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Abstract

The gut-brain axis represents a bidirectional communication pathway influencing mood through microbiota-related mechanisms. This
randomized, double-blind, active-controlled pilot trial evaluated the effects of a multi-strain Lactobacillus spp. probiotic formulation
added to an active control on depressive symptoms in adults with mild-to-moderate depressive symptoms. Sixty participants were ran-
domly assigned to receive either a daily combination containing L. rhamnosus HNOO1, L. rhamnosus SP1, L. acidophilus LA1, and L.
reuteri LR92 (3%109% Colony Forming Units - CFU total) plus L-theanine and Eschscholtzia californica (probiotic group) or an iden-
tical active control containing L-theanine and E. californica alone for six weeks. Depressive symptoms were assessed using the
Patient Health Questionnaire-9 (PHQ-9) and the Beck Depression Inventory-II at baseline, week 3, week 6, and after a three-week
washout. Significant within-group reductions in depressive symptom scores were observed in the probiotic group, while changes in
the active control group were smaller and not statistically significant. However, between-group comparisons did not reach statistical
significance at any time point. These findings suggest that the probiotic-containing formulation was associated with improvements in
depressive symptoms when administered on top of an active control. Due to the study design, effects cannot be attributed specifically

to the probiotic component alone. Larger trials incorporating inert placebo controls and microbiome analyses are warranted.
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Introduction

Depression represents a major public health challenge, with
mood disorders affecting approximately 30-40% of individuals
seeking psychological support globally.!2 The growing preva-
lence of depressive symptoms, particularly in young adult popu-
lations, underscores the urgent need for innovative therapeutic
approaches that target underlying pathophysiological mecha-
nisms.3-4

Recent advances in neuroscience have identified the gut-brain
axis as a critical bidirectional communication pathway linking
gastrointestinal microbiota composition with central nervous sys-
tem function.56 This sophisticated network involves multiple
interconnected systems including neural, endocrine, and immune
pathways that collectively influence mood regulation and emo-
tional processing.”8

Probiotics, defined as live microorganisms that confer health
benefits when administered in adequate amounts,® have emerged
as promising therapeutic tools for mental health applications.
Preclinical studies have provided compelling evidence for probi-
otic efficacy in mood regulation, with multiple rodent studies
showing beneficial effects of specific probiotic strains on anxiety
and depression-like behaviors.!0.11 Limited human clinical trials
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have yielded encouraging preliminary results, though findings
remain inconsistent.12,13

Complementary to probiotic research, other natural com-
pounds have shown promise for mood regulation. L-theanine, an
amino acid found primarily in tea leaves, has demonstrated anxi-
olytic properties and stress-reducing effects in both preclinical and
clinical studies.!4.15 Eschscholtzia californica (California poppy)
has been traditionally used for its sedative and anxiolytic proper-
ties, with emerging evidence supporting its potential benefits for
sleep and anxiety disorders.!¢

Despite the individual promise of these compounds, few stud-
ies have investigated their combined effects. The rationale for
combination approaches lies in the potential for synergistic mech-
anisms targeting different aspects of mood regulation through the
gut-brain axis, stress response pathways, and neurotransmitter
systems.!7-19

The present randomized, double-blind, controlled trial was
designed to investigate the effects of a novel combination contain-
ing multi-strain Lactobacillus spp. probiotics, L-theanine,
and Eschscholtzia californica on depressive symptoms in adults
with mild-to-moderate depression. Our study employed well-vali-
dated assessment instruments to comprehensively evaluate mood
changes over a 6-week intervention period with subsequent

washout assessment.
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Materials and Methods
Study design

This randomized, double-blind, active control-controlled study
investigated the effects of probiotic combination supplementation on
depressive symptoms over a 9-week period. The intervention consist-
ed of 6 weeks of active treatment followed by a 3-week washout peri-
od. Sixty adults with mild-to-moderate depressive symptoms were
randomly assigned to either treatment or control conditions using
stratified randomization. The treatment group received daily supple-
mentation with a multi-strain Lactobacillus spp. formulation com-
bined with L-theanine and Eschscholtzia californica, while the active
control group received L-theanine and Eschscholtzia californica
without probiotics. Both groups received indistinguishable capsules
to ensure proper blinding, though the use of an active control rather
than an inert placebo represents a fundamental design limitation that
prevents isolation of probiotic-specific effects. Depressive symptoms
were assessed at four time points: baseline (TO0), week 3 (T1), week
6 (T2), and after a 3-week washout period (T3).

