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Abstract

To determine the effect of a twice daily administration of SBD111 on safety and tolerability
in healthy adults in a randomized, placebo-controlled trial over 28-days. Participants
were randomized to either SBD111 (n=15) or placebo (n=17). The outcomes were the
number, frequency, and severity of Gastrointestinal (GI) symptoms and the number and
severity of adverse events (AEs) over 28-days. Stool samples were collected and analyzed
at baseline, after 28- and 56-days. Groups were compared (P< 0.05) using an intention-
to-treat approach. The two groups were similar at baseline. After 28-days, the presence
of GI symptoms tended to be higher with SBD111 use vs placebo (P=0.08) but the total
number, frequency/severity of GI symptoms did not significantly differ. The number of AEs
possibly related to the study were higher with SBD111 use vs placebo (P=0.05), there were
no significant differences in the mean number/severity of AEs. The majority of reported
AEs were mild, some were moderate, but none were severe. There were no significant
differences in alpha diversity indices between the two groups at baseline or follow-up.
SBDI111 strains were identified in stool, enriched metabolic pathways for menaquinone
(vitamin K2) production at 28-days, and were not detected at 56-days. The relatively low
frequency and mild severity of GI symptoms and AEs suggests that SBD111 at the level
tested is safe for human consumption.
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Introduction

Historically, probiotics have been isolated from human stool
and are derived from microbes commonly identified along the
gastrointestinal (GI) tract. These probiotic microorganisms offer a
benefit to the host and have been studied for their positive impact
on human diseases including type 2 diabetes,' ulcerative colitis,’
neurodegenerative diseases,’ osteoarthritis,* and others. Recently, the
gut microbiome has been implicated as a potential target to improve
health outcomes in osteopenia and osteoporosis.>® Approximately
10 million Americans over the age of 50 years are currently living
with osteoporosis culminating in 1.5 million fractures annually.”
The current standards of care including anti-resorptive and anabolic
therapies are reserved for those with high fracture risk. Very few
specific interventions are available to slow age-related bone loss that
ultimately leads to the need for pharmacologic therapy. Thus there
is a current unmet need for safe and effective ways to favorably alter
bone turnover to slow bone loss.®* Probiotics offer a new opportunity
for the dietary management of the processes in bone that lead to bone
loss, potentially lowering the likelihood that prescription medications
will become necessary.

As an alternative to the traditional source of probiotics from the
intestine, Solarea Bio isolated bacteria, yeast, and filamentous fungi
from fruits and vegetables typical of a healthy, plant-based diet. Fruits
and vegetables harbor an immensely diverse microbiome essential
for the health and survival of the plant.!*!? This untapped source of
microbial diversity has facilitated the development of a novel, safe,

Defined Microbial Assemblage™ (DMA™) medical food product,
SBD111, for the dietary management of the metabolic processes
associated with osteopenia and osteoporosis. SBD111 is composed of
four strains of microorganisms isolated from different food sources:
Lactobacillus brevis SBS4254, Lactobacillus plantarum SBS4260,
Leuconostoc mesenteroides SBS4255, and Pichia kudriavzevii
SBS4263, as well as oligofructose and dried blueberry powder. Solarea
Bio has generated multiple pre-clinical validations of product efficacy
in mouse models of osteoporosis.”> While the SBD111 product has
been tested in multiple preclinical studies and a toxicity study in rats,
it has yet to be administered to a human volunteer. An adverse event
profile of this product is a necessary first step to advance it to the next
phase of clinical development.

The goal of this study was to evaluate the safety (primary outcomes)
and GI tolerability (secondary outcomes) of daily administration of
6.1x10" CFU/d of SBDI111 (an optimized synbiotic medical food)
over a 28-day period. In addition, this study aimed to evaluate the
effect of SBD111 on the fecal microbiota composition and function,
as well as the persistence of SBD111 product in the GI tract after
a 28-day washout period (56-day). We hypothesized that twice-daily
oral administration of SBD111 would be safe for human consumption
and would not cause GI intolerability over 28 days. Further, we
hypothesized that the SBD111 product would be identified in the
stool of participants after 28-days of dosing and would dissipate
over time, such that after a 28-day washout period, the genomic
signal of SBD111 microbial strains would no longer be detected by
metagenomic sequencing in the stool samples.
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Materials and methods
Study design and participants

This study was a sponsor-initiated, individual level, randomized,
double-blind, place-bo-controlled, parallel-arm clinical trial conducted
in Roslindale, Massachusetts. The study was sponsored by Solarea Bio,
Inc., which also supplied the medical food and placebo supplements.
This trial was registered in clinicaltrials.gov (NCT05206864). Full
trial protocol can be accessed at clinicaltrials.gov. It was performed
in concordance with the Declaration of Helsinki and received ethical
approval from the Institutional Review Board (IRB-00054643) at
Advarra. Each participant provided written informed consent. The
first participant was enrolled (randomized) on September 24, 2021;
data collection ended February 7, 2022. See Supplementary Table S1
for a schedule of study visits and assessments.

Eligible participants were a convenience sample of adult men and
non-pregnant women aged 18-70 years, with a Body Mass Index (BMI)
between 18.5 and 35 kg/m?, systolic blood pressure (SBP) < 155 mm
Hg, diastolic blood pressure (DBP) < 95 mm Hg, not using probiotic
or prebiotic supplements or antibiotic treatment, and with screening
blood tests results within normal range. For further eligibility details
see Supplementary Material S2. Participants were recruited via digital
advertisements and study flyers from the local community. Interested
adults underwent a pre-screening medical interview by telephone
to review all disqualifying medical conditions and assess history of
probiotic/prebiotic consumption. Those who qualified were invited
for an in-person screening visit prior to randomization. During the
in-person screening visit, blood pressure, height, and weight were
recorded, and BMI was calculated before collecting blood to check
white blood cell count, neutrophils, platelets, hemoglobin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and total
bilirubin. A urine sample was collected and used for a dipstick
pregnancy test for women who were undergoing screening.

Participants were also excluded if, in the investigator’s opinion,
there was evidence of cognitive impairment or dementia which was
sufficient to interfere with informed consent or adherence to the study
protocol. The clinical site physician assessed study eligibility for all
potential participants prior to collection of baseline data.

