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Aim of this work was to assess the metabolic and physiological changes that occurred in
the hind gut of rats after feeding with soybean carbohydrates alone and in combination
with Lactobacillus helveticus BGRA43. Wistar rats were gavaged with soybean flour
for 28 days. The parameters assessed included fecal volatile organic compounds, and L-
lactate, reducing sugars, proteins, ammonia and water levels in the colonic lumen. The
presence of lactic acid (LAB), sulfate reducing (SRB) and methanogenic bacteria was
assessed by semi-quantitative PCR. Malondialdehyde levels as well as lymphoid tissue
size in ileal and colonic mucosa were also evaluated. On the basics of the results
obtained, correlation network was created, setting the parameters tested in research in
two metabolic groups: saccharolytic and proteolytic fermentation group. The principal
finding of the study is a negative correlation between oral administration of BGRA43
and increase of parameters related to carbohydrate fermentation in the gut, and a
positive correlation to factors related to proteolytic fermentation. On the contrary,
soybean carbohydrates were correlated with increased values of factors related to
carbohydrate catabolism. Different effects of BGRA43 and soybean carbohydrates on
metabolic processes in colonic lumen indicate the possibility of applying the BGRA43
in alleviating the gastrointestinal symptoms occurring after consuming hardly digestible
carbohydrates.
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INTRODUCTION

FODMAPs (fermentable oligo-di-monosaccharides and polyols) are osmotically active
carbohydrates that are hard to digest by mammalian digestive enzymes, reaching the colon
mostly intact and serving as a substrate for bacterial fermentation. FODMAP intake has been
linked to diarrhea, excessive gas production and high numbers of bacteria in the colon
(STAUDACHER et al., 2012).

Varying effects of probiotics in patients suffering from irritable bowel syndrome (IBS) have
been reported in clinical studies, which have led to the restriction of the use of probiotics for
treating FODMAP-associated digestive symptoms (MOAYYEDI et al., 2010). A recent study has
compared the effects of probiotics and a low FODMAP diet in patients affected by IBS
symptoms, showing comparable efficacy of both methods in reducing the symptoms (PEDERSEN
et al., 2014).

Strain Lactobacillus helveticus BGRA43 is a human gastrointestinal tract (GIT) isolate and
its beneficial effects are associated with bioactive peptide production after hydrolysis of milk
proteins (LOzo et al., 2011). However, in situ effects of BGRA43 in the GIT had not been tested
so far, partly because of its low survival rate in the GIT, as assessed by in vitro simulation
experiments (STRAHINIC et al., 2013b). BGRA43 is deposited in the Belgian Coordinated
Collections of Microorganisms (BCCM), Gent, Belgium, under accession number LMG P-
24226. Results related to techological and probiotic potential of this strain are reviewed in
STRAHINIC et al. (2013a).

We set up a pilot study to test the influence of BGRA43 and soluble soybean carbohydrates,
either alone or in combination, on the main metabolic and physiological parameters in the GIT
after oral administration to Wistar rats. Soybean flour was used as a source of fermentable
carbohydrates. Soybeans are rich in indigestible galactooligosaccharides, including stachyose
and raffinose, making them highly contraindicated for consumers suffering from FODMAP
intolerance, mostly IBS patients (ESPINOSA-MARTOS and RUPEREZ, 2006). We aimed to compare
different alterations in gut metabolism due to BGRA43 and fermentable carbohydrate
administration. This would allow the design of a more elaborate study to trace the effects of
BGRAA43 in cases of FODMAP intolerance.

The approach used in this study involved the creation of correlation networks and association
of single parameters directly affected by treatments with other parameters in the network.
Correlation networks enable us to visualize and sort out the main metabolic pathways existing in
the gut. In this way, it could be inferred what other metabolic alterations could accompany any
single change observed during the treatment. It can thus provide a guideline for future research,
such as the use of more sensitive techniques for measuring selected parameters.

MATERIALS AND METHODS

Bacteria used in the study

Human GIT isolate Lactobacillus helveticus BGRA43 (STRAHINIC et al., 2013a) was used in
the experiment. Bacteria were grown in deMan, Rogosa and Sharpe medium (MRS, Merck,
Darmstadt, Germany) at 37°C in anaerobic conditions (Anaerocult A, Merck). As reported
previously, BGRA43 in overnight culture achieves growth of approximately 3 x 108 CFU/mI
(STRAHINIC et al., 2013b). So in order that each rat receives approximately 10'° CFU/ml, 30 ml
of overnight culture was washed in saline and resuspended in 1.5 ml of the vehicle used for the
treatment, as outlined below.
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Ethical statement

