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Abstract. The article presents the issues related to gut microbiota and short-chain fatty acids in patients with
irritable bowel syndrome. It was found that the faecal concentration of acetic, propionic, butyric acids is higher
in patients with irritable bowel syndrome with diarrhea, compared with the patients without diarrhea syndrome.
83.3-88.9% of patients with various forms of irritable bowel syndrome presented with dysbiotic changes. The re-
duced concentration of Bifidobacterium species, mainly lactic acid bacteria, is more often registered in patients with
diarrheal form. There is a certain correlation between the concentration of short-chain fatty acids and the content
of Bifidobacterium, Lactobacillus, Candida and opportunistic bacteria.
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Introduction

Many studies have found that impaired gut microbiota
is an important component of the development of irritable
bowel syndrome (IBS). Throughout the gut, microbiota plays
an important role in the normal functioning of the gut. Mo-
lecular technologies have established the dominance of four
classes of microorganisms: Firmicutes (64 %), Bacteroidetes
(23 %), Proteobacteria (8 %), Actinobacteria (3 %) [1].

In recent decades, a large number of studies have been
conducted to investigate the incidence of dysbiosis in pa-
tients with IBS, as well as the nature of changes in the indi-
vidual composition of the gut microbiota. In a famous study
by Casén C. et al. (2015), which was conducted in Sweden,
Norway, Denmark and Spain, intestinal dysbiosis was de-
tected by genetic methods in 73 % of IBS patients and 16 %
of healthy individuals [2].

The studies examining the species composition of mi-
crobiota in IBS have shown varied results, given the diffe-
rent techniques used in these studies. However, the general

trend is a decrease in Firmicutes and Bacteroidetes with dif-
ferent ratios depending on the form of IBS. Among these
classes of bacteria, the content of Lactobacillus and Bifido-
bacterium is most commonly decreased, especially in the
diarrheal form of IBS [1].

In contrast, many studies have shown an increase of
other microorganisms in IBS, including Pseudomonas ae-
ruginosa, Ruminococcus spp., Escherichia, Clostridium spp.,
Streptococcus spp. and others. This category of patients
demonstrated the increased levels of C-reactive protein,
proinflammatory cytokines (IL-6 and 1L-8), bacterial lipo-
polysaccharides [3].

The question is, how do the altered gut microbiota im-
pact IBS development?

Microbiota performs several important functions. First
of all, it concerns the prevention of infectious factors. In the
intestine, there is a constant fight or “competition” between
the beneficial commensals (symbionts) to which Firmicutes
and Bacteroidetes belong, with pathogenic or potentially
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pathogenic pathobionts. This “competition” is called co-
lonization resistance and is an important guarantee of the
normal functioning of the gastrointestinal system. Certain
important molecules, which may include short-chain fatty
acids (SCFA) and bacteriocins, are implicated in the course
of colonization resistance [4].

Researchers’ interest in SCFA has been around for de-
cades. Back in 1980, Roediger W.E. found that SCFA pro-
duced by anaerobic bacteria are an important source of
energy for colonocytes [5].

Since that time there were performed many studies
which revealed important diverse functions of SCFA, in-
cluding the effect on intestinal motor activity, stimulation of
the immune system, blocking the activation of pathogenic
flora, impact on metabolic processes. SCFA lowers the pH
around the intestinal epithelial cells that has a protective ef-
fect on them. Besides, SCFA provide antibacterial protec-
tion against pathogenic bacteria by attracting neutrophils
and cytokines, with immune tolerance to commensal flora
remaining [4]. It is believed that different SCFA can have
various effects, in particular, butyrate is more present in the
intestine, propionate — in the enterohepatic circulation,
acetate — in the systemic circulation [4, 6].

The article reviews the results of some recent studies.

