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Abstract. one of the irritable bowel syndrome with diarrhea (IBS-D) mechanisms of development is
bile acids (BA) malabsorption (BAM). The promising new therapeutic approach for BAM — probiotic
bacteria producing bile salt hydrolase (BSH). The aim of the study was to compare the effect of multi-
strain probiotic and cholestyramine combination with cholestyramine monotherapy on modifying the
parameters of BA metabolism in IBS-D patients. Materials and methods. The trial was conducted as
a randomized, open, parallel study and included 108 patients with IBS-D divided into 2 groups: case
group (n=57) that received combination of probiotic (L. rhamnosus, L. plantarum, S. thermophilus, L.
acidophilus, B. bifidum, B. longum, B. infantis, S. boulardii) with cholestyramine, and control group
(n=51) that received cholestyramine monotherapy during 12 weeks. The total relative activity (RA)
of gut bacterial BSH, serum BA (sBA) and fecal BA (fBA) were assessed in all patients. Results: total,
primary and secondary sBA and fBA, proportions of primary and secondary fBA were significantly dif-
ferent after 12 weeks within each group comparing to baseline, p<0.05. In case group the proportions of
primary and secondary sBA, RA of gut bacterial BSH were significantly different after 12 weeks compar-
ing to baseline, p<0.05. All the parameters of BA metabolism except absolute levels of secondary sBA
were significantly different after 12 weeks between the control and case groups, p<0.05. Conclusions:
combination of cholestyramine and multi-strain probiotic led to more pronounced alterations of BA me-
tabolism and increasing of gut bacterial BSH-activity comparing to cholestyramine monotherapy. It may
explain possible mechanism of action of probiotics in patients with IBS-D and assumed BAM.
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Introduction disease of exclusion without morphological and

Irritable bowel syndrome (IBS) is one of another pathophysiological basis to disorder of
the most prevalent functional gastrointestinal gut-brain interaction (DGBI) (Drossman, 2016).
disorders in routine outpatient clinical practice of Current concept of IBS as a variant of DGBI is
gastroenterologists and primary care specialists that different structural and biochemical factors
(Sperber et al., 2021). Scientific understanding may contribute to the development of IBS: genetic
of IBS development mechanisms and origin abnormalities, immune dysregulation, low-grade
has been changing over the decades: from truly intestinal inflammation, visceral hypersensitivity,
«functional» when it has been considered as a altered brain processing, changes of gut microbiota,
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bile acids malabsorption (BAM) etc. (Holtmann et
al., 2016). The latter — BAM — deserves special
attention because it was shown that up to half
patients with diarrhea predominant IBS (IBS-D)
and functional diarrhea (FD) have the evidences of
BAM and consequently bile acids diarrhea (BAD)
(Min et al., 2022; Camilleri, 2015). Moreover, the
Rome Foundation considers the BAM as one of
the possible mechanisms of IBS-D development
(Mearin et al., 2016). But unfortunately, due to
absence of specific clinical features in patients
with IBS-D the BAM is commonly overlooked
leading to inappropriate management (Kinoshita et
al., 2021). Guidelines on the management of BAD
recommend the bile acid sequestrants (BAS) as the
first line treatment for patients with BAD (Sadowski
etal.,2020). Also, BAS are recommended by Rome
Foundation (Mearin et al., 2016), Japanese Society
of Gastroenterology (Fukudo et al., 2021), United
European Gastroenterology and European Society
for Neurogastroenterology and Motility (Savarino
etal.,2022)as therapeutic option for the treatment of
diarrhea in patients with functional gastrointestinal
disorders including IBS even without confirmed
BAM due to limited access to the diagnostic tests
and statistically high prevalence of BAM in IBS-D
and FD patients. But side effects and poor toleration
of BAS limit their clinical application (Farrugia et
al., 2020). Therefore, new therapeutic approaches
are need to be investigated. One of the promising
directions — probiotics capable to produce bile salt
hydrolase (BSH) that ferments primary bile acids
(BA) to their secondary forms (Min et al., 2022).
But despite the current evidences of the possible
connection between altered BA metabolism,
microbiota and IBS-D, there are limiting data
regarding the using probiotic bacteria and their
mechanisms of action in patients with IBS-D and
suspected BAM (Zhan et al., 2020).