Healthy, nonimmunized, outbred, female Wistar rats with normal microflora, were purchased
from the Farm of Military Medical Academy, Belgrade. Experiments on animals were approved
by the Ethical Committee of the Faculty of Pharmacy, University of Belgrade, Serbia (No 323-
07-1193/2014-05). Experimental procedures conformed to institutional and national guidelines
on use of laboratory animals and were conducted in accordance with Directive 2010/63/EU on
the protection of animals used for scientific purposes. Rats were housed in the animal facility of
the Faculty of Pharmacy, in ventilated rooms with regulated temperature and controlled
dark/light cycles and, throughout the experiment, had unlimited access to food and water. Rats
were housed in cages (maximum four rats per cage) which were cleaned every day. Veterinarian
inspected the animals once a week, checking for sings of abnormal behavior or existence of
physical injuries. Before the beginning of experiment animals were left to adapt to the
experimental environment. In the experiment, animals were treated orally using feeding tube (18
G, Instech Solomon, Plymouth Meeting, PA, USA). Oral gavage was used to ensure that each rat
was given the same dose of appropriate suspension. Feeding tube was applied quickly without
apparent stress to animals.

Assessment of survival of BGRA43 in GIT

Survival of BGRA43 in GIT was assessed by analysis of fecal samples 8 h after oral
administration of BGRA43, which is approximately when labeled tracer starts to appear in the
feces, according to previous studies (DANIEL et al., 1990). Three female Wistar rats (250 + 20g)
were orally given 30 ml of overnight culture of BGRA43 resuspended in 1.5 ml of saline. Three
control rats received 1.5 ml of saline. Fecal samples were taken 8 h after gavage. Since BGRA43
has low survival rate in simulated GIT conditions (STRAHINIC et al., 2013b), fecal DNA was
isolated using lysozyme-SDS lysis protocol recommended for lactobacilli (DE LOS REYES-
GAVILAN et al., 1992), to increase the sensitivity of detection. Samples were pulverized in liquid
nitrogen before the addition of the lysis buffer. PCR reaction was performed with JP22/23
primers specific for Lb. helveticus
(CTCTATCCGTCGTATCTGTG/GCTTGGATAGTAGCGTTAGC) (PEDERSON et al., 1999)
and with 50 ng of isolated DNA, 10 pmols of each primer (Metabion, Martinsried, Germany),
0.2 mM dNTP (Thermo Scientific) and 0.6 U of Taq Polymerase (Kapa Biosystems, Cape Town,
South Africa) in a total volume of 30 pl. Dimethylsulfoxide (DMSO) (1 pl) and 0.83 mM MgCl,
were added to enhance PCR efficiency (wiLSON, 1997). Conditions for PCR reactions are given
in Table 1. Reactions were performed in Thermal Cycler (Applied Biosystems, Foster City,
California, USA). PCR products were run on 1% agarose gels with ethidium bromide (Serva)
added at concentration of 0.5 pg/ml. Gels were visualized and photographed using
BioDocAnalyze live camera and software (Biometra, Goettingen, Germany).

Preparation of soybean carbohydrates

Soluble carbohydrates from soybean flour type | (Sigma-Aldrich, St. Louis, Missouri, USA)
were extracted using modified method of Kim et al. (2003). Soybean flour (10% wi/v) was
resuspended in 10% ethanol and incubated for 1 h at 50°C. Suspension was cooled to room
temperature and centrifuged at 1000 g, 2 min. Supernatant was evaporated under vacuum using
Biichi Rotavapor (Flawil, Switzerland) at 60°C until 1/5 of initial volume. Suspension was
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autoclaved at 110°C. Percent of dry matter in prepared suspension was approximately 13% w/v,
as determined after dessication in vacuum concentrator (Eppendorf, Hamburg, Germany).

Table 1. PCR conditions used in the study

Primer names PCR conditions

JP22/23 94°C, 5 min, 35 cycles (94°C, 30 s; 55°C, 30 s; 72°C, 40 s), 72°C, 7 min
Uni515/11 94°C, 5 min, 25 cycles (94°C, 30 s; 56°C, 20 s; 68°C, 40 s), 68°C, 7 min
Lab677/159 94°C, 5 min, 30 cycles (94°C, 30 s; 56°C, 20 s; 68°C, 40 s), 68°C, 7 min
APS-FW/RV 94°C, 5 min, 35 cycles (94°C, 30 s; 50°C, 45 s; 72°C, 45 s), 72°C, 7 min

Met86F/1340R 94°C, 5 min, 30 cycles (94°C, 30 s; 50°C, 45 s; 72°C, 45 s), 72°C, 7 min

Study design
Rats (eight weeks of age, weighing approximately 150 £ 20 g) were assigned to four
treatment groups (seven rats per group):
1. Rats fed with soybean carbohydrates (1.5 ml/animal/day)
2. Rats fed with BGRAA43 (resuspended in 1.5 ml of saline) (~10%° CFU/animal/day)
3. Rats fed with soybean carbohydrates (1.5 ml) + BGRA43 (~10%° CFU/animal/day)
3. Rats fed with saline (1.5 ml/animal/day)

Before the beginning of the treatment animals were weighed and allocated so that the
average body weight is similar between groups. Body weights of rats were measured on a daily
basis for 21 days, before the beginning of gas chromatography analyses. After four weeks of oral
treatment rats were sacrificed using increasing CO2 concentration. Samples of ileal and colonic
tissue, as well as colonic contents were taken and stored at -80°C for further analysis.
Additionally, ileal and colonic tissues were immersed in formalin for histological analysis.