The study investigated a probiotic combination supplement con-
sisting of Lactobacillus rhamnosus HNOO1 (1x109 Colony Forming
Units - CFU), L. rhamnosus SP1 (<10° CFU), L. acidophilus LA1
(<10° CFU), and L. reuteri LR92 (<109 CFU) (PSICOBRAIN®,
Bromatech, Milano, Italy). The multi-strain formulation was select-
ed based on existing literature supporting the individual strains’ neu-
rotropic properties. L. rhamnosus HNOO1 has demonstrated efficacy
in reducing anxiety and depression scores in previous clinical trials.
L. rhamnosus SPI and L. acidophilus LAl have shown Gamma-
Aminobutyric Acid (GABA)-producing capabilities in vitro, poten-
tially contributing to anxiolytic effects through the gut-brain axis. L.
reuteri LR92 has been associated with modulation of the hypothala-
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mic-pituitary-adrenal axis and stress response pathways. The combi-
nation approach was designed to target multiple mechanisms
involved in mood regulation, including neurotransmitter production,
immune modulation, and stress hormone regulation. The total CFU
count of 3x109 was selected to ensure adequate bacterial viability
and colonization potential based on previous probiotic intervention
studies. Available in 0.31 g capsules as lyophilized powder, each
capsule delivered 3x109 CFU. The formulation also included micro-
crystalline cellulose, gelatin (capsule ingredient), L-theanine,
and Eschscholtzia californica Cham. Eschscholtzia californica was
administered as a standardized powdered extract containing the
active alkaloid compounds, not as crude plant material.

The complete formulation included specific strains, microcrys-
talline cellulose, gelatin (capsule), L-theanine, and Eschscholtzia
californica Cham. (aqueous extract, aerial part). The active control
capsules contained the same excipients (microcrystalline cellulose,
gelatin capsule, L-theanine, and Eschscholtzia californica extract)
but without probiotic strains. Thus, the active control group matched
the active product in non-bacterial components and sensory charac-
teristics. To maintain study blindness, participants received stan-
dardized instructions for capsule consumption. If a dose was missed,
participants were instructed to skip it and continue with the next
scheduled dose.

Participants

From 71 screened individuals, 9 were excluded due to inclu-
sion/exclusion criteria or unwillingness to participate. Of 62 ran-
domized participants, 1 from the probiotic group (treatment dis-
continuation) and 1 from the comparator group (antibiotic inter-
vention) were excluded. Sixty participants completed the study
(Figure 1). The study enrolled 60 healthy adults (35 women and
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() Matched non-bacterial comparator (N = 31)

O
v
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Figure 1. Flow diagram of participant enrolment, randomization, and analysis in the clinical trial evaluating the efficacy of a multi-

strain Lactobacillus spp. probiotic on effects on depressive symptoms.
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25 men) aged 1865 years, with a mean age of 22.00+3.02 years
and mean Body Mass Index (BMI) of 23.1+£2.8 kg/m? (range:
18.5-28.7); the majority of participants were aged between 19
and 29 years. All were university students or staff, with 85%
holding a bachelor’s degree or higher. Eligible participants were
adults who smoked fewer than 10 cigarettes daily. Exclusion cri-
teria included psychiatric or neurological disorders, celiac dis-
ease, lactose intolerance, allergies, chronic conditions (irritable
bowel syndrome, diabetes, ulcerative colitis), and antibiotic
treatment within three months prior to the study.

Two investigators (FD, FB) carried out structured interviews
aimed at gathering demographic data and evaluating participants’
levels of physical activity. Female participants were additionally
screened for possible premenstrual syndrome in order to consider
cyclical monthly variations.

Group assignment was performed through stratified random-
ization based on computer-generated sequences, allowing compa-
rable distribution of sample size and physical activity across study
arms. The researchers involved in participant recruitment, prepara-
tion of the randomization lists, and allocation of the intervention
were kept unaware of group assignment, and the same blinding
applied to participants.

