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Abstract

INTRODUCTION

The community of microbes within the gastrointestinal tract
(gut microbiome) contain a vast genetic and metabolic diversity
interacting with each other and with their host. Through
evolutionary time all animals, including humans and their gut
microbes have evolved multiple complex co-dependencies needed
for optimal health and nutritional outcomes. Numbers of bacteria
within the human colon are roughly equivalent to the total
number of cells in the human body [1]. Four phyla, the Firmicutes,
Bacteroidetes, Actinobacteria, and Proteobacteria make up to
97% of the bacteria detected by ribosomal DNA sequencing in the
gut microbiome [2]. In human adults, species composition within
the gut microbiome can remain relatively stable [3]. However,
environmental factors such as host age, chemical exposure (e.g.,
pollutants, antibiotics), social, physical or physiological stressors,
all can affect gut microbiome composition, community stability,
and levels of potentially beneficial microbes [4,5]. In addition, it
is now well known that diet is directly associated with different
gut microbiome communities [6]. Changes in relative abundances
of different phyla in the gut microbiome composition can impact
microbiome function [7] and are sometimes associated with host
health and/or dysbiosis leading to systemic inflammation which
is associated with altered intestinal permeability [8], disruptive

Animal studies have shown that dietary probiotics can modify host stress response viathe gut-brain axis. A few studies with healthy human subjects have indicated that single
strain fermented milk probiotic products can alter stress response. The aim of this study was to investigate whether consumption of commercially available multispecies probiotic
pills could affect the gut microbiome and stress response in healthy humans. A treated group (ingested probiotic pills) and a control group (no probiotic pills) were subjected to
an elevated height ropes course (EHRC) as stressor. Stress response was measured using ELISA of salivary cortisol. Fecal bacteria DNA was sequenced by lllumina. Questionnaires
assessed perceived stress and gut health. Although bacterial community structure and diversity showed no changes over time, treated subjects had significantly increased abundance
of Lactobacilli and Bifidobacteria compared to controls on day 15. These two different trends would not be observed in studies that use one or the other set of markers (species
specific vs. general primers). Stress response to the EHRC showed no significant differences between treated and control groups, yet cortisol values in the treated group were slightly
dampened relative to controls on day 15. Overall, this study indicated that probiotic pill had a slight but significant effect on probiotic bacteria abundance, but not gut bacteria
community structure, stress, or gut health. We speculate that live yogurt cultures may be needed to substantially impact both gut community structure and stress response.

mental behaviors [9], colitis [10], diabetes [11], and prediabetes
[12].

“Probiotic” microbes are living microbes that benefit host
health when consumed. By definition, probiotics are safe for their
host, resistant to acidity and bile acids, adhere and colonize the
intestine [13]. In recent years, modification of the gut microbiome
by probiotic supplementation has been explored as a mechanism
for their potential to enhance health outcomes. Many different
species of probiotics have been used, the most common belonging
to the Lactobacillus and Bifid bacterium genera. Extensive
research has been dedicated to gastrointestinal tract (GI) and
metabolic disorders [14] mostly on populations associated with
common syndromes and chronic diseases (e.g., Type 2 Diabetes,
Irritable Bowel Syndrome, Crohn’s Disease). However, only a
handful of studies have focused on healthy adults. In the face of an
exploding market for probiotics there remains great uncertainty
in the knowledge of how and indeed if probiotic products benefit
consumer health outcomes. Environmental stimuli to the gut
and dietary sources can also influence central nervous system
(CNS) development and behavior [15]. The gut-brain axis, the bi-
directional signaling between the CNS and GI tract, helps maintain
optimal emotional conscious health [16]. Stress response to
an environmental stressor (i.e., fear, anxiety, and illness), well
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documented in text-books, and is a cascade series involving the
CNS and the hypothalamic pituitary adrenal (HPA) pathway
leading to the systemic release of cortisol. This spike in cortisol
level induces the “fight or flight response” usually manifested
as increased heart rate, breathing rate, and other systemic
alterations [17]. Stress is an essential survival mechanism to
overcome immediate crises. However, long term frequent stress
signaling, common in modern western culture, is detrimental to
physical health and can lead to prolonged feelings of anxiety [18].
Human stress and the HPA pathway are commonly monitored by
measuring cortisol in blood or saliva [19,20].

