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Diverticulosis of the colon is
one of the most common anatomic
alterations occurring in the
human colon, characterized by the
presence of sac-like protrusions
called “diverticula” [1].

Diverticulosis in the western
world is generally left-sided,
with herniation involving only
mucosa and submucosa, largely
age-dependent and increasing
up to 65% in those aged 65
years or more [2]. Only about
20% of those patients will
develop symptoms, the so-called
“Diverticular Disease”(DD) [1],
of whom 15% will ultimately
develop diverticulitis [3], with
or without complications.

Clinical pictures of diverticular
disease

From a clinical standpoint,
DD is currently subdivided as
Symptomatic Uncomplicated
Diverticular Disease (SUDD),
recurrent symptomatic disease
and complicated disease [4].
SUDD is characterized by left-
lower quadrant pain lasting
>24h, not fulfilling the Rome
criteria for IBS diagnosis and
sometimes associated with
raised levels of fecal calprotectin
(FC) [5, 6]. These features are
therefore useful to allow a correct
differential diagnosis between
IBS and SUDD in patients
harboring colonic diverticula [7].

The development of
inflammation in diverticula
results in acute diverticulitis.
It has been suggested that fecal
matter becomes trapped in the

diverticula and as a result, low-grade inflammation develops
due to abrasion of the mucosa, allowing access of the
fecal microbiota to the lamina propria, leading to acute
inflammation of the mucosa, which usually begins at the apex
of the sac [8]. This can be associated with acute inflammation
of the mesenteric and pericolic fat with the formation of a
diverticular abscess. Another postulated mechanism for the
development of acute diverticulitis is a microperforation at
the fundus of the diverticulum leading to inflammation [8].
Very recently, an ischemic pathogenesis has been hypothesized
[9]. The trigger of the ischemic process may be a long-lasting
(or recurrent) compression of vasa recta in the “neck” of the
diverticulum due to a prolonged and marked contractile
activity of the colon. Indeed, the tiny “neck” of the diverticulum
passes through the circular muscle of the bowel wall and could
be abnormally compressed, leading to mucosal ischemia at
the apex of the sac or even microperforation. The “traumatic”
and “ischemic” mechanisms of acute diverticulitis may not be
mutually exclusive since they may act in different patients (old
versus young) or in different types (large versus diminutive)
diverticula [9].

Diverticular disease: which treatment?

According to the statements of the 2nd International
Congress on Diverticular Disease [10], several pharmacological
approaches targeting enteric bacteria (with poorly absorbed
antibiotics, such as rifaximin, or probiotics) and/or intestinal
inflammation (with 5-ASA derivatives or rifaximin) have
shown to be capable of controlling symptoms and also
preventing complications in patients with SUDD. No treatment
is advised in patients with asymptomatic diverticulosis, but
a high fiber diet is suggested to prevent the development of
further diverticula.

The rationale for the use of poorly absorbed antibiotics
relies on the presence of small intestinal bacterial overgrowth
(SIBO, the most widely characterized form of dysbiosis) in
patients with DD and its role in symptom generation [11].
Bacteria-induced immune activation will drive low-grade
mucosal inflammation, which sensitizes both intrinsic primary
efferent and extrinsic primary afferent neurons generating
neural and smooth muscle dysfunction. These disturbances
will lead to symptom development and/or persistence [11].

In this issue, Experts from the Romanian Society of
Gastroenterology provide updated guidelines for the
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management of patients with DD [12]. Like many other
guidelines [13-19], the Romanian Position Paper recommends
in patients with SUDD the use of cyclic rifaximin to reduce the
severity and frequency of abdominal symptoms.

Rifaximin: peculiar features of a gastro-intestinal (GI)-
targeted, poorly absorbed antibiotic

Rifaximin is a non-aminoglycoside, semisynthetic,
non-systemic antibiotic derived from rifamycin SV. It was
originally licensed in Italy as polymorphic form o in 1985 for
the treatment of several GI diseases, and was later approved
in 33 countries under different trade names [20].