The research took place from June to September 2024 at the
Ecotekne campus of the University of Salento and was conducted in
accordance with the principles of the Declaration of Helsinki.
Written informed consent was obtained from all individuals prior to
participation, and they were informed of their right to withdraw from
the study at any time without justification.

Questionnaires measuring depressive symptoms

Two validated instruments were utilized to assess depressive
symptoms: the Patient Health Questionnaire-9 (PHQ-9)20.21 and the
Beck Depression Inventory-II (BDI-II),22 both well-established tools
for measuring depressive symptomatology. The PHQ-9 consists of
nine items assessing the frequency of depressive symptoms, with
responses ranging from 0 (no occurrence) to 3 (near-daily occur-
rence). Based on total PHQ-9 scores, participants were categorized
into three groups: scores 0 to <5 indicated minimal or no depression;
scores 5 to <10 indicated mild depression; and scores >10 suggested
moderate to severe depression.

The BDI-II assessed depression presence and severity through
21 questions, each with four possible responses ranging from 0 (least
severe) to 3 (strongest symptom expression).22 Total scores (0-63)
were calculated, with classifications ranging from "No depression"
(0-8 points) to "Minimal depression" (9-13 points), "Mild depres-
sion" (14-19 points), "Moderate depression" (20-28 points), and
"Severe depression” (29-63 points).

Statistical analysis

Sample size computation was performed using G-Power 3.1,23
considering F-test within-between interaction with two groups and
four evaluation sessions. Assuming a priori medium effect size of
0.25, a error probability of 0.05, and power of 0.90, the resulting
total sample size was 30. Additional participants were recruited to
prevent statistical power reduction due to potential dropouts. Data
are presented as mean + Standard Deviation (SD).

The Shapiro-Wilk test assessed normality of questionnaire
responses. Given non-normal data distribution, non-parametric sta-
tistical methods were employed. Friedman tests evaluated changes
in questionnaire scores across time intervals (TO, T1, T2, T3) sepa-
rately for experimental and active control groups. Subsequent post-
hoc analyses employed Wilcoxon signed-rank tests with Bonferroni
correction, establishing an adjusted significance threshold of
p<0.017 for multiple comparisons. Between-group questionnaire
score comparisons utilized Mann-Whitney U-tests, with statistical
significance set at p<0.05.

Results

No significant differences (p>0.05) in clinical or demographic
characteristics existed between groups at baseline. Groups did not
differ by age [t-test=1.062, p=0.78] or gender distribution [¥>=0.12,
p=0.83]. Baseline demographic and clinical characteristics are sum-
marized in Table 1.

Measuring depressive symptoms

A significant improvement was observed within the probiotic
group after treatment (p < 0.01, Wilcoxon test), while no significant
change was detected in the active control group. Significant time
effects on PHQ-9 and BDI-II scores in the probiotic combination
group were found [¥*(3)=12.1, p=0.007; ¥*(3)=12.0, p=0.006,
respectively] (Figure 2).

Post-hoc comparisons with Wilcoxon signed-rank tests (after
Bonferroni correction, p<0.017) showed lower PHQ-9 scores after 6
weeks of treatment (T2) (mean+SD, 5.2+2.26) compared to baseline
(TO) (mean+SD, 12.00+£3.1) (Z=-2.6, p=0.009, effect size=—0.425).
The effect was maintained after 3 weeks of washout, as revealed by
significant differences between T3 (mean+SD, 5.2+3.1) and TO
(Z=-2.52, p=0.024, effect size=—0.41).

Similar results were obtained with BDI-II scale scores. Post-hoc
comparisons showed lower scores after 6 weeks of probiotic combi-
nation intake (T2) (mean+SD, 10.6£3.6) compared to baseline (T0)
(mean+SD, 18.00£3.1) (Z=-2.6, p=0.009, effect size=—0.425). The
effects were maintained after 3 weeks of washout, as revealed by
significant differences between T3 (mean+SD, 10.2+3.1) and TO

Table 1. Baseline demographic and clinical characteristics of participants at study entry (T0). No significant differences were observed
between probiotic and active control groups. Values are presented as mean+Standard Deviation (SD) or n (%).

