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Abstract. Inflammatory bowel diseases (IBD) have developed to become a major global health problem. Ulcerative
colitis (UC) is one of two main types of IBD, and >90% of
patients suffering from mild or moderate forms of UC are
treated with mesalazine, a well‑tolerated and cost‑effective
drug. To allow oral administration, the drug has to be protected
from resorption before it can reach the affected sites in the
colon. The drug is therefore released from most currently used
medications either constantly slow (time‑dependent) or triggered by an increased pH during gastrointestinal transition.
Both variants are widely used in clinical practice and it is
surprising that they have not yet been compared directly in
a large clinical study. In this overview, the evidence that may
suggest preferential use of one type of mesalazine formulation
over the other in general or for defined subgroups of patients
is summarized and evaluated. Data from in vitro modelling
of drug release and measurements of drug concentrations in
colonic mucosa suggest that in many cases, constant release
and pH‑dependent formulations are of similar therapeutic
efficiency; however, pH‑triggered release may be superior in
patients with proctitis‑type UC or sites of inflammation in
the proximal colon. Additionally, patients with a long gastric
residence time, slow small intestinal transition, disease‑related
diarrhea or sensitivity to systemic adverse effects may benefit
more from pH‑dependent release formulations. In general,
medications based on both concepts show similar efficacies,
but the pH‑dependent release formulations seem to be more
robust in the treatment of a not further classified group of
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patients with UC. Future comparative clinical studies are
required to clearly define the subgroups of patients that should
be treated preferably with constant or pH‑dependent release
formulations of mesalazine.
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1. Introduction
The incidence of inflammatory bowel diseases (IBD) has
increased over the past three decades worldwide with a
considerable impact on health and socio‑economic consequences particularly in North America and Europe. However,
in view of the rapidly increasing incidence in more recently
industrialized countries, e.g. in Asia, it can be considered a
major global health problem (1). For mild or moderate forms
of ulcerative colitis (UC), one of the two main classes of IBD,
treatment with mesalazine [5‑aminosalicylate (5‑ASA)] is the
most common first line anti‑inflammatory therapy received
by >90% of patients with UC (2). This is in accordance with
clinical practice guidelines published by the associations of
gastroenterologists in Europe, the US and other regions of the
world, with a trend to recommend treatment of even the mildest
forms of colitis with 5‑ASA (3,4). Despite recent developments
of innovative therapies with biologics and small‑molecule
drugs, 5‑ASA maintains an outstanding role in the treatment
of mild to moderate UC as it is effective, well tolerated and
cost‑effective (5,6). Compared to alternative drugs with a
similar capacity to induce remission in this largest group of
UC patients, such as budesonide‑multi‑matrix (MMX), better
tolerability still favors 5‑ASA (7).
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5‑ASA counteracts inflammation of the colonic mucosa by
interfering with various signaling processes, of which activation
of the peroxisome proliferation‑activated receptor γ (PPARγ)
is considered the most relevant. Subsequently, downregulation
of nuclear factor‑κ B by PPARγ results in lowered amounts of
effectors like prostaglandins and leukotrienes (8‑10).
Prolonged therapy with 5‑ASA after having achieved
remission helps to maintain a disease‑free state, which is an
important aspect in view of the substantially higher risk of
developing colon cancer associated with sustained inflammation (11). The early recognized considerable chemopreventive
effect of regularly taken 5‑ASA (or prodrugs) was confirmed
in several studies (12,13), e.g. by Eaden et al (12) who observed
an 81% reduction of risk in patients with UC.
In UC, inflammatory processes are restricted to the colon,
with the rectum affected in many (proctitis) cases, in contrast to
Crohn's disease which potentially affects all parts of the intestine.
The beneficial effect of 5‑ASA clearly depends on the amount of
the drug that can be delivered to the sites of inflammation (14).
High concentrations in the colon can only be achieved by oral
administration when 5‑ASA is protected from being resorbed in
the small intestine before reaching its therapeutic target sites. This
can be accomplished by syntheses of pro‑drugs that pass through
the small intestine and are cleaved to release mesalazine by bacterial enzymes present in the colon. Due to their inferior safety
profiles, drugs of this type, e.g. sulfasalazine, only play a minor
role in UC therapy at present (8). The concepts implemented in the
majority of currently used medications are either constant slow
(time‑dependent) release through an ethyl cellulose membrane,
or pH‑dependent release after dissolving of an Eudragit S (pH>7)
or Eudragit L (pH>6) coating when threshold pH values are
exceeded during gastrointestinal transition (5). MMX technology
also results in a pH‑dependent release, but in addition, the drug
is embedded in a matrix consisting of lipophilic and hydrophilic
components (Fig. 1) (15). Whether the resulting slower dissolution
of 5‑ASA into the intestinal fluid is associated with a therapeutic
benefit remains to be conclusively determined. This hypothesis
was tested in a clinical trial in which MMX‑mesalazine was more
efficient than pH‑dependent release mesalazine (16). However, the
daily dose of the MMX variant (4.8 g) was substantially higher
than that of the pH‑dependent form (3.6 g).