The experimental research by Wang H.-B. et al. stu-
died the anti-inflammatory properties of intestinal bacteria,
in particular in acute systemic inflammation due to septic
shock. Butyrate (butyric acid) has been found to reduce the
plasma levels of proinflammatory compounds TNF-a, IL-6
and IL-1p in the experimental animals; however, butyrate
significantly increases the anti-inflammatory IL-10 [7]. The
study by Tedelind S. et al. (2007) found anti-inflammatory
effects of other SCFA: acetate, propionate, butyrate re-
duced TNF-a release stimulated by lipopolysaccharide [8].

Butyrate also stabilizes the intestinal barrier function,
in particular by influencing hypoxia-inducible factor [9].
In a Chinese study, Feng Y. et al. (2018) found that SCFA
stimulate the formation of the intestinal epithelial barrier
and protect it against damage by lipopolysaccharides, in
particular through inhibition of NLRP3 inflammasome and
autophagy [10].

The famous Spanish study of Pozuelo M. et al. (2015)
investigated the microbiome and SCFA in 113 patients with
IBS and 66 healthy individuals. With the use of 16S rRNA
genetic research methods, it was found that IBS was asso-
ciated with a reduced heterogeneity of microorganisms, as
well as a decrease in butyrate-producing bacteria, especial-
ly in patients with diarrheal and mixed forms of IBS [11].
A decrease in butyrate production can augment intestinal
permeability, enhance nociceptive sensory response, and
exacerbate IBS symptoms [1].

Given the multifactorial nature of the mechanisms of
IBS development, the diverse action of SCFA may be im-
portant in IBS. SCFA is believed to be an important com-
ponent of maintaining intestinal and immune homeostasis
[12]. However, many questions about the SCFA and the de-
velopment of IBS remain unclear.

Purpose of the study was to investigate the features of
SCFA faecal content in IBS patients depending on dysbiotic
changes in the gut microbiome.

Materials and methods

The study was conducted at the State Institution “In-
stitute of Gastroenterology of the National Academy of
Medical Sciences of Ukraine”. The study involved 15
IBS patients. The diagnosis of irritable bowel syndrome
was established after a thorough clinical and anamnes-
tic examination, taking into account compliance with
the Rome IV criteria (2016) with the exclusion of anxiety
symptoms. All patients experienced intestinal pain. Other
symptoms include bloating and abdominal distension;
some patients presented with anxiety. Attention was first
of all paid to the nature of the emptying. According to
the Bristol Stool Chart, patients had diarrheal IBS (9 pa-
tients) and non-diarrheal forms (with or without consti-
pation) (6 patients).

All patients enrolled in the study were evaluated for
SCFA content. The SCFA level was measured by the chro-
matographic method using the hardware-software com-
plex for medical research based on the gas chromatograph
“Chromatec-Crystal 5000” by the method of Guohua Zhao
[13]. The quantitative identification of the SCFA fractions
(ug/mg) of acetic (C2), propionic (C3), butyric (C4) acids,
column calibration, and chromatogram calculation were
performed by the method of normalization of peak areas
and their fractions according to the standards of “Sigma-
Aldrich Acids” (USA).

Besides, all patients underwent bacteriological (cultural)
study of feces with the determination of the gut microbiota
composition (the content of Bifidobacteria, Lactobacilli,
FEscherichia, Enterococci, potentially pathogenic and Can-
dida flora). Investigation of the species and quantitative
composition of the colonic microbiota was performed using
ten-fold dilutions (10-'—10~?) on a standard set of elective
and differential diagnostic nutrient media for isolation of
aerobic and anaerobic microorganisms.

Results ans discussion

According to the results of the determination of faecal
SCFA content, the level of acetic acid (C2) in patients with
diarrheal IBS varied within a range of 0—0.461 pg/mg; the
average level was (0.236 + 0.044) ug/mg. The content of ace-
tic acid (C2) in IBS patients with no diarrhea ranged 0.034—
0.251 pg/mg; the average value was (0.120 = 0.041) pg/mg
(p=0.039).