Test articles

The study medical food product (SBD111) is an orally delivered
synbiotic capsule containing a mixture of live microbial probiotic
strains (Lactobacillus brevis SBS4254, Leuconostoc mesenteroides
SBS4255, Lactobacillus plantarum SBS4260, and Pichia kudriavzevii
SBS4263) with natural prebiotics and inert formulation ingredients
(Supplementary Table S3). Each microbial strain is manufactured
independently as a dry bulk intermediate and subsequently blended
together with the prebiotic fibers. The final formulated study product
(SBD111) and placebo were prepared by Dietary Pros (7111 W. Stewart
Ave, Wausau, WI 54401) and were packaged as a monthly supply of
capsules in bottles, which were refrigerated until dispensed. Quality
control testing of the study product was conducted by an independent,
certified test lab. The test articles were provided to all trial participants
upon randomization starting on September 24, 2021. Eligible adults
were randomized to one of the two test articles: either Control
(placebo) or SBD111 for a period of 28 days. SBD111 was supplied in
avegetable-based capsule at a dosage of 6.1x10'°CFU/d total microbes
and 500mg of total probiotics and prebiotics per capsule. Placebo
was also supplied in a vegetable-based capsule containing 500mg of
maltodextrin per capsule that were administered in identical bottles
(Supplementary Table S4). Participants consumed two capsules per
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day, one with breakfast and one with dinner. A block randomization
scheme with varying block sizes in a 1:1 ratio was used. The date
of randomization marked the start of follow-up for each participant.
All study products were identical in packaging and had the same
appearance, taste, and texture. Trial participants, investigators, and all
study staff involved in baseline and follow-up data collection were
masked to participants’ randomization assignments. A data manager
from the Marcus Institute who was not involved in the data analyses
had the assignment codes and exclusive access to the key linking
assignment with participants. Study personnel and investigators were
masked until all data collection was completed. The analyst was also
masked until the analysis was complete. Project Director enrolled
study participants and assigned them to intervention groups based on
the assignment codes.

Primary outcomes

The primary tolerability outcomes were the number, frequency,
and severity of adverse GI symptoms over 28-day that are possibly
or probably related to administration of SBD111 as assessed by the
study physician (DPK), who was blinded to group assignment. GI
tolerability was measured by a modified Gastrointestinal Tolerability
Questionnaire on days 0-7, then weekly thereafter and reviewed at
prescribed intervals i.e. at baseline, days 1-7, day 14, day 21, and day
28." We utilized a classification system for AEs such that both total as
well as GI specific AEs were recorded.

Secondary outcomes

Secondary outcomes related to safety were the number and severity
of all adverse events (AEs) that were possibly or probably related to
administration of SBD111. Self-report of Adverse Events (AE) was
performed daily and reviewed at prescribed intervals to monitor
intervention side effects and was reviewed by the clinical physician.
All participants were interviewed by phone using standardized
symptom checklists once they self-reported an AE. Participants were
asked to report any serious events within 24 hours of occurrence to
the study team. The study team assessed the severity of adverse events
and whether they were expected, and related to the study.

Exploratory outcomes

Exploratory outcomes included fecal microbiota composition,
function, and persistence of SBD111 product in the GI tract after a
28-day washout period (56-day).

Stool collection, processing and analysis: Gut microbiome
composition was monitored at baseline, after 28 days, and after 56
days by shotgun metagenomic analyses of stool samples. Participants
were instructed to collect an at-home stool sample at these timepoints
and to ship the samples to Solarea Bio using a prepaid shipping label.
Stool collection kits were purchased from Microba Life Sciences
and consisted of a swab for sample collection. All materials were
pre-labeled with an assigned de-identified study ID and time interval
of the sample collection, and were returned via pre-paid USPS
Priority to Solarea Bio (cost-effectively at ambient temperature).
Staft ensured sample intake and tracking, quality control, protection
of confidentiality, aliquoting and temporary storage at -80°C. Once
all stool samples were collected, Solarea Bio shipped them in bulk
on dry ice to Microba Life Sciences in Brisbane Australia. Once
there, Microba performed DNA extractions, library preparations, and
sequencing. Raw sequencing reads were transferred to Solarea Bio for
bioinformatic analyses.

DNA/RNA extraction, library preparation, and sequencing:
DNA was extracted from samples using the DNeasy 96 PowerSoil
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Pro QIAcube HT Kit (Qiagen 47021) according to manufacturer’s
instructions with a modification in the initial processing step on the
QIAcube HT DNA extraction system (Qiagen 9001793). Mechanical
lysis was performed with the PowerBead Pro beads (Qiagen 19311).
Extracted DNA was quantitated using a high sensitivity dsDNA
fluorometric assay (QuantIT, ThermoFisher, Q33120).

DNA libraries were generated using the Illumina DNA Prep (M)
Tagmentation Kit (Il-lumina, 20018705) with IDT for Illumina DNA
UD Index Sets A-D (Illumina 20027213-16) following manufacturer’s
instructions, with a modification of volume for processing in a
384-plate format. Library quality was assessed by measuring DNA
concentration using the high sensitivity dsDNA fluorometric assay
(QuantIT, ThermoFisher, Q33120) and gel analysis. Individual
libraries were pooled in equimolar amounts to create a sequencing
pool. The pooled library was sequenced on the [llumina NovaSeq6000
using v1.5 300 bp PE sequencing reagents. DNA libraries were
sequenced to a target S5Gbp per sample with a minimum of 2Gbp.
Sequencing quality was assessed by Illumina sequencing metrics.

Metagenomic sequence analysis: Quality control of raw reads was
performed using SolexaQA++ package' discarding reads less than
50bps and with a Phred quality score<20. Removal of host sequencing
reads was performed using Bowtie2 v 2.4.2,'° with default parameters
with the reference human genome GRCh38. Nonpareil v3.0'¢ with
default parameters was used to estimate the average coverage for each
sequenced library using a cutoff of 80% community coverage. One
metagenomic sample showed less than 80% coverage and was excluded
from further analyses. Taxonomic classification of metagenomic
samples was per-formed using MetaPhlan3 with default parameters.
Taxon relative abundances were calculated based on marker genes in a
specific clade at different classification levels (species, genus, family).
ITS coverage of P. kudriavzevii in the metagenomes was calculated by
mapping the metagenomics reads to the ITS sequence (coverage (X) =
number of mapped reads * read length/ ITS length). Functional profile
was characterized using HUMAnN3 with default parameters and
reference pathways databases including UniRef, KEGG, UniPathway,
and MetaCyc. Difference in abundance in metabolic pathways was
assessed across study groups and time points.

Whole genome sequencing of SBD111 microbial strains: DNA
was extracted from individual colonies using the Zymo quick DNA
bacterial/fungal kit (Zymo). DNA libraries were built using the
Nextera XT DNA library preparation kit (Illumina Inc) following
manufacturer’s instructions. Concentration of the DNA libraries was
calculated using Qubit 3.0 Fluorometer (ThermoFisher scientific).
Sequencing of DNA libraries was performed in an Illumina MiSeq
(MiSeq Control Software v2.6) with 2 x 250 bp paired-end reads.
Raw sequencing reads were trimmed and filtered based on a Phred
score > 20 and minimum fragment length of 50 bp using Solexa
QA v3.1.7.1 (Cox et al 2010). Filtered reads were assembled using
IDBA-UD vI1.1.3" with pre-corrections and genome completeness
and contamination were calculated based on lineage-specific marker
genes using CheckM v1.1.3.18

DNA from the yeast P. kudriavzevii was extracted using the
MasterPure Yeast DNA pu-rification kit (Lucigen). DNA libraries
were prepared using the Nanopore Genomic DNA by Ligation kit
(SQK-LSK110) and sequencing was performed using the MinION
instrument (Oxford Nanopore) and the MinKNOW Sotfware
v20.10.3. Fast5 sequencing reads were converted to fastq reads using
guppy 3.2.2 (dna r9.4.1 _450bps_hac.cfg). Read quality control
was evaluated using NanoFilt v2.7.1" with a Phred score > 20
and minimum fragment length of 50 bp. Filtered sequencing reads
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were assembled using flye v1.8% and assembly was polished using
Medaka v0.12.1 (Oxford Nanopore Technologies Ltd, 2018). Next,
assembled contigs were additionally corrected using Illumina reads
with Pilon v1.23.*' Assembly statistics were calculated using QUAST
v 5.0.2*? and genome completeness was evaluated using BUSCO v3
(saccharomycetes_odb10 dataset).”