Aim

So, the aim of present study was to evaluate
and compare the effect of combination therapy
(multi-strain probiotic and cholestyramine) with
cholestyramine monotherapy on modifying the
parameters of BA metabolism in patients with
IBS-D.

Materials and methods

This clinical investigation was performed
in accordance to Good Clinical Practice (GCP)
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requirements, Declaration of Helsinki and
Ukrainian legislation. All participants of the present
trial have signed the written informed consent.
The protocol of investigation was approved by
the Bioethical Committee of Bogomolets National
Medical University (Kyiv, Ukraine).

Design of the trial was chosen as a randomized,
open, parallel study. Participants were men and
women, aged 18-44 years, with IBS-D. Inclusion
criteria were: both sexes, age 18-45 years, diagnosis
of IBS-D according to Rome IV criteria (Mearin
et al., 2016), negative fecal occult blood and
calprotectin tests, negative celiac serology (IgA
and IgA to tissue transglutaminase), for women —
negative pregnancy test. Exclusion criteria were
age > 45 years, any «alarmy feature (weight loss,
signs of hemorrhage, anemia, night symptoms,
visible blood in stool, palpable abdominal mass,
family anamnesis of colorectal cancer), any organic
disease of the intestines, medication history of
taking the probiotics, antibiotics, laxatives, BAS
less than 3 months before the starting of the
study; oncological disorders; acute illness less
than 2 months before the starting of the study;
pregnancy and lactation.

A total of 108 patients with IBS-D were
enrolled to the investigation and completed all
the steps of the trial. Participants were divided
into the 2 groups: case group (n=57) that received
combination of investigational —multi-strain
probiotic (1 capsule b.i.d.) with cholestyramine
(4 g b.i.d.) and control group (n=51) that received
cholestyramine monotherapy (4 g b.i.d.). The trial
was conducted in 2 phases: 1) screening up to 5 days
and 2) treatment with investigational therapeutic
regimens during 12 weeks. Each 4 weeks patients
visited the research center according to individual
schedules. All the patients received lifestyle and
diet recommendations according to international
guidelines (Vasanr et al., 2021). During the
investigations it was prohibited to take probiotics,
antibiotic, anti-diarrheal drugs.

Investigational medications:

1) Capsules containing live lyophilized
bacterial.94*10°CFU(Lactobacillusrhamnosus —
0.5%10° CFU, Lactobacillus plantarum —
0.2*10° CFU, Streptococcus thermophilus —
0.5*10° CFU, Lactobacillus acidophilus —0.5*%10°
CFU, Bifidobacterium spp. (Bifidobacterium
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bifidum, Bifidobacterium longum, Bifido-
bacterium infantis) — 0.24*10° CFU); Saccha-
romyces boulardii — 65 mg; dry extract of
chamomile flowers (Matricaria chamomilla L.) —
50 mg; inulin - 200 mg)— «Opefera» manufactured
by World Medicine, Romania.

2) Sachets with powder for oral suspension
containing cholestyramine resin 4 g («PMS-
cholestyramine regular with orange flavor»
manufactured by Pharmascience Inc., Canada).

Assessment of total relative activity (RA) of
gut bacterial BSH. The fecal samples of patients
were collected and then stored at -80 °C. The
ultra-performance liquid chromatography — mass
spectrometry (UPLC-MS) was used to evaluate
the total enzyme activity of gut bacterial BSH as
was previously described (Joyce et al., 2014). The
RA of gut bacterial BSH was expressed in units
of choloylglycine hydrolase/mL (from Clostridium
perfringens, EC 3.5.1.24, Sigma-Aldrich).

Assessment of serum BA (sBA). The high-
performance liquid chromatography — mass
spectrometry (HPLC-MS) of fasting blood samples
was used to measure the levels of serum total,
primarily (cholic acid (CA) and chenodeoxycholic
acid (CDCA)) and secondary (deoxycholic acid
(DCA) and lithocholic acid (LCA)) BA as was
previously described (Dior et al., 2016). The
obtained levels of BA were expressed in nmol/l.
Additionally, the levels of primarily and secondary
BA were expressed in proportions of total BA.

