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Abstract

The gut-brain axis plays a pivotal role in mental health, with synbiotic supplements
emerging as promising interventions for stress and anxiety management. This
observational open-label pilot study aims to evaluate the effects of a synbiotic
supplement containing Bacillus subtilis DSM 32315 and L-alanyl-L-glutamine,
delivered via a targeted colonic-release capsule, on stress, anxiety, and mental well-
being. Conducted as a non-placebo-controlled real-world case study, the study
recruited 100 adults with elevated perceived stress and followed them for over
eight weeks. Validated self-reporting tools, including the Depression Anxiety Stress
Scales-21 items (DASS-21), Perceived Stress Scale-10 items (PSS-10), Athens Insomnia
Scale (AlS), Short Form Health Survey-12 items, and Gastrointestinal Symptom Rating
Scale questionnaires, were used to assess outcomes. Statistical analyses, primarily
using linear mixed models, indicated reductions in DASS-21, PSS-10, and AlS scores,
along with self-reported improvements in gastrointestinal symptoms and mental
well-being. These findings should be interpreted cautiously due to the exploratory,
uncontrolled study design. Notably, DASS-21 total scores declined within one week,
with reported benefits sustained at four and eight weeks. However, these rapid
changes may partly reflect expectancy effects or regression to the mean. These
observations provide valuable insights for further hypothesis generation, notably
that the synbiotic supplement could support stress management and mental
health by modulating the gut-brain axis. However, further placebo-controlled trials
including measurement of relevant biomarkers are warranted to confirm these
observations and explore underlying mechanisms.

Keywords: Synbiotic; Bacillus subtilis; L-alanyl-L-glutamine; Colonic delivery; Gut-brain
axis; Mental well-being; Short-chain fatty acids; Real-world study

1. Introduction

Mental health is increasingly acknowledged as a fundamental pillar of overall well-
being. The World Health Organization emphasizes that mental well-being empowers
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individuals to manage stress, recognize their potential,
and make meaningful contributions to society.! Among
the most widespread mental health challenges globally
are stress-induced mood disorders, such as anxiety and
depression, which collectively affect over 300 million
people and significantly diminish quality of life while
contributing to disability.> Chronic stress, a pervasive
concern in modern society, is linked to both emotional
distress and physiological dysregulation, particularly in
relation to intestinal health, as highlighted by Person
and Keefer? Chronic stress is known to disrupt the
composition of the gut microbiome, as summarized by
Leigh et al.* Conversely, the intestinal microbiota influences
mental health disorders, including depression, through
mechanisms involving neurotransmitter production,
hormonal regulation, neurogenesis, neuroplasticity,
and inflammatory pathways.> 'This Dbidirectional
communication system connects the gastrointestinal tract
with the central nervous system and is called the gut-brain
axis. It is increasingly recognized as a crucial factor in the
pathophysiology of mood and mental health disorders.
Therefore, actively modulating the gut microbiome to
address issues such as stress, depression, and anxiety,
through neurochemical, immunological, and endocrine
pathways, may offer promising therapeutic avenues.®

One of the most compelling mechanisms by which the
gut microbiota influences brain function is through the
production of short-chain fatty acids (SCFAs), particularly
acetate, propionate, and butyrate. These microbial
metabolites are generated via fermentation of dietary fibers
and have been shown to modulate neuroinflammation,
neurotransmitter synthesis, and blood-brain barrier
integrity” However, adequate fiber intake remains a
challenge in various developed countries. For example, a
recent umbrella review reports inadequate fiber intake in
>90% of Americans, and in the United Kingdom, average
daily fiber consumption is well below the recommended
30g8

Butyrate, in  particular, has  demonstrated
neuroprotective properties, including histone deacetylase
inhibition and anti-inflammatory effects, which
may mimic or enhance the action of conventional
antidepressants. It can cross the blood-brain barrier and
influence gene expression and neuroplasticity, thereby
improving mood regulation and stress resilience.” Butyrate
is increasingly recognized as an important mediator in
gut-brain communication.'” In turn, stress can alter gut
microbiota composition and reduce the availability of
SCFAs, particularly butyrate, which plays a key role in
maintaining intestinal barrier integrity and modulating
systemic inflammation.'** Conversely, modulation of

the gut microbiota through dietary interventions may
positively influence mental health outcomes. Recent
studies have shown that individuals with depression
and anxiety often exhibit gut dysbiosis, characterized
by reduced abundance of SCFA-producing bacteria
and increased pro-inflammatory strains.® Experimental
models have confirmed that fecal microbiota transplants
from depressed individuals can induce depression-like
behaviors in rodents, suggesting a causal role for microbial
composition in mood regulation.'>"