The concentration of propionic acid (C3) in patients
with diarrhea ranged from 0.003 to 0.229 ug/mg; the ave-
rage value was (0.074 £ 0.028) pg/mg. The propionic
acid content (C3) in IBS without diarrhea was 0.010—
0.114 pg/mg; the average value was (0.041 £ 0.016) pg/mg
(p=0.162).

The content of butyric acid (C4) in diarrheal
form ranged 0-—0.106 pg/mg; the average value was
(0.051 £ 0.012) ug/mg. Instead, the patients with diarrhea-
free IBS had an average concentration of butyric acid (C4)
of (0.033 = 0.009) pg/mg, with fluctuations ranging of
0.010—0.060 pg/mg (p = 0.116).

Thus, the concentration of all SCFA in IBS patients is
higher in the presence of diarrhea compared with the pa-
tients without diarrhea (Fig. 1). It is also noticeable that the
acetic acid content is the highest.
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Figure 1 — Comparative evaluation of SCFA faecal
content in patients with diarrheal and non-diarrheal
forms of IBS

The bacteriological examination found the signs of in-
testinal dysbiosis in 88.9 % patients with diarrheal IBS and
83.3 % patients with non-diarrheal IBS. The average content
of Bifidobacteria (logarithm) did not differ for diarrheal and
non-diarrheal forms of IBS and accounted for (8.67 £ 0.24)
and (8.67 % 0.33), respectively. The Lactobacilli content (loga-
rithm) was lower in diarrheal form (4.67 & 0.37) compared with
non-diarrheal (5.33 £ 0.21). The content of E.coli with normal
properties between the groups differed slightly: (6.44 + 0.24)
for diarrhea, (6.67 £ 0.67) for non-diarrheal form. The Entero-
cocci content was slightly lower in diarrheal form (6.33 £ 0.29)
than in the absence of diarrhea (7.17 + 0.31) (Fig. 2).

In patients with diarrhea, a decrease in Bifidobacteria
content was observed in 22.2 % of cases, and a decrease in
Lactobacilli content in 66.7 % people. In 16.7 % patients
without diarrhea, the Bifidobacteria content was reduced;
there was no reduction in Lactobacilli concentration. In
55.6 % of patients with diarrheal syndrome and 50.0 % of
diarrhea-free patients, an increase in the concentration of
Candida was observed; 66.7 % people with diarrhea and
100 % diarrhea-free patients presented with an increase in
potentially pathogenic flora.

The selection of SCFA was estimated depending on the
disturbances of the gut microbiota.

By reducing the release of Bifidobacteria, the faecal
content of SCFA was: acetic acid (0.220 * 0.092) pug/mg,
propionic acid (0.084 &+ 0.073) pg/mg, butyric acid (0.068 =
+ 0.025) pg/mg. Instead, with normal bifidobacterial
content, the concentration of acetic acid was (0.182 +
+0.037) pg/mg, propionic acid (0.055 = 0.015) pg/mg, and
butyricacid (0.038 £0.007) pg/mg. With the reduced content
of Lactobacilli, the selection of SCFA was as follows: C2 —
(0.2000+0.0635) pg/mg, C3 —(0.072 £0.026) pg/mg, C4 —
(0.046 = 0.011) pg/mg; at the normal content of Lactobacilli:
C2 —(0.183 £ 0.041) pg/mg, C3 — (0.054 £+ 0.024) pg/mg,
C4 — (0.042 = 0.011) pg/mg. Thus, there is a tendency for
an increased selection of SCFA in patients with a low con-
tent of Bifidobacteria and Lactobacilli compared to the nor-
mal microbiota, but this difference is insignificant.