Assessment of whole gut transit time (WGTT)

Three days before sacrifice, animals were orally given non-absorbable Natural Red dye
(Desing d.o.0., Belgrade, Serbia) which was prepared as 3% wi/v solution in saline, warmed to
boiling, cooled and given to rats by oral gavage (1 ml per animal). Color of feces was checked
every half an hour after dye gavage for each animal and time of appearance of brownish or red
feces was recorded. Likewise, color of feces was recorded 24 h after dye gavage and valued as 0
- normal (greenish), 0.5 — brownish; 1 — reddish color.

Gas chromatography

Three consecutive days before Natural Red gavage, fresh fecal samples of rats were taken
(nine to ten rats each day) for gas chromatographic analysis. During first hour after sampling,
samples were put in headspace glass vials, atmosphere in vials was replaced by argon as
described by JIANG et al. (2001). Vials were immediately closed using polytetrafluoroethylene
(PTFE) faced silicone septa and aluminium cramp caps. Samples were incubated four hours at
37°C and analyzed using static headspace extraction on a G1888 Headspace Sampler coupled
with a gas chromatograph (Agilent Technologies, Santa Clara, CA, USA). Headspace
experiments were conducted under the following conditions: oven temperature 50°C, loop
temperature 60°C, transfer line 70°C, equilibration time 30 min, shaking low; pressurization time
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0.08, carrier gas He, in vial pressure 103 kPa, loop fill 0.5 min, loop equilibration 0.05 min,
inject time 1 min. The volatile constituents were determined by gas chromatography/flame
ionization detector (GC/FID) and GC/mass spectrometry (GC/MS). The GC analysis was
performed on 6890N GC system equipped with 5975 mass selective detector (MSD) and FID,
using HP-5 MS column (30 m x 0.25 mm, 0.25 um film thickness) (Agilent). The injector
temperature was 180°C and helium was the carrier gas (1 ml/min). The column temperature was
held at 40°C for 10 min and then linearly programmed in the range 40-140°C at a rate of
5°C/min. The transfer line was heated at 250°C. The FID detector temperature was 300°C.
Electron ionization (EI) mass spectra (70 eV) were acquired in the m/z range 35-550. The
retention indices were experimentally determined using n-alkanes (Cs-Cz and Cz1-Cag). The
identification of the compounds was based on the comparison of their retention indices (RI),
their retention times (tr) and mass spectra with those obtained from The National Institute of
Standards and Technology Automated Mass Spectral Deconvolution and Identification System
(NIST-AMDIS) software and Wiley libraries. Relative percentages of the identified compound
were computed from the GC/FID peak area.

Protein, ammonia, reducing sugars and pH measurements

Colonic content (100 mg) was suspended in 900 ul of distilled water, vortexed and
centrifuged at 2000 g, 2 min. Supernatant was used for measurements of protein and ammonia
concentrations. Additionally, pH of supernatant was measured using pH-meter (Eutech
Instruments, Landsmeer, Netherlands).

Protein concentration in samples was measured using Bradford assay by mixing 10 pul of
sample with 740 ul of distilled water and 750 pl of Bradford reagent (Thermo Scientific, Vilnius,
Lithuania). Absorbance was measured at 595 nm using spectrophotometer Ultrospec 3300 pro
(Amersham Bioscience, Piscataway, NJ, USA). Bovine serum albumin (BSA) (Sigma) was used
as a standard.

Ammonia concentration in supernatants was measured according to protocol by PARK et al.
(2009). 150 pul of supernatant was mixed with 550 ul of distilled water and 100 pul of 4% (w/v)
sodium-hypochlorite (Lavazza d. o. o., Novi Sad, Serbia). 20 pul of reaction catalyst (10 mM
MnSO4 x Hy0, Sigma) was pipetted and 200 ul of phenate reagent was added immediately.
Phenate reagent consisted of 1.25% (w/v) of phenol (J. T. Baker), 2.75 ml (v/v) of 20% sodium
hydroxide (J. T. Baker) and 3% (v/v) of acetone (Merck). In parallel, control samples were
prepared by mixing samples with 770 pl of distilled water. Mixtures were incubated at room
temperature for 10 min and centrifuged at maximum speed for 1 min. Absorbances of
supernatans were measured at 630 nm using spectrophotometer Ultrospec 3300 pro (Amersham).
For standard curve, ammonium chloride (Zorka, Sabac, Serbia) was used. Ratio of wet to dry
weight of colonic material was determined by measuring wet and dry samples before and after
dessication in vacuum concentrator.