Probiotic and synbiotic interventions have shown
promise in modulating the gut microbiota to restore
microbial balance and enhance SCFA production, with
positive effects on mood and mental well-being.” In
contrast, a recent study showed that a prebiotic diet
reduced mood disorder symptoms relative to placebo after
eight weeks, while probiotic and synbiotic treatments had
no effect.”

While previous research has explored dietary
interventions, probiotics, and prebiotics in controlled
settings, with varying results, there is limited evidence on
real-world applications of targeted synbiotic formulations
designed to enhance butyrate production in vivo. While
adequate dietary fiber intake remains a prerequisite for
optimal SCFA synthesis, current consumption levels
frequently fall below established recommendations.®
To address this gap, a targeted synbiotic approach has
been developed to stimulate intrinsic SCFA production
substantially. This strategy offers the potential of improved
practicality, as achieving sufficient prebiotic fiber intake
typically necessitates high consumption volumes.
Our previous study introduced a novel approach by
evaluating an advanced synbiotic supplement combining
Bacillus subtilis DSM 32315 and the dipeptide L-alanyl-
L-glutamine, delivered via a colonic-release capsule,
to optimize gut microbial fermentation and SCFA
generation. We have shown that butyrate-producing taxa
and butyrate levels were enhanced in feces upon intake
of this supplement. Unlike traditional synbiotics, which
primarily combine prebiotic fibers with probiotics, this
novel combination integrates two distinct microbiome-
modulating components that act synergistically to promote
a microbiota composition favoring butyrate production.'®

The present study investigates the effect of the same
synbiotic combination on mental well-being in an open-
label, uncontrolled observational design. The results are
intended to generate hypotheses for future controlled
trials. In this pilot study, 100 adults with elevated
perceived stress were recruited and observed over eight
weeks using validated psychometric and gastrointestinal
assessment tools (Depression Anxiety Stress Scales-21
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items [DASS-21], Perceived Stress Scale-10 items [PSS-
10], Athens Insomnia Scale [AIS], Short Form Health
Survey-12 items [SF-12], and Gastrointestinal Symptom
Rating Scale [GSRS]). Results demonstrated rapid and
sustained improvements in stress, anxiety, and mental
well-being, along with enhanced gastrointestinal comfort,
suggesting that targeted modulation of the gut microbiome
to promote butyrate synthesis may represent a promising
strategy for stress management. This is an exploratory
study providing preliminary real-world data on the
potential association between a butyrate-focused synbiotic
intervention and self-reported mental health outcomes.
Although the findings suggest promising benefits, further
placebo-controlled trials are needed to confirm efficacy
and elucidate underlying mechanisms.

2. Materials and methods
2.1. Study design and participants

The study was conducted as an open-label, single-center,
consumer experience study from Oct 7, 2024, to Dec 18,
2024, with an independent nutritional contract research
organization, analyze and realize, in Germany. This post-
launch, single-arm, real-world study was not placebo-
controlled and was conducted over eight weeks to evaluate
the effects of a synbiotic supplement on stress, anxiety,
and mental well-being. A total of 101 adult participants
(aged 21-65 years) were recruited via digital outreach
and screened for eligibility. Inclusion criteria required
participants to be in generally good health, to report
elevated perceived stress accompanied by stress-related
complaints for at least two months, and to score > 12 on
the stress subscale of the DASS-21 and between 15-30 on
the PSS-10 at baseline, with access to a smartphone, tablet,
or computer and familiarity with digital tools. Exclusion
criteria included diagnosed psychiatric disorders (e.g.,
depression, anxiety), sleep disorders, chronic pain or
fatigue, regular psychological treatment, recent antibiotic
use (within one month), night-shift work, and substance
abuse. Participants were also excluded if they were using
psychotropic drugs, adaptogens, or sleep- or psychological-
well-being products, or if any changes in medication,
supplementation, or lifestyle were expected during the
study period. All participants provided informed consent
prior to enrollment and were introduced to the digital
patient-reported experience tool (PRE-tool).

