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ABSTRACT

Background/Aims: Gut microbiota ferments indigestible food that rests in the colon to produce short-chain fatty acids (SCFAs) ac-
etate, propionate, and butyrate. Colonic SCFA stimulate the synthesis of serotonin which is central in irritable bowel syndrome (IBS)
pathophysiology. Reduced SCFA have been linked to specific IBS symptoms like colonic hyperalgesia and hypersensitivity. SCFA enter
the colonocyte mainly via 2 energy-dependent monocarboxylate transporters, MCT1 (SLC16A1) and SMCT1 (SLC5A8). We investigated
specific gut microbiota, SCFA concentrations, and monocarboxylate transporter mRNA expression in patients with IBS.

Material and Methods: A total of 30 IBS patients—15 constipation-predominant (C-IBS) and 15 diarrhoea-predominant (D-1BS)—and 15
healthy controls were recruited. Bacteroidetes and Bifidobacterium species were analyzed using quantitative polymerase chain reaction
(gPCR) on stool samples. SCFA concentrations were determined by gas chromatography/mass spectroscopy of stool samples. Monocar-
boxylate transporter mRNA was quantified by gPCR on colon biopsy specimens.

Results: Bacteroides was significantly increased in the D-IBS group compared with the C-IBS group and healthy controls. Bifidobacte-
rium was significantly reduced in both IBS groups. SCFA ratios were altered in both IBS groups with a reduction of all 3 measured SCFA
in C-IBS and acetic acid in D-IBS. MCT1 and SMCT1 were significantly reduced in C-IBS and D-IBS.

Conclusion: In agreement with findings of previous studies, the microbiota assessed were significantly altered inferring dysbiosis in IBS.
SCFA and their ratios were significantly altered in both IBS groups. SCFA transporters, MCT1 and SMCT1 were significantly reduced in
both IBS groups, suggesting reduced colonocyte SCFA transfer. SCFA availability and transfer into the colonocytes may be important in

IBS pathogenesis and should be prospectively studied.

Keywords: Gut microbiota, short chain fatty acids, monocarboxylate transporters, irritable bowel syndrome

INTRODUCTION

Irritable bowel syndrome (IBS) is one of the most com-
mon functional gastrointestinal disorders. Typical IBS
phenotypes include constipation type (C-IBS), diar-
rhoea type (D-1BS), mixed type (IBS-M), and unspecific
(IBS-U). In IBS-U, patients meet the diagnostic criteria
for IBS, but their bowel habits cannot be accurately cat-
egorized. IBS pathophysiology remains largely unknown
(1), and treatment is mostly symptomatic. It is believed
to be a multifactorial disorder with contributing factors
including visceral hypersensitivity, deranged gut motil-
ity, and a dysfunctional gut-brain axis among others (2,
3).

Increasingly, an association between gut microbiota de-
rangement and IBS symptoms is being recognized (4).
Although great variability exists in the gut microbiota
quantities between different studies in IBS, it is clear that
certain bacteria, especially Lactobacillus, Enterobacteria-

ceae, Bacteroidetes, and Bifidobacterium among others,
are significantly altered (5).

Gut microbiota produce short-chain fatty acids (SCFAs)
by fermentation of indigestible food debris, especial-
ly fibre (6). SCFAs have important immunological and
regulatory functions and are the apparent interface be-
tween gut microbiota and host (7). In addition, they have
important metabolic, protective, and trophic functions
(8). As part of their metabolic role, they regulate prolif-
eration and differentiation of colonic cells, are important
in cancer prevention, produce vitamins, and regulate fat
storage. SCFAs protect gut integrity against pathogen-
ic microbes and toxins using various methods including
regulating neutrophil trafficking. Protection also includes
cancer prevention by inducing apoptosis in cancer cells.
The major trophic functions involve the regulation of pro-
liferation and differentiation of colon epithelial cells and
maturation of the immune system (9, 10).
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Data suggest that SCFAs may play a role in IBS patho-
physiology (11). Acetate, propionate, and butyrate are the
main SCFAs produced by gut microbiota. Colonic lumi-
nal SCFAs stimulate the synthesis of serotonin which is
central in IBS pathophysiology (12). Propionate, mainly
produced by Bacteroides, is responsible for the release
of serotonin from the enterochromaffin cells to activate
5-HT4 receptors and stimulate the enteric peristaltic re-
flex (13, 14). Both propionate and butyrate induce tonic
contractions of the colon (15).