Reducing sugars were measured as an indication of the presence of osmotically active sugars
in colonic content (HAMMER et al., 1990) using quantitative Benedict assay, as described by
SWAMZ (2008-2009). Benedict reagent was prepared by mixing two solutions. Solution |
consisted of: 30% sodium citrate (w/v), 12.5% sodium carbonate (w/v), 21% potassium
thiocyanate (w/v). Solution | was heated and, after cooling, mixed with Solution Il (18% copper
(1) sulfate pentahydrate (w/v)) in a ratio 6:1. 0.25% solution of potassium ferricyanide (w/v)
was added to the mix. Mixture was diluted with 30% water (v/v). 150 ul of sample was mixed
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with 150 pl of Benedict reagent and 550 pl of water. Mixture was boiled for 20 min, cooled and
centrifuged for 1 min at maximal speed. Supernatant was used for spectrophotometric
measurement at 735 nm.

L-lactate assay

L-lactate was measured as described by PESCE et al. (1975). 50 mg of colonic content was
measured and resuspended in 300 pl of distilled water, vortexed and centrifuged at 2000 g, 2
min. 65 pl of supernatant was mixed with 700 pl of working reagent containing: 0.5 M,
Tris(hydroxylmetyl)aminomethane, pH 9.8 (J. T. Baker), 10 mM EDTA (Sigma), 0.2 M
hydrazine hydrate (Sigma), 2.45 mM NAD (Serva Electrophoresis GmbH, Heidelberg,
Germany), 0.5 U/ml of lactate-dehydrogenase, LDH, from porcine heart (Serva). Control
samples, without NAD and LDH, were also prepared for measurement. As a standard, lithium
lactate (Sigma) was used, containing ~96.6% of L-isomer, as calculated from the optical activity
of the mixture (commercial data). Immediately after mixing, absorbance was measured at 340
nm (Tomin) USing spectrophotometer Ultrospec 3300 pro (Amersham). Samples were incubated at
30°C for 30 min and absorbances at 630 nm were measured again (Tsomin). Absorbance of each
sample with added enzyme was corrected by subtracting the absorbance of control samples. L-
lactate concentration was calculated from the difference in corrected absorbances at T3zomin and
TOmin:
AAg30(T30min — Tomin) = AeszoTzomin (Sample with LDH — control sample) — AszoTomin(Sample with
LDH — control sample).

Screening of microflora composition in colonic material

For screening of colonic microflora, samples of colonic material were used for total DNA
isolation by using standard phenol-chloroform protocol as described in LUKIC et al. (2014), for
RNA isolation, except that neutral phenol (pH 8.0) was used. Samples were pulverized in liquid
nitrogen before the addition of denaturation buffer. DNA concentration and purity were
estimated using Nanovue Plus Spectrophotometer (GE Healthcare, Little Chalfont, United
Kingdom).

PCR reactions were prepared using 50 ng of isolated DNA as a template, 10 pmols (20
pmols in case of APS primers) of each primer, 0.2 mM dNTP and 0.6 U of Taq Polymerase in a
volume of 30 ul. The study used primers specific for:

1) sulfate reducing bacteria(APS-FW/RV)
(TGGCAGATMATGATYMACGGG/GGGCCGTAACCGTCCTTGAA) (DEPLANCKE et al.,
2000),

2) lactic acid bacteria (Lab677/159)
(CACCGCTACACATGGAG/GGAAACAG(A/G)TGCTAATACCG) (HEILIG et al., 2002),

3) methanogenic bacteria (Met86F/1340R)
(GCTCAGTAACACGTGG/CGGTGTGTGCAAGGAG) (ZHOU et al., 2009), and

4) universal bacterial primers (Uni515/11) (ATCGTATTACCGCGGCTGCTGGCA/
AGAGTTTGAT(C/T)(A/IC)TGGCTCAG) (HEILIG et al., 2002). PCR products were run on
agarose gel as described above.
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Histological analysis

Processing of tissue for histological analysis was performed as previously described (LUKIC
et al., 2013). Sections were stained with haematoxylin & eosin (H&E) and photographed using
light microscope (Olympus, Center Valley, PA, USA) and analysed by CytoVision software
(Leica Microsystems, Wetzlar, Germany). Presence of organized lymphoid tissue was assessed
on H&E stained sections of ileal and colonic tissue using ImageJ software. Magnification on
microscope was set to 40x.

