolites like butyrate could impact KYNA levels and
contribute to the neurobiological abnormalities observed
in this disorder, as discussed in a recent review [51].

This study has a few limitations. The small sample size
may impact the generalizability of our findings. Addi-
tionally, the study did not specifically evaluate how



Ghorbani et al. Egypt J Neurol Psychiatry Neurosurg (2024) 60:123

antipsychotic treatment might affect the gut microbiome,
which could be a significant factor.

To address these limitations, future research should
involve larger sample sizes and longitudinal studies,
including both drug-naive and antipsychotic-treated
schizophrenia patients. This approach will help clarify
the relationships between the gut microbiome and schiz-
ophrenia more comprehensively.

Additionally, future investigations should focus on
microbiome-targeted interventions as potential strate-
gies for managing schizophrenia. Understanding how
specific alterations in the gut microbiome influence
neurotransmitter levels and related symptoms will be
essential for developing more effective, personalized
treatments. These studies could pave the way for novel
therapeutic approaches that address the microbiome’s
role in schizophrenia.

Conclusion

This study highlights the association of the gut micro-
biome with schizophrenia-associated brain neuro-
transmitters such as dopamine, serotonin and BDNF.
Furthermore, the dysbiosis of certain gut bacteria such as
Roseburia inulinivorans, Sutterella wadsworthensis, Bac-
teroides finegoldii and Eubacterium eligens in schizophre-
nia could potentially serve as a biomarker for diagnostics
and therapeutics. This could potentially be useful to
develop gut microbiome-targeted interventions to rebal-
ance schizophrenia-related neurotransmitters.
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