Of the three main SCFAs, butyrate is important in the
maintenance of colon health. It is the principal energy
source for colonocytes and plays an important anti-in-
flammatory role (16). Butyrate modulates IBS with spe-
cific reference to colonic hyperalgesia and hypersensitiv-
ity (17). Data showed that butyrate-producing microbiota
are reduced in IBS (18). Hence, reduced butyrate concen-
tration can potentially influence IBS symptoms.

Once produced, SCFAs are transported from the lumi-
nal aspect of the colon into the colonocyte via passive
diffusion and/or carrier-mediated transport. However,
as the physiological luminal pH ranges from 5.6 to 6.6,
the major SCFAs are in an anionic form, not available
for simple diffusion (19). Thus, active transport through
monocarboxylate transporters (MCT) appears to be the
main transport mode. The MCT system consists of (i) the
electroneutral H*- coupled MCT1 of which SLC16A is the
major one and (ii) the electrogenic Na* - coupled SMCT1
of which SLC5A8 is the main transporter (20). MCT1 is
expressed more than SMCT1. MCT1 transports all SCFAs,
whereas SMCT1 transports butyrate more than acetate
and propionate (21). The role of MCT in IBS pathogenesis
has not been investigated so far.

The association between SCFAs and IBS symptomatolo-
gy is inconclusive with conflicting reports (1). This study
aims to investigate the relationship between SCFAs and
their transportation across the colonic epithelium in the

MAIN POINTS

The microbiota studied in this IBS population showed sig-
nificant derangement inferring dysbiosis as a possible ae-
tiogenic factor.

SCFA's, a product of microbiota fermentation, and their
ratios were significantly altered in both C- and D-IBS and
an association with symptoms can be readily deduced.
Reduction in the SCFA transporters as showed in this study
implies that SCFA do not reach their target in IBS and may
have causal links.

different IBS subtypes. We investigated the ratio of SCFA
production and their transporters, MCT1 and SMCT1, in
the same patient population. In addition, to corroborate
alteration of gut microbiota, we investigated two specific
gut microbiota, Bacteroides and Bifidobacterium, which
have been previously identified with IBS.

MATERIALS AND METHODS

Ethical consideration

The study was approved by the Human Ethics Commit-
tee of the Nelson Mandela University (NMU) (HO7SciB-
CM-001). Written informed consent to participate was
obtained from each participant on enrollment.

Study population

A total of 30 patients were recruited, 15 in C-IBS and 15
in D-IBS subgroups and 15 healthy controls. The control
group consisted of healthy patients scheduled for sur-
veillance colonoscopy as part of cancer prevention. In-
clusion criteria: age between 18 and 60, fulfilling Rome
[l criteria for diagnosis of IBS. Exclusion criteria: unable/
unwilling to give informed consent or undergo colonos-
copy, pregnancy, pre-, pro- or antibiotic therapy in last
3 months. Patients with abnormal colonoscopy finding
and/or abnormal histology were also excluded.

Stool samples

All subjects gave a stool sample prior to colonoscopy. Pa-
tients were instructed to save the stool sample ina-20°C
freezer after obtaining the specimen. Once brought to
the clinic, the stool samples were stored at -80°C until
analysis. SCFAs (acetate, propionate, and butyrate) were
determined in the stool using gas chromatography/mass
spectrometry (GC/MS). The phyla Bacteroides and Bi-
fidobacterium were determined in the stool using qPCR.