Assessment of fecal BA (fBA). After the
collection the patient’s fecal samples were stored
under the anaerobic conditions, at 4 °C and then
homogenized during the 18 hours with subsequent
storing at -80 °C (Dior et al., 2016). The HPLC-
MS was used to measure the levels of fecal
total, primarily (CA and CDCA) and secondary
(DCA and LCA) BA as was previously described
(Dior et al., 2016). The obtained levels of BA
were expressed in nmol/g of feces. The levels of
primarily and secondary BA were additionally
expressed in proportions of total BA.

Statistical analysis. The SPSS software
(version 23, IBM Corp., Armonk, NY, USA)
was used to analyze the results of present trial.
Normality of data distribution of continuous
variables was checked by the Shapiro-Wilk test.
The data were presented as mean with standard
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deviation (Mean + SD) or median with first and
third quartiles [Median (Q1-Q3)] depending
on normality of distribution. Unpaired t-test or
Wilcoxon test was used to check the difference
between the means of groups. Paired t-test and
Wilcoxon matched pairs test was used to check
difference of repeated variables during study
time points. Differences between groups were
considered significant in p<0.05.

Results

The baseline characteristics of the study groups
in terms of age, sex ratio and BA metabolism
indicators were not different (Table 1).

Modification of BA metabolism indicators
after 12 weeks of the trial. The absolute levels
of total, primary and secondary sBA and fBA,
relative levels of primary and secondary fBA were
significantly different after 12 weeks of therapy if
compare with baseline values within each trial's
group, p<0.05. Additionally, in case group the
relative levels of primary and secondary sBA,
RA of gut bacterial BSH were also significantly
different after 12 weeks of therapy if compare with
baseline values, p<0.05 (Table 1).

Comparison of study groups with each other
shown that after 12 weeks of treatment all the
parameters of BA metabolism except absolute
levels of secondary sBA were significantly
different between the control and case groups,
p<0.05 (Table 1).

Discussion
Our investigation revealed that both treatment
options  (cholestyramine  monotherapy and

combination of cholestyramine with multi-
strain probiotic) significantly changed the most
parameters of BA metabolism after 12 weeks of
therapy. In terms of serum BA, it was found the
decreasing of the absolute levels of total, primary
and secondary sBA in both groups. While the
relative levels of primary sBA were decreased
and secondary sBA were increased only in case
group received combination treatment. In terms
of fecal BA, it was found the increasing of the
absolute levels of total and secondary fBA as well
as relative levels of secondary fBA in both groups.
But absolute and relative levels of primary fBA
were decreased in both groups. These results are
comparable with the data from literature. Previous
investigations also shown that cholestyramine
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Table 1. Characteristics of the study groups at baseline and after 12 weeks of treatment

Indicator Control group (n=51)* | Case group (n=57)* | Difference, p**
Age, years 30 (23-38) 31 (26-36) 0,978
Sex, women [n(%)] 35 (68,6) 42 (73,7) 0,712
sBA total, nmol/l Baseline 1,99+0,94 1,86+1,08 0,498
12 weeks 0,95+0,32* 0,76+0,26" 0,001
sBA primary abs, nmol/l Baseline 0,89 (0,71-1,56) 0,88 (0,61-1,4) 0,496
12 weeks 0,57+0,25* 0,41+0,2" <0,001
sBA primary % Baseline 55,6+10,9 58,5+13,3 0,214
12 weeks 60,4 (45-72) 53,6 (40,5-66,6) * 0,045
sBA secondary abs, nmol/I Baseline 0,73 (0,51-1,24) 0,66 (0,42-0,96) 0,132
12 weeks 0,34 (0,2-0,52) * 0,35 (0,24-0,42) * 0,603
sBA secondary % Baseline 44,4+10,9 41,5+13,3 0,214
12 weeks 39,6 (28,1-55) 46,4 (33,4-59,5) * 0,045
fBA total, nmol/g Baseline 5,78 (5,41-6,24) 5,49 (5,1-6,52) 0,406
12 weeks 13,3 (11,2-14,82) * 14,7 (12-19) * 0,005
fBA primary abs, nmol/g Baseline 1,27 (1,1-1,45) 1,28 (1,1-1,58) 0,569
12 weeks 1,02 (0,8-1,42) * 0,73 (0,51-1,07) * <0,001
fBA primary % Baseline 22,344,8 23,1442 0,392
12 weeks 7,7 (5,8-10,9) # 5@3,6-72) # <0,001
fBA secondary abs, nmol/g Baseline 4,56+0,71 4,48+0,91 0,639
12 weeks 12,4 (10,3-13,8) # 14,3 (11,3-17,8) # 0,001
fBA secondary % Baseline 77,7+4,8 77+4,2 0,392
12 weeks 92,3 (89,1-94,2) # 95 (92,8-96,4) # <0,001
RA of gut bacterial BSH, U/ml | Baseline 0,098 (0,05-0,13) 0,098 (0,048-0,13) 0,691
12 weeks 0,1 (0,05-0,13) 0,18 (0,13-0,22) # <0,001