MDA assay

Malondialdehyde (MDA) assay, used for evaluating lipid peroxidation, was performed as
previously described (LUKIC et al., 2013), with slight modifications. Tissue was measured and
1.15% KCI wiv (Serva) was added at a ratio of 1:10. Tissue was homogenized using automatic
homogenizer with teflon pestle (Thomas Scientific, Swedesboro, NJ, USA) at 1700 rpm, 2 min.
450 pl of homogenate was added to 900 pL of reagent buffer, containing 0.375% TBA (Sigma),
0.25 M HCI and 15% solution of TCA. After incubation for 15 min at 95°C, samples were
cooled on ice and centrifuged at maximum speed, +4°C, 10 min. Control samples with water
instead of reagent buffer were prepared. 1, 1, 3, 3-tetramethoxipropane (Sigma) was used as an
MDA standard. Supernatants were used for measurement of absorbance at 535 nm and 600 nm
using spectrophotometer Ultrospec 3300 pro (Amersham).

Statistical analysis

Statistical analysis and graph drawings were done using SPSS 20.0 software for Windows.
Results of the study are presented using bar-charts showing mean values and error bars showing
standard errors of the means (SEM). For assessment of effects of BGRA43 and soybean
carbohydrate treatments, statistical analysis was performed using two-way ANOVA (General
Linear Models in SPSS) to test for potential interaction between the two treatments. In case that
interaction is statistically significant, simple main effects were tested. Correlations between
tested parameters were evaluated using Spearman’s rank-order correlations. Spearman’s rho
coefficients were calculated by correlating two parameters from all four treatment groups (totally
28). Results were accepted as statistically significant if p < 0.05.

RESULTS
BGRAA43 detection in GIT
In order to detect BGRAA43 in the colonic material of BGRA43-fed rats, PCR was performed
with JP22/23 primers specific for the species Lb. helveticus. In fecal samples taken 8 hours after
gavage, band specific for Lb. helveticus proteinase was obtained by PCR with DNA isolated
from rats fed BGRA43 (Figure 1).

Changes in animal weights during treatment

The weights of the rats were measured during the experiment the results are expressed as
percent of body mass change relative to the weight at the beginning of treatment. Repeated
measures two factorial ANOVA revealed a significant effect of soybean carbohydrates (p <
0.025) on BGRA43-treated and non-BGRA43-treated rats. For all animals, a decrease in weight
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after soybean carbohydrate treatment was detected (Figure 2). No effect of BGRA43 on weight
during treatment was observed, in comparison to the control group.
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Figure 1. Gel image showing PCR products obtained with JP22/23 primers in fecal samples of rats treated
with BGRA43 and in control rats, 8 h after BGRA43 or saline administration.
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Figure 2. Drop-lines showing mean values of body weights (%) of rats expressed as percent changes
compared to the weight at the beginning of the treatment. Graphs generated using SPSS 20.0
software for Windows.
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Relative LAB, SRB and methanogenic bacteria levels in colonic material

Semi-quantitative approach was used to evaluate levels of LAB, SRB and methanogenic
bacteria in colonic lumen, as previously described (Low et al., 2008; HOFFMAN and FLEMING,
2010). Primer pairs Lab677/159, APS-FW/RV and Met86F/1340R were used in PCR reactions.
Images of gels showing the products of PCR reactions obtained with different sets of primers are
given as a supporting file (Figure 3). Band intensities (all bands in each lane) were measured
using ImageJ software and the results for each specific bacterial group were divided with band
intensities obtained with Uni515/11 primers. Two-way ANOVA analysis revealed a significant
main effect of BGRA43 on relative SRB level (p < 0.004). The presence of SRB bacteria was
increased after BGRA43 treatment (Figure 5a). On the other hand, a significant increase of LAB
level was detected after soybean carbohydrate treatment (p < 0.024), irrespective of BGRA43
treatment (Figure 5b).

Figure 3. Gel images showing products of PCR reactions with universal, methanogenic, sulfate-reducing
and lactic acid bacteria-specific primers.
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pH, protein, L-lactate, reducing sugars and ammonia levels in colonic lumen

Spectrophotometric methods were used for the measurement of metabolites derived from gut
microflora fermentation. Results are expressed as mass per dry weight of colonic material. An
analysis of the simple main effects showed that the effect of BGRA43 was significant in the
absence of soybean carbohydrates (p < 0.007); L-lactate levels being lower and protein levels
higher after BGRA43 treatment (p < 0.007 and 0.011, respectively) (Figures 5c and 5d). Due to
the inhibitory effect of soybean carbohydrates on BGRA43-mediated changes, the simple main
effects revealed a significant influence of soybean carbohydrates on L-lactate and protein levels
only in the presence of BGRA43 (p < 0.007 and 0.03). No effects (main nor simple) of BGRA43
and soybean carbohydrate treatment on pH, water percentage, ammonia and reducing sugar
levels in colonic lumen were observed.