It is a widely accepted view that available formulations of
5‑ASA drugs have a very similar, if not identical capacity to
induce or maintain remission in patients with UC. This can be
concluded from overall results of clinical trials with each of
the main types of 5‑ASA medications, i.e. the pH‑dependent
and constant release forms (3,4,9). However, there are only
very limited data from direct comparisons, and general considerations and in vitro simulations of gastrointestinal transition
suggest that substantial differences may exist, at least for certain
subgroups of patients. This possibility, which is not necessarily
in contrast to the observed similar overall effectiveness of the
different formulations, is discussed in the present review, in
addition to a summary of relevant investigations.
2. Factors determining drug delivery at the colonic target
site
The release of therapeutic agents acting locally in parts of
the gastrointestinal tract affected by IBD, i.e. the colon in

UC patients, primarily depends on the intestinal milieu and
transition times through the segments passed. It is a plausible assumption that for pH‑triggered release formulations,
the pH profile is most relevant, whereas efficient delivery
by means of constant release medications is mainly determined by transit rates. All orally administered substances
are exposed after gastric emptying to an environment of
increasing pH from the duodenum (fasted/fed pH ~6.2/5.2)
via the jejunum (fasted/fed pH ~6.9/6.1) to the terminal ileum
with a maximum pH of ~7.5 (17). The pH in the ascending
and transverse colon is then slightly lower (6.3) and increases
again in the descending colon. These values, confirmed in
numerous studies and summarized by Abuhelwa et al (18),
are means determined in groups of healthy subjects showing
wide inter‑ and intra‑individual variability. At least partly, this
might be due to age‑dependent adjustment of the pH profile
in the GI tract: In the distal ileum‑in which pH‑dependent
release from such mesalazine formulations is triggered‑the
measured pH was significantly lower in individuals >64 years
compared with young adults (19). Inter‑individual differences
of a number of other factors potentially co‑determining the GI
transition and release of drugs may also have to be taken into
consideration (20,21). However, in the distal small intestines
of almost all individuals, the threshold pH to release drugs
from Eudragit‑S‑coated formulations (pH 7.0) is exceeded. In
addition, food intake only affects pH values in the stomach
and slightly in the duodenum (18). pH profiles in patients
with mild‑to‑moderate UC are very similar to that of healthy
subjects, with observed deviations mostly being minor
increases in the distal ileum and colon (22). Lower pH values
than in healthy individuals were measured in the ascending
colons of a small number of UC patients, independent of
the stage of the disease (23), but in a previous study, only in
some of the most severe cases, a dramatically reduced pH,
potentially preventing complete drug release in the colon, was
measured (24). Taken together, data from pH measurements
confirmed that pH‑triggered release to the distal ileum is a
robust concept of delayed drug delivery.
Delivery to and sustained therapeutic action in the colon
is also determined by the transit times of the pharmaceutical
products (and released 5‑ASA) through the different gastrointestinal segments, which are of relevance particularly for
constant release formulations. These should be taken by the
patients in a fasted state, as co‑ingestion of food increases
the time of gastric transition. Notably, multiple‑unit dosage
forms (micropellets) are retained longer in the colon than
conventional tablets, suggesting their superiority when a short
transition caused by a disease is observed (25).
Of particular importance in the evaluation of 5‑ASA delivery
to sites of inflammation in patients with UC is the passage
through the small intestine when a portion of it is released and
resorbed, thereby lowering colonic availability and potentially
causing systemic adverse effects. Although small intestinal transition (mean ~3.5 h) is only weakly affected by food, measured
individual values were widely distributed within a 1‑6 h
period (25). It is unclear if these differences (co‑)determine the
variable individual therapeutic responses to time‑dependent
release formulations. Consequences of variable small intestine
transition times, at least on drug release, can be studied by means
of in vitro models simulating gastrointestinal transition.
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Figure 1. The common types of 5‑aminosalicylate (mesalazine) formulations used to treat ulcerative colitis. Drug release from pH‑dependent or MMX
formulations is triggered by an increase in the luminal pH occurring typically in the terminal ileum. GI, gastrointestical; MMX, multi‑matrix.