After enrollment, the test product was mailed to the
participant for use over the subsequent eight weeks. In the
PRE-tool, the participant was asked to document the start
date of using the test product. One week after the start,
participants completed the DASS-21 questionnaire and

questions about test product use. The latter was repeated
weekly until the end of the intervention period. After
four weeks, the participants were asked to complete the
questionnaires, including the DASS-21, PSS-10, AIS, SF-12,
and GSRS. Eight weeks after the start, the participants
were asked to complete the five questionnaires again. In
addition, participants were asked to answer questions
about the benefits, satisfaction, and potential future use of
the test product.

2.1.1. Compliance

The evaluation of adherence to the protocol use was based
on the information retrieved from the PRE-tool. The
overall test product adherence (%) was defined as the total
number of capsules taken divided by the total number of
capsules to be taken multiplied by 100. The total number
of capsules to be taken was calculated for each participant,
based on the actual length of participation, as reported in
the PRE-tool. Overall adherence (%) was assessed on an
individual level. Participants who consumed more than
80% of the indicated daily amount of the test product were
considered fully compliant.

One participant was excluded from the full analysis
set (FAS) population as the participant did not take the
product. Furthermore, 12 participants were excluded from
the per protocol (PP) population due to major deviations,
but remained in the FAS (Table 1).

Table 1. Overview of study subjects and analysis populations

Percentage of screened/

Study subjects " included subjects
Screened subjects 296 100.0%

Included subjects 101 34.1%

Full analysis set population 100 99.0%

Per protocol population 88 87.1%

The FAS population included all participants with no
relevant deviation (as judged during the data review) from
preconditions for participation who have used the test
product at least once and whose evaluation parameters are
available. The PP population consisted of all participants in
the FAS population who had no relevant deviations from
the project plan (as documented in the data review report)
and who showed test product intake exceeding 80% of the
planned daily rate.
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2.2. Intervention

Participants received a daily oral synbiotic supplement
formulated to release the components in the colon. The
supplement (consumer product “FML-01 Butyrate
Booster”, Fun Ingredients GmbH, Germany, based on
synbiotic concept IN VIVO BIOTICS™ butyrate basic,
Evonik, Germany) consisted of 2 x 10° CFU B. subtilis
DSM 32315 (B4U™ 21, Evonik, Germany), a spore-
forming probiotic strain, and 290 mg dipeptide L-alanyl-
L-glutamine. The combination was encapsulated in a size
0 hydroxypropyl methylcellulose capsule with a functional
coating (EUDRAGUARD' biotic, Evonik, Germany) with
pH-dependent solubility to enable targeted colon delivery
of the capsule, ensuring that the ingredients reach the
distal gut, the SCFA production site. The formulation aims
to enhance in vivo butyrate synthesis through microbiota
modulation, thereby potentially influencing systemic
inflammation and neurochemical pathways involved in
stress regulation. One capsule was taken daily with water
for eight weeks.

2.3. Outcome measures

Participants completed the DASS-21 at baseline and at
one, four, and eight weeks of supplementation. Other
questionnaires (the PSS-10, the AIS, the SF-12, and
the GSRS) were completed at baseline and at four and
eight weeks of supplementation. All data were collected
via a secure electronic data capture system, ensuring
standardized administration and minimizing reporting
bias.

2.3.1. Depression, anxiety, and stress scale-21 items

The DASS-21 is a self-report questionnaire designed to
measure the emotional states of depression, anxiety, and
stress. It has demonstrated good reliability and validity
across various populations.'” It consists of 21 items, with
seven items dedicated to each of the three constructs.
Respondents rate the severity of their experiences over
the past week on a four-point Likert scale, ranging from
0 (did not apply to me at all) to 3 (highly applicable, or
most of the time). The questionnaire assessed difficulty
relaxing, nervous arousal, being easily upset/agitated,
being irritable/overreactive, being impatient, dysphoria,
hopelessness, devaluation of life, self-deprecation, lack of
interest/involvement, anhedonia and inertia, autonomic
arousal, skeletal muscle effects, situational anxiety, and
subjective experience of anxious affect. Higher values
indicated higher symptom levels. Subscale scores range
from 0 to 21.