Fecal volatile organic compounds (VOC)

Gas chromatography was used to analyze fecal VOCs derived from host and bacteria
metabolism. The following VOCs were measured in the study: ethanol, 1-propanol, acetone, 2-
butanone, dimethylsulfide (DMS) and methanethiol. Results are expressed as a percentage of
total volatile compounds. There was no significant influence of BGRA43 or soybean
carbohydrates treatment on fecal VOC amounts.

Whole gut transit time (WGTT)

After oral feeding with Natural Red, the appearance of reddish feces was recorded for each
rat. There was no difference in appearance of Natural Red in feces after oral administration (300
+ 50 min). Although WGTT is often measured as the time required for the marker to appear in
the stool after oral intake, literature data point out the importance of also reporting the time
needed for the dye’s disappearance from the stool after first detection (DIMSON, 1970; BLACK
et al., 1987). Choosing a fixed time point of 24 h post-Natural Red gavage, the presence of dye
in the rat’s feces was assessed as a measure of WGTT. A two-way ANOVA test revealed
significant main effects of both BGRA43 and soybean carbohydrate treatment (p < 0.045); both
treatments decreasing WGTT in rats (Figure 5e).

Histomorphological changes in intestinal mucosa

Oral administration of allochthonous bacteria can cause an immune reaction in intestinal
mucosa (LUKIC et al., 2013). To screen for eventual inflammatory reaction due to BGRA43
treatment, ileal and colonic mucosal tissues were analyzed histologically. Percentage of
organized lymphoid tissue on H&E-stained ileal and colonic mucosa sections was calculated as
the ratio of the surface occupied by lymphoid tissue to the total area visible under a microscope
at 40x magnification (Figure 4). A two-way ANOVA revealed a significant increase of lymphoid
tissue size in all BGRA43 treated rats (p < 0.012), compared to rats that did not receive BGRA43
(Figure 5f).

Colonic crypt width and length were measured using ImageJ software to assess a potential
increase in crypt cell proliferation. Results were expressed relative to the average value obtained
for the saline treated group. A simple main effect analysis showed a significant crypt narrowing
effect of soybean carbohydrates for BGRA43-treated rats (p < 0.014), while no effect was
observed in the absence of BGRA43 (Figure 5g).
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Figure 4. Micrographs showing H & E sections of colonic tissue of rats treated only with soybean
carbohydrates (a, 100 x magnification) and only saline (b, 100 x); c and d (40 x) represent ileal and
colonic tissue, respectively, of same rat, treated only with BGRA43, showing increase in lymphoid
tissue size.

MDA level in gut tissue

The level of MDA was evaluated as an indicator of lipid peroxidation in different tissues. The
results are expressed per mass of tissue. According to the simple main effects, BGRA43
significantly elevated MDA levels in ileal mucosa but its effect was significant only in the
presence of soybean carbohydrates (p < 0.006) (Figure 5h). In colonic mucosa, soybean
carbohydrates decreased MDA levels for both BGRA43 treated and non-BGRA43-treated rats (p
< 0.038) (Figure 5i).
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Figure 5. Bars showing means + standard errors of physiological and metabolic changes in rat GIT after
treatment with BGRA43 and soybean carbohydrates. Two-ended arrows indicate main or simple
effect of treatment according to two-way ANOVA analysis. Graphs made using SPSS 20.0 software
for Windows.
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DISCUSSION

The current research has compared the effects of oral administration of potential probiotic
strain with the effects of administration of soluble fibers, regarding representative physiological,
metabolic, and ecological parameters relevant to gut health. Strain Lactobacillus helveticus
BGRA43 was tested in combination with soluble carbohydrates derived from soybean flour,
using Wistar rats as an experimental model system, due to lack of adequate in vitro system for
such kind of tests. Though predictivity is limited, functional GIT disorders can be effectively
translated from rodent models to humans (MAYER et al., 2008). Since gut function seems to be
influenced by hormones in a way that makes females more vulnerable to GI discomfort, female
rats were used for the experiment (GUE, 2006).

According to the results obtained in this study, a correlation network has been made using
Spearman’s rho coefficients and only statistically significant correlations (p < 0.05) are shown in
the diagram (Figure 6). In the case of treatment with BGRA43 and soybean carbohydrates,
associations in the network are made according to the results of a two-way ANOVA analysis.
Metabolic parameters have been sorted according to positive or negative correlations in two
groups. Relying on literature data, these groups are functionally described as saccharolytic and
proteolytic fermentation-related changes (WINDEY et al., 2012), as gut bacteria mainly use
undigested dietary carbohydrates and proteins for growth (GROPPER et al., 2009; sCHEID et al.,
2013). The products of protein catabolism have been linked to a high protein diet. On the other
hand, excessive carbohydrate fermentation in the large intestine is mainly due to carbohydrate
malabsorption and a FODMAP-rich diet (MILOVIC and STEIN, 2010; STAUDACHER et al., 2012).