The sequencing files of this study are deposited in the sequencing
read archive (SRA) at National Center for Biotechnology
Information (NCBI) under the accession number: PRINA811803
(Temporal link: https://dataview.ncbi.nlm.nih.gov/object/
PRINAS811803?reviewer=jfm49f6ursr8q1qhlgnjlpvhhq) 11803

Covariates

Covariates were measured at the baseline examination and included
age (years) and sex. Height (inches) was measured while participants
were without shoes and converted into meters. Weight (kilograms), in
light clothing was measured with a calibrated digital scale.

Compliance

To monitor compliance, any unused supplements were returned to
Solarea Bio and were counted. Two participants who stopped taking
supplements early in the course of the study, one due to the start
of antibiotics and one due to GI intolerance, were excluded before
comparing the two groups on compliance.

Statistical analysis

Baseline characteristics are presented by placebo versus the
SBD111 use. Categorical variables are presented as percentages and
continuous variables are presented as means and standard deviations
(SD). Descriptive variables were compared across the placebo
and the SBD111 group using T-tests for continuous variables and
Chi-square tests for categorical variables. Primary and secondary
outcomes were compared across the two groups using Incidence Rate
Ratios (IRR) from the negative binomial regression models or Odds
Ratios (OR) from the logistic regression models and 95% confidence
intervals (95%CI) using an intention-to-treat approach. Within-person
differences in safety and tolerability outcomes (change in the number
of AEs, number of GI symptoms, and severity of GI symptoms)
between 7 and 28 days were estimated as mean difference and 95%CI
using Student’s T-test. Similar analyses were performed for estimating
mean difference and 95% confidence intervals for between group
changes.

The sample size was determined based on similar studies assessing
safety and tolerability of probiotics in healthy adults. The power
calculation was based on an assumption of incidence of experiencing
gas as a symptom in the active arm and placebo arm of 50% and 5%,
respectively. Based on this assumption, 30 participants would have
achieved over 80% power to detect such a difference. A nominal two-
sided p value of 0.05 was considered statistically significant for all
analyses. All analyses were conducted using SAS software version
9.3 (SAS Institute Inc., Cary, NC).

Differential abundant taxa and metabolic pathways between
placebo and SBD111 groups at different time points were identified
by Linear Discriminant Analysis (LDA) Effect Size v1.1.1 (LEfSe).**
Significance was considered when the logarithmic LEfSe score for
discriminative features was 2.0 and P-value < 0.05. Beta diversity
was calculated using Bray—Curtis dissimilarity at the species level
using the vegan package (version 2.5-4)* in R. Visualization of
microbiome data was performed using ggplot2.%
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Results
Study inclusion

A convenience sample of 69 individuals were pre-screened on
phone; of these, 33 individuals were deemed eligible to participate
in this study (Supplementary Figure S1). One individual refused
to participate in the study and 32 participants provided informed
consent and were enrolled in the study. During the 28-day follow-
up, one participant stopped taking the study product due to consistent
GI adverse events and one participant was deemed ineligible when
the participant started taking antibiotics. Both participants were in the
placebo group. However, both participants were asked to provide stool
samples at 28-day and 56-day fol-low-ups. All the 32 participants
returned the 28-day stool sample. One stool sample from the 56-day
follow-up was lost in transit, resulting in 31 stool samples that were
returned at the 56-day follow-up.

Study compliance

Compliance as assessed by counting the number of returned pills
[SBDI111: 1.2 (SD: 1.7) pills vs. placebo: 4.2 (SD: 6.3) pills, P=0.14]
as well as number of compliance days, [SBD111: 27.4 (SD: 0.8) days
vs. placebo: 25.8 (SD: 3.8) days, P=0.16] which were not significantly
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different between SBD111 users compared to placebo users (Table
S1).

Baseline characteristics

At baseline, the mean age was 45 (SD: 18) years in the placebo
group (n=15, 5M, 10F) and 42 (SD: 15) years in the SBD111 group
(n=17, 5M, 12F). The two groups had similar mean BMI, systolic, and
diastolic blood pressure at baseline (Table 1).

Safety and tolerability

During the period of SBD11 or placebo administration, there were
no significant differences in the mean number or severity of adverse
events, and all were mild or moderate (Table 2). However, the number
of AEs that were possibly related to the study were significantly higher
in the SBD111 group versus the placebo group (P=0.03). Similarly, no
significant differences were seen in the number, frequency or severity
of GI symptoms (Table 3).

There were no significant differences between the two groups in
the change in the number of AEs, change in GI symptoms, and change
in the severity of GI symptoms calculated within each group from day
7 to day 28 (Table 4).

Table I Comparison of demographic variables across placebo and SBDI | | users

Participant characteristics

Mean (SD) or n (%)

Placebo (N=15) SBDIII (N=17) P Value
Sex, n (%)
Male 5(33.3) 5(29.4) 08l
Female 10 (66.7) 12 (70.6)
Age, years 45 (18) 42 (14) 0.6
BMI, kg/m2 25.9 (4.3) 24.7 (2.7) 0.33
Seated SBP, mmHg 127.7 (14.4) 123.1 (16.0) 0.4
Seated DBP, mmHg 8l1.1 (8.7) 784 (9.1) 0.41
White Blood Cell 6.6 (1.7) 6.0 (1.1) 0.24
Hemoglobin 13.6 (1.9) 13.5(1.2) 0.9
Platelet Count 271.9 (67.2) 246.5 (48.2) 0.22
Aspartate Aminotransferase 20.9 (7.8) 23.0 (4.7) 0.35
Alanine Transaminase 29.7 (13.1) 29.9 (7.9) 0.95
Compliance, excluding early withdrawals' — mean (SD)
Number of capsules returned?
Actual pill count 42 (6.3) 1.2 (1.7) 0.14
Number of days of compliance 25.8 (3.8) 27.4 (0.8) 0.16

"Two participants, both in the placebo group, stopped taking the supplement early in the course of the study, one due to the start of antibiotics and one due to

Gl intolerance.

Three participants, one in the placebo group, two in the SBDI 11 group, did not return pill bottles and were missing data on pill count.