For comparability with interpretation guidelines
originally developed for the DASS-42, each subscale

score in the DASS-21 is multiplied by two to generate the
total score. The resulting total score ranges from 0 to 126.
Symptom severity categories (normal, mild, moderate,
severe, and very severe) are presented in Table 2.

Table 2. Score ranges for the Depression Anxiety Stress
Scales-21 total score, according to the manual

Severity Score range
Normal 0-30

Mild 31-40
Moderate 41-60
Severe 61-80
Extremely severe >81

2.3.2. Perceived stress scale-10 items

The PSS-10 is a widely used psychological instrument for
measuring perceived stress. It consists of 10 items that
assess how unpredictable, uncontrollable, and overloaded
respondents find their lives to be. Items are rated on a five-
point scale, from 0 (never) to 4 (very often). The PSS-10
has shown strong psychometric properties and is effective
in various populations.'

2.3.3. Athens Insomnia Scale

The AIS is a self-reported questionnaire that assesses the
severity of insomnia symptoms. It consists of eight items,
each rated on a 0 to 3 scale, reflecting the frequency of
insomnia symptoms over the past month. The total score
ranges from 0 to 24, with higher scores indicating more
severe insomnia. The AIS has been validated in various
populations and is recognized for its reliability."

2.3.4. Short Form Health Survey-12 items

The SF-12 is a 12-item questionnaire that measures health-
related quality of life. It includes two summary measures:
the physical component summary (PCS) and the mental
component summary (MCS). Respondents rate their
health status over the past month, and the scores are
standardized to a mean of 50 and a standard deviation of
10. The SF-12 has been validated in diverse populations
and is widely used in health research.?

2.3.5. Gastrointestinal Symptom Rating Scale

The GSRS is a self-administered questionnaire designed
to assess gastrointestinal symptoms. It consists of 15
items that cover five dimensions: abdominal pain, reflux,
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indigestion, diarrhea, and constipation. Respondents rate
the severity of their symptoms on a seven-point scale, from
1 (no symptoms) to 7 (very severe symptoms). The GSRS
has been shown to have good reliability and validity in
clinical and non-clinical populations.*!

2.4. Data capture, data management, and statistical
analysis

DataCapt, an electronic data capture platform (version
4.15.1); including an electronic diary and questionnaires),
was used to collect the patient-reported experience
data. The entries in the PRE-tool were recorded by the
participants. Project data were stored in an appropriate
format in accordance with applicable data protection
regulations.

Descriptive statistics were used to summarize baseline
characteristics and outcome measures. All parameters
received an explorative examination. For the evaluation
items, the following statistical characteristics were shown
in figures by week: mean, median, extremes, and quartiles.
Primary and secondary endpoints were analyzed using a
linear mixed model (LMM) with week and baseline score
as fixed effects and the participant as a random effect.

The means (least squares means) and 95% confidence
intervals for the change from start were calculated at
weeks one, four, and eight. Assumptions of normality
and homoscedasticity in linear models were examined
using graphical representations of residuals produced
by statistical models. For substantial deviations from
normality and/or homoscedasticity, a Wilcoxon test for
paired data was used at weeks one, four, and eight.

Analyses were performed on the FAS population.
Changes of DASS-21 values from project start to weeks
one, four, and eight were also analyzed on the PP
population. Clinically relevant improvements were defined
using thresholds for each scale. Statistical analyses were
performed using standard R software packages (version
4.3.3, R Foundation for Statistical Computing, Austria),
and significance was set at p < 0.05 for all statistical tests.

3. Results
3.1. Subject characteristics

This section presents the outcomes of the eight-week
consumer experience study evaluating the effects of the
test product on stress, mental well-being, sleep quality,
gastrointestinal symptoms, and overall satisfaction. The
results are structured by validated assessment tools and
participant-reported outcomes. Subjects’ characteristics
at the beginning of the study were as follows: The mean
age of participants was 38.93 + 11.16 years. Among the

participants included, 72.0% were female, and 28.0% were
male. The mean weight of participants was 75.54 + 14.96
kg, and the mean height of participants was 172.50 + 7.79
cm. All results presented here refer to the FAS population
of this study.