Lactic acid bacteria colon
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Figure 6. Hypothetical correlation network of metabolic and physiological parameters in rat digestive tract
created according to Spearman’s rho coefficients (p < 0.05) or, in case of BGRA43 and soybean
carbohydrate treatments, according to a two-way ANOVA tests; full line indicate positive and
dashed line indicate negative correlations. Diagram made using Dia Diagram Editor Software for
Windows.

Ammonia, methanethiol and luminal pH can be elevated as a consequence of increased
protein consumption or protein maldigestion (BRADY et al., 2008; DAVILA et al., 2013).
Paradoxically, ammonia has been placed in the carbohydrate-related group according to our
results, which could be explained by increased ammonia protonation in an acidic environment,
which exists in the colon due to bacterial degradation of resistant carbohydrates (MCORIST et al.,
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2011). According to our network, acetone and 2-butanone belong to the proteolytic fermentation
group. Although the precise mechanism of acetone and 2-butanone production in colonic lumen
is not described, their decrease has been reported after soluble fiber feeding (VITALI et al., 2012).

On the other side, ethanol, 1-propanol, L-lactate, reducing sugars, water content and
methanogenic bacteria were placed in the saccharolytic fermentation group, according to our
results. Ethanol and 1-propanol production have been associated with carbohydrate catabolism,
according to the available literature data (HIELE et al., 1991; FAYEMIWO and ADEGBORO, 2014;
LOURENCO and TURNER, 2014). L-lactate is mainly produced by bifidobacteria, which upon
consumption of digestion-resistant carbohydrates increase in number (DUNCAN et al., 2004;
STAUDACHER et al., 2012). Reducing sugars present in the stool have been previously linked to
diarrhea, supporting the correlation between reducing sugars and water percentage of colonic
material observed in our study (CASTRO-RODRIGUEZ et al., 1997). Finally, the growth of
methanobacteria relies on hydrogen, which is produced by carbohydrate fermentation (SIKORA et
al., 2013).

KONING et al. (2008) reported a negative correlation of soluble protein level with stool
consistency. Stool consistency has also been positively correlated with stool water level,
according to the same study. This conforms to our correlation network, with soluble protein level
being placed opposite from water percent in colonic material. According to MINER-WILLIAMS et
al. (2012), soluble fecal proteins are believed to come from undegraded bioactive peptides,
digestive enzymes, immunoglobulins or albumins released in the gut lumen. Undigested peptides
have the potential to induce an immune system reaction, which is evident in our study from the
association of ileal lymphoid tissue size with increased proteolytic fermentation (LEwIS, 2014).
Increased SRB levels have also been correlated with constipation in IBS patients (CHASSARD et
al., 2012). Additionally, SRB have been shown to utilize ethanol and L-lactate, supporting
proposed placements of these metabolic parameters opposite from SRB group (NAGPAL et al.,
2000; MARQUET et al., 2009).

Treatment of rats with BGRA43 increased the soluble protein content in colonic lumen. This
puts BGRA43 in the protein-related metabolic group. So far, the mechanism behind the increase
of soluble proteins by BGRA43 treatment remains unexplained. This strain has previously been
associated with bioactive peptide production. Bioactive peptides escape intestinal digestion
(KITTS and WEILER, 2003) and can stimulate mucosal immunity. It can be assumed that BGRA43
contributes to in situ bioactive peptide formation in the digestive tract, which has a prolonged
effect. This premise is only hypothetical and additional research is required for a final
conclusion. Another important result of this research is the immune-stimulating potential of
BGRA43 treatment, as assessed by an increase in the relative area occupied by organized
lymphoid tissue in ileal mucosa, which was significantly elevated in BGRA43-treated rats.
Enlargement of mucosal lymphoid tissue has been described by KNoopP and NEWBERRY (2012)
and was associated with increased mucosal immunity, thus offering protection from Gl
pathogens.

Another parameter supporting the placement of BGRA43 in the protein-related group is the
L-lactate level which is negatively influenced by BGRA43 treatment. Excessive lactate
accumulation is linked to diarrhea and could lead to tumor growth (DRAOUI and FERON, 2011)
and lactic acidosis, as reported by oMOLE et al. (2001).