* The data were presented as Mean+SD or Median (Q1-Q3) depending on the normality of data distribution,
** comparison between control and case groups, #significant difference in comparison with baseline, p<0.05.

may alter the composition of BA. In patients
with primary biliary cholangitis (Li et al., 2021)
cholestyramine led to decreasing of total sBA
without differences in proportions of primary and
secondary sBA, increasing of total and secondary
fBA. Butin the same time, there were no differences
in composition of primary fBA if compare with our
trial. In investigation (Vijayvargiya et al., 2020)
with applying of another BAS — colesevelam — in
patients with BAD it was found the increased level
of total fBA and relative level DCA (secondary
fBA) after 4 weeks of treatment. But there were no
differences in values of primary fBA. The similar
trial (Camilleri et al., 2015a) with the applying of
colesevelam in patients with IBS-D revealed also
increased levels of total fBA and DCA as well

as reduction in CA (primary fBA) after 10 days
of treatment. So, results of our investigation in
terms of cholestyramine impact on BA metabolism
parameters are similar with the data from previous
trials but with some exceptions that should be
studied in next investigations.

Regarding the role of probiotic in modification
of BA metabolism, there were found limited and
compromising data. Jones et al. (2012) revealed
that consumption of L. reuteri led to increased
absolute levels of serum unconjugated BA (consist
mostly of secondary BA) in healthy participants.
In opposite, our trial shown the decreased absolute
values of secondary sBA in response to treatment
with multi-strain probiotic, but relative levels of
these BA were increased. In another trial (Wang et
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al., 2014) 4-week prescribing of L.plantarum was
associated with decreased levels of total fBA. But
in more early investigation with healthy patients
(Zampa et al., 2004) Lactobacilli led to increasing
of total fBA. Also, animal studies revealed
increased total fBA after L. fermentum (Lye et al.,
2017) and L. gasseri (Li et al., 2022) consumption,
decreased conjugated fBA (that consist mostly of
primary BA) and increased secondary fBA (Li
et al.,, 2022) in response to L. gasseri treatment.
However, recent human study (Boonma et al.,
2021) with the applying of multi-strain probiotic
VSL#3 to IBS patients didn't find any changes in
fecal BA profile, and authors related such results
with insufficiently powered trial. So, different
probiotic bacteria may alter BA metabolism, but
exact effect is not clear. It should be noticed that we
didn’t find the investigations studying the impact
of probiotics with cholestyramine combination on
BA metabolism.

The present study also found the difference in
most parameters of BA metabolism between the
trial’s groups. It means that additional prescribing
of probiotic bacteria may probably enhance the
modification of BA metabolism. Such effect may
be explained by BSH activity of the investigated
probiotic. And our previous investigation with
the same probiotic (Polishchuk & Neverovskyi,
2023) revealed it's high BSH activity. Moreover,
in present trial it was found that after 12 weeks of
treatment the RA of gut bacterial BSH significantly
increased in case group received combination
with probiotic if compare with baseline levels and
with the group on cholestyramine monotherapy.
It should be mentioned, that this trial was the
continuation of our previous investigation
(Polishchuk & Neverovskyi, 2023) where we
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found that additional to cholestyramine prescribing
of investigated probiotic to patients with IBS-D
was more effective in terms of symptomatic relief
and treatment efficacy end-points achievement
than cholestyramine monotherapy. So, present
investigation revealed possible explanation of such
effect of additional applying of probiotic bacteria.