With the increase of the Candida flora, the SCFA con-
tent was slightly higher than in the absence of candidiasis:

Figure 2 — The logarithm of the average content
of normal microbiota in the feces in patients
with diarrheal and non-diarrheal form of IBS

the content of acetic acid was (0.219 £ 0.054) pg/mg in can-
didiasis, (0.156 = 0.041) ug/mg without candidiasis; propio-
nic acid content accounted for (0.091 = 0.029) pug/mg in
candidiasis, (0.028 + 0.010) pg/mg without candidiasis;
butyric acid content was (0.055 £ 0.012) pg/mg in candi-
diasis, (0.031 = 0.009) pg/mg without candidiasis. On the
contrary, in patients with increased potentially pathoge-
nic flora, the SCFA content was lower than in the absence
of increased potentially pathogenic flora: C2 (0.170 +
+ 0.040) pg/mg and (0.267 + 0.031) pg/mg, respectively;
C3 (0.047 £ 0.016) pg/mg and (0.118 £ 0.056) pg/mg,
respectively; C4 (0.040 + 0.008) pg/mg and (0.061 +
+ 0.024) pg/mg, respectively.

Thus, in patients with IBS, there is a certain interaction
between the state of gut microbiota and the faecal content of
SCFA: the increase in the concentration of SCFA is slightly
higher with a decrease in Bifidobacteria and Lactobacilli and
increase of the Candida flora; on the contrary, the decrease
in the concentration of SCFA may be established in case
of increased potentially pathogenic flora. Further study of
the relationship between the state of the gut microbiota,
the nature of dysbiotic changes, and the release of SCFA
is needed.

Conclusions

1. The faecal concentration of SCFA is higher in IBS
patients with diarrhea compared with the patients without
diarrheal syndrome.

2. 83.3—88.9 % of patients with various forms of IBS
presented with gut dysbiosis; the patients with diarrhea are
more likely to have a reduced content of Bifidobacteria and,
in particular, Lactobacilli.

3. There is a certain relationship between the SCFA
concentration and the content of Bifidobacteria, Lactoba-
cilli, Candida and potentially pathogenic flora, which need
to be evaluated in further investigations.
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" Aep>KQBHQ YCTAQHOBQA «IHCTUTYT FACTPOEHTEPOAOCTIT HALIOHAABHOI QKQAEMII MEANYHIX HAYK YKPQIHM», M. AHIMPO, YkpQiHa
2 AepXKQBHWA 3AKAQA «AHIMPONETPOBCHKA MEANYHA AKAAEMIS MIHICTEpCTBA OXOPOHM 3A0P0B s YikpaiHn», M. AHINpo, YkpaiHa

XApOKTepUCTUKA CTOHY KULLKOBOT MiKpodAOpU
TA BMICTY KOPOTKOACHLIIOrOBUX YXUPHUX KUCAOT Y XBOPUX
i3 CUHAPOMOM MOAPC3HEHOro KMULLIEYHUKA

Pesrome. V crarTi po3rianaoTbcsa MUTAHHA, OB’ A3aHi 3 KNI~
KOBOIO MiKpo®I0pol0 Ta KOPOTKOJAHILIOTOBUMU >KUPHUMU
KHUCJIOTAaMM Y XBOPUX i3 CUHAPOMOM IOJIPa3HEHOTO KMIICUYHU-
Ka. BcraHoBiieHO, 110 KOHIIEHTpAllisi OLITOBOI, IPOITIOHOBOI,
MAacJITHOI KHUCJIOT Y KaJli € BUIIOIO Y XBOPUX i3 CUHAPOMOM I10-
NIPa3HEHOro KMIIEYHUKA 3 Jiape€lo MOPiBHSIHO 3 XBOpUMU 0Oe3
niapeitHoro cuHapomy. Y 83,3—88,9 % xBopux i3 pisHuUMU dop-
MaMM CHHIPOMY IOAPA3HEHOTO KUIIEUYHMKA CIOCTEPiraloThest

