Feasibility and acceptability of 8-week
oral tributyrin supplementation as add
on to antidepressant medication in
patients with depression: a study
protocol paper for a pilot, randomised

BM)J Open

To cite: Korenblik V, Korosi A,
Brul S, et al. Feasibility and
acceptability of 8-week oral
tributyrin supplementation

as add on to antidepressant
medication in patients with
depression: a study protocol
paper for a pilot, randomised
controlled trial. BMJ Open
2025;15:¢108423. doi:10.1136/
bmjopen-2025-108423

» Prepublication history for
this paper is available online.
To view these files, please visit
the journal online (https://doi.
org/10.1136/bmjopen-2025-
108423).

Received 25 July 2025
Accepted 16 October 2025

| '.) Check for updates

© Author(s) (or their
employer(s)) 2025. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ Group.

For numbered affiliations see
end of article.

Correspondence to
Dr Anja Lok;
a.lok@amsterdamumc.nl

controlled trial

12345 Apiko Korosi
.36 Max Nieuwdorp

Vera Korenblik
Claudi Bockting

ABSTRACT

Background Major depressive disorder (MDD) is a severe
mental health condition that profoundly affects both
psychological and physical well-being. Growing evidence
indicates that targeting the gut-brain axis could present
new therapeutic opportunities for MDD, given the role of
gut microbiota and their metabolites in its pathophysiology.
One promising approach involves supplementation with
butyrate, a short-chain fatty acid that has demonstrated
antidepressant potential in preclinical models of
depression. However, clinical research exploring the
effects of butyrate supplementation in individuals with
MDD remains lacking.

Methods This study is a double-blind, parallel, 1:1
randomised placebo-controlled trial. The primary aim of
this pilot study is to assess the feasibility and acceptability
of an 8-week oral supplementation with tributyrin, a
triglyceride form of butyrate (4 g/day), added to usual
treatment with antidepressant medication in 24 patients
with mild-to-severe MDD aged 18-65 years. Secondary
outcomes include changes in depressive symptoms,
assessed weekly throughout the supplementation period
and at 16 weeks post-supplementation during follow-up,
as well as changes in anhedonia and affect, measured
multiple times per day via a smartphone application
throughout the supplementation period. Additional
outcomes include changes in gastrointestinal symptoms,
changes in faecal microbiome, metabolites in blood and
faeces, inflammation, epigenetic markers, stress and
intestinal permeability.

Ethics and dissemination The study has been
approved by the Medical Research Ethics Committee
of the Amsterdam University Medical Centre, the
Netherlands.

Discussion Should the pilot demonstrate feasibility and
acceptability, a larger-scale study will be warranted to
evaluate the efficacy of tributyrin supplementation in
alleviating depressive symptoms. This pilot will provide
valuable insights to guide sample size calculations and
refine study design for subsequent trials. Ultimately,

this research could lead to novel adjunctive treatments
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Using soft gel capsules of tributyrin, the triglyceride
form of butyrate, reduces the number of capsules
required compared with sodium butyrate, a more
commonly used form.

= The use of tributyrin soft gels, lemon-scented in-
serts and reminder systems is expected to enhance
adherence to the intervention.

= Follow-up assessments provide valuable infor-
mation on the longer-term effects of butyrate
supplementation.

= Tributyrin in capsule form may not fully replicate the
natural production of butyrate in the colon.

for MDD targeting gut-brain signalling, offering new
therapeutic avenues for patients with MDD.

Trial registration number This trial has been registered
in the International Clinical Trials Registry Platform (registry
number: NL-OMON57116).

