
INTRODUCTION

Inflammatory bowel disease (IBD) is an idiopathic disease
and consists of two major disorders: ulcerative colitis (UC)
limited to the colon, and Crohn’s disease (CD), which is
able to affect any segment of the gastrointestinal tract
(Perrotta, 2015). IBD predicts health-related quality of life
and work-related outcomes (Farzaneh et al., 2017) leading
to reduced working capacity and significant socio-economic
consequences (Jean et al., 2018).

Chronic intestinal inflammation is the primary risk factor
for the development of gastrointestinal malignancy, includ-
ing colorectal cancer (CRC) (Axelrad, 2016); therefore,
anti-inflammatory treatment in IBD should be considered.

5-Aminosalicylic acid (5-ASA) (also mesalamine or mesa-
lazine) is an anti-inflammatory medicine used to control
mild inflammation and symptoms in patients with IBD
(Perrotta, 2015), most often used to treat UC (Ham, 2012;

Ye, 2015). Studies have demonstrated that 5-ASA prevents
the development of CRC in patients with long-standing co-
litis and inhibits tumour growth in colon cancer patients
(Ikeda, 2007; Rubin, 2008; 2014; Zhang, 2018).

The main anti-inflammatory mechanism of 5-ASA includes
inhibition of cyclooxygenase and lipoxygenase, subse-
quently leading to reduced production of prostaglandins and
leukotrienes (Kaiser, 1999; Baumbart, 2012; Berends,
2019).

5-ASA has been shown to be effective when used as either
an oral therapy, a rectal therapy administered as a suspen-
sion, suppository, gel or foam, or when oral and rectal for-
mulations are used in combination. Various oral formula-
tions have been developed in an attempt to optimise drug
delivery to the region of active disease; each differs in terms
of enteric coating, site of drug release and mode of drug de-
livery (Ye, 2015).
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The article discusses the possible relationships between intestinal microbiota and the therapeutic
efficacy of 5-aminosalicylic acid (5-ASA) in inflammatory bowel diseases. Intestinal microbiota
may be involved in 5-ASA enzymatic biotransformation, but the metabolism of drugs by the intes-
tinal microbiota has been studied in less detail, and little is known about the relationships be-
tween anti-inflammatory efficacy of 5-ASA with bacterial viability, quantity and activity. It remains
unclear whether 5-ASA affects the microbiota depending on the different segments of gastrointes-
tinal tract. Drugs and diet can both improve and worsen the composition of the intestinal microbi-
ota. However, it is not known whether drugs affect the intestinal microbiota regardless of diet.
Further research is needed to answer these questions.
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About 30% of the 5-ASA is absorbed rapidly in the small
intestine, metabolised locally and by the liver to N-Ac-5-
ASA (an inactive metabolite) by N-acetyltransferase 1
(NAT 1) present in intestinal epithelial cells and liver (Ham,
2012). It is then excreted in the urine as free 5-ASA and N-
Ac-5-ASA or excreted unabsorbed with faeces (Berends,
2019).

Medicines administered rectally and those not absorbed or
incompletely absorbed in the upper gut following oral ad-
ministration, may be subjected to biotransformation to ac-
tive/inactive metabolite(s) by the colonic microbiota (Kim,
2015: Abdu-Allah et al., 2016); some bacterial N-acetyl-
transferases might be involved in the metabolism of 5-ASA
(Deloménie, 2001).

5-ASA is metabolised by N-acetyltransferase (NAT) en-
zymes, which catalyse the transfer of an acetyl moiety from
acetyl-coenzyme A (AcCoA) to the nitrogen (N-acetylation)
of the 5-ASA to form the metabolite N-acetyl-5-ASA
(Raminez-Alcantara, 2014).

Bacterial NAT activities have features similar to those of
the human NAT1 and NAT2 isoenzymes (Deloménie,
2001). N-acetyltransferase activity was reported in 11 spe-
cies of Proteobacteriaceae from seven genera; Pseudomo-

nas aeruginosa was seen to be the most efficient at per-
forming this reaction (Deloménie, 2001; Wilson, 2017). It
has been shown that 5-ASA was acetylated with a catalytic
efficiency 27 to 645 times higher than that of its isomer 4-
ASA (Deloménie, 2001).

It is not known whether effectiveness of 5-ASA therapy de-
pends on the viability and effectiveness of the enzymatic
biodegradation of 5-ASA by intestinal microbiota.

5-ASA might affect the intestinal microbiota of patients
with IBD in different ways, depending on the different
routes of administration (oral or rectal). As far as we know
no comparative studies have been published previously on
the possible biodegradation of 5-ASA by bacteria in differ-
ent routes of administration (oral vs rectal), and how this af-
fects the viability of beneficial bacteria.