3.2, Missing data

The proportion of missing data in this study was extremely
low. For the DASS-21 questionnaires, two participants
provided no responses—one at week one and another
at week eight—constituting “fully missing” cases. These
observations were excluded from all statistical analyses. At
week four, a single-item response was missing; this value
was imputed using the item’s mean score for that visit. A
comparable pattern of adherence was observed for the
remaining questionnaires, with at most one fully missing
case per visit and no additional item-level missingness.
Given the small fraction of missing data, its impact on the
statistical results is negligible.

3.3. Synbiotic supplementation significantly
improved psychological evaluation items

3.3.1. Depression Anxiety Stress Scales-21 items

The DASS-21 total score showed reductions from baseline
at all time points (weeks one, four, and eight). These
findings suggest potential improvements in self-reported
emotional distress, though they should be interpreted
cautiously given the study’s open-label design (Figure 1).

There were statistical differences between baseline
DASS-21 total score and total score after one, four, and
eight weeks of synbiotic supplement intake in the LMM
(Table 3). These results were supported by the Wilcoxon
test.

The DASS-21 showed a clear shift in total score
categories, indicating physiological significance, with a
marked reduction in the “severe” and “extremely severe”
categories (Figure 2).

The DASS-21 stress subscores were decreased compared
to baseline in 87.0% and 93.9% of participants after four and
eight weeks, respectively; DASS-21 depression subscores
were reduced compared to baseline in 90.0% and 89.9%
of participants after four and eight weeks, respectively;
DASS-21 anxiety subscores were reduced compared to
baseline in 85.0% and 88.9% of participants after four and
eight weeks, respectively.

The DASS-21 stress subscores decreased by at least 5
points from baseline in 54.0% and 69.7% of participants
after four and eight weeks, respectively. Such a reduction
represents a reliable improvement, corresponding to a
shift to an adjacent, less severe range. For depression and
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Table 3. Depression Anxiety Stress Scale-21 items total score (variations Wn—-WO0): Linear mixed model (full analysis set)

Comparison Mean change estimate Standard error 95% CI p-value
WI1-Wo0 -39.48 2.01 (—43.45,-35.51) <0.0001
W4-Wo0 -31.39 2.01 (—35.34, —27.43) <0.0001
W8-Wo -37.96 2.01 (—41.93,-33.99) <0.0001

Abbreviation: CI: Confidence interval.

Figure 1. Depression Anxiety Stress Scale-21 items total score in the full analysis set population at study start (WO0), week 1 (W1), week 4 (W4), and week 8
(W8)

Figure 2. Transition between the doubled Depression Anxiety Stress Scale-21 total scores categories across the weeks, at study start (WO0), after week 1
(W1), week 4 (W4), and week 8 (W8)
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anxiety subscores, an improvement of at least 4 points
represents a reliable improvement (i.e., moved into an
adjacent and less severe range) according to Ronk et al.*?
DASS-21 depression and anxiety subscores were reduced
by at least 4 points from baseline in 69.0% and 73.7%
and in 58.0% and 70.7% of participants after four and
eight weeks, respectively. These findings suggest that the
synbiotic product may be associated with self-reported
improvements in emotional well-being. However, the lack

of a control group limits the ability to draw conclusions
about clinical relevance or causality.

3.3.2. Perceived Stress Scale-10 items

The PSS-10 total score decreased from baseline at
weeks four and eight, indicating a rapid and sustained
improvement in emotional distress (Figure 3).

The PSS-10 total score decreased significantly after four
and eight weeks in the LMM (Table 4). These results were

Figure 3. Perceived Stress Scale-10 items total score in the full analysis set population at study start (W0), after week 4 (W4), and week 8 (W8)

Table 4. Perceived Stress Scale-10 items total score (variations Wn-WO0): Linear mixed model (full analysis set)

Comparison Mean change estimate Standard error 95% CI p-value
W4-WO0 -4.69 0.37 (-5.43, -3.95) <0.0001
W8-WO0 -5.62 0.38 (-6.36, —4.88) <0.0001

Abbreviation: CI: Confidence interval.
supported by the Wilcoxon test.

3.3.3. Athens Insomnia Scale

The AIS total score decreased from baseline at
weeks four and eight, indicating a rapid and sustained
improvement in emotional distress (Figure 4).