INTRODUCTION

Major depressive disorder (MDD) is a
common mood disorder that can signifi-
cantly impact individuals’ lives, while also
imposing substantial economic and societal
burden.' * Current interventions for depres-
sion primarily target the brain and psycholog-
ical functioning and include pharmacological
agents, psychotherapy or a combination of
both.*” Approximately one-third of patients
do not respond to the first pharmacolog-
ical agent prescribed, and about 15% fail to
respond to subsequent treatments with anti-
depressants and/or psychotherapy.” Conse-
quently, the need for alternative treatments
remains critical in order to alleviate suffering
caused by MDD.
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Given the potential role of the gut and its resident
microbes in the pathology of depression,” alternative
treatments are currently being explored that focus on
modulating the communication between gut microbes
and the brain with the aim of improving symptoms.® This
paper outlines a study protocol that investigates the use
of butyrate, a substance that is naturally produced by the
gut microbiota, which is hypothesised to play a key role
in gutbrain communication” and may be involved in
depression."’

Microbiota-gut-brain axis in depression
The communication between gut microbiota and the
brain is known as the microbiota-gut-brain axis and
involves multiple pathways, including neural, hormonal,
immune and metabolic routes." ¥ The human gut
provides a nutrientrich environment for the resident
microbiota, which can influence various host functions
through the production of metabolites such as short-
chain fatty acids (SCFAs), cytokines, hormones and
(precursors of) neurotransmitters.'* ¥ A striking and
consistent finding is that the gut microbiome composi-
tion of individuals with depression differs from that of
healthy individuals."* Specifically, depression has been
associated with a reduction in bacterial taxa associated
with production of SCFAs such as butyrate (eg, Faecali-
bacterium, Coprococcus).'*°

Several approaches to target the gastrointestinal
environment and microbiome composition have been
investigated as treatments for mental health disorders,
including MDD. These approaches include probiotics,
prebiotics, synbiotics, postbiotics and faecal microbiota
transplant.® A recent meta-analysis showed that treatment
with probiotics—live organisms which when adminis-
tered in adequate amounts confer a health benefit on the
host—has modest benefits in reducing depressive symp-
toms in patients with MDD.'” These beneficial effects of
probiotics have been suggested to occur, in part, through
a shift in the production of microbial metabolites. This
suggests that direct administration of these metabolites
could also represent a viable therapeutic strategy.'

Antidepressant potential of butyrate
One metabolite of interest is butyrate.” It plays a key
role within the microbiota-gut-brain axis and is primarily
produced through the fermentation of dietary fibres in
the lower gastrointestinal tract,'” particularly by species
from the genera Faecalibacterium, Eubacterium and Rose-
buria.*” Butyrate significantly influences colonic health
as the main energy source for colonic epithelial cells,
possesses anti-inflammatory effects and helps strengthen
the intestinal barrier.”’ Additionally, butyrate acts as a
histone deacetylase inhibitor, which can trigger various
downstream effects through its epigenetic regulation.*
Depression is also associated with other components of
the microbiota-gut-brain axis, including systemic inflam-
mation,” an overactive hypothalamus-pituitary-adrenal
axis,* altered neurotransmission® " and impaired

neural proliferation.”® * Therefore, it is hypothesised
that butyrate may alleviate depressive symptoms by
modulating these pathways through its known effects.”
Given butyrate’s broad influence on host physiology, it
is unsurprising that butyrate supplementation has been
explored in patients with various immune, gastrointes-
tinal and metabolic conditions, including inflammatory
bowel diseases,m_34 irritable bowel syndrome,35 % divertic-
ulosis,”” metabolic syndrome,” * hypertension,* type 1
diabetes"' ** and type 2**** diabetes.

Our recent systematic review highlighted promising
preclinical evidence for butyrate’s antidepressant poten-
tial*’: the vast majority of studies administering butyrate—
orally or via systemic routes—in various rodent models of
depression have reported reductions in depressive and/or
anxiety-like behaviours. Despite this evidence, the effects
of butyrate in psychiatric populations, including patients
with MDD, remain largely unexplored. The systematic
review only identified one study that investigated the
effects of butyrate supplementation on depressive symp-
toms. This study by Dalile et al*® involved treatment with
sodium butyrate capsules (5.28 g/day) in a triple-blinded,
placebo-controlled, randomised trial. No significant
differences in depressive or anxiety symptoms were found
between the butyrate and placebo groups after 1 week of
supplementation in healthy, lean males.