The gut microbiome has several potential pathways to
modulate the gut-brain axis such as by passing microbial
products through the blood system to interact with the endocrine
system (which releases cortisol via the HPA axis), spinal nerves,
the Vagus nerve, and the enteric nervous system (ENS) pathways
[21]. This two-way multi-component communication system
concept has been termed the microbiome gut brain (MGB) axis.
Indeed, host physiological, psychological, immunological, and
developmental functions are enmeshed with physical, genetic
and metabolic expression of the host’s microbiome [22].

Research related to CNS responses and probiotic
supplementation has been performed using rodents or humans
affected by CNSdisordersand usingspecificprobioticformulations
[21,23,24]. On the other hand, research related to CNS responses
and probiotic supplementation in healthy rodents or humans
is promising but limited. Administration of dietary probiotic
Lactobacillus rhamnosus (JB-1) to “normal” and “healthy” mice
resulted in less anxiety-like behavior and lower corticosterone
levels [25] while healthy women with no gastrointestinal or
psychiatric symptoms provided with fermented milk (containing:
B.animalis,Streptococcus thermophiles, Lactobacillus bulgaricus,
and Lacto coccus lactis) for 4 weeks showed a significant effect on
activity of brain regions that control central processing of emotion
and sensation compared to the placebo group [26]. Another
study on healthy individuals indicated that consumption of a
formulated multiprobiotic (Bifid bacterium spp.and Lactobacillus
and Lacto coccus) was associated with reduced self-reported
feelings of sadness and aggressive thoughts [27]. Data from
these few studies indicate that probiotics may provide potential
therapeutic approaches to alleviate psychological and physical
stress. However, there has not been any published reports of the
effects of multispecies probiotic pill consumption on stress in
healthy humans. Therefore, this study aimed to investigate the
effects of a commercially available multi-species probiotic pill on
1) gut microbiome community composition, 2) stress response to
induced stress through analysis of salivary cortisol, 3) perceived
stress and 4) bowel health. It was hypothesized that consuming
probiotic pills would increase the abundance of probiotic species
in the human GI tract; this in turn would impact gut health,
attenuate morning cortisol production, and reduce measured
stress (via salivary cortisol) and perceived stress (self-reported)
following exposure to a stressor.

MATERIALS AND METHODS
Subjects

All subjects included in this study were volunteers that gave
written informed consent approved by the Institutional Review

Board (IRB) at Youngstown State University. Fifteen healthy
individuals (males and females) between the ages of 18 to 56
were selected for the study. Individuals with irregular production
of cortisol or on medication that alters adrenal function (i.e.,
anxiety medications or anti-inflammatory medications) were
excluded from this study. Volunteer participants were divided in
two groups: treatment group and control group.

Participants in both groups were asked to follow their normal
diets throughout the entire study and to report any constipation,
diarrhea, illness, or consumption of any antibiotics or other form
of probiotics.

Experimental Design

The length of the study was 60 days. The treatment group
was provided with a 30-day supply of commercially available
probiotic pills containing Lactobacillus (acidophilus and
rhamnosus) and Bifid bacterium (B. lactis, B. longum, B. breve, and
B. bifidum) and were asked to consume 1 probiotic pill (109 CFUs
per pill according to manufacturer) at the same time daily for
30 consecutive days. After the 30-day probiotic pill regime, the
treatment group refrained from consuming the supplied probiotic
pills, but still followed their regular eating habits for 30additional
days. The control group did not consume the probiotic pill during
the 60 days. To induce stress, all subjects were to perform the
Elevated High Ropes Course (EHRC) (Figure 1) on days 0, 15,
30, and 60. The EHRC consisted of various obstacles located 6
meters above a gymnasium floor. Each subject was to perform
this task to the best of their ability. In order to compensate for
habituation, each subsequent performance on the EHRC was
more extensive and challenging than the previous performance.
A more challenging segment of the course was added each time.