Table 2 Comparison of safety and tolerability outcome variables across placebo and SBD 111 users

Study outcomes Mean (SD) unless otherwise noted IRR or OR (95%Cl)

Placebo (N=15) SBDIII (N=17) PValue PlacebovsSBDIII' P Value
Total number of AEs I.1(1.5) 1.8 (1.9) 0.22 1.71 (0.71,4.10) 0.23
Number of AEs related to study, n (%) 0.08
Not related 2 (12.5) 5(l6.7) 2.21 (0.42, 11.69) 0.35
Unlikely related 5@31.3) 6 (20.0) 1.06 (0.17, 6.60) 0.95
Possibly related 5(31.3) 18 (60.0) 3.18 (1.10,9.17) 0.03
Probably related 4 (25.0) 1 (3.3) 0.44 (0.05, 4.06) 0.47
Definitely related 0(0) 0(0) Ovs.0 -
Number of AEs by days
7 0.7 (1.2) 11 (1.1) 0.35 1.59 (0.62,4.06) 0.33
14 0.9 (1.4) 1.2 (1.1) 0.6 1.26 (0.54,2.92) 0.59
21 1.0 (1.5) 1.4 (1.4) 0.57 1.27 (0.55,2.94) 0.58
28 I.1(1.5) 1.6 (1.7) 0.31 1.54 (0.66, 3.62) 0.32
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Table Continued...
Study outcomes Mean (SD) unless otherwise noted IRR or OR (95%Cl)
Placebo (N=15) SBDIII (N=17) PValue Placebo vsSBDIII' P Value
Severity of AEs, n (%)
Mild Il (68.8) 23 (74.2) 0.69 1.84 (0.76,4.50) 0.18
Moderate 531.3) 8 (25.8) 1.41 (0.19,10.32) 0.73
Severe/ life threatening 0(0) 0(0) Ovs.0 -
Number of serious adverse events (SAEs) 0 (0) 0(0) - 0vs.0 -

'Incidence Rate Ratio (IRR) from negative binomial regression models or odds ratio (OR) from logistic regression models comparing placebo to SBDI | | users,
where placebo is the reference group.These models were run for all outcome variables except for frequency of Gl symptoms.

Table 3 Comparison of safety and tolerability related to gastrointestinal symptoms (Gl) across placebo and SBDI | | users

Study outcomes Mean (SD) unless otherwise notes IRR or OR (95%Cl)

Placebo (N=15) SBDIII (N=17) P Value Placebo vs SBDI I | P Value
Gl symptoms, n (%) 5(33.3) Il (64.7) 0.08 3.67 (0.85, 15.84) 0.08
Total Gl symptoms 1.7 (4.2) 2.5(3.7) 0.57 1.46 (0.42,5.13) 0.56
New Gl symptoms by day
7 0.4 (1.4) 0(0) 0.34 -2 -
14 0.7 (1.8) 0.1 (0.4) 0.29 0.19 (0.01,2.56) 0.21
21 0.1 (0.3) 0.2 (0.8) 0.54 3.00 (0.09, 102.99) 0.54
28 0 (0) 0.4 (0.8) 0.08 -3 -
Cumulative Gl symptoms by day
0-7 1.1 (27) 1.5 (1.6) 0.61 1.38 (0.40,4.71) 0.61
14 1.7 (4.2) 1.6 (1.7) 0.95 0.95 (0.28, 3.26) 0.94
21 1.7 (4.2) 1.8 (2.2) 0.98 1.02 (0.29, 3.59) 0.98
28 1.7 (4.2) 2.1 (2.8) 0.76 1.22 (0.34,4.44) 0.76
Frequency of Gl symptoms, n (%)
0 10 (66.7) 6 (35.3) 0.49
| 2 (13.3) 3 (17.6)
2 0 (0) 2(11.8)
3 | (6.7) 2(11.8)
>4 2(13.4) 4 (23.6)
Gl symptoms by severity
Mild 1.2 (2.5) 1.9 (2.9) 0.49 1.57 (0.42,5.81) 0.5
Moderate 0.5 (1.8) 0.2 (0.6) 0.55 0.44 (0.04,4.35) 0.48
Severel/life threatening 0(0) 0(0) - 0vs.0 -
Duration of side effects, days 34 (3.7) 3.0 (4.8) 0.75 -0.44 (-3.07,2.19) 0.74

'Incidence Rate Ratio (IRR) from negative binomial regression models or odds ratio (OR) from logistic regression models comparing placebo to SBDI | | users,
where placebo is the reference group.These models were run for all outcome variables except for frequency of Gl symptoms.

Table 4 Within-person differences in safety and tolerability outcomes from 7 days to 28 days across the placebo versus SBDI 11 group

Mean difference (95% CI) within group change Mean difference (95%Cl) between

Study outcomes from day 7 to day 28 group changel P Value
Placebo (N=15) SBDIII (N=17) Placebo (Ref) vs.SBDI I
0.4 0.59 0.19 0.41

Change in the number of AEs (0.05,0.75) (0.22,0.95) (:030,0.68)

Change in the number of Gl 0.67 0.65 -0.02 0.97

symptoms (-0.26, 1.60) (-0.10, 1.40) (-1.15, 1.11)

Change in severity of Gl symptoms

Mild 0.33 0.59 0.25 0.55
(-0.07,0.73) (-0.16 1.34) (-0.60, 1.11)

Moderate 0.33 0.06 -0.27 0.34
(-0.25 0.91) (-0.07,0.18) (-0.86,0.31)

Severe/very severe 0vs.0 0vs.0 - -

'Mean difference between group change was calculated as mean values in SBDI |

Analyses of the gut microbiome

Shotgun metagenomic analyses of the gut microbiomes of
participants revealed no significant differences in alpha diversity
indexes (Shannon diversity and microbial richness) between the two
groups at baseline, after 28-days of administration, and after 56 days

| - mean values in the placebo group.

(Mann-Whitney test, P-value < 0.05) (Figure 1). Similarly, there was
no difference in beta diversity between the two groups at baseline or
over time (Supplementary Figure S2).

SBD111 strains were not detected at baseline in either placebo or
SBD111 groups except for one participant with L. plantarum, one
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with Leuc. mesenteroides, and another one with P. kudriavzevii in the
product group (Figure 2). After 28-days of administration, there was
a variable increase in abundance of all SBD111 strains in the product
group that later decreased and became not detectable by 28 days after
stopping the intervention. One participant from the placebo group
showed an abundance of Leuc. mesenteroides at day 56.

Shannon Index Richness
35
r 140
A :
Group
E 120
30 Placebo
B3 sspi11
:
L 100
25
80
Day 0 Day 28 Day 56 Day 0 Day 28 Day 56

Figure | Comparison of alpha diversity indexes between placebo and
SBDI Il groups at different time points. (Mann-Whitney test, *P-value < 0.05,
**P-value < 0.01, comparison between placebo vs. group for each time point).
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[}
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Figure 2 Detection of SBD | | | strains in the gut metagenome of participants.
Statistical significance of the relative abundance of L. brevis, L. plantarum and L.
mesenteroides was evaluated between placebo and product groups for each
time point using a LDA Effect Size (LefSe) analysis with P-value of < 0.05 and a
LDA score 2 2.0 considered significant. Mann-Whitney test was performed to
compare the ITS coverage of P. kudriavzevii between groups. *P-value < 0.05,
**P-value < 0.01.