Objectives

Building on these promising findings, the primary objec-
tive of this pilot, randomised placebo-controlled trial is
to assess the feasibility and acceptability of 8-week daily
oral supplementation with butyrate added to usual treat-
ment with antidepressant medication in adults with mild-
to-severe MDD. Secondary objectives are to explore the
changes in depressive symptoms, anhedonia, affect and
mood. Other objectives are to explore changes in other
measures related to the microbiota-gut-brain axis in
order to obtain more insight into tributyrin’s working
mechanism. In this study, butyrate will be administered in
the triglyceride form, tributyrin, an alternative to sodium
butyrate for delivering butyrate to the gut. Tributyrin is a
prodrug that releases butyrate molecules on hydrolysis of
the glycerol backbone by lipases, which are fat-digesting
enzymes that are present in digestive juice.*” While tribu-
tyrin is a distinct formulation from sodium butyrate, both
increase luminal butyrate concentrations, with tributyrin
possibly offering higher bioavailability compared with
sodium butyrate.*®

METHODS

This protocol is reported according to the Standard
Protocol Items: Recommended for Intervention Trials
(SPIRIT) guidelines.49

Study design
The study is a double-blind, parallel, 1:1 randomised
placebo-controlled pilot trial comparing the effects of
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Figure 1
visit.

8-week oral supplementation with tributyrin to placebo,
added to usual treatment with antidepressant medication,
in adults with mild to severe MDD. At baseline, partici-
pants will be assigned to receive daily supplementation
with 4g of encapsulated tributyrin (n=12) or a placebo
(sunflower oil, n=12). A total of 24 participants will be
enrolled, which is considered adequate for a pilot study
designed to assess feasibility and acceptability.”’ ! The
planned duration of the trial is June 2025 to December
2026. The participant time-line is provided in figure 1.

Setting

Participants will be recruited through the Amsterdam
University Medical Centre (AUMC), the Netherlands,
via (social) media advertisement, the study website (
www.butyraatbijdepressie.info) and referrals by general
practitioners and mental health services. Data collection
will take place during study visits at the AUMC and by at
participants’ homes throughout the study period. Partic-
ipants will make several hospital visits at baseline (week
0), at the midpoint of supplementation (week 4), at the
end of supplementation (week 8) and at follow-up visit

(week 24).

Participants

Subjects will be eligible to participate in the study if they
have depression, as diagnosed with the Structured Clin-
ical Interview for the DSM-5 (SCID-5)°? with a severity of
mild or higher, as reflected by a score>14 on the Hamilton
Depression Score (HDRS-17).”* Eligible participants
must have already been receiving treatment with antide-
pressant medication for at least 4 weeks prior to inclusion.
They may also be receiving other forms of treatment—
except for neuromodulation—such as psychotherapy,
which is expected, as current guidelines prescribe
psychotherapy in combination with antidepressant medi-
cation in moderate to severe MDD.”* Participants will be
excluded if they have a severe gastrointestinal disorder
or any psychotic disorder, including bipolar disorder (see
Box 1 for full selection criteria).

Participant time-line. EMA, ecological momentary assessment; IC, informed consent; Suppl., supplementation; V,

Study intervention

Participants will receive a daily oral supplementation of
4 g of encapsulated tributyrin (Taubiotic, RedoxBox,
Spain) or placebo (sunflower oil) for 8weeks.

This dosage was selected based on estimates as it corre-
sponds to 3.4% to 340% of the total daily demand of
butyric acid under physiological conditions.”” Addition-
ally, similar dosages of sodium butyrate have been safely
administered in previous studies.” **** ** Sunflower oil
was chosen as a placebo due to its visual similarity to tribu-
tyrin and because it is already a common dietary energy
source. Tributyrin is the triglyceride form of butyrate

Box 1

Eligibility criteria of study participants

Inclusion criteria

1. Aged 18 up to 65 years.

2. The participant understands the study and is capable of providing
written informed consent.

3. Having sufficient knowledge of the Dutch language.

4. Having a clinical diagnosis of major depressive disorder (MDD),
as confirmed with the Structured Clinical Interview for the DSM-5
(SCID-5).

