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Abstract

AIM: To compare the mucosal concentrations of 5-ami-
nosalicylic acid (5-ASA) resulting from different phar-
maceutical formulations and analyse the influence of
inflammation on the mucosal concentrations.

METHODS: The study included 130 inflammatory bowel
disease (IBD) patients receiving 5-ASA as pH-depen-
dent-release formulations (73 patients), time-depen-
dent-release formulations (11 patients), or pro-drugs (18
patients). In addition, 28 patients were receiving topical
treatment (2-4 g/d) with pH-dependent-release formu-
lations. Endoscopic biopsies were obtained from the sig-
moid region during the colonoscopy. The 5-ASA concen-
trations (ng/mg) were measured in tissue homogenates
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using high-pressure liquid chromatography with electro-
chemical detection. The ¢ test and Mann-Whitney test,
when appropriate, were used for statistical analysis.

RESULTS: Patients receiving pH-dependent-release for-
mulations showed significantly higher mucosal concen-
trations of 5-ASA (51.75 = 5.72 ng/mg) compared with
patients receiving pro-drugs (33.35 + 5.78 ng/mg, P =
0.01) or time-dependent-release formulations (38.24 *
5.53 ng/mg, P = 0.04). Patients with endoscopic remis-
sion had significantly higher mucosal concentrations of
5-ASA than patients with active disease (60.14 + 7.95
ng/mg vs 35.66 £ 5.68 ng/mg, £ = 0.02). Similar results
were obtained when we compared patients with the
histological appearance of remission and patients with
active histological inflammation (67.53 + 9.22 ng/mg
vs 35.53 = 5.63 ng/mg, P < 0.001). Significantly higher
mucosal concentrations of 5-ASA were detected in pa-
tients treated with both oral and topical treatments in
combination compared with patients who received oral
treatment with pH-dependent-release formulations alone
(72.33 £ 11.23 ng/mg vs 51.75 + 5.72 ng/mg, P = 0.03).

CONCLUSION: IBD patients showed significant vari-
ability in mucosal 5-ASA concentrations depending on the
type of formulation, and the highest mean concentration
was achieved using pH-dependent-release formulations.

© 2013 Baishideng. All rights reserved.
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Core tip: We report on the concentrations of 5-amino-
salicylic acid in the colonic mucosa of ulcerative colitis
patients. Significant variations in concentration were
observed that were dependent on the type of pharma-
ceutical formulation and the presence of active disease.
Combined oral and topical therapy yielded higher tissue
mesalamine concentrations. These differences should
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be taken into account in treatment strategies, espe-
cially in view of the fact that mesalamine can induce
mucosal healing in ulcerative colitis.

D’Inca R, Paccagnella M, Cardin R, Pathak S, Baldo V, Giron
MC, Sturniolo GC. 5-ASA colonic mucosal concentrations re-
sulting from different pharmaceutical formulations in ulcerative
colitis. World J Gastroenterol 2013; 19(34): 5665-5670 Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v19/
134/5665.htm DOL: http://dx.doi.org/10.3748/wjg.v19.134.5665