Colon biopsies

All study participants underwent colonoscopy, and prox-
imal (caecum and ascending colon) colon biopsies were
taken. Biopsy samples were placed in RNA, and later, left
at room temperature for 24 h and then stored at -20°C
until analysis. Monocarboxylate transporter mRNA was
quantified from colon biopsy specimens using qPCR.

Stool microbiota analysis

Fecal bacterial DNA was isolated using the QIAmp DNA
Stool Mini Kit (Qiagen, Hilden, Germany): 200 mg of stool
sample was vortexed in 500 yL of Buffer ASL for 1 min
and centrifuged at 5000x g for 5 min. Supernatants were
kept on ice, and pellets were resuspended in 500 pL of
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Buffer ASL and repeated 5 times. To maximize bacterial
cell lysis, supernatants were pooled and treated with 10
mg/mL of lysozyme (Roche Diagnostics, Mannheim, Ger-
many) for 30 min at 37°C. Samples were heated for 10
min at 95°C. The rest of the procedure followed protocol
specifications. DNA extraction samples were quantified
using fluorometric analysis via the Qubit fluorometer.

gPCR quantification of Bacteroides spp. and Bifidobac-
terium bifidum genomes in DNA extracted from stool:
Bacteroides spp. genomes were quantified based on the
presence of a specific 16S rRNA gene segment which is
highly homologous to members of this family using the
Bacteroides spp. quantification kit (Primer Design, Cam-
berley, UK). The Bifidobacteria bifidum quantification
kit (Primer Design, Camberley, UK) was used to deter-
mine the copy number of B.bifidum 16S — 23S intergenic
spacer regions from the DNA extracted from stool DNA.
A standard curve was set up using serial dilutions of the
positive control template provided by the kits. Results are
expressed as values that equate to log10 of total copy
numbers detected.

SCFA analysis

Fecal dry weight was used in the SCFA analysis. To deter-
mine the dry weight of stool samples, three 200 mg sam-
ples were collected from different regions of the stool of
all patients. All samples were centrifuged 13.4x g for 10
min to pellet stool matter and remove excess liquid. Min-
iscule insertions were made in the lids of the collection
tubes, and the tubes were subsequently snap-frozen in
liquid nitrogen. Samples were then placed in a vacuum jar
and connected to a VirTis temperature-monitored vac-
uum system for 24 h to completely freeze-dry all stool
samples. Samples were then re-weighed to determine
the dry weight of stool matter in each sample.

A modified method by Yap (22) was used to extract
and quantify SCFAs from stool samples. Fecal samples
(1g) were added to 2 ml of GC-quality Methanol (Merck
Chemicals, Darmstadt, Germany). Samples were homog-
enized by vortexing them for 5 min, followed by centrifu-
gation at 5000x g for 30 min at 4°C. Approximately 1 pl of
supernatant was injected by an autosampler into an Ag-
ilent Technologies gas chromatograph system and mass
spectrum detector (Agilent Technologies) based on the
method described by Scheppach et al. (23). A polar BP21
capillary column (SGE), 30 m in length with an internal
diameter of 0.25 mm and inner walls coated with bond-
ed polyethylene glycol was used. The oven temperature
gradient was programmed for 60°C to 110°C 10°C/min,

110°C to 150°C 5°C/min and from 150°C to 230°C 120°C/
min. The temperatures of both the injector and detector
were 230°C. The inlet was operated in a splitless mode.
Helium gas was used at a flow rate of 1.22 mL/min (30
cm/s). All data were analyzed using the software system
MSD Chemstation G1701EA Version E.02.01.1177. 5 mM
valeric acid was used as internal standard.