5. Having a depression severity of mild or higher, as reflected by a
score >14 on the Hamilton Depression Score (HDRS-17).

6. Receiving treatment with antidepressant medication, starting at

least 4 weeks prior to study inclusion.

Daily access to a mobile phone with iOS or Android software.

8. Having a weight ranging from normal to overweight, measured as
having a body mass index (BMI) between 18.5 and 27.5 kg/m®.

N

Exclusion criteria

1. Antibiotics usage within 3 months before inclusion.

2. Current treatment with neuromodulation, such as deep brain stimu-
lation and repetitive transcranial magnetic stimulation.

3. Having a severe disease of the digestive tract, such as coeliac
disease, Crohn’s disease, active ulcerative colitis or short bowel
syndrome.

4. Any psychotic disorder.

Acute, severe suicidal tendencies.

6. Allergy or intolerance to sunflower oil and/or bovine gelatine.

=
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and has greater encapsulation efficacy than sodium
butyrate, a more commonly used form of butyrate in clin-
ical research—that is, 500mg of tributyrin per capsule
compared with 150 mg of sodium butyrate per capsule. As
a result, fewer capsules are required to achieve the target
daily dose, which is expected to enhance the acceptability
of the intervention.

An intervention period of 8weeks was selected, as this
duration is commonly used in intervention studies exam-
ining prebiotics and postbiotics in MDD'” and is consid-
ered appropriate for trials investigating antidepressant
medications.”

Both interventions will be provided alongside partici-
pant’s usual antidepressant medication. Participants will
be instructed to take four soft gel capsules containing
either tributyrin or sunflower oil in the morning and
another four in the evening, with a glass of water. There
are no predefined criteria for discontinuing or modifying
the intervention for individual participants. Antidepres-
sant treatment should remain stable, with minimal dose
adjustments whenever possible; patients and healthcare
providers will be asked to avoid medication changes
unless clinically necessary.

To enhance the similarity between the capsules, a
lemon-scented insert (ScentCerts, ScentSational Tech-
nologies, LLC) will be placed in each bottle. Based on
internal assessments by the study team, the tributyrin and
placebo capsules were determined to be comparable in
visual appearance, texture, taste and smell.

To support adherence, participants will receive daily
reminders via smartphone application (m-Path, m-Path
Software by, Belgium) to take their study supplements.
Participants will be instructed to avoid any comprehen-
sive changes in their diets, including dietary supplement
usage, during the study period. Dietary intake will be
monitored through a nutritional diary completed in the
3 days before each study visit, along with measurements of
body weight, hip circumference and waist circumference
at each visit.

Randomisation and blinding

Assignment to treatment arms (in a I1:1 ratio) will be
conducted in Castor EDC’” using variable block randomi-
sation with block sizes of two and four. An independent
researcher, blinded to the randomisation sequence, will
conduct the randomisation and prepare the study supple-
ments in a blinded manner by using identical labels for
both conditions.

This researcher will also count and document the
returned capsules during study visits and ensure proper
accountability of the investigational product. By main-
taining this procedure, both researchers and participants
will remain blinded to treatment allocation. The success
of blinding strategies will be assessed via questionnaires
for both participants and study personnel during study
visits.

Outcome assessors will remain blinded to treatment
allocation until the last participant has completed the

study protocol and the database has been cleaned and
approved. Unblinding will only be permitted if knowl-
edge of the investigational product is necessary for
providing appropriate medical treatment or ensuring
participant safety. In such cases, an emergency code
break will be available to the investigator via the indepen-
dent researcher.

