
ГАСТРОЕНТЕРОЛОГIЯ
GASTROENTEROLOGY

Vol. 53, No. 3, 2019178 Gastroenterologìa, ISSN 2308-2097 (print), ISSN 2518-7880 (online)

Патологія кишечника  /  Bowel Pathology

Оригінальні дослідження
Original Researches

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 IL-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-α, IL-6 
and IL-1β 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-α 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 
(µg/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, 
Escherichia, Enterococci, potentially pathogenic and Can-
dida flora). Investigation of the species and quantitative 
composition of the colonic microbiota was performed using 
ten-fold dilutions (10–1–10–9) 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 µg/mg; the 
average level was (0.236 ± 0.044) µg/mg. The content of ace-
tic acid (C2) in IBS patients with no diarrhea ranged 0.034–
0.251 µg/mg; the average value was (0.120 ± 0.041) µg/mg 
(p = 0.039).

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

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



Vol. 53, No. 3, 2019180 Gastroenterologìa, ISSN 2308-2097 (print), ISSN 2518-7880 (online)

Патологія кишечника  /  Bowel Pathology

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) μg/mg, 
propionic acid (0.084 ± 0.073) μg/mg, butyric acid (0.068 ± 
±  0.025) μ g/mg. Instead, with normal bifidobacterial 
content, the concentration of acetic acid was (0.182  ± 
± 0.037) μg/mg, propionic acid (0.055 ± 0.015) μg/mg, and 
butyric acid (0.038 ± 0.007) μg/mg. With the reduced content 
of Lactobacilli, the selection of SCFA was as follows: C2 — 
(0.2000 ± 0.0635) µg/mg, C3 — (0.072 ± 0.026) µg/mg, C4 — 
(0.046 ± 0.011) µg/mg; at the normal content of Lactobacilli: 
C2 — (0.183 ± 0.041) µg/mg, C3 — (0.054 ± 0.024) µg/mg, 
C4 — (0.042 ± 0.011) µg/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: 

the content of acetic acid was (0.219 ± 0.054) μg/mg in can-
didiasis, (0.156 ± 0.041) μg/mg without candidiasis; propio
nic acid content accounted for (0.091  ±  0.029) μ g/mg in 
candidiasis, (0.028  ±  0.010) μg/mg without candidiasis; 
butyric acid content was (0.055 ± 0.012) µg/mg in candi-
diasis, (0.031 ± 0.009) µg/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) μ g/mg and (0.267  ±  0.031) μ g/mg, respectively; 
C3  (0.047 ± 0.016) μ g/mg and (0.118  ±  0.056) μ g/mg, 
respectively; C4 (0.040  ±  0.008) μ g/mg and (0.061 ± 
± 0.024) μg/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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Figure 1 — Comparative evaluation of SCFA faecal 
content in patients with diarrheal and non-diarrheal 

forms of IBS

Figure 2 — The logarithm of the average content 
of normal microbiota in the feces in patients 
with diarrheal and non-diarrheal form of IBS
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Характеристика стану кишкової мікрофлори 
та вмісту коротколанцюгових жирних кислот у хворих 

із синдромом подразненого кишечника

Резюме.  У статті розглядаються питання, пов’язані з киш-
ковою мікрофлорою та коротколанцюговими жирними 
кислотами у хворих із синдромом подразненого кишечни-
ка. Встановлено, що концентрація оцтової, пропіонової, 
масляної кислот у калі є вищою у хворих із синдромом по-
дразненого кишечника з діареєю порівняно з хворими без 
діарейного синдрому. У 83,3–88,9 % хворих із різними фор-
мами синдрому подразненого кишечника спостерігаються 

дисбіотичні зміни; у пацієнтів із діарейною формою частіше 
відзначається знижений вміст біфідобактерій та, особливо, 
лактобактерій. Виявлена певна взаємозалежність між кон-
центрацією коротколанцюгових жирних кислот та вмістом 
біфідобактерій, лактобактерій, кандидозної та умовно-пато-
генної флори.
Ключові слова:  синдром подразненого кишечника; мікро-
флора кишечника; дисбіоз; коротколанцюгові жирні кислоти

Степанов Ю.М.1, Будзак И.Я.2, Кленина И.А.1

1 � Государственное учреждение «Институт гастроэнтерологии Национальной академии медицинских наук Украины», 
г. Днепр, Украина

2 � Государственное учреждение «Днепропетровская медицинская академия Министерства здравоохранения Украины», 
г. Днепр, Украина

Характеристика состояния кишечной микрофлоры 
и содержания короткоцепочечных жирных кислот у больных 

с синдромом раздраженного кишечника

Резюме.  В статье рассматриваются вопросы, связанные с 
кишечной микрофлорой и короткоцепочечными жирными 
кислотами у больных с синдромом раздраженного кишеч-
ника. Установлено, что концентрация уксусной, пропионо-
вой, масляной кислот в кале выше у больных с синдромом 
раздраженного кишечника с диареей по сравнению с боль-
ными без диарейного синдрома. У 83,3–88,9  % больных с 
различными формами синдрома раздраженного кишечника 
наблюдаются дисбиотические изменения; у пациентов с ди-

арейной формой чаще отмечается пониженное содержание 
бифидобактерий и, особенно, лактобактерий. Отмечается 
определенная взаимозависимость между концентрацией 
короткоцепочечных жирных кислот и содержанием бифи-
добактерий, лактобактерий, кандидозной и условно-пато-
генной флоры.
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