Monocarboxylate transporter analysis

Quantitative real-time polymerase chain reaction (QPCR)
was used to quantify mRNA of butyrate transporters.
Total RNA was extracted from the colon biopsy sam-
ples using Bio-Rad Aurum™ RNA extraction kit (Bio-Rad
Laboratories Inc, Hercules, California, USA) following the
manufacturer’s instructions. cDNA was synthesized from
1 pg of RNA, using the reverse transcription BioRad iS-
cript® cDNA synthesis kit (Bio-Rad Laboratories Inc, Her-
cules, California, USA.), in a 20 pL reaction mixture, ac-
cording to the manufacturer’s instructions. The samples
were then frozen at -80°C until the qPCR experiment.

Real-time gPCR reactions were run on an iCycler 1Q®
system (Bio-Rad Laboratories Inc, Hercules, California,
USA). Each well of a 96 well PCR plate contained 20 pL
consisting of 1 pL of the above cDNA, 10 pL SYBR®Green
supermix (Bio-Rad Laboratories Inc, Hercules, California,
USA), and 500 nM forward and reverse primers and nu-
clease-free PCR grade water (Ambion Inc, Austin, Texas,
USA). For no template controls (NTC), the cDNA sample
was replaced with nuclease-free water (Ambion, Austin,
Texas, USA). Each sample and NTC was run in duplicate.

The protocol for all gPCR runs comprised of 3-min Taq
polymerase activation at 95°C and 40 cycles of denatur-
ing at 95°C for 30 s, 30 s at appropriate annealing tem-
perature (Table 1), and extension at 72°C for 30 s.

The amplification reaction was followed by a melt curve
to verify the specificity of the reaction. The plate was
heated to 95°C, and then cooled to 1°C below the an-
nealing temperature for each primer pair to ensure that
all the DNA was double stranded. The temperature was
increased in increments of 0.5°C for 30 s up to 95°C to
melt the double-stranded DNA.

The Cq values for the reference genes were transformed
into relative quantification data using the ACq meth-
od, and they were analyzed using the GeNorm software
(Primer Design, Camberley, UK) to determine the optimal
set of reference genes. Genes of interest were analyzed
following the above gPCR protocol, and Cq values were
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Table 1. Forward and reverse sequences for all genes and their annealing temperatures.

Gene of interest Forward sequence

Reverse sequence

Annealing temp (°C)

SLC16A1 5'-AGTAGTTATGGGAAGAGTCAGCA-3’

SLAS5A8 5'-GCCTATGATGGTGGAAGAT-3'

5'-GTCGGGCTACCATGTCAACA-3’ 59

5'-GTTGACACCGTAGATGCT-3' 59

Reference genes  Forward sequence

Reverse sequence

Annealing temp (°C)

SF3A1 Commercial primer, obtained from GeNorm™ Normalization kit. (Primer Design, UK) 60
ALUsq 5'-CATGGTGAAACCCCGTCTCTA-3 5'-GCCTCAGCCTCCCGAGTAG-3' 60
ALUsx 5'-TGGTGAAACCCCGTCTCTACTAA-3’ 5'-CCTCAGCCTCCCGAGTAGCT-3' 60

Table 2. Demographic details of the study population.

Control group C-IBS D-IBS
Age 41.3 41.0 421
Sex (F/M) 11/4 11/4 11/4
BMI 29.25 27.83 28.46
Smoking 1(M) 1 (M) 0
Duration of disease 10+4 9+7

(years)

BMI: Body Mass Index; C-IBS: constipation-predominant; D-IBS: diarrhoea-pre-
dominant.

analyzed on the gBase version 2 software (BioGazelle,
Ghent, Belgium). The GeNorm,, Normalization (Prim-
er Design, Camberley, UK) protocol was used to identi-
fy the most suitable reference genes for this study. One
reference gene, SF3A1, and 2 Alu repeats, ALUsq and
ALUsx(24), were the most stable.

All the relevant genes used in the analyses in this study
are tabulated in Table 1, with their respective forward and
reverse sequences as well as melting temperature.