THE ANTI-INFLAMMATORY EFFECT OF 5-ASA AND
ITS EFFECT ON INTESTINAL MICROBIOTA

The main goal of the various 5-ASA formulations currently
available on the market is to optimise drug delivery to the
affected colon and minimise systemic absorption (Ye,
2015). However, about 30% of patients treated with 5-ASA
are considered not responders, because of allergy, intoler-
ance, underdosage, refractoriness to the treatment, and the
need of switching their therapy to more potent and toxic
medications (Perrotta, 2015).

It is unknown whether the anti-inflammatory effectiveness
of the 5-ASA depends on intestinal bacteria viability, quan-
tity and activity. It is also not clear whether it affects di-

rectly the intestinal microbiota, after the active substance
enters the colon.

5-ASA treatment was associated with a decrease in faecal
bacteria abundance and rebalancing of the major constitu-
ents of the microbiota (Andrews, 2011). Recent results re-
veal a multifaceted and previously unrecognised effect of
5-ASA on the growth and virulence of E. coli; in a dose-
dependent manner it reduced the expression of bacterial
virulence genes associated with IBD (Zhang, 2018).

The interaction of 5-ASA therapy with pathogenic bacteria
(their viability and activity) has been studied in less de-
tailed, and it is not known whether this is related to the ef-
fectiveness of 5-ASA.

It was found that after 5-ASA treatment, the abundance of
Firmicutes significantly increased, and the abundance of
Bacteroidetes significantly decreased in inflamed mucosae
(Xu et al., 2018). It is interesting that the abundance of sev-
eral bacteria such as Faecalibacterium prausnitzii and
Akkermansia muciniphila also decreased after 5-ASA treat-
ment (Xu et al., 2018). However, it is not clear whether 5-
ASA has a direct effect on viability of bacteria, or indirect,
such as change in pH, inhibition by other bacteria etc.

It was suggested that 5-ASA is released in the colon and
translated into acetylsalicylic acid, which may reduce the
luminal pH and bacterial diversity (Xu et al., 2018). Differ-
ent strains of microbiota colonise in different segments of
the gastrointestinal (GI) tract. A. muciniphila prefers the
distal colon environment due to its higher pH (Herrew-
eghek, 2017). We suggest that suppository 5-ASA may in-
crease the acidity of the distal colon (lower pH), and this
may have inverse effect on A. muciniphila viability.

A more recent study highlights a novel aspect of the interac-
tion between the gut microbiota and host’s intestinal ho-
meostasis, highlighting that the anti-inflammatory effect of
the gut microbiota is mediated, in part, by A. muciniphila,

which helps to regulate mucin, a major component of the
mucous layer that resides on the surface on the gastrointesti-
nal mucosa and helps to protect intestinal health (Bland,
2016). Mucosal healing is an important outcome, and may
prevent or reduce the risk of colorectal cancer in IBD
(Probert, 2014). A. muciniphila represents between 1 to 3%
of the gut microbiota, and a decrease of relative amount of
this species has been demonstrated in faeces and/or biopsies
of several disorders including IBD (Lopez-Siles, 2018).

The abundance of A. muciniphila in the gut microbiota is
inversely correlated with IBD (Chia et al., 2018). Mucin
degradation by A. muciniphila yields short chain fatty acids
(SCFA) and mucin-derived monosaccharides, which sup-
port the growth and concomitant butyrate production of
non-mucolytic butyrogens (Belzer et al., 2017).

Studies have shown a relationship between intestinal micro-
biota and the pathogenesis of inflammatory processes in the
intestine (Sasaki and Klapproth, 2012) associated with a
decrease in the production of the butyrate by bacteria
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(Sasaki and Klapproth, 2012) (van der Beek et al., 2017)
(Machiels et al., 2014). Butyrate exerts anti-inflammatory
effects in intestinal mucosa by inhibition of histone
deacetylases (HDACs) and activation of the G-protein-cou-
pled receptors (GPCRs) present in intestinal epithelial cells
(IECs) and immune cells. In IECs models, butyrate sup-
presses lipopolysaccharide (LPS)-induced NF-�B activation
via GPR109A in vitro in colonic cell lines and ex vivo in
mouse colon (Thangaraju, 2009; Parada,2019).

F. prausnitzii, affiliated with the family Ruminococcaceae,
is a butyrate producer and an anti-inflammatory bacterium
with therapeutic potential for patients with IBDs, F.

prausnitzii can be present in proportions of between 2 to
15% (Lopez-Siles et al., 2018). It was reported that quantity
of F. prausnitzii is reduced under IBD conditions (Ma-
chiels, 2014; Parada, 2019) and as mentioned above, it de-
creases after 5-ASA treatment (Xu et al., 2018). The ques-
tion arises, what exactly affects F. prausnitzii.