Outcomes

An overview of the outcomes, procedures and instru-
ments used during each study period is provided in
table 1. Informed consent (IC) and the assessment of
inclusion and exclusion criteria will be performed during
the screening visit. Participant characteristics will be
collected at the baseline visit and will include sex, gender
identity, relationship status, education level, smoking,
alcohol and drug use, use of food supplements or probi-
otics and the history of childhood trauma, as assessed by
the Childhood Trauma Questionnaire.”®

Primary outcomes

The primary outcomes are the feasibility and acceptability
of an 8-week oral tributyrin supplementation in adults
with mild-to-severe MDD. Details on procedures, instru-
ments and time-points of measurement are provided in
table 1. Feasibility and acceptability will be considered as
a composite outcome.

Feasibility will be evaluated by monitoring recruitment
rates, participant completion and retention rates, adher-
ence to intended protocol and success of blinding strat-
egies throughout the study period. Acceptability will be
assessed through adherence to the study supplement,
measured by counting the number of returned capsules
and using the Medication Adherence Scale (MARS)*
during study visits. Additionally, study participation satis-
faction will be measured using the Study Participant
Feedback Questionnaire (SPFQ).%

Secondary outcomes

Secondary outcomes will be obtained for exploratory
analyses to estimate the (variability of) effects of oral
tributyrin supplementation regarding changes in depres-
sive symptoms, anhedonia, affect and mood. Details on
procedures, instruments and time-points of measure-
ments are provided in table 1.

Depressive symptoms and anhedonia will be assessed
during study visits using the HDRS-17°' and the Temporal
Experience of Pleasure Scale,” respectively. Depressive
symptoms will also be measured weekly via a self-report
questionnaire, ie,the Quick Inventory of Depressive
Symptomatology (QIDS)* throughout the study period.

Moreover, this study includes intensive, repeated
measurements of mood, anhedonia and positive and
negative affect through ecological momentary assess-
ment (EMA). Using a smartphone app ‘m-Path’ (m-Path
Software bv, Belgium) participants will be asked to
complete ratings five times daily for five consecutive days
during the study period by responding to 16 items. The
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Table 1 Overview of outcomes, procedures and instruments during each study period. During the study visit, except for:
Quick Inventory of Depressive Symptomatology (QIDS), ecological momentary assessment (EMA), nutritional diary, faecal
sample

Study period
Screening V1 Baseline V2 Halfway suppl. V3 End of suppl. V4 Follow-up V5
Outcome Procedure/instruments Week -2 Week 0 Week 4 Week 8 Week 24
Primary
Recruitment Recruitment logs 4
rates
Participant Monitoring questionnaire 4 4 4 v v
completion completion and appointment
rates attendance
Participant Monitoring trial attrition v v v v v
retention rates
Adherence Monitoring completion of 7 7 7 V4 7
to intended the intervention as planned,
protocol missed appointments,

technical difficulties arising
and completeness of study

data
Success Questionnaire for both v Va
of blinding participants and study
strategies personnel during study visits
Intake of study Counting returned capsules v v
supplement
Supplement Medication Adherence v v
adherence Report Scale (MARS)>®
Study Study Participant Feedback 7 v v

participation ~ Questionnaire (SPFQ)®°
satisfaction

Secondary
Depressive Hamilton Depression Rating v v v v v
symptoms Scale 17 (HDRS-17)%"
QIDS via email® Weekly assessments from week -2 to week 10, and in week 24.
Anhedonia Temporal Experience of 4 4 7 7
Pleasure (TEPS)®?
Affect, mood  Ecological momentary Five-times daily assessments, for five consecutive days per week,

and anhedonia assessment using a 16-item from week -2 to week 8.
questionnaire via mobile-
phone application®