Sample Collection

Fecal samples were collected on days 0, 15, 30 and 60. Each
volunteer provided their fecal samples in sterile 90 mL containers
(Therapak Co., Buford, GA, USA) and delivered them to the
laboratory within 12 hours of collection on each sample day. Each
subject collected their own saliva sample upon awakening in the
morning on days 0, 15, 30 and 60. Saliva was also collected before
performing the EHRC test, and 20 minutes after completing the
EHRC test.Saliva was collected using the Salimetrics® Oral Swab
(SOS) (Sal metrics, State College, PA USA). All samples were
immediately processed and/or stored frozen for analyses.

Analyses

Viable Counts in Probiotic Pills: Serial dilutions were
performed in triplicate using 1g of crushed probiotic pills, plated
onBD LBS Agar (Lactobacillus Selection Agar-BD Diagnostic
Systems, Heidelberg, Germany) to enumerate viable Lactobacillus
and BSM-Agar (Bifid us Selective Medium Agar) (Sigma-Aldrich’s.
Louis, MO, USA) to enumerate viable bifid bacteria. Plates were
then incubated anaerobically using a GazPak EZ Pouch System
(BD Technologies, Franklin Lakes, and NJ]) at 37°C for 24 - 48
hr. for Lactobacillus and 72 hr. for bifid bacteria. Blank dilution
controls were included.

Microbiome Molecular Analyses:

e Extraction of Fecal Microbial DNA: Microbial DNA
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Figure 1 Elevated Height Ropes Course (EHRC) at Youngstown State University gymnasium, used to induce stress to healthy subjects.
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Figure 2 Average relative abundance of fecal Lactobacillus using qPCR in subjects who Consumed a probiotic pill daily for the first 30 days (treatment
group, n=8), and in subjects who did not consume the probiotic pill (control group, n=7). Error bars represent standard deviation.

was isolated from 200-300 mg of feces using a modified
bead beating method [28] to minimize DNA shearing
for downstream applications. Extracted DNA was then
purified using QIAamp DNA Stool Mini Kit (Qiagen,
Valencia, Ca USA) and quantified using a Nano Drop
(Thermo Scientific, Waltham, MA USA). Extracted
microbial DNA was then normalized to 10 ng/ pl,
aliquoted, and stored at -20°C until further analysis.

PCR Amplification and Next Generation Sequencing
of Microbial DNA: Fecal microbial DNA was cleaned
with the Wizard DNA Clean-Up System (Promega,
Madison, W1, USA) and normalized between 0D260/280
= 1.8 and 0D260/230 = 2 as the starting concentration.
Samples were placed in ice and shipped to the Molecular
and Cellular Imaging Center at the Ohio State University.

Library preparation and [llumina MiSeq Sequencing was
performed for bacteria ribosomal DNA, V4 -V5 region
using primers (515 F 5’GAGTGCCAGCMGCCGCGGTAA 3’
and 806 R5’ ACGGACTACHVGGGTWTCTAAT 3") with 300
PErun cycles. In addition, normalized microbial genomic
DNA was PCR amplified using genus specific primers for
16S rDNA Lacl (5-AGCAGTAGGGAATCTTCCA-3") and
Lac2 (5’-ATTYCACCGCTACACATG-3") for Lactobacillus
and primers G-Bifid-F (5’-CTCCTGGAAACGGGTGG-3")
and G-Bifid-R  (5-CGTGTTCTTCCCGATATCTACA-3’)
for Bifid bacterium. Each 20 upl Creation contained:
0.04 pl of each primer (0.2u pM), 10 pl Go Taq Green
Master Mix 1x (Promega, Madison, WI USA), 1 ul
of genomic DNA (10ng/pl), and 8.2 ul of molecular
grade water. PCR reactions were amplified using Px2