Linear Discriminate Analysis (LDA) revealed that after 28 days of
test product administration, there were 29 pathways with an increased
abundance in the SBD111 group and 9 pathways with a decreased
abundance in the placebo group (Supplementary Figure S3). Some
abundant pathways at baseline in the SBD111 group were maintained
at higher abundance than in the placebo group at day 28 including
biotin biosynthesis, 5-oxo-L-proline metabolism, and fatty acid &
beta-oxidation IV. Moreover, other pathways were enriched in the
SBD111 group including those related to menaquinone (vitamin K2)
production (super pathways of menaquinol-6, -9, and -10) (Figure
3). During the washout period, the vitamin K2 pathway enrichment
observed during the intervention period was no longer present, but
eight other metabolic pathways increased in abundance in the SBD111
group including those involved in lipid biosynthesis, peptidoglycan
maturation and 8 decreased in the placebo group.

Further, after 28-days of test product administration, fragment
recruitment analysis re-ported the genomic signal of SBD111 strains
in the gut metagenomes of most participants receiving SBD111, but
none of those receiving placebo (Supplementary Figure S4). The
genomic signal was not detectable after the wash out period (day 56)
in the SBD111 group.
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Figure 3 Metabolic pathways associated with vitamin K biosynthesis with
differential abundance between placebo and SBDII| groups at day 28
identified by LDA Effect Size (LefSe) analysis (P-value of < 0.05 and an LDA
score 2 2.0). PWY-5845: superpathway of menaquinol-9 biosynthesis, PWY-
5850: superpathway of menaquinol-6 biosynthesis, PWY-5860: superpathway
of demethylmenaquinol-6 biosynthesis |, PWY-5862: superpathway
of demethylmenaquinol-9 biosynthesis, PWY-5896: superpathway of
menaquinol-10 biosynthesis.

Discussion

In this study, we evaluated safety and tolerability of SBD111, an
optimized synbiotic medical food designed for the dietary management
of the metabolic processes of osteopenia and osteoporosis. We found
that the two study groups were not significantly different in mean
number or severity of AEs. Similarly, no significant differences
were seen in the number, frequency or severity of GI symptoms or
compliance across the two groups. The only statistically significant
difference was that the number of AEs that were possibly related to
the study were significantly higher in the SBD111 group versus the
placebo group. However, two participants from the placebo group
stopped taking supplements early in the course of the study, one due
to the start of antibiotics and one due to GI intolerance.

We further showed that SBD111 strains were able to pass through
the intestinal tract, be identified in stool, as well as provide relevant
and potentially bone-protective gene functionalities including vitamin
K2 production at 28 days. Furthermore, we found that the genomic
signal of SBDI111 could not be detected after the washout phase at
day 56.

Modification of the gut microbiota is an emerging area of research
in relation to chronic diseases of aging, including osteoporosis.
Experimental studies in animals show that gut microbial changes
can affect calcium balance, inflammation, immunity, and bone
homeostasis.”’?* Yet, data from human clinical trials are limited.
Recent preclinical and clinical studies suggest that targeting specific
key taxa related to beneficial effects to the host may be a safe and
viable target for the dietary management of skeletal homeostasis.
In mice, probiotics were protective against bone loss and improved
markers of bone turnover.?83%34 Postmeno-pausal osteopenic women
administered probiotics for 12-months were protected from bone
loss compared to placebo.>®** Several mechanisms underlying the
observed skeletal effects of probiotics have been suggested:
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1) Microbial fermentation of dietary fiber (prebiotics) into short
chain fatty acids (SCFAs) activated by microbial production
of glycosyl hydrolase enzymes. SCFAs selectively support the
development of peripheral regulatory T cells, which decrease
inflammation resulting in the inhibition of osteoclastogenesis and
promotion of osteoblastogenesis.?30-3637

2) Production of glycosyl hydrolases required to break down
complex polysaccharides and glycans enabling bacterial digestion
and production of SCFAs.

3) Production of menaquinone 7 (a homologue of vitamin K2) by
gut microbes, which has beneficial effects on the skeleton.®

These previous pre-clinical and early human studies make a
compelling case for the development of an optimal probiotic and
prebiotic combination. Our study is one of the first to test such a
product for safety and tolerability. We completed our recruitment
goals, with relatively high interest and compliance with our study
protocol. Only two adults (both in the placebo group) discontinued
the supplements, one due to use of antibiotics and the other due to
GI intolerance. Study compliance was quite good and did not differ
across the two groups. Our GI adverse events were ascertained daily
during the early period to provide a thorough assessment of side
effects.

Our study has limitations. First, we were underpowered to detect
small differences in adverse events. Second, we only measured stool
microbiota at baseline, after 28 days of ad-ministration, and after
an additional 28 day washout period. To understand the dynamics
of product detection in stool upon the start of the intervention and
the washout period will require more frequent sampling and higher
sample size. Despite these limitations, our study has many strengths.
We executed a rigorous blinded, randomized, controlled design to
test the safety and tolerability of SBD111 in humans. The concept
of combining an optimal formulation of prebiotics and probiotics in
a single formulation is a significant development over administering
single probiotics without attention to the accompanying need for a
fiber substrate. Shotgun metagenomic analyses provided important
insight on the genomic detection of SBD111 strains during the study
in addition to the identification of metabolic pathways associated
with vitamin K2 biosynthesis. We utilized a classification system for
AEs such that both total as well as GI specific AEs were recorded. GI
tolerability was measured by a validated questionnaire.'* Inclusion of
a wash out phase provided additional information on safety features
of SBD111.

Conclusion

In conclusion, this study demonstrates the safety and tolerability
of SBD111 in adult men and women. Our study suggests that SBD111
strains are able to pass through the intestinal tract, be identified in
stool, as well as provide relevant and potentially bone-protective gene
functionalities including vitamin K2 production. Therefore, future
studies should test whether SBD111 will improve bone health in a
larger clinical trial by measuring bone-protective efficacy in a relevant
target population.

Author contributions

The authors’ responsibilities were as follows-SS, EMS, and DPK
designed the research and acquired funding; DPK served as the study
physician; DC provided project management support and collected
data; SS, MJSG, and EMS analyzed data with critical input from all
co-authors; SS, EMS, and MJSG drafted the manuscript with editing
by all authors; SS had primary responsibility for final content; and all
authors read and agreed to the published version of the manuscript.

Copyright:
©2023 Sahni et al.