The AIS total score reduced significantly at four and

eight weeks in the LMM (Table 5). These results were
supported by the Wilcoxon test.

3.3.4. Short Form Health Survey-12 items mental
component summary and physical component
summary

The MCS-12 of the SF-12 increased from baseline at weeks
four and eight, suggesting potential improvements in self-
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Figure 4. Athens Insomnia Scale total score in the full analysis set population at study start (WO0), after week 4 (W4), and week 8 (W8)

Table 5. Athens Insomnia Scale total score (variations Wn-WO0): Linear mixed model (full analysis set)

Comparison Mean change estimate Standard error 95% CI p-value
W4-Wo0 -0.41 0.05 (-0.51,-0.31) <0.0001
W8-Wo —-0.68 0.05 (-0.78, —0.58) <0.0001

Abbreviation: CI: Confidence interval.

reported mental distress, while the PCS-12 of the SF-12
remained stable throughout the study (Figure 5).

The MCS of the SF-12 increased from baseline after
four and eight weeks in the LMM. There was no statistically
significant change in the SF-12 PCS from baseline, after
four and eight weeks in the LMM (Table 6). These results
were supported by the Wilcoxon test.

3.4. Gastrointestinal outcomes

3.4.1. Gastrointestinal symptom rating scale total
score

The GSRS total score showed reductions from baseline
at weeks four and eight, suggesting improvement in self-
reported gastrointestinal symptoms (Figure 6).

The GSRS total score reduced significantly after four
and eight weeks in the LMM (Table 7). These results
were supported by the Wilcoxon test. This improvement

is reflected in the subscores for reflux, abdominal pain,
indigestion, diarrhea, and constipation.

3.4.2. Gastrointestinal symptom rating scale
subscores

All five domains—reflux, abdominal pain, indigestion,
diarrhea, and constipation—showed significant reductions
as shown in Figure 7 and Table 8, respectively.

3.5. Participant feedback
3.5.1. Global evaluation of benefit

At the end of the study, 76% of participants rated the
product’s benefit either as “good” or “very good” The
satisfaction was rated either as “very satisfied” or “satisfied”
in 71% of participants, whereas 29% of participants
were either “moderately satisfied” or “not satisfied” The
willingness to use the product in the future was rated “yes”
by 49% and “maybe” by 36% of participants.
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Figure 5. Short Form Health Survey-12 items score. (A) Mental component summary-12 and (B) Physical component summary-12 score in the full
analysis set population at study start (W0), after week 4 (W4), and week 8 (W8).

Table 6. MCS-12 and PCS-12 score (Variations Wn—W0): Linear mixed model (full analysis set)

Comparison Subscore of SF-12 Mean change estimate Standard error 95% CI p-value
W4-W0 MCS-12 7.78 0.90 (6.00, 9.57) <0.0001
W8-Wo MCS-12 11.87 0.90 (10.08, 13.66) <0.0001
W4-W0 PCS-12 0.45 0.49 (-0.53, 1.42) 0.3638
W8-WO0 PCS-12 0.83 0.50 (-0.15,1.81) 0.0971

Abbreviations: CI: Confidence interval; MCS: Mental component summary; PCS: Physical component summary; SF: Short Form Health Survey.

3.5.2. Compliance

The average compliance with the foreseen product intake
was 90.8%. Overall, the results demonstrate that the use
of synbiotic supplements was associated with significant
improvements in stress, anxiety, depression, perceived
stress, sleep quality, and gastrointestinal symptoms. These
effects were observed as early as one week after initiation
and sustained throughout the eight-week study period.
The high compliance and positive user feedback further
support the product’s acceptability and potential utility in
stress management and mental well-being.