Characteristic

Probiotic (n=30)

Active control group (n=30)

p value

Age, mean (SD) 22.1+3.0 21.9+3.1 0.78
Women, n (%) 18 (60%) 17 (57%) 0.83
Men, n (%) 12 (40%) 13 (43%) 0.81
PHQ-9 score, mean+SD 12.243.1 11.9 (3.3) 0.72
BDI-II score, mean+SD 18.02+2.41 18.11+2.22 0.68

BMI, Body Mass Index; PHQ-9, Patient Health Questionnaire-9; BDI-II, Beck Depression Inventory-II.
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(Z=-2.42, p=0.034, effect size=—0.41). Between-group comparisons
using Mann—Whitney U tests did not reveal statistically significant
differences between the probiotic and active control groups at any
time point. Effect sizes for between-group differences were small,
consistent with the pilot nature of the study and limited statistical
power (Cohen’s d < 0.3 for all comparisons).

These results demonstrate that the probiotic combination group
experienced significant within-group reductions in depressive symp-
toms that remained stable after a 3-week washout period. However,
the active control group showed similar, though non-significant,
trends in symptom improvement, and the study design prevents attri-
bution of improvements specifically to the probiotic component,
resulting in no significant between-group differences.

Discussion

This randomized, double-blind pilot study showed that a probi-
otic-containing formulation administered on top of an active control
was associated with significant within-group improvements in
depressive symptoms in adults with mild-to-moderate depressive
symptoms. However, no statistically significant differences were
observed between the probiotic and active control groups, indicating
that the present findings cannot be attributed specifically to the pro-
biotic component alone.

The persistence of benefits through the washout period suggests
durable effects on mood regulation, possibly related to modulation

PHQ-9

»
|
1

Questionnaire mean score

To T

T2 T3

=s=Probiotic =+*=Placebo

BDI-2

20

Questionnaire mean score

To m™

T2 T3

=e=Probiotic =*=Placebo

Figure 2. Changes in subjective with depressive symptoms during the study period across timepoints (TO: baseline, T1: 3 weeks, T2: 6
weeks, T3: washout) in probiotic and active control groups. Data are presented as mean+Standard Deviation (SD) for (A) Patient Health
Questionnaire-9 (PHQ-9); and (B) Beck Depression Inventory-II (BDI-II).
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of the gut-brain axis. The selected Lactobacillus strains (L. rhamno-
sus HNOO1, L. rhamnosus SP1, L. acidophilus LA1l, and L.
reuteri LR92) are known to influence neurotransmitter pathways,
immune responses, and stress regulation.24-26 These mechanisms
could explain the observed symptom reduction. However, strain-
level characterizations such as purity, viability, and resistance pro-
files were not performed, representing a technical limitation.27-29

The combination approach may act through multiple comple-
mentary mechanisms, including modulation of neurotransmission
and hypothalamic—pituitary—adrenal axis activity.30-33 These find-
ings are consistent with previous evidence supporting the psychobi-
otic potential of specific Lactobacillus spp. strains in modulating
depressive and anxiety symptoms. Sleep-related measures were
included as secondary outcomes given the bidirectional relationship
between sleep disturbances and depressive symptoms. Although no
between-group differences emerged, baseline impairment and with-
in-group trends suggest that future adequately powered studies
should further investigate sleep as a potential mediator of mood-
related effects.

The main limitation of this study is the absence of microbiome
analysis. The inclusion of 16S rRNA sequencing or metabolomic
profiling would have enabled direct correlation between microbial
changes and mood improvement. Identifying which bacterial taxa
are altered in association with symptom reduction will be crucial to
confirm the causal relationship between dysbiosis and depression
through the gut-brain axis.

Despite these constraints, this work provides promising evi-
dence that targeted probiotic supplementation may improve depres-
sive symptoms and support emotional well-being. Future studies
should include microbiome profiling, objective biomarkers, and
larger, more diverse populations to confirm these findings and eluci-
date the microbial species most critically involved in the gut-brain
connection underlying mood regulation.

Conclusions

This pilot study suggests that a multi-strain probiotic formula-
tion administered in combination with an active control was associ-
ated with improvements in depressive symptoms over time. Given
the absence of significant between-group differences and the use of
an active control, causal attribution to the probiotic component alone
is not possible.

Future randomized controlled trials employing inert placebo
controls, larger sample sizes, and integrated microbiome and
metabolomic analyses will be essential to clarify the specific role of
probiotics in modulating depressive symptoms through the gut—
brain axis.
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