Funding

This research was funded by Solarea Bio Inc. SS was in part
supported by the National Institute on Aging support of the Boston
Claude D. Pepper Center Older American In-dependence Centers
(OAIC; 1P30AG031679) and Peter and Barbara Sidel Fund. Role of
funding agency: Solarea Bio Inc. participated in study design, data
analysis, interpretation, and drafting of this manuscript.

Institutional review board statement

This study was conducted in accordance with the Declaration of
Helsinki, and approved by the Institutional Review Board (or Ethics
Committee) of Advarra (protocol code Pro00054643 and 25th June
2021).

Informed consent statement

Informed consent was obtained from all subjects involved in the
study.

Data availability statement

Data described in the manuscript, code book, and analytic code
will be made available upon request pending application to and
approval by Solarea Bio Inc.

Acknowledgments

We are indebted to the study participants for their sustained
commitment to the Solarea clinical trial. We thank Dr. D. Davidson
Easson, Jr. from Solarea Bio Inc. for his instrumental role in the
production and quality assurance of both SBD111 and placebo test
articles; Ms. Nessa Steinberg from the Marcus Institute, Hebrew
SeniorLife for providing part of the administrative support; and Mr.
Daniel Habtemariam from the Marcus Institute, Hebrew SeniorLife
for his programming efforts.

Conflicts of interest

Dr. Sahni reports institutional grants from Dairy Management
Inc. and Solarea Bio Inc., has reviewed grants for the American Egg
Board’s Egg Nutrition Center and serves on a scientific advisory board
for the Protein Committee, the Institute for the Advancement of Food
and Nutrition Sciences. Dr. Kiel serves as a consultant to Solarea
Bio Inc., Reneo, and Pfizer, and receives grant support from Amgen,
Solarea Bio Inc., and Radius Health, and royalties for publication
in UpToDate by Wolters Kluwer. Other authors have no conflicts of
interest to report.

References

1. Plovier H, Everard A, Druart C, et al. A purified membrane protein
from Akkermansia muciniphila or the pasteurized bacterium improves
metabolism in obese and diabetic mice. Nat Med. 2017;23(1):107-113.

2. Hrdy J, Alard J, Couturier-Maillard A, et al. Lactobacillus reuteri 5454
and Bifidobacterium animalis ssp lactis 5764 improve colitis while
differentially impacting dendritic cells maturation and antimicrobial
responses. Sci Rep. 2020;10(1):5345.

3. SunJ, Li H, Jin Y, et al Probiotic clostridium butyricum ameliorated
motor deficits in a mouse model of Parkinson’s disease via gut
microbiota-GLP-1 pathway. Brain Behav Immun. 2021;91:703-715.

4. Schott EM, Farnsworth CW, Grier A, et al. Targeting the gut microbiome
to treat the osteoarthritis of obesity. JCI Insight. 2018;3(8):¢95997.

5. Per-Anders Jansson MD, Dan Curiac MD, Irini Lazou Ahrén P, et al.
Probiotic treatment using a mix of three Lactobacillus strains for lumbar
spine bone loss in postmenopausal women: a randomised, double-
blind, placebo-controlled, multicentre trial. The Lancet Rheumatology.
2019;1(3):154-162.

Citation: Sahni S, Schott EM, Carroll D, et al. Randomized clinical trial to test the safety and tolerability of SBD 111, an optimized synbiotic medical food
combination designed for the dietary management of the metabolic processes underlying osteopenia and osteoporosis. | Microbiol Exp. 2023;1 1 (1):1-11.

DOI: 10.15406/jmen.2023.11.00379


https://doi.org/10.15406/jmen.2023.11.00379
https://pubmed.ncbi.nlm.nih.gov/27892954/
https://pubmed.ncbi.nlm.nih.gov/27892954/
https://pubmed.ncbi.nlm.nih.gov/27892954/
https://pubmed.ncbi.nlm.nih.gov/32210304/
https://pubmed.ncbi.nlm.nih.gov/32210304/
https://pubmed.ncbi.nlm.nih.gov/32210304/
https://pubmed.ncbi.nlm.nih.gov/32210304/
https://pubmed.ncbi.nlm.nih.gov/33148438/
https://pubmed.ncbi.nlm.nih.gov/33148438/
https://pubmed.ncbi.nlm.nih.gov/33148438/
https://pubmed.ncbi.nlm.nih.gov/29669931/
https://pubmed.ncbi.nlm.nih.gov/29669931/
https://www.sciencedirect.com/science/article/abs/pii/S2665991319300682
https://www.sciencedirect.com/science/article/abs/pii/S2665991319300682
https://www.sciencedirect.com/science/article/abs/pii/S2665991319300682
https://www.sciencedirect.com/science/article/abs/pii/S2665991319300682
https://www.sciencedirect.com/science/article/abs/pii/S2665991319300682

Randomized clinical trial to test the safety and tolerability of SBD 111, an optimized synbiotic medical
food combination designed for the dietary management of the metabolic processes underlying osteopenia

and osteoporosis

6.

Nilsson AG, Sundh D, Backhed F, et al. Lactobacillus reuteri reduces
bone loss in older women with low bone mineral density: a randomized,
placebo-controlled, double-blind, clinical trial. J Intern Med.
2018;284(3):307-317.

Wright NC, Looker AC, Saag KG, et al. The recent prevalence of
osteoporosis and low bone mass in the United States based on bone
mineral density at the femoral neck or lumbar spine. J Bone Miner Res.
2014;29(11):2520-2526.

Eastell R. O’Neill TW, Hofbauer LC, et al. Postmenopausal osteoporosis.
Nat Rev Dis primers. 2016;2:16069.

Black DM, Rosen CJ. Clinical practice postmenopausal osteoporosis. N
Engl J Med. 2016;374:254-262.

. Soto-Giron MJ, Kim JN, Schott E, et al. The edible plant microbiome

represents a diverse genetic reservoir with functional potential in the
human host. Sci Rep. 2021;11(1):24017.

. Berg G, Grube M, Schloter M, et al. Unraveling the plant microbiome:

looking back and future perspectives. Front Microbiol. 2014;5:148.

. Muller DB, Vogel C, Bai Y, et al. The Plant microbiota: Systems-level

insights and perspectives. Annu Rev Genet. 2016;50:211-234.

. Lawenius L, Gustafsson KL, Wu J, et al. Development of a synbiotic

that protects against ovariectomy induced trabecular bone loss. Am J
Physiol Endocrinol Metab. 2022;322(4):E344-E354.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Copyright:
©2023 Sahni et al.

Gurevich A, Saveliev V, Vyahhi N, et al. QUAST: quality assessment
tool for genome assemblies. Bioinformatics. 2013;29(8):1072—1075.

Seppey M, Manni M, Zdobnov EM. BUSCO: Assessing genome
assembly and annotation completeness. Methods Mol Biol.
2019;1962:227-245.

Segata N, Izard J, Waldron L, et al. Metagenomic biomarker discovery
and explanation. Genome Biol. 2011;12(6):R60.

Oksanen J, Kindt R, Legendre P, et al. The vegan package Community
Ecology Package. 2007;10:631-637.