JSM Gastroenterol Hepatol 9(2): 1109 (2022)

3/12



@SCil\/ledCentrai

Lisko DJ, et al. (2022)

Thermocycler (ThermoScientific, Waltham, MA, USA)
and gel electrophoresis was run to verify successful
amplification of PCR products. Triplicate samples from
separate PCR runs of adequate length were pooled and
sent for analyses to Case Western University Genomics
Core facility (Cleveland, OH) for NGS using Misses
[llumina.

¢  Quantitative PCR of Lactobacillus 16s rDNA genes:
Relative abundance of Lactobacillus genes was
determined by quantitative PCR (qPCR) using primers
Lacl (5-AGCAGTAGGGAATCTTCCA3’) and Lac2 (5'-
ATTTCACCGCTACACATG-3").Standard curves were
constructed from DNA purified from Lactobacillus
isolated from probiotic pills grown on selective media
(LBS). Standards were constructed by performing serial
dilutions of 10-3- 10-9 of Lactobacillus DNA. Real-time
PCR was performed using the IQ™5 real-time detection
system (Bio-Rad Inc., Hercules, CA, USA). The qPCR
reaction was performed using a total volume of 25 pl
of the following reagents: 12.5 pl of SYBR Green buffer
(Qiagen, Valencia, CA, and USA), 9.0 pl of RNase free
water, 25 uM of primer, and 25 ng of DNA. The reaction
conditions for amplification were 95°C for 3 min, 40
cycles of 95°C for 10s and 55°C for 30s. To determine
specificity of amplification, a melt curve was performed
after the last cycle, which consisted of 81 cycles by slowly
heating from 55°C to 95°C. 205

Measured Stress Using Salivary Cortisol: Salivary cortisol
levels were determined using the High Sensitive Salivary Enzyme
Immunoassay Kit (Salimetrics, State College, PA USA) according
to the manufacturer’s instructions.

Questionnaires

Perceived Stress Questionnaire: At each sample date, all
subjects completed a perceived stress questionnaire (PSQ) [29].
The PSQ is an instrument for assessing stressful life events and
the circumstances that can trigger disease-like symptoms that
may alter one’s psychological state. The questionnaire consisted
of 30 questions pertaining to stressful feelings and experiences
that individuals may Have felt during a two-week period on a
scale from 1 (almost never) to 4 (usually or very frequently). In
addition, the PSQ included one single question related to feelings
of perceived stress before the EHRC on a scale from 1 (minimal
stress) to 10 (maximum stress) (SI-1). For calculations and
comparison daily, perceived stress was calculated as the sum
value from 30 questions (4 points maximum) divided by 120 to
give a final value out of 1. Perceived stress before the EHRC data
was divided by 10 to give a final value out of 1.

Bowel Health Questionnaire: Each subject answered a
Bowel Health Questionnaire which consisted of 11 questions,
each sampling day (SI-2). This questionnaire was given to
determine whether the probiotic pills affected self-reported
gastrointestinal health-related functions (i.e., bowel movement,
flatulence, etc.). Seven questions on a scale of 1 (almost never) to
4 (usually) were related to bowel related issues. Four questions
asked subjects to record how frequently they were constipated,
had diarrhea, passed a stool, or had taken a stool softener.

Statistical Analyses

Statistical analysis of cortisol concentrations was determined
by a 4-parameter nonlinear regression analysis of collected
EIA 450 nm absorbance readings using My Assays Inc. (www.
myassays.com). Statistical analyses were performed using IBM
SPSS Statistics 20 for Windows (IBM Corp., Armonk, NY, USA)
and R package [30].