Rifaximin inhibits bacterial protein synthesis by binding to
the B-subunit of bacterial DNA-dependent RNA polymerase.
This activity leads to the suppression of RNA chain initiation
during RNA synthesis [21]. In vitro and in vivo, it shows a
strong activity against Gram-positive and Gram-negative
bacteria, both aerobic and anaerobic [20, 21]. In addition,
thanks to a very low systemic absorption [22], its safety
profile is excellent, since adverse events were observed in less
than 2% of patients [23, 24]. Most of the side effects were GI
(such as nausea, vomiting, meteorism, abdominal pain), while
skin rash was rare [24]. Rifaximin was originally approved
for traveler’s diarrhea and overt hepatic encephalopathy.
However, since this antibiotic is very effective in eradicating
SIBO [25], which mirrors the underlying dysbiosis of many
organic and functional GI disorders [26], its use has been
extended to irritable bowel syndrome (IBS), inflammatory
bowel disease (IBD) as well as DD. The microbiota-modulating
effects (often referred to as eubiotic effects) and the intrinsic
anti-inflammatory activity likely explain the observed clinical
efficacy of this antibiotic in all the above clinical conditions,
where bacteria and inflammation exert a pathogenic role [11].

Antibiotic activity

In vitro rifaximin exerts antimicrobial activity against
Gram-positive and Gram-negative bacteria, both aerobic and
anaerobic. The minimal inhibitory concentration for 90% of
test strains (MIC, ) of Escherichia coli and other coliforms,
including most non-strict anaerobic bacterial enteropathogens,
ranges from 16 to 32 pg/ml [27]. Moreover, the drug can reduce
the virulence of bacterial enteropathogens, as enterotoxigenic
Escherichia coli (ETEC) and enteroaggregative Escherichia coli
(EAEC) and Shigella [28, 29].

Rifaximin is usually given cyclically (7-10 days every
month). The rational for this kind of administration relies on
several reasons:

« SIBO isa chronic, relapsing condition and the antimicrobial
effects are short-lasting. Indeed, after a 5-day treatment of
healthy volunteers with this poorly absorbable antibiotic at a
dose of 800 mg/day, the decrease of bacterial counts is limited
to the first two weeks after treatment, after which it gradually
recovers [24, 30]. Along the same lines, after rifaximin (given
at 1800 mg/day in 3 treatment periods of 10 days each followed
by 25-day washouts) therapy in patients with ulcerative colitis
intestinal bacterial load returned to initial values after each
washout period [31].

o Cyclic rifaximin treatment permits the prevention of
colonization with resistant bacterial strains, which can develop
after rifaximin therapy (albeit the frequency is very low), but

] Gastrointestin Liver Dis, December 2018 Vol. 27 No 4: 351-355

which can disappear rapidly after the cessation of the drug
treatment [30].

o The washout rifaximin period will allow probiotics
(preferably a Lactobacilli-Bifidobacteria mixture) filling
the open ecologic niche, thereby improving the intestinal
microecology towards a healthy microbiota [11].

Anti-inflammatory activity

Rifaximin exerts a significant anti-inflammatory effect,
reducing gut inflammation and reestablishing an effective
epithelial mucosal barrier. These anti-inflammatory properties
have been demonstrated for the first time in a study in which
epithelial cells, exposed to sub-therapeutic concentrations of
rifaximin, showed a reduction in basal levels of inflammatory
cytokines [31]. Rifaximin may also exert beneficial effects in
specific GI disorders through gut-specific activation of the
pregnane X receptor (PXR) [32, 33], a nuclear receptor and
transcription factor [34]. Indeed, in vitro and in vivo studies in
epithelial cell lines demonstrated that rifaximin also displayed
a potent PXR-dependent anti-inflammatory activity [35].
Alteration of levels of PXR are associated with activity in IBD
and may explain the beneficial effect of rifaximin in this clinical
setting [36, 37].