Other
Gastrointestinal Gastrointestinal Symptom V4 v v v
symptoms Rating Scale (GSRS)"®
Classification  Bristol Stool Scale (BSS)"” v v 7 v
of faecal form
Dietary intake  Nutritional diary that is filled v v v 4
in during 3 days prior to each
study visit. Online diary:
mijn.voedingscentrum.nl/nl/
eetmeter
Length and Physical examination v
body weight
Body weight,  Physical examination v v v v

waist and hip
circumference

Continued
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Table 1 Continued
Study period
Screening V1 Baseline V2 Halfway suppl. V3 End of suppl. V4 Follow-up V5
Outcome Procedure/instruments Week -2 Week 0 Week 4 Week 8 Week 24
Faecal Determined via 16S rRNA v v v v
microbiome gene sequencing of faecal
composition samples
Inflammatory  Determined in fasting blood v v v v
and epigenetic
markers
Intestinal Determined in faecal samples 7 7 g 4
permeability and fasting blood
markers and
metabolite
profiles
Hair cortisol Small piece of scalp hair is v v v

cut (+100 hairs, 3cm)

application will send five notifications between a prede-
termined starting time and an end time. The intervals
between notifications will be as evenly spaced as possible,
approximately 225 min apart, with a minimum interval of
90 min. Based on a meta-analysis by Vachon et al (2019) ot
three strategies will be adopted to increase compliance
to the EMA. First, a reminder notification will be sent if
a questionnaire is not completed within 30 min. Second,
the sampling schedule is fixed and will be customised
for each participant in consultation with the researcher.
Third, participants will receive a €10 or €20 bonus when
they have completed >50% or 270% of the EMA items,
respectively.

The items were selected based on prior researc
assess:
A. Mood: participants will rate their current mood on a
Visual Analogue Mood Scale, ranging from ‘happy’
(0) to ‘sad’ (lOO).67 Previous research has shown that
these scores can predict depression relapse more ef-
fectively than HDRS-17 scoresﬁﬁ;
Affect: participants will rate their current emotional
state across 14 items, using a scale from 0 (‘not at all’)
to 100 (‘very much’). The items include both positive
(cheerful, enthusiastic, hopeful, content, energetic)
and negative affect (anxious, angry, lonely, irritat-
ed, down, suspicious, helpless, guilty, insecure). This
method captures fluctuations in affect, which may in-
dicate emotional dysregulation—a common feature of
MDD 66 68-75
. Anhedonia: participants will rate their level of interest

or pleasure at that moment, using a scale from 0 (‘not

atall’) to 100 (‘very much’”).

h65 66 to

Exploratory outcomes

Other outcomes will be collected for exploratory anal-
yses to estimate the (variability of) effects of oral tribu-
tyrin supplementation on the microbiota-gut-brain axis.
Details on procedures, instruments and time-points of
measurement are provided in table 1. These outcomes

will be assessed through questionnaires, diaries, physical
examinations and the collection of faecal, blood and hair
samples.

Outcomes include gastrointestinal symptoms, assessed
using the Symptom Rating Scale
(GSRS),76 dietary intake recorded via a nutritional diary
covering the 3 days preceding each study visit (mijn.voed-
ingscentrum.nl/nl/eetmeter). Body weight, waist circum-
ference and hip circumference will be measured during
physical examination at study visits.
Participants will be instructed to collect faecal samples

three containers (Faeces Container 76x20mm,
Sarstedt, Germany) on the day or morning before study
visits, store them in the freezer until the visit and trans-
port them in a cooling bag with cooling elements. On
arrival at the AUMC, samples will be stored at =70°C. In
addition, they will be asked to classify the form of their
faecal sample using a Bristol Stool Scale (BSS) K

Fasting venous blood samples will be collected into
two 4mL ethylenediamenetetraacetic acid (EDTA)
blood tubes, one 4mL heparin tube and one 8mL BD
Vacutainer CPT blood tube during study visits. EDTA
tubes will be centrifuged, and plasma aliquoted into
0.5mL cryovials for storage at —70°C. The heparin tube
will be sent immediately to the AUMC laboratory for
C-reactive protein analysis. Within 2hours of collection,
peripheral blood mononuclear cells will be extracted
from the BD Vacutainer CPT tube, processed and stored
at —70°C.