RESULTS AND DISCUSSION
Microbiome

Optimal interactions among different taxa in the gut
microbiome can provide a balanced ecosystem of commensal
bacteria essential for host health by metabolizing nutrients,
synthesizing vitamins, maintaining intestinal barrier functions,
and preventing invasion by pathogenic bacteria [7, 8]. Results
from animal studies also indicate that dietary probiotic
consumption can modulate stress [31, 24]. Thus, it is of interest
to determine whether consumption of probiotics disrupts or
alters the gut microbiome community structure and whether
probiotic consumption can affect the including stress response in
healthy human subjects. In this study the treated group received
an average daily dose of 1.4x109 (n=3, SD =4.5x108) CFUs of
Lactobacillus and 3.3x108 (n=3, SD=2.7x108) of Bifid bacteria
from consumption of a single pill. Viable counts of other probiotic
bacteria within the multispecies pill were not determined.

Consumption of the multispecies probiotic pill appeared to
slightly impact relative abundance of probiotic bacteria. A clear
indication was the higher relative abundance of Lactobacillus
in the treatment group compared to the control group over
time as measured by qPCR of amplicons generated from genus
specific primers (Figure 2). The highest relative abundance of
Lactobacillus in the treatment group was found after 30 days
of probiotic consumption, which dropped drastically after 30
days of no probiotic pill consumption (day 60)as expected if
the probiotic pill consumption indeed supplemented the gut
Lactobacillus population. The other indication that probiotic pill
consumption affected the gut Lactobacillus population was from
[llumina analyses of amplicons generated from genus specific
primers.

These data revealed that OTUs representing L. casein and
L. rhamnosus OTUs were the most abundant Lactobacillus in
the treatment group while OTU’s identified as an uncultured
Lactobacillus were the most abundant in the control group.
[llumina analyses of amplicons generated from genus specific
primers also showed that consumption of the multispecies
probiotic pill appeared to have an effect on abundance and
diversity of bifid bacteria. Numbers of observed bifid bacteria
OTUs were significantly higher in the treatment group compared
to the controls at day 15 (Figure 3). In the treatment group
relative abundance of Bifid bacteria was represented mainly by
B. longum and B. angulatum while in the control group relative
abundance was mostly uncultured bifid bacterium and some B.
longum and B. angulatum (data not shown). Illumina sequencing
of genus specific primers revealed that Bifid bacteria diversity
was lowest at day 30 in the experimental group compared to days
0, 15, and day 60 (after 30 days without probiotic pill) using two
different statistical metrics (i.e.,, Chaol and Shannon).
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Figure 3 Number of unique OTUs belonging to the Bifidobacteria genus normalized to 10ng/ul fecal DNA from subjects who consumed a probiotic
pill daily for the first 30 days (treatment group, n=8 in blue), and in subjects who did not consume the probiotic pill (control group, n=7 inred). Error

bar represents standard deviation.

Shannon-Wiener index of bifid bacteria, was higher but not
statistically different from the control on day 15 (Figure 4) while
Shannon diversity remained somewhat constant for subjects
who did not consume the probiotic pill. NMDs analyses of Bifid
bacteria OTU’s revealed closer clustering on day 15 (Figure 5).
These findings suggest that probiotic pill consumption did affect
both groups of probiotic bacteria in the gut microbiome.

CFU’s of Lactobacillus and Bifid bacteria were present
in relatively high numbers in the probiotic pill (109 and
108 respectively) yet they were not detected in feces by
[lluminasequencing of amplicons generated using V4-V5 rDNA
primers for bacteria. Although present and functionally important
as probiotic bacteria, Lactobacillus and Bifid bacteria were
detected as amplicons generated using genus specific primers
(discussed above). This may be explained by a relatively low
abundance of Lactobacillus and Bifid bacteria in the gut bacteria
community, as has been shown in other studies [32-34]. Another
explanation is selective bias in the primers chosen (either in the
general primers or in the genus specific primers), since DNA
sequence amplification using different primer sets frequently
result in different genera and Species detected [35].