INTRODUCTION

Mesalamine[5-aminosalicylic acid (5-ASA)]-containing
formulations represent the first-line therapy for the
treatment of mild to moderate active ulcerative colitis
and the prevention of recurrence!. When 5-ASA is ad-
ministered and is absorbed by the colonic epithelium,
N-acetyltransferase 1 metabolises a large amount of the
5-ASA to N-Ac-5-ASA, an inactive metabolite that is se-
creted back into the intestinal lumen and excreted in the
facces”. Sulphasalazine (Salazopyrin EN) is a pro-drug
composed of sulphapyridine and 5-ASA connected by an
azo-bond. Salazopyrin is metabolised to sulphapyridine
and 5-ASA by the bacterial azoreductases of the intes-
tinal microbiota. Sulphapyridine is excreted in the urine
after most of it is absorbed from the colon, acetylated in
the liver, and conjugated with glucuronic acid. The main
action of sulphapyridine is to carry the 5-ASA moiety
to the colon while preventing its proximal absorption.
Absorption through the colon is necessary for the effi-
cacy of 5-ASAP. Side effects, such as nausea, heartburn,
headache, anaemia, skin rashes, reversible abnormalities
of sperm number and morphology, and, rarely, hepatitis
and nephritis, occur primarily due to high plasma sulpha-
pyridine concentrations, which can generally be detected
in patients taking higher doses of sulphasalazine or in
genetically predisposed individuals (slow acetylators)'”,
Alternative preparations include modified-release formu-
lations (which are supplied with pharmacological coatings
that dissolve at a given pH or in a time-dependent man-
ner) and pro-drugs. In pro-drugs such as sulphasalazine,
an azo-bond links 5-ASA molecules to a cartier molecule.
Similar compounds include olsalazine and balsalazide.
Olsalazine was the first formulation, and it contains two
5-ASA molecules linked by an azo-bond. Approximately
12%-16% of patients being treated with olsalazine may
suffer from secretory diarrhoea””. Balsalazide consists
of 5-ASA linked »ia an azo-bond to an internal carrier
(4-aminobenzoyl-f-alanine). This formulation is not sys-
temically absorbed. Modified-release formulations include
delayed-release formulations (which release 5-ASA along
a pH gradient) and sustained-release formulations (which
release 5-ASA over a specified time interval) that are tar-
geted to release 5-ASA in the lower small intestine and
right colon. The pH-sensitive acrylic resin coat of Eu-
dragit dissolves when the luminal pH rises above a critical
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value. Pentasa is a sustained-release formulation that is
gradually released based on a time-controlled mechanism.
It consists of ethylcellulose-coated microgranules from
which mesalazine is released into the small and large
intestine. Its ethylcellulose coating is a semi-permeable
membrane that dissolves when hydrated"™. Combination
therapy with oral and topical mesalazine administration
can achieve higher mucosal concentrations than oral
treatment alone". Several # vifro studies have established
a direct dose-effect relationship between 5-ASA and most
of its immuno-inflammatory targets'”. Furthermore, i
vivo studies have demonstrated that there are inverse re-
lationships between mucosal 5-ASA concentrations and
the endoscopic and histological scores and mucosal levels
of sIL-2R (a marker of mucosal inflammation). Higher
drug mucosal concentrations lead to lower disease activ-
ity!"". It follows that inadequate mucosal concentrations
will result in inadequate disease management, particulatly
in patients with Crohn’s disease and especially for the pre-
vention of post-operative recurrence 7. As a result, we
can state that the therapeutic efficacy of 5-ASA is directly
related to its mucosal concentration. Nevertheless, a large
degree of individual variability in mucosal mesalamine
concentrations exists, which is possibly due to differences
in intestinal behaviour, dosage, route of administration,
and the severity of the colonic inflammation'” "%,

In this study, we focused on different pharmaceutical
formulations of 5-ASA.

MATERIALS AND METHODS

Patients and endoscopic procedures

The study included 130 consecutive ulcerative colitis pa-
tients (mean age 47.76 years, range 23-84 years; 81 men
and 49 women) who were referred to the Department
of Surgical, Oncological and Gastroenterological Sci-
ences, Gastroenterology Unit on continuous oral 5-ASA
treatment. The general characteristics of the patients are
shown in Table 1. All of the patients were receiving treat-
ment with oral 5-ASA three times per day in one of three
different pharmaceutical formulations: pH-dependent
delayed-release formulations (73 patients at a dose of 2.4
g daily; Asacol Giuliani-Bracco Italy, Pentacol Sofar Italy),
mesalamine pro-drug (18 patients at a dose of 3 g daily;
Salazopyrin EN, Pfizer, Italy), and time-dependent sus-
tained-release formulations (11 patients at a dose of 3 g
daily; Pentasa, Ferring, Italy). There were 28 patients who
received both oral and topical (2-4 g/d by enema) pH-
dependent-release formulations. The patients receiving
combined treatment (mean age 46.5 years, range 23-79
years; 64.2% male) were comparable with respect to age
and gender distribution to patients receiving oral therapy
alone (mean age 47.24 years, range 25-84 years; 67.1%
male). No concomitant immunological, renal, or hepatic
disorders were reported by any of the patients. Moreover,
none of the patients were taking steroids, immunosup-
pressive agents, antibiotics, H2-receptor antagonists, or
proton pump inhibitors. Colonoscopy was performed for
surveillance or to detect symptom re-exacerbation. Bowel
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Table 1 Demographic and clinical characteristics of patients

Characteristics pH-dependent delayed release (7 = 73) Pro-drugs (7 = 18) Time-dependent sustained release (7 = 11)
Age (mean * SE) (yr) 47.24 +1.61 51.38 +£2.39 4754 +4.97
Gender (M/F) 49/24 8/10 6/5
Extent of disease
Proctosigmoiditis 22% 22% 0%
Left colitis 10% 11% 0%
Pancolitis 68% 67% 100%
Age at diagnosis (mean + SE) 34.88 +£1.61 32.72+2.30 31.09 £3.30
Duration of disease (yr) 11.56 £ 0.81 17.22£4.21 15.00 * 2.62
Time since last 5-ASA administration (h) 2143 +£1.22 23.88 £4.21 20.63 £2.52