Statistical Analysis

Statistical comparisons were examined with one-
way analysis of variance (ANOVA), followed by the
Mann-Whitney U test. Demographic characteristics
were summarized with descriptive statistics. Bar graphs
were drawn using Microsoft Excel. All statistical param-
eters were calculated as mean * standard deviation.
The results were considered significantly different at
p<0.05.

The results are displayed in graphs — first as an illustration
of numerical differences and second as fold changes. The

final value divided by the initial value. If this number was
less than one the (negative) reciprocal is listed).

RESULTS
The demographic details for all 30 patients and 15 con-
trols are shown in Table 2.

Microbiota analysis

The number of Bacteroides 16S rRNA copies in stool
samples of patients with D-IBS was significantly higher
than those in stool samples of healthy controls and C-IBS
patients (p<0.05). The number of Bifidobacteria 16S-23S
intergenic spacer region copies were significantly lower in
patients with C-IBS and D-IBS compared to those in the
healthy control group (p<0.05). Results are displayed in
Figure 1.

Results of stool microbiota analysis confirmed a signif-
icant quantitative change in abundance for both Bac-
teroides spp. and Bifidobacteria spp. in both IBS groups
compared to the control group, suggesting the presence
of dysbiosis.

SCFA

The expression ratio of the main SCFAs: acetate, propi-
onate, and butyrate in the healthy control group was 6.5:
3.5:4.5. (Figure 2). For C-IBS the expression ratio was 5.0:
2.0: 1.5, whereas for D-IBS it was 3.0: 4.1: 4.0 in D-IBS.
There was significant reduction in acetate levels in both
C-IBS and D-IBS compared to the control group. The ra-
tio of the three SCFAs are different in both C-IBS and
D-IBS compared to the control group. Most noticeable
is the decrease of propionic acid in C-IBS, whereas it is
increased in D-IBS when compared to the control group.
This result is statistically significant. For butyrate specifi-
cally, there was statistically significant reduction in C-IBS
compared to healthy control group, whereas it remained
unchanged in D-IBS (although trending lower).
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Figure 1. a, b. Results of the 2 gut microbiota, Bacteroides and Bfidobacteria analysed. (a) Quantitative real time PCR analysis of Bacteroides spp.
and Bifidobacteria spp. in the stool of healthy, C-IBS and D-IBS patient. n = 15 in each group. (b) * denotes p<0.05. Significance level compared
against healthy control subjects. (b) Fold change of gPCR analysis of Bacteroides spp. and Bifidobacteria spp. in stool samples of C-IBS and
D-IBS patients compared with healthy control subjects. Fold change for healthy control subjects is +1 or -1, represented by blue graphs,
respective fold changes for C-IBS and D-IBS patients are represented by orange graph.
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Figure 2. a, b. Short chain fatty acids results analysed by gas chromatography/mass spectroscopy on stool samples. (a) Concentration of acetic
acid, propionic acid and n-butyric acid in stool samples from healthy controls, C-IBS and D-IBS patients. n=15 in each group. * denotes p<0.05.
Significance level compared against Healthy control patients. (b) Fold change of acetic acid, propionic acid and n-butyric acid concentrations
in stool samples of C-IBS and D-IBS patients compared to healthy control subjects. Fold change for healthy control subjects is +1 or -1,
represented by blue graphs, respective fold changes for C-IBS and D-IBS patients are represented by orange graph.

Monocarboxylate transporters

McCT1

The relative expression of SLC16A1 mRNA was high in
normal colonic mucosa, compared to the IBS groups.
For the IBS groups, SLC16A1 mRNA was significant-
ly reduced for both C-IBS (p=0.000004) and D-IBS
(p=0.0001) compared to the healthy control group (Fig-
ure 3).

SMCT1

The relative expression of SLC5A8 mRNA was significant-
ly reduced for both C-IBS (p=0.041) and D-IBS (p=0.02)
compared to the healthy control group.