Consumption of the multispecies probiotic pill did not
affect overall gut microbiome community structure nor did
microbiome diversity show any particular trend when examined
using V4 -V5 general bacteria primers followed by Illumina
sequencing. Thus, measured changes in Lactobacillus relative
abundance and bifid bacteria species distribution were not
reflected in the gut microbiome bacteria community structure
with the methods used in this present study. These findings are
in agreement with some other studies that have also indicated
probiotics had no measurable change in human gut microbiome
community structure. For example, probiotic consumption did
not change the human host microbiome composition, although
metabolic activity of the microbiota was altered [36]. Yet other
studies [37] have indicated that, in contrast, probiotics can alter
the gut microbiome community structure when human subjects
consumed relatively large quantities of Greek yogurt.

Salivary cortisol

There were no statistical differences between the daily
salivary cortisol levels upon awakening in the probiotic
treatment group vs. the control group. However, average daily
salivary cortisol upon awakening (ng/dL) in the treatment group
decreased from 0.35 at day Oto 0.29 after 15 days, and to the
lowest value of only 0.21 after 30 days and then returned to 0.35
at day 60 (Figure 6). In contrast, in the control group, salivary
cortisol levels shifted greatly, especially from 0.27 at day 0 to 0.45
after 15 days and were higher than the treatment group. Lower
cortisol over time in the treatment group compared to controls,
with a rebound in cortisol levels on day 60 (after 30 days of no
probiotic pill) indicated that perhaps probiotics affected waking
stress levels, but differences were not statistically significant.
High standard deviations could be due in part to variable time
lapse upon awakening before sample collection, since it is known
that even 30 minutes after waking can increase salivary cortisol
levels [38]. In fact, salivary cortisol levels follow circadian
fluctuation; concentrations in the morning are much higher than
those in the evening [39]. Subjects were instructed to collect
saliva samples immediately upon awakening, but compliance
was not independently verified (such as by motion monitoring).

It was originally planned to calculate the induced stress
response due to activity onv their using the differences between
saliva cortisol levels (after-before stressor). However, some
subjects showed higher levels prior to participating in the EHRC
while other subjects showed higher cortisol levels following their
participation in the EHRC activity. This was explained by some,
but not all subjects stating that they experienced high stress just
observingthe EHRCwhile waitingand watching other participants
prior to their actual activity on their. Thus, instead, salivary
cortisol data obtained both before and after induced stress were
evaluated as totals (before + after). Average values of salivary
cortisol (both before plus after EHRC activity) were greater in the
treatment group than in the control group on each sample day
(Figure 7), with day 15 showing the greatest difference between
the groups. However, variability was high and all differences
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Shannon Index

Figure 4 Shannon-Wiener diversity index of Bifidobacteria (based on Illumina sequences) from subjects who consumed a probiotic pill for the first
30 days (treatment group, n =8 in blue) and 673 for subjects who did not consume the probiotic pill (control group, n=7 in red). Error bar represents

standard deviation.
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Figure 5 Non-metric multidimensional scaling (MDS) showing distribution of Bifidobacteria (based on Illumina sequences) from subjects who
consumed a probiotic pill for the first 30 days (treatment group =8) in triangles and for subjects who did not consume the probiotic pill (control
group n=7) in circles. Sampling days are colored coded: day 0 red, day 15 green, day 30 686 blue and day 60 purple.
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Figure 6 Average daily salivary cortisol measured by ELISA in subjects that consumed the probiotic pill daily for the first 30 days (treatment group,
n=8) and subjects that did not (control 694 group, n=7). Error bar represents standard deviation.

were not statistically significant. The finding of anticipatory
stress in this present study is in agreement with findings from
a previous study of induced stress in humans involving patients
having dental extractions [40]. In that study 41% of the patients
expressed more stress (higher cortisol concentrations) before
the extraction while54% had higher cortisol concentrations 10
minutes after the extraction. Additionally, all patients had higher
cortisol concentrations (both before and after) compared to a
control group that did not undergo dental extraction. There is
evidence in humans and other animals that dietary consumption
of transient microbes can modulate brain chemistry and
observed behavior, but in this present study, there were no
clear indications that altering the resident microbiota affected
the CNS response to stress. However, it is important to note that
anxiety-prone organisms are usually more disposed to anxiety-
like behaviors than “normo-anxious”ones [41] which could have
been an additional underlying factor in this present study.