Participants will be explicitly instructed to take their
study supplements on the morning of study visits. Faecal
and blood samples will be analysed for faecal microbiome
composition (via 16S rRNA gene sequencing), metabolite
profiles, and markers of inflammation, epigenetics and
intestinal permeability.

Hair samples will be collected by cutting a small section
of scalp hair (+ 100 hairs, 3cm) during multiple study
visits and stored at room temperature. Hair cortisol

Gastrointestinal

in
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levels, a non-invasive indicator of chronic stress, will be
78
measured from these samples.

Data analysis, storage and management

As this is a feasibility and acceptability study, a descriptive
and qualitative synthesis of this data will be performed.
This pilot is not powered on secondary and other study
outcomes, so these outcomes will be analysed explor-
atively. Study findings will be reported in accordance with
the CONSORT checklist for pilot or feasibility trials.”

All study and medical data will be handled with strict
confidentiality and anonymity, in accordance with the
European Union General Data Protection Regulation
(GDPR) and the Dutch Act on Implementation of the
GDPR. Participant data will be coded using a unique
participant ID. Biological samples will be stored under
appropriate conditions until further analysis: faecal
and blood samples at —70°C, and hair samples at room
temperature.

All study files will be archived for 15 years, while bioma-
terials will be retained for 5 years at the AUMC Biobank.
Identifiable paper documents (eg, signed IC forms) and
anonymous study files (eg, completed questionnaires) will
be stored separately in locked filing cabinets. Paper files
containing intervention assignments (eg, investigational
product accountability forms) will be stored separately
and will only be accessible to the independent researcher.
Electronic study files will be stored securely on local
AUMC drive. Any electronic files containing participant
identifiers will be password-protected and restricted to
authorised study personnel only.

Monitoring and safety
The study will be monitored by the Clinical Monitoring
Centre (CMC) in accordance with the guidelines of the
Dutch Federation of University Medical Centres. The
CMC will be independent from the investigators and the
sponsor. It will have access to source data and study files
to verify data accuracy, legibility, consistency and compli-
ance with the study protocol. Three on-site monitoring
visits will be conducted, along with a final close-out visit.
All adverse events (AEs), including serious adverse
events (SAEs), spontaneously reported by the subject
or observed by the study personnel will be recorded.
SAEs will be reported to the Medical Research Ethics
Committee (MREC) of the AUMC within a maximum of
15 days after the sponsor first becomes aware of them.
The MREC that approved this pilot study has determined
that no suspected unexpected serious adverse reactions
(SUSARs) can occur in this study with tributyrin since it
falls under the category of a food supplement. Therefore,
a Data Safety Monitoring Board (DSMB) is not required.
If a participant reports a suicidal intent, plans or a
suicide attempt (indicated by an HDRS-17 suicide item of
>3), the researcher will immediately contact a psychiatrist
from the study team. If the study psychiatrist is unavail-
able, another on-call psychiatrist at the AUMC will be

consulted. Appropriate action will be taken to ensure the
participant’s safety.

ETHICS AND DISSEMINATION

The MREC of AUMC has approved the study and the
trial has been prospectively registered in the Inter-
national Clinical Trials Registry Platform (registry
number: NL-OMON57116). Important protocol modifi-
cations will be notified to the MREC and to the Central
Committee on Research Involving Human Subjects
(CCMO).

Potential participants will receive written informa-
tion about the study via the Human Subjects Informa-
tion Form (PIF) and any questions will be answered by
the researcher (see online supplemental material 1 for
an example of the participant consent form). A poten-
tial participant will be given a week after this to think
about study participation. Thereafter, the people who are
willing to participate will be invited to a screening visit.
Before any study procedures are performed, the poten-
tial participant will be asked to sign an IC form, which
will be additionally signed and dated by a member of
the research team. The IC form also includes an opt-in
item for the collection and storage of biological samples
in ancillary studies. Participants will receive a copy of the
signed consent form and their primary healthcare prac-
titioner will be informed about their participation in the
study.