In this study, BGRA43 treatment was correlated with higher SRB levels, which, together
with the increase of soluble protein levels, supports the potential use of BGRA43 as a treatment
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for diarrhea. Although a gut transit time increase has been correlated with SRB and increased
soluble protein levels (SCHEID et al., 2013), BGRA43 didn’t slow the gut transit of treated rats.
An increase in SRB, which are L-lactate users, could also explain the decrease in L-lactate levels
observed after BGRA43 treatment (MARQUET et al., 2009).

Interestingly, although BGRA43 did not act directly on 2-butanone level, which was placed
in proten-related group in our study, VITALI et al. (2012) have reported an increase in fecal 2-
butanone level after in vitro incubation of human feces with strain Lb. helveticus.

Increase in LAB number has been observed after treatment with soybean carbohydrates in
this study, which is an expected outcome of non-absorbable carbohydrate consumption
(SEVERWNEN et al., 2005). Similarly, rats treated with soybean carbohydrates, gained less weight
compared to nontreated rats, which is supported by literature data (FROST et al., 2014).
Considering the negative effects of soybean carbohydrates on BGRA43-mediated changes in
soluble protein and L-lactate levels, soybean carbohydrate-caused changes could be placed in the
saccharolytic fermentation group.

A negative correlation of both soybean carbohydrate treatment and LAB levels with
oxidative stress in the colon was observed in this study, which was expected according to the
literature. We also observed a negative correlation of LAB level in the colon with oxidative
stress level, implying that enrichment of microflora with LAB might offer protection against
oxidative stress-related conditions such as colorectal cancer (PERSE, 2013). In our study, soybean
carbohydrates have been linked to colonic crypt narrowing. Widening of the colonic crypt has
been correlated with precancerous lesions, according to the available data (TSUKAMOTO et al.,
2001). Considering the results of this research, soybean carbohydrates might protect against
colorectal cancer, which is supported by previous studies done on soy and other fermentable
carbohydrates (MESSINA et al., 1994; KAUR and GUPTA, 2002). On the other hand, parameters
associated with proteolytic fermentation might have a carcinogenic effect (RUSSELL et al., 2011).
In line with this, BGRA43 has elevated oxidative stress levels in the ileum and SRB level in the
colon, both factors being, directly or indirectly, associated with cancerous transformation (PERSE,
2013; HELLMICH et al., 2014). Although no increase in colonic crypt width was observed after
BGRA43 treatment, the influence of BGRAA43 treatment on colonic cell proliferation using more
sensitive techniques should be evaluated.

This research has shown opposite effects of BGRA43 and fermentable carbohydrates relative
to metabolic changes occurring in the GIT. Proteolytic microflora and/or the products of
proteolytic fermentation could eventually suppress saccharolytic microflora and/or decrease the
level of saccharolytic fermentative products (NOWAK and LIBUDZzISZ, 2006; MARQUET et al.,
2009). These results are promising considering that nutrition specialists point out that
fermentable fiber consumption could trigger undesirable GI symptoms. This preliminary
research will serve as a starting point for a new study involving long-term fermentable
carbohydrate consumption in combination with higher doses of BGRA43 to avoid the inhibitory
effects of fermentable carbohydrates on BGRA43-related changes.
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Izvod

Istrazivanje je za cilj imalo pracenje metabolic¢kih i fizioloskih promena do kojih dolazi u
distalnom delu digestivnog trakta pacova usled hranjenja sojinim Secerima, samostalno ili u
kombinaciji sa bakterijskim sojem Lactobacillus helveticus BGRA43. Tretman pacova Wistar
soja vrsen je kljukanjem tokom 28 dana. U fecesu su merene isparljive organske komponente, L-
laktat, redukujuéi Seceri, proteini, amonijak i sadrzaj vode. Putem PCR-a je semi-kvantitativno
odreden nivo bakterija mlecne kiseline (BMK), sulfat redukuju¢ih (SRB) i metanogenih
bakterija. Dodatno je meren nivo malondialdehida i veli¢ina limfoidnog tkiva u sluznici ileuma i
kolona. Na osnovu dobijenih rezultata dizajnirana je korelaciona mreza, koja analizirane
parametre svrstava u dve metabolicke grupe: saharoliticku i proteoliticku fermentativnu grupu.
Glavni rezultat koji proizilazi iz ove studije je negativna korelacija izmedu unosa BGRA43 i
uvecanja vrednosti faktora koji pripadaju saharolitickoj fermentativnoj grupi, a pozitivna
korelacija BGRA43 sa faktorima povezanim sa proteolitickom fermentacijom. Nasuprot tome,
tretman pacova sojinim Secerima korelisao je sa povecanjem vrednosti parametara vezanih za
katabolizam $ecera. Razli¢it uticaj BGRA43 i sojinih $ecera na metaboli¢ke procese u lumenu
kolona ukazuju na moguénost primene BGRA43 u ublazavanju gastrointestinalnih simptoma
koji nastaju usled konzumiranja tesko razgradivih Secera.
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