Perceived Stress

Perceived stress takes into account personal feelings and the
impact of daily external conditions on one’s ability to manage and
overcome stress [42]. Perceived stress is routinely measured via
questionnaires as a scale [43], using easy to understand general
questions. As shown in Figure 8a, in the treatment group the
lowest average relative reported perceived daily stress was
found after 30 days of probiotic pill. No significant changes
over time were observed. In the control group perceived daily
stress did not change from day 0 to day 30 and no differences
in reported values were statistically significant. The perceived
stress questionnaire relied on recollection of stress-related
feelings and experiences over the course of the previous week
and poor recollection of each subject may have influenced the
reported data. Average relative perceived stress following EHRC
(Figure 8b) also showed no statistically significant differences
with time nor between treatment and controls.

In this present study, consumption of multispecies probiotic
pills did not affect relative daily perceived stress. Daily perceived

stress did not correlate with morning salivary cortisol. However,
the lowest perceived stress was recorded after 30 days of
probiotic pill consumption which coincided with low cortisol
measurements after the EHRC in the treatment group. Perhaps
these two findings represented a small signal that may indicate
an influence of probiotic pill consumption. In fact, conflicting
findings from different studies on the effects of probiotics on
perceived stress and stress response all use different probiotic
regimes with very different groups of human subjects so
perhaps it should not be surprising that the results also differ.
For example, a study of healthy women receiving a multispecies
probiotic treatment [44] showed similar results to this present
study wherein probiotic consumption had no significant effect,
compared to controls, on both self-reported stress and salivary
cortisol concentrations following induced stress; yet the authors
did find that their probiotic treatment provided stress-dependent
beneficial effects on cognition. On the other hand, a different
study showed that healthy women and men that consumed
specifically probiotics formulated with L. helveticusand B.
longum for 4 weeks, had slightly lower but significantly less self-
reported perceived stress, anxiety and depression [22]. Similarly,
daily consumption of L. gasser for 4 weeks improved anxiety,
depressive mood and lowered salivary cortisol in healthy male
medical students [21]. Metabolic functions vary within species
and among strains within a species [45] of probiotic bacteria.
Particular probiotic species and strains appear to affect human
hosts differently depending on host genetics, immunity, and
environmental exposures [46].

Bowel Health

Questionnaires addressing bowel symptoms are considered
good indicators of bowel disease [47]. In this study, the bowel
health questionnaire was general and did not ask for specific
outcomes. Inter-individual variability in intensity, severity and
fluctuation of digestive symptoms [48] over time was notincluded.
Nevertheless, higher scores in the gut health questionnaire
responses were considered indicatorsofpoorer intestinal health.

JSM Gastroenterol Hepatol 9(2): 1109 (2022)

7/12



@SCﬂ\/lCdCentrai

Lisko DJ, et al. (2022)

1.2

0.8

0.6

0.4

0.2

Added Salivary Cortisol (before + after EHRC pg/dL)

Days

B Treatment

B Control

30 &0

Figure 7 Salivary cortisol concentration in subjects that consumed the probiotic pill daily for the first 30 days (treatment group, n=8) and in subjects
that did not (control group, n=7). Solid bars represent the sum of salivary cortisol sampled just before and 10 minutes after EHRC stressor. Error

bars represent standard deviation.