M: Male; F: Female; 5-ASA: 5-aminosalicylic acid.

cleansing was achieved using a polyethylene glycol oral
solution, 3-5 L, on the day before the colonoscopy. After
the patients provided their informed consent, the time at
which they took their last pill/enema was recorded, and
two biopsies were taken from the sigmoid region at 25
cm from the anal verge. The observation of inflamma-
tory changes in the colonic mucosa on endoscopy was
considered endoscopic activity following the Baron clas-
sification, while the absence of mucosal inflammatory
changes was considered endoscopic remission ', The
histological activity of the disease was examined accord-
ing to a semi-quantitative score that took into consider-
ation the extent of lymphocytic and polymorphonuclear
leukocyte infiltration, mucus depletion, crypt distortion,
the presence of crypt abscesses, and lymphoid follicle
activation. Histological remission was defined as the ab-
sence of inflammatory changes in the mucosa'”

Chemicals and reagents

Purified 5-ASA was obtained from Acros (NJ, United
States). Purified water and methanol were used for the
high-pressure liquid chromatography (HPLC) analysis.
The use of these products was important to reduce back-
ground current and noise within the HPLC-electrochem-
ical detection system.

A stock solution of 5-ASA was prepared at 1 mg/mlL.
in 0.2 mol/L protocatechuic acid (PCA), 100 pmol/L
ethylenediaminetetraacetic acid (EDTA), and 100 pmol/L
sodium metabisulfite and stored at 4 C.

Tissue preparation

The specimens were homogenised in 0.2 mol/L PCA,
100 umol/L EDTA, and 100 pmol/L sodium metabi-
sulfite at 4 ‘C and then centrifuged (1800 g) for 10 min.
The supernatants were collected and filtered with 0.2-pum
cellulose acetate filters and stored at -80 'C. A sample
volume of 20 pL was used throughout this study.

Quantification of 5-ASA

A sensitive HPLC method capable of measuring the mu-
cosal 5-ASA concentrations was used. Briefly, analyses
were performed on a chromatographic apparatus (Al-
liance Waters, United States) that consisted of a model
2695 solvent-delivery system and an electrochemical

detector, Coulochem (ESA, United States) Model 5100A,
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that was integrated with Empower Software (Waters,
United States).

Separation of the analytes was achieved using a
reversed-phase DHBA-250 column (5 pum, 250 X 3.0
mm), and the analytes were detected on a high-sensitivity
analytical cell model 5011, with the oxidation potentials
of electrodes 1 and 2 adjusted to +750 mV to oxidise the
5-ASA.

The mobile phase consisted of 50 mmol/L sodium
acetate, 50 mmol/L sodium citrate, 8% methanol, and 2%
2-propanol. The pH of the mobile phase was adjusted to
2.5 with phosphoric acid after the addition of the organic
modifiers. The mobile phase was passed through the sys-
tem at 0.5 mL/min.

The standard curve for 5-ASA was linear in the se-
lected range (# = 0.99) with an inter-assay coefficient of
variation < 4%.

Statistical analysis

The mucosal 5-ASA concentrations in patients being
treated with any pharmaceutical 5-ASA formulation and
in patients with different endoscopic and histological
degrees of activity were compared using an unpaired Stu-
dent’s ¢ test and the Mann-Whitney test where appropri-
ate. A P value of 0.05 or less was consideredsignificant.
The data are presented as the mean £ SE. The 5-ASA
concentrations are expressed as ng/mg tissue. The
statistical analyses were performed using the statistical
software package SPSS for Windows, version 13.0 (SPSS,
Chicago, IL, United States).

RESULTS

The demographic and clinical characteristics of the
patients being treated with different pharmaceutical for-
mulations were similar (Table 1). Figure 1 shows the dis-
tribution of the mucosal concentrations of mesalamine
in the sigmoid region for the three groups studied. The
mean mucosal mesalamine concentration was significant-
ly higher in patients being treated with pH dependent-
release formulations than in patients being treated with
pro-drugs (51.75 £ 5.72 ng/mg »s 33.35 + 5.78 ng/mg, P
= 0.01). Similarly, the concentration of mesalamine was
significantly higher in patients being treated with pH-
dependent-release formulations than in patients being
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Figure 1 Distribution of 5-aminosalicylic acid mucosal concentrations in
the sigmoid colon in patients receiving oral 5-aminosalicylic acid either
pH-dependent release formulations, time-dependent release formulations
or prodrugs. 5-ASA: 5-aminosalicylic acid.