Conclusions

In patients with IBS-D combination of
cholestyramine and multi-strain probiotic (with
L. rhamnosus, L. plantarum, S. thermophilus,
L. acidophilus, B. bifidum, B. longum, B. infantis,
S. boulardii) led to more pronounced alterations of
BA metabolism indicators, including composition
of serum and fecal BA as well as increasing
of gut bacterial BSH-activity comparing to
cholestyramine monotherapy. So, such results may
explain possible mechanism of action of probiotic
bacteria and their effectiveness in patients with
IBS-D and assumed BAM. But obtained results
require confirmation in the next investigations.
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Anomauyia: oonum i3 Mexawizmie pO36UMKY CUHOPOMY NOOPA3HEHO020 KUeuHUuKa 3 Oiapecro
(CIIK-I]) € manvabcopoyis xcosunux kuciom (MIKK). Hoeuti nepcnexmuenuii mepanegmuunutl nioxio
00 MJKK — 3acmocysanns npobiomuunux 6axmepiil, wjo npooyKyioms 2ioponasy coiel #CO8UHUX conell
(I'C)KK). Memoto Oocnioscenus Oyno nopisHamu 6naue KoMOIHayii MyTbmuumamos8ozo npoodiomuxy
i Xonecmupaminy 3 MOHOMEPANIEN XONECMUPAMIHOM HA MOOUDIKAYil0 NOKA3HUKIE Memadonizmy
arcosunux kuciom (JKK) y nayienmie i3 CIIK-/]. Mamepianu ma memoou. Jlocriodcenns 06yio nposedere
3a OU3AUHOM PAHOOMI308aH020, BIOKpUMO20, napanervHo2o ma exmodano 108 nayienmis i3 CIIK-/],
po3oinenux Ha 2 epynu. 0ocriona epyna (n=57), 0e npusHauanacs Komoinayis npobiomuxy (Ha ocHogi L.
rhamnosus, L. plantarum, S. thermophilus, L. acidophilus, B. bifidum, B. longum, B. infantis, S. boulardii)
ma xonecmupaminy ma KOHmponvha epyna (n=51), axka ompumyeana MOHOmMepaniio Xo1ecmupaminom
npomszom 12 muoicnis. V ecix nayienmis oyiniosanu 3a2aivHy 6i0HOCHY akmugHicms (BA) xuwxoeoi
oaxmepianvnoi I'C)KK, pisui cuposamkosux KK (c/KK) i pexanvnux KK (p)KK). Pezynomamu:
abconomui pieni 3aeanvhux, nepeunnux ma emopunnux cKK ma @XKK, sionocui pisni nepeunHux
ma emopunnux QKK 3nauno 6iopisusanucs uepes 12 mudicHie y KOJCHill epyni NOPI6HAHO 3 GUXIOHUMU
sHauennamu, p<0,05. V oocniouiti epyni eionocHi pisHi nepsunnux ma emopunnux c/KK, BA kuwkosoi
oaxmepianonoi I'C)KK 3nauno 6iopiznsnucs yepe3 12 mudicHié NOPIGHAHO 3 GUXIOHUMU 3HAYEHHAMU,
p<0,05. Vci noxkasnuxu memabonizmy KK, okpim abconomnux pienie emopunnux c’KK, docmogipro
8IOpisHANUCA Yepe3 12 mudicHi8 Midc KOHmMpoabHOlo ma o0ocnionow epynamu, p<0,05. Bucnosxu:
KOMOIHAYISL X0NecCmupaminy ma MyTbmutimamo8o2o npodiomuxy npuzeoound 00 OLIblL BUPANCEHUX 3MIH
memabonizmy KK ma niosuwenns BA kuwxosoi bakmepianvuoi I'C)KK nopienano 3 moHomepanicio
xonecmupaminom. Lle modice noacHumu modxciuuti mexanizm 0ii npobiomuxie y nayicnmieg i3 CIIK-/{ ma
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