Overall weekly self-reported numbers of bowel movements
during the length of the study, frequencies of diarrhea, and bowel
discomfort (Figures 9 and 10 respectively) were similar in both
groups during the length of the study. Average frequency of both
constipation, diarrhea and bowel discomfort was lowest after
15 days of treatment, compared to initial and later values in the
treatment group, suggesting that perhaps probiotics may have
provided a mild effect on bowel regularity. A systematic review of
trials [49] indicated that effects of supplementation of probiotics
on stool frequency and bowel transit were too heterogeneous to
measure positive outcomes (e.g., less constipation). In addition, a
double-blind placebo study revealed that healthy adults suffering
constipation did not benefit from probiotic supplementation [50].

CONCLUSIONS

There remain major gaps in our knowledge regarding how
the brain receives signals from gut bacteria. Exact mechanisms
of if and how intestinal microbes affect host CNS function and
behavior are complex and remain largely unknown. Moreover,
research on probiotic consumption has relied mostly on animal
studies, which should be extrapolated to humans only with
caution. Multiple studies suggest that the yogurt/cultured milk
matrix can have an important supplemental effect on the host
gut microbial community resulting in beneficial health outcomes.
Indeed, the nutritional matrix provided in fermented products
may play an important role supporting growth and activity
of probiotic bacteria in the gut providing fiber-rich or milk-
associated oligosaccharides that are preferentially metabolized
by certain gut microbes.

However, most probiotic research has utilized specialized
laboratory formulations and has not studied current
commercially probiotic pills available to any consumer who
believes unverified health claims. Since this study did not take

placebo effect into account, discounting placebo effect would
imply that probiotics within the pill would have even less effect
on reported outcomes. Although consumption of a commercially
widely available probiotic pill did show a slight significant effect
on Lactobacillus, probiotic pill consumption showed no effect
on human gut microbial community diversity, measured stress,
stress response, perceived stressor self-reported bowel health.

Certainly, more research is needed in healthy human subjects
to determine whether particular dietary probiotic strains or
mixes, with or without prebiotics, in a fermentation media
such as yogurt or in pill form can affect host stress response or
augment host health in any way. Different environmental factors
(nutrition, contaminant exposure, external stressors), host
factors (epigenetics, genetics, immunity, health history), and gut
microbiome composition all need to be studied to determine if/
how particular probiotic bacteria impact human stress response.
Aspects of microbiology, bioinformatics, and neuroscience all
must be integrated to elucidate interactions between multiple
complex systems underlying the MGB. Lastly, much more basic
research is needed before reliable personalized dietary probiotics
could be offered to allow consumers to achieve particular health
outcomes.

LIMITATIONS OF THE STUDY

We acknowledge the need to be cautious in interpreting
the results as a consequence of the probiotic consumption pill.
Placebo controls were not included since we did not have the
means to provide a sterile pill in the same form as the probiotic
pill. Participants were allowed to decide their wake-up time.
Thus, time of daily salivary cortisol measurement was neither
monitored nor enforced. In addition, anxiety-prone individuals
were not determined ahead of the study. More importantly,
this current study was indeed limited by the number of human
subjects and number of samples provided. It was extremely
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Figure 8 Panel A: Average perceived daily stress in subjects that consumed the probiotic pill daily for the first 30 days (treatment group, n=8) and
in subjects that did not (control group, n=7). Calculated values were from self-reported answers to a questionnaire (SI-1). Higher values represent
more stress. Panel B: Average perceived stress calculated from self-reported answers to a questionnaire (SI-1) after subjects were exposed to the
stressor (EHRC) in the treatment group and control group. Error bars represent standard deviation.

difficult to recruit volunteers.

Similar studies would benefit if conducted with more subjects
to provide clearer signals relating to probiotic pill consumption,
gut microbial community changes, stress, and cortisol. No
culturing of Lactobacilli or Bifid bacteria species recovered from
fecal material were conducted in this study since investigators
thought to minimize potential health risk to undergraduate
research students involved in the project.
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