CrenaHos tO.M.", byasak U1.51.2, KneHnHa LA,

NUCOIOTUYHI 3MiHM; y TIAIli€EHTIB i3 AiapeiiHo1o (hopMOIO YacTillle
Bil3HAYAETHCS 3HWXKEHUM BMICT OidimobakTepiit Ta, 0cOOIUBO,
JlakTo0aKTepiii. BusiBieHa meBHa B3a€MO3AJIEKHICTh MiX KOH-
LIEHTPAIli€}0 KOPOTKOTAHIIOTOBUX XUPHUX KHUCJIOT Ta BMiCTOM
0ihimobakTepili, JTaKTOOAKTEpiii, KAHAUA03HOI Ta yMOBHO-TIATO-
reHHoi diopu.

KnrouoBi ciioBa: cvHIpoM MompasHEHOTro KUIIEYHUKA; MiKpO-
¢opa KuieyHnKa; 11uc6io3; KOPOTKOJAHIIIOTOBI XKUPHI KUCIOTH

1 [OCYyAQPCTBEHHOE yYpeXKaeHue «/IHCTUTYT rACTPOIHTELOAOMMM HALIMOHAALHOM QKQAEMUIN MEANLIMHCKUX HQYK YKOQUHBI»,

r. AHerip, YkpauHa

2 [OCYAQPCTBEHHOE YHpEXAEHME «AHENMPOMNETPOBCKASI MEANLIMHCKAST QKAAEMIMST MMHNCTEPCTBA 3APLABOOXPAHEHMS YKDQUHbI,

r. AHerp, YikpauHa

XApAKTEpPUCTUKA COCTOSIHUS KULLEYHON MUKPOPAOPbI
N COAEPXAHUA KOPOTKOoLeno4Ye4HbIX XKUPHbIX KUWCAOT Y GOAbHbIX
C CUHAPOMOM PA3APCKEHHOrO KULLEYHUKA

Pesiome. B crathe paccMaTpMBalOTCH BOIPOCHI, CBA3aHHBIE C
KHIIEYHOM MUKPOQIIOPOi M KOPOTKOLIETTOYEUHBIMUA KUPHBIMU
KHCJIOTaMU y GOJIBHBIX ¢ CHHIPOMOM pa3ipa)kKeHHOIo KHIIeY-
HUKA. YCTaHOBJIEHO, YTO KOHLIEHTPALAS YKCYCHOM, IIPOIMOHO-
BOM, MacJIsIHOM KMCJIOT B KaJjie BbIIIE Y OOJbHBIX C CHHAPOMOM
pa3apaxxeHHOro KUILeYHUKa ¢ Avapeeil mo cpaBHEHUIO ¢ 00JIb-
HbIMU 0e3 nuapeiiHoro cuHapoma. ¥ 83,3—88.9 % OGOJIbHBIX C
pasauyHbIMKU (hOPMaMU CUHAPOMA Pa3IpakeHHOTO KUIIEYHNKA
HabJI0AaI0TCS AMCOMOTUYECKNE N3MEHEHUS; Y TTALIMEHTOB C AU~

apeiitHoil (hopMoii yallle OTMeYaeTCsl MOHMXKEHHOE CoMepKaHue
oudunodakTepuii U, ocobeHHO, JlakTobakTepuit. OTMeyaeTcs
omnpe/esieHHas: B3aMMO3aBUCUMOCTb MeX/y KOHLEHTpauuei
KOPOTKOIEMOYEUHBIX XUPHBIX KUCIOT U COAepKaHueM Oudu-
nobakTepuii, JTJaKTOOAKTepuii, KaHAUAO3HONH U YCJIOBHO-IATO-
TeHHOI (IIOpHI.

KiroueBbie c10Ba: cuHIPOM pasipaXeHHOTO KMIIEYHUKA; MU~
Kpodyiopa KUIIEYHUKA; TMCON03; KOPOTKOIIECTIOUEUHbIE KUPHBIC
KHUCIIOThI
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