There are no provisions for ancillary and post-trial
care. The liability insurance of the investigator applies to
the damage that becomes apparent during the study or
within 4 years after the end of the study.

Participants will receive €50 for participating in the
trial and finishing the assessments, with a potential bonus
of €10 or €20 bonus when they have completed >50% or
>70% of the EMA items, respectively. In addition, partic-
ipants will receive a reimbursement for necessary travel
expenses.

Authorised members of the study team will have access
to the final trial dataset for analysis and interpretation.
The study findings will be disseminated through publi-
cation in peerreviewed scientific journals, as well as
presentations at academic conferences, clinical care
forums and community engagement events, where
applicable.

Protocols, statistical code and other relevant supple-
mental materials necessary for ensuring the interopera-
bility and interpretability of the projects and data will be
made available through an open-access (meta)data repos-
itory. Due to the sensitivity of participant-level data, this
data will be securely stored on internal servers and will be
accessible on reasonable request. Data access processes
will be shared on the (meta)data repository. Metadata
will be assigned globally unique and persistent identi-
fiers, which will be cross-linked to enhance findability and
integration.
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DISCUSSION

With increasing evidence implicating the role of the
microbiota-gut-brain axis in depression,7 gut-derived
metabolites such as butyrate represent promising candi-
dates for therapeutic exploration.®* To the best of our
knowledge, this protocol paper describes the first trial
to investigate butyrate supplementation in a depressed
population, providing critical insights into its feasibility
and potential antidepressant effects. Findings from this
study will provide a foundation for future, larger-scale
trials investigating butyrate as a novel microbiota-targeted
intervention for depression.

This study incorporates multiple strategies to enhance
adherence, including the use of tributyrin instead of
sodium butyrate, which reduces the number of capsules
required, as well as the inclusion of lemon-scented inserts
and reminder systems. By incorporating extra measures
of depressive symptoms via the QIDS in the 2weeks
directly after supplementation, we can gain preliminary
insight into washout effects, potentially informing future
single-case experimental designs. Furthermore, this study
includes a follow-up, adding valuable data on the long-
term effects of butyrate supplementation.

Despite its strengths, this trial has several limitations.
First, tributyrin in soft gel capsules does not fully replicate
the way butyrate is naturally produced in the gut. While
naturally occurring butyrate is primarily formed in the
lower gastrointestinal tract,"’ tributyrin is likely absorbed
earlier in the digestive process. However, its therapeutic
effects may not solely depend on its action within the gut,
as butyrate can enter circulation and influence immune
and metabolic pathways in peripheral tissues, including
the brain.” * Future studies might explore alternative
formulations, such as resistant starches, that could more
closely mimic endogenous butyrate production.”

Second, the study is not powered to detect significant
changes in depressive symptoms or underlying mecha-
nisms. While we have incorporated intensive measure-
ments to improve detection of subtle changes and
maximise statistical power, a larger sample size will be
necessary in future trials to establish efficacy and further
elucidate butyrate’s mechanism of action. Additionally,
this study will not determine which patients are most
likely to benefit from butyrate treatment. It is plausible
that those with lower endogenous butyrate production
or a symptom profile linked to epigenetic or immune
dysregulation—such as individuals with an immuno-
metabolic subtype—may respond more favourably.*
Future research should explore these potential predictive
factors to refine targeted treatment approaches.

Third, the use of sunflower oil as a placebo may have
minor biological effects. Sunflower oil is rich in oleic acid
(omega-9) and linoleic acid (omega-6), both of which
have been linked to immune modulation and metabolic
processes.83 " However, the effects of sunflower oil or
its main components on depressive phenotypes remain
largely unexplored. One study found that supplementa-
tion with 30 g of sunflower oil per day had antidepressant

effects in mice.” Nonetheless, given that the daily dose
in our study—that is, 4g—is roughly equivalent to one
teaspoon of sunflower oil, we expect any potential effects
to be minimal, and therefore consider it to be an adequate
placebo.
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