4, Discussion

The present open-label observational pilot study provides
valuable insights for generating a hypothesis. The results
suggest that a consumer product, based on a synbiotic
combination of B. subtilis DSM 32315 and L-alanyl-L-
glutamine, delivered via a targeted colonic-release capsule,
may be associated with self-reported improvements
in stress-related psychological and physiological
outcomes. The intervention showed improvements in

self-reported measures of mental well-being, including
stress, anxiety, depression, perceived stress, sleep quality,
and gastrointestinal symptoms. The most pronounced
effects were observed in the DASS-21 total score, which
decreased after one week of product use (—39.48 = 2.01),
with sustained reduced values at four and eight weeks.
Subscores for stress, anxiety, and depression also showed
consistent reductions that may be physiologically relevant.
However, as this trial was conducted as an open-label
observational pilot study without a placebo-controlled
group, the interpretation of the results is limited. Given
the high susceptibility of subjective psychological scales
(particularly DASS-21 and PSS-10) to expectancy effects,
the observed improvements may also be attributable to
a placebo response, regression to the mean, or natural
fluctuation in symptoms. To rule this out and substantiate
a hypothesis of a beneficial effect on mood, stress, and
sleep, it is indispensable to conduct additional placebo-
controlled studies.

Furthermore, the participants in this study were
predominantly female (72%) with a mean age of
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Figure 6. Gastrointestinal symptom rating scale total score in the full analysis set population at study start (W0), after week 4 (W4), and week 8 (W8)

Table 7. Gastrointestinal symptom rating scale total score (Variations Wn—WO0): Linear mixed model (full analysis set)

Comparison Mean change estimate Standard error 95% CI p-value
W4-W0 -0.65 0.07 (-0.78, -0.51) <0.0001
W8-WO0 -0.82 0.07 (—0.95, —0.68) <0.0001

Abbreviation: CI: Confidence interval.

38.93 + 11.16 years, which restricts generalizability to subtilis DSM 32315 and L-alanyl-L-glutamine in a targeted

males and older adults. To address this, a broader, more colonic delivery capsule—promotes butyrate production
balanced study population must be investigated in future in vivo through microbiota modulation via potential cross-
studies. feeding mechanisms.'¢

It is worth noting that the effect sizes observed in this Emerging evidence suggests that butyrate, an SCFA
study are unusually large—particularly regarding the produced by gut microbiota, may exert neuroactive effects
reduction in DASS-21 scores—raising questions about through multiple pathways, including histone deacetylase
possible analytical weaknesses. However, the extremely inhibition,” modulation of neuroinflammation,” and
low proportion of missing data underscores the statistical enhancement of neuroplasticity.”® Butyrate has been
validity and subsequent interpretability of the outcomes. shown to modulate microglial activity*® and reduce
Nevertheless, as the study lacks a control group, as neuroinflammation,” which may improve mood
previously mentioned, these results may partly reflect a and cognitive function. Recent meta-analyses have
significant placebo effect, which cannot be ruled out. demonstrated that pre- and probiotic interventions can

increase butyrate levels and improve depression scores,
particularly when measured using tools such as DASS-
21.° Although direct correlations between butyrate

Previous studies have shown that the synbiotic
supplement used in the current study—comprising B.
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Figure 7. Gastrointestinal symptom rating scale subscores in the full analysis set population at study start (W0), after week 4 (W4), and week 8 (W8). (A)
Reflux. (B) Abdominal pain. (C) Indigestion. (D) Diarrhea. (E) Constipation.

concentrations and depression scores remain inconclusive,
the biological plausibility of the role of butyrate in mood
regulation is supported by its ability to cross the blood-
brain barrier and influence hippocampal function.”

The reduction in perceived stress (PSS-10) and
insomnia symptoms (AIS) in this study could support
the hypothesis that modulation of the gut microbiota and

SCFA production can positively affect the hypothalamic-
pituitary-adrenal axis and sleep regulation. SCFAs,
including butyrate, are known to interact with free fatty
acid receptors 2/3 and G protein-coupled receptors in
neural and immune cells, thereby influencing systemic and
central stress responses.'!