SLC16A1 and SLC5A8 were significantly down-regulat-
ed in C-IBS with low butyrate concentration levels, sug-
gesting that reduced amounts of SCFAs were transport-
ed into the colonocyte. Similarly, SLC16A1 and SLC5A8

844



Turk J Gastroenterol 2020; 31(12): 840-7

Fredericks et al. SCFA and transporters in IBS

mRNA EXPRESSION OF SCFA TRANSPORTERS

* *

;?\

Mean CNRQ

1

Control C-IBS D-IBS Control C-18S D-IBS

SLC16A1 SLC5A8

FOLD CHANGE: SCFA TRANSPORTERS

Fold Change: IBS vs Control

SLC16A1 SLC5A8

m Control m IBS

Figure 3. a, b. SCFA transporters analysed in the colonic mucosa by quantitative real-time PCR. (a) Monocarboxylate transporters SLC16A1 and
SLC5A8 mRNA expression by gPCR. CNRQ = Calibrated Normalized Relative Quantities, normalized to mean of all samples. n=15 in each group.
* denotes p<0.05. Significance level compared to Healthy control. (b) Fold change of The mean CNRQ for gPCR values of SLC16A1 and SLC5A8
transporters in the mucosal biopsies of C-IBS and D-IBS patients compared with healthy control subjects. Fold change for healthy control
subjects is +1 or -1, represented by blue graphs, respective fold changes for C-IBS and D-IBS patients are represented by orange graph.

were also significantly down-regulated in the presence of
ostensibly normal butyrate concentration levels in D-IBS.
The monocarboxylate transporters, MCT1 and SMCT1
were significantly reduced in both IBS groups.

DISCUSSION

This study evaluated SCFAs in IBS in combination with
their transporters. The results of this study confirmed
significant derangement in the SCFA concentrations
and their relative ratios of expression. The results further
showed significant reduction in the 2 monocarboxylate
transporters tested, suggesting that the SCFAs are not
transported into the colonocyte where they are active.

Dysbiosis or altered gut microbiota diversity has been
documented in many IBS studies, and results from this
study confirmed significant differences in the two mi-
crobiota quantified, supporting dysbiosis previously de-
scribed (25, 26). Our results are consistent with those of
Parker et al. (27) who found a significant increase in Bac-
teroides and a significant decrease in Bifidobacteria when
rectal biopsies of IBS patients were compared with those
of healthy controls.

Fecal Bifidobacterium was significantly reduced in both
C-IBS and D-IBS in this study and various other studies
(28, 29). As a modulator of abdominal pain and bloating in
IBS, one can speculate that the reduced concentration of
Bifidobacteria may explain, to some extent, these symp-
toms in this patient population. For Bacteroides, results
from various studies have been mixed with unchanged or
reduced levels in C-IBS and increased levels in D-IBS (28-

30). Results from our study confirmed the same trend.
It is apparent that a complex interaction exists between
gut microbiota, diet, and SCFAs in health and disease.
Although we have not included diet as a measure in our
study, it has a profound effect on gut microbiota com-
position and SCFA production. This association should
be prospectively studied. Currently, however, on a larger
scale, the results of studies on the intestinal microbiota
of IBS subjects are inconsistent and occasionally contra-
dictory (26).

SCFA ratios were significantly altered in both C-IBS and
D-IBS compared to healthy controls. As SCFAs are a di-
rect result of gut microbiota fermentation, one can re-
liably deduce that this altered SCFA ratio resulted from
dysbiosis. As previously shown, altered SCFA concentra-
tions affect serotonin expression which is known to im-
pact IBS.