Wickham H. ggplot2: elegant graphics for data analysis. Springer:
2016.

McCabe LR, Parameswaran N. Advances in probiotic regulation of bone
and mineral metabolism. Calcif Tissue Int. 2018;102(4):480-488.

Tyagi AM, Yu M, Darby TM, et al. The microbial metabolite butyrate
stimulates bone formation via T regulatory cell-mediated regulation of
WNT10B Expression. /mmunity. 2018;49:1116-1131.

Ohlsson C, Sjogren K. Effects of the gut microbiota on bone mass.
Trends Endocrinol Metab. 2015;26(2):69-74.

Li J-Y, Chassaing B, Tyagi A, et al. Sex steroid deficiency—associated
bone loss is microbiota dependent and prevented by probiotics. J Clin
Invest. 2016;126(6):2049-2063.

14. Cox MP, Peterson DA, Biggs PJ, et al. SolexaQA: At-a-glance quality 31. Dar HY’ Pal S, Shukla P, et al }.3aci11'us clausii inhibits bone loss b}’
assessment of Illumina second-generation sequencing data. BMC skf:wmg Treg—Th.1'7 cell equilibrium in postmenopausal osteoporotic
Bioinformatics. 2010;11:485. mice model. Nutrition. 2018;54:118-128.

15. Langmead B, Salzberg SL. Fast gapped-read alignment with Bowtie 2. 32. Dar HY, Sh“kk? P, Mishra PK, et al. Lactgbagillus acidoph%lus iphibiFs
Nat Methods. 2012:9(4):357-359. bone logs and increases bone heterogeneity in osteoporotic mice via

modulating Treg-Th17 cell balance. Bone reports. 2018;8:46-56.

16. Rodriguez RL, Gunturu S, Tiedje JM, et al. Nonpareil 3: Fast L .
estimation of metagenomic coverage and sequence diversity. mSystems. 33. Ohls;on G Engdahl G .Fak F, et al. Probiotics protect mice from
2018:3(3):¢00039—18. ovariectomy-induced cortical bone loss. PLoS One. 2014;9(3):¢92368.

17. Peng Y, Leung HC, Yiu SM, et al. IDBA-UD: a de novo assembler for 34. Britton RA, Irwin. R, Quach D, et al.. Probiptic L reuteri treatment
single-cell and metagenomic sequencing data with highly uneven depth. prevgnts bone loss in a menopausal ovariectomized mouse model. J Cell
Bioinformatics. 2012;28(11):1420~1428. Physiol. 2014;229(11):1822-1830.

18. Parks DH, Imelfort M, Skennerton CT, et al. CheckM: assessing the 35. Lambert MNT, Thyl?o ,CB" Lykkeboe S, et al. Combined bioavaila.ble
quality of microbial genomes recovered from isolates, single cells, and %soﬂavones and probiotics improve bone status and .estrogen metab011§m
metagenomes. Genome Res. 2015;25:1043-1055. in postmenopausal osteopenic women: a randomized controlled trial.

Am J Clin Nutr. 2017;106(3):909-920.

19. De Coster W, D’Hert S, Schultz DT, et al. NanoPack: visualizing and . . .
processing long-read sequencing data. Bioinformatics. 2018;34(5):2666— 36. Pandlygn P, Bhaskaran N, Zou M, et .al. J Microbiome dependent
2669. regulation of tregs and Thl7 cells in mucosa. Front Immunol.

2019;10:426.

20. Kolmogorov M, Yuan J, LinY, et al. Assembly of long, error-prone reads . . . .
using repeat graphs. Nat Biotechnol. 2019;37(5) 540546 37. Postler TS, Ghosh S. Understanding the holoblont: How microbial

metabolites affect human health and shape the immune. System. Cell

21. Walker BJ, Abeel T, Shea T, et al. Pilon: an integrated tool for Metab. 2017;26(1):110-130.
comprehensive microbial variant detection and genome assembly . . .
improvement. PLoS One. 2014;9(11):¢112963. 38. Sato T, Inaba N, Yamashita T. MK-7 and its effects on bone quality and

strength. Nutrients. 2020;12(4):965.

Appendix
Table S| Schedule of study assessments

Study procedures Prescreening Screening Baseline DI-6 D7 DIl4 D2i D28 D56

Demographics X

Age X

Medical History X X

Medications & Supplements X X

Height X X

Weight X X

BMI Calculation X X

Blood Pressure X X

Urine Sample X

White Blood Cell Count X
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Table S| Continued...
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Study procedures Prescreening Screening Baseline DI-6 D7 DIi4 D2i D28 D56
Neutrophil Count X

Platelet Count X

Hemoglobin X

Aspartate Aminotransferase X

Alanine Transaminase X

Total Bilirubin X

Randomization X

Instruction Distribution X

Adherence Assessment X X X X X

Stool Collection X X X
AE Reporting X X X X X X

GITQ X X X X X X

Material S2 Eligibility criteria

Inclusion

Eligible participants were aged 18-70 years, have a Body Mass

Index between 18.5 and 35 kg/m?, systolic blood pressure < 155 mm
Hg, diastolic blood pressure <95 mm Hg.

Exclusion

Exclusion criteria included:

1.

[c BN BN Y]

Individuals currently taking probiotic or prebiotic supplements or
have taken them in the past 30 days.

. Unwilling to avoid probiotics/prebiotics supplements for the

duration of the study.

. Known or suspected allergies to probiotics, gelatin, maltodextrin,

or berries.

. Received oral or parenteral antibiotics within 3 months of

enrollment or prescribed antibiotics on the day of enrollment.

. Major surgery or endoscopy within the last 3 months.
. Current smoker.
. History of drug and/or alcohol abuse at the time of enrolment.

. Presence of any of the following:

e Abnormal vital signs or clinically significant systems
abnormalities based on the screening questionnaire.

* Indwelling catheter or implanted hardware/prosthetic device
or feeding tube.

 Febrile illness (oral temperature >37 degrees Celsius) or one
or more episodes of diarrhea within 72 hours of baseline visit
(first administration of study product).

* Active bowel leak, acute abdomen, colitis, or active GI disease
or history of gastric or intestinal dysmotility, slowed transit
time, variable small intestinal permeability, pancreatitis, or
inflammatory bowel disease.

» History of Hepatitis B or Hepatitis C infections, cirrhosis, or
chronic liver disease.

* Underlying structural heart disease or previous history of
endocarditis or valve replacement.

10.
11.
12.

13.

14.

15.

16.

* Immunosuppression including HIV positive, solid organ or
stem cell transplant recipient, receiving any oral or parenteral
immunosuppressive therapy, neutrophil count <500/mm"3, or
an anticipated drop in the neutrophil count to <500/mm3.

. History of cancer.

a. Excluding non-melanoma skin cancers or cancer more than
10 years ago.

History of collagen vascular disease.
Active tuberculosis.

Women only - pregnant, planning on becoming pregnant within
the next 2 months, breastfeeding, positive urine pregnancy test
during screening or within 24 hours of first administration of
study product.