3. In vitro models of drug release
In vitro models mimic the pH variations during gastrointestinal passage and therefore allow studying the dissolution of
solid dosage forms and associated drug release, and factors
modifying these processes under defined experimental conditions (17). In an approach with a basic and a more complex
buffer system Andreas et al (26) confirmed that substances
typically resulting from food digestion did not alter 5‑ASA
release from time‑dependent (Pentasa®) or pH‑dependent
(Asacol®, Salofalk ® and Claversal®) formulations under
conditions resembling those in the distal ileum. The pH
conditions and buffers used in another investigation were
too simplified to reflect gastrointestinal reality, but even this
approach revealed considerable differences between several
tested formulations. Of the tested constant release formulation (Pentasa®) 50% was lost in the initial phase in an acidic
‘stomach‑like’ environment, in contrast to the pH‑triggered
release variants (27). This notable effect however, was not
confirmed by Karkossa and Klein (28) in their comprehensive and carefully designed in vitro comparison of different
5‑ASA dosage forms. The chosen bicarbonate‑based intestinal
medium more accurately reflected physiological conditions,
and their simulations of gastrointestinal transition were based
on reliable in vivo measurements of pH and transit times.
In addition to mean pH and transit time values defining an
average person, individual profiles of typical and extreme
subjects were used. Interesting observations made in this
investigation include: i) The concept of drug release only after
having passed a threshold pH value in the terminal ileum is
realized with monolithic tablets rather than with microparticular formulations (of Salofalk® and Claversal®), which are
expected to release considerable amounts early during transition through the upper gastrointestinal tract, similar to the
tested pH‑independent formulation (Pentasa®). Avoiding loss
by early resorption seems to be an advantage of the tablets, but
there is a risk of insufficient delivery to sites of inflammation

in the proximal colon. However, a meta‑analysis of several
prospective clinical trials suggested mesalazine granules to be
superior to corresponding tablets in their capacity to induce
remission in distal UC (29). ii) There is a clear disadvantage
of constant release formulations in individuals with a long
gastric residence time, resulting in extended premature release
and likely loss of the active agent. iii) All tested pH‑dependent
forms were almost completely discharged after 6‑8 h, whereas
20‑40% of the total dose still remained in the constant release
formulation after the same time period of gastrointestinal
transition. Of course, this portion is not available to counteract
inflammation at proximal sites or in cases of accelerated transition, e.g. due to diarrhea (30). On the other hand, it is still
protected from being inactivated by conversion in the colonic
mucosa, and can exert its therapeutic effects in more distal
regions of the colon. Comparison of simulations with several
authentic gastrointestinal pH profiles and transition times
clearly showed that for a rationale decision on the type of
medication, diagnostic assessment of these parameters, e.g. by
capsule endoscopy (31), and localization of the primary sites
of inflammation are required. Results of in vitro investigations indicate that for UC cases with proximal sites primarily
affected and fast GI transition, pH‑dependent forms may be
better, in contrast to proctitis‑type cases with particularly
slow transition. In a clinical study however, the pH‑dependent
release formulation was even more efficient in the treatment of
proctitis‑type UC, supporting the assumption that simulated
fast transition does not reflect the clinical characteristics of a
majority of patients in this group (32).
4. Measurement of drug release in healthy individuals and
patients
Considerations based on the distinct properties of pH‑dependent and constant release formulations in their various dosage
forms and of the physiological conditions they are exposed to
during gastrointestinal passage, and derived in vitro models,
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are useful to predict in vivo behavior. Resulting assumptions
regarding drug release in patients and associated therapeutic
benefits require confirmation by results of in vivo studies. In
several investigations, direct in vivo measurements of released
5‑ASA and its inactive metabolite Acetyl‑5‑ASA (Ac‑5‑ASA)
were performed to compare the two basic mechanisms of
retarded drug release to the colon.
Determining the amount of 5‑ASA in the intestinal mucosa
above the threshold concentrations required to affect target
molecules involved in inflammation can be regarded as a
surrogate marker of therapeutic effects (33). By performing
experiments with dogs, it was confirmed that sufficiently high
concentrations of 5‑ASA in the colonic mucosa can be achieved
by oral administration of pH‑dependent release formulation
Asacol®, with only low amounts detected in tissue of the small
intestine (34). In contrast, the time‑controlled release from
Pentasa® resulted in a considerable 5‑ASA plasma concentration several hours after administration, confirming the
advantage of galenic protection in the upper small intestine as
higher plasma concentrations are associated with an increased
risk of systemic side effects. Other results of these experiments are only of limited relevance, as dogs lack the ability to
convert and thereby inactivate 5‑ASA by N‑Acetyltransferase.
D'Incà et al (35) analyzed 5‑ASA concentrations in the colonic
mucosa from the sigmoid region of UC patients treated with
different types of formulations. Significant differences between
pH‑ and time‑controlled release forms were observed despite
uneven (n=73 vs. n=11) distribution of patients included.