Results from this study showed significant reduction in
all three major SCFAs, i.e., acetate, propionate, and bu-
tyrate in patients with C-IBS. However, a significant de-
crease was only observed for acetate in D-IBS patients
compared with that in healthy controls. An increase in
propionate was also noted in our patients with D-IBS,
but not C-IBS compared with healthy controls. This re-
sult is not surprising as propionate is known to stimulate
peristalsis. It is interesting to note that Bacteroides, one
of the key synthesizers of propionate, was also found to
be increased in D-IBS. Butyrate, a key promoter of co-
lonic health and the main energy provider for the colo-
nocyte, was significantly reduced in C-IBS compared to
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the healthy control group, but its concentration remained
unchanged in D-IBS. These results are similar to those of
Ringel-Kulka et al. and others (31-34).

Normal gut function is influenced not only by the amount
and relative abundance of various SCFAs but also by the
ratio of one SCFA to the other. From various studies, it
appears that the propionate: butyrate ratio is an import-
ant biomarker for IBS (16, 34). In our study, the propio-
nate: butyrate ratio in healthy controls was 0.75, whereas
in C-I1BS and D-IBS, they were 1.45 and 1.07, respectively.
It appears these ratios are important in disease states and
may as well be useful adjuncts to current investigations in
IBS and other disease states like CRC and IBD.

Individual SCFAs have varied functions in maintaining
colon health and function. The transport of the SCFAs
from the lumen to the colonocyte is therefore import-
ant. During homeostasis, SCFAs are transported into
the colonocyte mainly via MCT1 (SLC 16A1) or SMCT1
(SLC 5A8) transporters (35-37). Therefore, as previous-
ly shown, reduced MCT1 and MCT1 result in a reduced
butyrate uptake by the colonocyte (38). However, a re-
cent study in mice, found that MCT1 is up-regulated in
the presence of butyrate (39). There is a significant in-
crease in the expression of these transporters in various
cancer types, including colorectal cancer, but no studies
on these transporters have been performed in IBS (37). In
our study, the mRNA expression of both of these trans-
porters was significantly reduced in both IBS groups, in
the presence of reduced SCFA, especially in C-IBS. It is
not clear whether this is a cause or a consequence of the
underlying disease process. Logically, reduced SCFA lev-
els combined with a reduction in the monocarboxylate
transporters will result in reduced SCFA uptake into the
colonocyte. Although the reduced SCFA concentration
resulted from microbiota dysbiosis, the reason for the re-
duced transporter expression is not clear and needs fur-
ther investigation. Goncalves et al. showed that butyrate
uptake was reduced by inhibition of MCT1 and SMCT by
primary bile salts, especially chenodeoxycholic acid, which
is abundant in the terminal ileum and proximal colon (20).
Another study showed an increase in fecal primary bile
salts in patients with D-IBS (29). The effect of primary
bile salts on SCFA transporters and SCFA uptake and a
possible link to IBS symptoms needs further exploration.

This study focused on SCFA concentrations and their
transporters in patients with IBS. Conclusive remarks
about the above were hampered by two limitations in the
study. First, there was no diet intervention or patient-kept

dietary record in this study. Diet has a direct influence on
gut microbiota and hence on SCFA production. However,
evidence showed that unless drastic, short-term dietary
modifications only have a modest effect on the microbi-
ome (40). However, causal associations between the pa-
rameters studied cannot be inferred. Second, we did not
investigate an exhaustive list of gut microbiota. Current IBS
literature states that dysbiosis is established in IBS. There-
fore, only two microbiota were analyzed quantitatively to
corroborate previous findings of these microbiota in IBS.

To conclude, results from this study confirmed gut mi-
crobiota derangement in patients with IBS. Furthermore,
we showed a reduction and disequilibrium of SCFAs in
both IBS groups. Monocarboxylate transporters also sig-
nificantly reduced in the presence of low SCFA levels,
suggesting reduced SCFA uptake into the colonocyte.
These factors may be important in IBS pathophysiolo-
gy and require prospective investigation. Such studies
should include a bigger study population, dietary analysis,
a comprehensive and targeted microbiota analysis, and
primary bile acids in the context of SCFA and monocar-
boxylate transporters in IBS.
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