Western style diets, low in dietary fibre, high in sugar and
fats, trigger IBD disease outbreak and loss of important
short chain fatty acids (SCFA) producing microbes (Laffin,
2019). SCFA are microbial metabolites, one of which is the
above mentioned butyric acid, is the main source of energy
for the colon’s epithelial cells, which can inhibit develop-
ment of colorectal cancer (CRC) and promote intestinal
health (Xinqiang et al., 2018). Butyrate plays beneficial
roles in anti-inflammation, anti-carcinogenesis, mucosal
protection and healing processes (van der Beek et al.,

2017).

It is well-known fact that dietary fibres are directly linked to
an increase in the beneficial bacteria and the production of
butyric acid (Cuervo, 2013). However, less is known of
whether the type of diet can affect the microbiota when
medicines are used.

Based on the foregoing, it is clear that medicines can affect
the composition of the microbiota; they apparently can also
affect the quantity of metabolites produced by bacteria, such
as SCFAs, including butyric acid. Further questions arise
regarding biotransformation of 5-ASA by gut microbiota
using different routes of administration and its further effect
on anti-inflammatory efficacy of the medicines and benefi-
cial bacteria viability and productivity.

SUGGESTED STEPS FOR DETERMINING THE EF-
FECT OF THE 5-ASA ON THE INTESTINAL MICROBI-
OTA

Since various factors (medications, diet, stress, lifestyle,
etc.) can affect the intestinal microbiota, determining the ef-
fect of medicines on the intestinal microbiota can be com-
plicated.

We suggest some steps to analyse this effect; however, to
obtain more accurate data, all of them should preferably be
performed.

First, the bacterial potential for 5-ASA acetylation should
be carried out in pure cultures of the bacteria concerned.
Pure cultures of microorganisms should be cultivated based
on the manufacturer’s instructions in broth with the pres-
ence or absence of different concentrations of 5-ASA.

Second, native microbiota (patient stool suspension) prior to
the administration of 5-ASA can be used to study the per-
sonalised effect of 5-ASA acetylation and its effect on vi-
ability and efficacy of bacteria in vitro.

Finally, the bacterial diversity (in the bacterial phylum and
genus level) of stool samples can be compared by analysing
the composition of intestinal microbiota before and after
prescribing medications using next-generation sequencing
(NGS), 16S rRNA gene sequencing methods. Additionally,
gut microbiome profiling might be carried out by shotgun
metagenome sequencing complemented by targeted quanti-
fication of interesting bacteria by quantitative PCR (qPCR),
which gives more accurate estimates of actual abundance
compared to calculations of relative abundances from whole
metagenome samples.

The concentration of bacterial metabolites, such as SCFA,
N-acetyl-5ASA (metabolite of 5-ASA), can be analysed us-
ing chromatography, which allows to use existing methods
previously described in the scientific literature, and/or opti-
mise the method that will be used for determination of bac-
terial metabolites. Of course, to ensure reproducibility of
the study series, the sensitivity, linearity range, repeatability
and robustness of the method should be determined.

CONCLUSIONS AND FURTHER PROSPECTS

5-aminosalicylic acid (5-ASA) is used to treat IBD. The ex-
act pharmacological mechanism of 5-ASA is not precisely
known, although a local anti-inflammatory effect is consid-
ered.

The effect of bacteria on the biodegradation of 5-ASA in
different routes of administration of medicines (oral or rec-
tal), and the further impact on viability and efficacy of gut
beneficial bacteria are not fully understood and, as far as we
know, have not been compared previously.

Characterisation of the microbial pathways involved in
colonic 5-ASA metabolism is necessary for a better under-
standing of its contribution to colonic dysbiosis.

Development of therapeutic strategies and new approaches
of the interaction between bacteria and medicines should be
explored for more effective treatment of IBD by maintain-
ing and promoting viability and effectiveness of beneficial
bacteria.
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5-AMINOSALICILSKÂBES IETEKME UZ ZARNU MIKROBIOTU

Rakstâ apskatîtas iespçjamâs saistîbas starp zarnu mikrobiotu un 5-aminosalicilskâbes (5-ASA) terapeitisko efektivitâti iekaisîgo zarnu
slimîbu gadîjumâ. Zarnu mikrobiota var bût iesaistîta 5-ASA fermentatîvâ biotransformâcijâ. Zâïu metabolisms ar zarnu mikrobiotu ir pçtîts
mazâk detalizçti, maz ir zinâms, vai 5-ASA pretiekaisuma iedarbîba korelç ar baktçriju dzîvotspçju, daudzumu un aktivitâti. Joprojâm nav
skaidrs, vai 5-ASA ietekmç mikrobiotu atkarîbâ no daþâdiem kuòìa un zarnu trakta segmentiem. Zâles un diçta var gan uzlabot, gan
pasliktinât zarnu mikrobiotas sastâvu. Tomçr nav zinâms, vai zâles neatkarîgi no uztura ietekmç zarnu trakta mikrobiotu.
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