The SF-12 MCS in this study improved after the
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Table 8. Gastrointestinal symptom rating scale subscores (Variations Wn—W0): Linear mixed model (full analysis set)

Subscores Comparison Mean change estimate Standard error 95% CI p-value

W4-W0 -0.47 0.08 (-0.63, -0.31) <0.0001
Reflux

W8-Wo0 -0.53 0.08 (-0.69, -0.37) <0.0001

W4-W0 -0.69 0.08 (-0.85, -0.53) <0.0001
Abdominal pain

W8-WO0 -0.87 0.08 (-1.03,-0.71) <0.0001

W4-W0 -0.78 0.10 (—0.98, -0.58) <0.0001
Indigestion

W8-WO0 -0.93 0.10 (-1.13,-0.73) <0.0001

W4-WO0 -0.41 0.10 (-0.61,-0.21) <0.0001
Diarrhea

W8-W0 -0.67 0.10 (-0.87,-0.47) <0.0001

W4-WO0 -0.79 0.10 (=0.99, -0.59) <0.0001
Constipation

W8-WO0 -0.95 0.10 (-1.15,-0.75) <0.0001

Abbreviation: CI: Confidence interval.

intervention, while the physical component score
remained stable. This could suggest that the intervention
primarily targeted psychological domains rather than
physical functioning.

Improvements in GSRS total and subdomain
scores (reflux, abdominal pain, indigestion, diarrhea,
and constipation) may indicate a beneficial effect on
gastrointestinal well-being, which would be consistent
with the known anti-inflammatory and barrier-supporting
properties of butyrate as summarized by Blaak et al.?®

The observed self-reported improvements in mental
health may hypothetically be linked to a modulation of the
gut-brain axis, potentially mediated by enhanced butyrate
production. However, given that the present study was
non-invasive and did not measure any biomarker levels,
the mechanism of action remains speculative. Additionally,
placebo-controlled studies measuring actual biomarkers,
such as butyrate, are necessary to support this hypothesis.

Aside from the limitations mentioned, the findings of
this study are consistent with recent randomized, placebo-
controlled trials investigating synbiotic or probiotic
interventions with regard to in situ butyrate production,
the latter targeting the gut-brain axis. For instance, Napier
et al*® demonstrated that a multi-species synbiotic (DS-
01) significantly increased microbial diversity and butyrate
production, while Guan et al’' reported improvements
in DASS-21 scores, sleep quality, and serum serotonin,
as well as microbial metabolites, especially butyrate,
following  supplementation  with  Lacticaseibacillus

paracasei K56 in stressed students. Although our study
did not include biological sampling, previous in vitro
and in vivo studies on the same synbiotic combination
have shown in vivo promotion of butyrate production via
microbiota modulation and cross-feeding mechanisms.'¢
This may support the biological plausibility of the observed
psychological improvements, which would align our
findings with the broader evidence base. However, the lack
of biological or mechanistic measures, such as butyrate
levels or microbiome-related markers, limits the ability to
substantiate the proposed gut-brain mechanisms. Future
studies should include such measures to strengthen the
biological plausibility of the observed effects.

High levels of satisfaction (71%) and willingness for
future use (85% combined “yes” and “maybe”) reflect
the acceptability and perceived benefit of the product.
Compliance was also high (90.8%), supporting the
feasibility of long-term use in real-world settings.

While the results are promising, the study was
open-label and observational, and it lacked a placebo
control. Additionally, due to its exploratory nature, the
study was non-invasive and did not measure actual
butyrate levels; hence, the mechanism of action remains
hypothetical. Future randomized controlled trials are
needed to confirm causality and explore dose-response
relationships. Additionally, mechanistic studies measuring
actual butyrate levels in plasma or feces, along with
concurrent microbiome and metabolome analyses, could
strengthen the link between microbiota modulation and
psychological outcomes. Taken together, the present results

Volume 5 Issue 2 (2026)

12

doi: 10.36922/GTM025460086


https://doi.org/10.36922/GTM025460086

Global Translational Medicine

Synbiotic supplementation & mental health

are informative, suggesting that the synbiotic formulation
of B. subtilis DSM 32315 and L-alanyl-L-glutamine may
improve psychological well-being through microbiome-
mediated mechanisms.

5. Conclusion

The findings of this exploratory study suggest that the
synbiotic supplement containing B. subtilis DSM 32315
and L-alanyl-L-glutamine may be associated with self-
reported improvements in stress and mental well-being.
However, given the uncontrolled, open-label design, these
results should be interpreted with caution and regarded
primarily as hypothesis-generating. While the findings are
consistent with current hypotheses regarding the role of the
microbiota gut-brain axis, their interpretation is limited
by the exploratory nature of the study and the absence
of mechanistic data. Future placebo-controlled trials that
measure relevant biomarkers are essential to validate these
observations and clarify the underlying mechanisms.
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