Rifaximin can modulate the bacterial adhesion to
the intestinal mucosa and, consequently, the release of
inflammatory cytokines and the expression of nuclear factor-
kB (NF-kB). As a member of the rifamycin class, it belongs
to the ansamycins family, which has well-established anti-
inflammatory and immunosuppressive properties [37]. In
this connection, rifaximin was found capable of reducing
bacterial-related activation and modulating the adhesion
molecules expression patterns, associated with T-cell homing
to the intestinal mucosa [38].

A recent experimental study [39] confirmed the anti-
inflammatory activity of rifaximin in a model of diclofenac-
induced intestinal inflammation, where the drug decreased the
myeloperoxidase (MPO) and cytokine tissue concentrations
as well as the fecal excretion of calprotectin. In-depth
investigations also showed that - in a human monocyte cell
line (THP-1), a well-established model to study monocyte/
macrophage functions - this antibiotic is able to modulate the
activity of the inflammasome NLRP3 (nucleotide-binding
oligomerization domain leucine rich repeat and pyrin domain-
containing protein 3) by preventing the caspase-1-dependent
activation and release of interleukin-13 (IL-1f) [39]. This
original observation provides compelling evidence for an
intrinsic anti-inflammatory activity of rifaximin (Fig. 1).

Eubiotic effects

One of the most intriguing activities of rifaximin is
represented by its effect on gut microbiota composition. Early
data showed that the overall gut microbiota composition is not
affected by rifaximin treatment [40-42]. Subsequent studies
indicated that rifaximin treatment promotes the growth of
beneficial bacteria, such as Bifidobacteria and Lactobacilli.
Recent observations support the hypothesis that rifaximin
exerts a beneficial modulation of colonic microflora, namely
an “eubiotic” effect [43]. Ponziani et al. [44] treated 20 patients
with different GI and liver diseases with a 10-day course of
rifaximin 1,200 mg/day. A culture-independent metagenomic
analysis was carried out on fecal samples at the beginning of
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Fig. 1. Anti-inflammatory activity of rifaximin: Modulation of the inflammasome functions and
signaling pathways. In THP-1 cells, primed with LPS, the antibiotic prevents nigericin-induced
activation and release of IL-1b by reducing the conversion of pro-caspase-1 into caspase-1 [39].

the study, at the end of treatment and 30 days thereafter. A
significant decrease in Roseburia, Haemophilus, Veillonella
and Streptococcus abundance was observed after 10 days of
rifaximin administration as well as a reduction in Roseburia
during the follow-up period, while a significant increase in
Lactobacilli abundance after drug treatment was evident, an
effect persisting after stopping the treatment [44].

This significant effect on Lactobacilli could have important
clinical consequences. Indeed, this species has been reported
to down-regulate pro-inflammatory cytokines and TNF
production, to inhibit translocation of pathogenic bacteria and
to restore impaired intestinal permeability [45-49].

Conclusions

The rationale underlying rifaximin use in DD relies on its
“pleiotropic” pharmacologic activities, rendering it a unique
Gl-targeted antibiotic. Its eubiotic effects, coupled with its anti-
inflammatory activity, make it particularly suitable for a condition
such as DD, where dysbiosis and mucosal inflammation are
common and represent important pathogenic mechanisms for
the development of both symptoms and complications. Its safety
(due to the negligible systemic absorption) and the minimal,
if any, risk of development of bacterial resistance (even after
prolonged administration) are additional benefits.

The efficacy of long-term cyclic administration of rifaximin
in SUDD has been evaluated in several long-term (12-24
months) trials [50], and its use in preventing recurrence of
acute diverticulitis appears promising [51]. Specifically
designed dose-ranging studies, as well as clinical trials assessing
treatments of different duration are now mandatory to select
the best regimen (dose and duration) for patients with DD.
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