Mucosal concentrations achieved with Asacol® were substantially higher, although the administered mesalazine dose
was slightly lower. Additional treatment with topical 5‑ASA
medications resulted in an even higher mucosal concentration,
supporting the concept of combination therapy of UC affecting
the terminal region of the colon.
The two prototypic formulations, Asacol® and Pentasa®,
were also compared in a study in which mucosal concentrations
of 5‑ASA and Ac‑5‑ASA were measured in biopsies from the
rectal region (36). To compensate for differences of individually
administered mesalazine doses, a mucosal concentration/dose
ratio was calculated. This ratio was found to be significantly
higher in patients treated with the pH‑dependent release
formulation only in the subgroup suffering from mild (clinical
activity index ≤3) UC. In addition, this type of medication also
resulted in a higher 5‑ASA/Ac‑5‑ASA ratio in patients suffering
from mild or more severe (clinical activity index ≥4) UC. This
is of unclear clinical relevance, but may be interpreted as a
ratio of freshly delivered to already inactivated drug. However,
in view of the limited number of patients, further divided in
subgroups, the interesting results of this pilot study will have
to be confirmed in a larger cohort. It has also been speculated
that Ac‑5‑ASA might be a useful biomarker reflecting the
therapeutic effect of 5‑ASA, based on measurements in biopsies form the sigmoid colon and rectum, and correlation with
disease severity in another recent pilot study (37).
5. Clinical studies comparing pH‑ and time‑dependent
formulations
General considerations, results based on in vitro simulations of
gastrointestinal passage and measurements of concentrations

of the active therapeutic agent in colonic mucosa all suggest
that pH‑dependent release and constant release formulations
are not completely equivalent and one or the other variant
might be more beneficial for certain subgroups of patients
suffering from UC. This assumption is supported by reports
indicating that at least a subgroup of UC patients who responds
poorly to one type of formulation benefits from switching to
another sort (38,39). Surprisingly, prospective clinical trials to
directly compare pH‑dependent and time‑dependent 5‑ASA
releasing formulations with large cohorts of patients with UC,
allowing subgroup‑specific analyses with sufficient statistical
power, have not been performed yet. Literature research only
revealed one large retrospective analysis of UC patients treated
in Japan (40) and three small‑sized prospective trials, of which
two were from the same group and related (32,41), and one
that led to dubious results, suggesting fundamental differences
between patients in Australia and Europe in their responses to
time‑dependent and constant release formulation (42).
Ito et al (32) compared a pH‑dependent release formulation
(Asacol®) at two different daily doses as well as a pH‑independent release formulation (Pentasa®) in their abilities to induce
remission, as indicated by a lowered ‘UC disease activity
index’, in mild to moderate UC. In an overall assessment, both
types of formulations did not differ when applied at similar
daily doses. Interestingly, in patients with proctitis‑type UC,
a significant therapeutic effect was observed with low dose
(2.4 g daily) Asacol®, but not with Pentasa® (2.25 g), again
highlighting potential differences relevant to this particular
subgroup. These two therapeutic options were compared
by the same group with respect to maintenance of remission in patients with quiescent UC (41). Trends in favor of
pH‑dependent release were observed, but did not reach statistical significance. Such differences however, were not revealed
by retrospective analyses of data collected from patients with
mild to moderate UC treated in 379 medical institutions in
Japan with both formulations (40).
6. Conclusions
There is a great inter‑individual variability in gastrointestinal
pH profiles and transit times, determining drug release from
pH‑dependent and constant release formulations. Sufficiently
high concentrations of the therapeutic agent are required at the
also highly variable sites of inflammation in the colon. This
heterogeneity of circumstances clearly suggests different efficiencies of available types of 5‑ASA formulations in subgroups
of patients. Comparative clinical trials are required to define
these groups and confirm results of initial studies. As suggested
mainly by the summarized data from in vitro modelling and
measurements of drug concentrations in the colonic mucosa,
such clinical trials may reveal equivalence of pH‑dependent
and constant release formulations in many cases, but superiority
of the pH‑dependent release granules in patients with proctitis‑type UC or sites of inflammation in the proximal colon.
Other subgroups of patients that should preferably be treated
with pH‑dependent release formulations include those with a
long gastric residence time or slow small intestinal transition,
disease‑related diarrhea, and individuals who are sensitive to
systemic adverse effects and therefore benefit from the galenic
protection in the small intestine. In general, pH‑triggered
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release appears to be the more robust concept for delivering
sufficient quantities of mesalazine to the sites of inflammation
in patients with UC showing highly variable individual characteristics. However, efficacies of all approaches strongly depend
on patients' compliance, which is required to ensure sustained
exposure to sufficiently high amounts of the therapeutic agent.
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