Screening laboratory tests greater than upper normal limit (ULN)
or less than lower normal limit (LLN):

a. White Blood Cell Counts < LLN or > ULN

b. Neutrophils < 1500/ul (1.5 x10%/L)

c. Platelets < 100 x 10%/ul (100 x 10%/L)

d. Hemoglobin < 9.0 g/dl (90 g/L)

e. Aspartate Aminotransferase (AST) > 3 x upper limit of normal
f. Alanine Transaminase (ALT) > 3 x upper limit of normal

g. Total Bilirubin > 1.5 x upper limit of normal

Participants may be excluded if, in the investigator’s opinion,
there is evidence of cognitive impairment or dementia which is
sufficient to interfere with informed consent or adherence to the
study protocol.

Any other condition that in the opinion of the investigator would
jeopardize the safety or rights of the volunteer participating in
the study or would make it unlikely the volunteer could complete
the study.

If the subject has been in a recent experimental trial, these must
have been completed not less than 60 days prior to this study.
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Ingredient

Dose in Each Capsule (CFUs)

Daily Dose in Two Capsules (CFUs)

Ingredient in Each Capsule (mg)

Lactobacillus brevis SBS4254
Lactobacillus plantarum SBS4260
Leuconostoc mesenteroides SBS4255
Pichia kudriavzevii SBS4263
Oligofructose

Dried, ground blueberry powder
Magnesium stearate

Silicon dioxide

Total

9.6x10°
9.6x10°
9.6x10°
1.6x10°
NA

NA

NA

NA
3.0x10'°

1.9 x10"
1.9 x10'
1.9 x10"
3.2 x10°
NA
NA
NA
NA
6.1x10'°

15-30
15-30
15-30
75-160
125-235
125-235
5-10
5-10
500-550

Abbreviations: CFU, colony forming units; NA, not applicable, not part of microorganism dose

Table S4 Comparison of safety and tolerability related to gastrointestinal (Gl) symptoms between placebo and SBDI 11 users

Frequency of individual Gl symptoms from GITQ, n (%)

Mean (SD) or n (%)

IRR or OR (95%Cl)

Placebo (N=15) SBDIII (N=17) PValue PlacebovsSBDIII' PValue

Bloating 2(13.3) 4(23.5) 0.46 2.00 (0.31, 12.89) 0.47
Gas 2(133) 8 (47.1) 0.04 5.78 (0.99, 33.82) 0.05
Intestinal Rumbling 3 (20.0) 7 (41.2) 0.2 2.80 (0.57, 13.75) 0.2
Blood in Stool 0(0) 0(0) - 0vs.0 -
Abdominal Cramps or Pain 4 (26.7) 3(17.6) 0.54 0.59 (0.11,3.20) 0.54
Nausea 1 (6.7) 1(5.9) 0.93 0.88 (0.05, 15.33) 0.93
Vomiting 0(0) 0(0) - 0vs.0 -
Loss of Appetite 1 (6.7) 1(5.9) 0.93 0.88 (0.05, 15.33) 0.93
Abnormal Taste 0(0) 0(0) - 0vs.0 -
Heartburn 1 (6.7) 2 (11.8) 0.62 1.87 (0.15,22.94) 0.63
Constipation 0 (0) 3(17.6) 0.09 --2 -

'Incidence Rate Ratio (IRR) from negative binomial regression models or odds ratio (OR) from logistic regression models comparing placebo to SBDI | | users,
where placebo is the reference group; %Infinite odds ratio, 0 odds in the placebo group.

‘ Pre-screensd for eligibility (n= 69) |

l

Screened (n=33)

Excluded (n=1)
Dedlined to participate (n=1)

Randomized (n=32)

i [ ot ) 1

Allocated to SBD111 intervention and provided
stool sample (n=17)

~ Received allocated intervention (n=17)

~ Did not receive allocated intervention (n=0)

Follow-Up

(n=15)
“ Received allocated intervention (n=15)

Allocated to placebo and provided stool sample

" Did not receive allocated intervention (n={0)

Lost to follow-up (n=0)
Discontinued intervention {n=0)

Provided stool sample at 28-day (n=17) and 56-
day (r=16, 1 sample lost in transit)

| Analysis

Lost to follow-up (n=0)
Discontinued intervention {participants

and one due to GI intolerance) (n=2)

day (r=15)

discontinued, one due to the start of antibiotics

Provided stool sample at 28-day (n=15) and 56-

Analysed (nel7)
~ Excladed from analysis (n=0)

Figure S| Flow chart of study participants enrolled in the study.

Analysed (n=15)

“Excluded from compliance analvsis (Two
participants stopped taking the supplement
early in the course of the study, one due to the
start of antibiotics and one due to GI
intolerance) (n=2)

Citation: Sahni S, Schott EM, Carroll D, et al. Randomized clinical trial to test the safety and tolerability of SBD 111, an optimized synbiotic medical food
combination designed for the dietary management of the metabolic processes underlying osteopenia and osteoporosis. | Microbiol Exp. 2023;1 1 (1):1-11.

DOI: 10.15406/jmen.2023.11.00379


https://doi.org/10.15406/jmen.2023.11.00379

Randomized clinical trial to test the safety and tolerability of SBD 1|1, an optimized synbiotic medical Copyright:
food combination designed for the dietary management of the metabolic processes underlying osteopenia ©2023 Sahni et al. 11
and osteoporosis

0.6+ .
044 1 Placebo Day 0
. Placebo Day 28
& o024 * »  Placebo Day 56
s .« . | $8D111 Day 0
"y . e .
0.04 .u'n s N2 e s . | sBD111 Day?28
o ® sBD111 Day 56
‘ L]
-0.24 . .
-
| v U . U v v
=02 0.0 02 04 0.6
MDSA1

Figure S2 Non-metric Multidimensional Scaling (NMDS) Plot of Beta diversity with Bray-Curtis Dissimilarity Distances at the species level. PERMANOVA
analyses did not show significance between groups or time points (P-value=1).
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Figure S3 Microbial taxa and metabolic pathways with differential abundance between placebo and SBD | | | groups at 28-days identified by Linear Discriminant
Analysis (LDA) Effect Size (LEfSe) (p-value of < 0.05 and a LDA score 2 2.0).The LDA score corresponds to the degree of difference in the magnitude of relative

abundances of features that differ between the two groups.
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Figure S4 Detection of SBD1 || strains in the gut metagenome at day 28 of participants in the SBDI | | group. Fragment recruitment plot of the metagenomic
sample from one participant taken at each time point.The plot shows the sequencing depth values in a logarithm scale of metagenomics reads that were mapped
onto each SBDI | | genome sequence.The dark blue peak corresponds to the average coverage of reads that were mapped with 295% nucleotide identity. The
light blue represents the average coverage of reads with <95% nucleotide identity. Fragment recruitment plots were built using the enveomics.R package v1.4.1
from the Enveomics collection.?”
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