treated with time-dependent-release formulations (51.75
+ 572 ng/mg »s 38.24 + 5.53 ng/mg, P = 0.04). Further-
more, the absolute mucosal 5-ASA concentrations wete
significantly higher in patients being treated with pH-
dependent-release formulations; specifically, 28% of the
patients were found to have mucosal 5-ASA concentra-
tions above 70 ng/mg of tissue, which was the highest
concentration achieved with any of the other formula-
tions. Figure 2A shows the distribution of the mucosal
mesalamine concentrations in patients receiving pH-
dependent-release formulations according to endoscopic
and histological activity or disease remission.

Twenty-five patients showed active disease in the sig-
moid colon, while the remaining 48 patients presented
an endoscopic appearance of remission or a normal as-
sessment. The histological grade of the mucosal inflam-
mation in the sigmoid colon was “active” in 36 patients,
while the remaining 37 patients presented a “normal”
histological assessment or the appearance of remission.
Patients with a normal endoscopic assessment or an en-
doscopic appearance of remission showed significantly
higher concentrations of mucosal 5-ASA than patients
with active endoscopic inflammation (60.14 + 7.95 ng/
mg »s 35.66 £ 5.68 ng/mg, P = 0.02). Similatly, signifi-
cant differences were found in the mucosal 5-ASA con-
centrations between patients with a normal histological
assessment or the histological appearance of remission
and patients with active histological inflammation (67.53
1+ 9.22 ng/mg »s 35.53 + 5.63 ng/mg, P < 0.001).

Twenty-eight patients received both pH-dependent
mesalamine orally at a dose of 2.4 g/d and rectal mesala-
mine at a dose of 4 g/d. Figure 2B shows the distribution
of mucosal 5-ASA concentrations in patients receiving
combination treatment compared with those in patients
receiving oral treatment alone. The mean mucosal 5-ASA
concentration was significantly higher in patients receiv-
ing combined oral and topical treatment than in patients
taking oral mesalamine only (72.33 + 11.23 ng/mg »s
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Figure 2 5-aminosalicylic acid mucosal concentrations in the sigmoid
colon. A: In patients receiving oral 5-aminosalicylic acid (5-ASA) pH-dependent
release formulations according to endoscopic and histological grading of dis-
ease; B: In patients receiving 5-ASA pH-dependent release formulations on oral
plus topical treatment or oral therapy alone.

51.75 + 5.72 ng/mg, P = 0.03).

DISCUSSION

IBD patients usually receive chronic treatment with
5-ASA to both control the active disease and reduce the
frequency and severity of clinical relapses. Although
this drug has been used for the last 50 years, the precise
mechanism of action of 5-ASA, with the exception of its
topical efficacy, is unknown™. However, its topical activ-
ity implies the necessity of its delivery to the inflamed tis-
sue. Therefore, appropriate dosages and targeted delivery
of the drug are needed. Many studies have demonstrated
marked vatiability in 5-ASA metabolism and distribution
following oral dosingm’wj. Thus, the clinical course of the
disease, which encompasses periods of prolonged remis-
sion and frequent episodes of relapse, could derive from
variable availability of the drug, We know from several
in vitro studies that there is a direct relationship between
the 5-ASA concentration and its therapeutic efficacy™?.
Previous 77 vive studies have reported that the therapeutic
efficacy is dose-dependent. In fact, high mucosal me-
salamine concentrations have been shown to be associ-
ated with endoscopic and histological scores of disease
remission or mild activity rather than moderate or severe
disease in ulcerative colitis. They have also been shown to
be associated with a reduced risk of severe post-operative

. . 11,12
recurrences in Crohn’s disease!"'?. However, the appro-
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priate mucosal concentration is unknown, and it is there-
fore not easy to provide guidance. There is wide inter-
individual variability in mucosal concentrations, and the
factors governing tissue drug concentrations are largely
unknown because increased mucosal concentrations do
not always derive from increased oral doses™.

Adherence to therapy may be another important
factor that influences mucosal concentrations. We did
not test adherence specifically; however, samples were
obtained only from patients who reported that they had
taken their last pill within 24 h of endoscopy. Moreover,
the 5-ASA concentration can be variable along the en-
tire length of the colon. Oral administration of 5-ASA
ensures a higher drug concentration in the right colon
than in the rectum, where the amount often becomes
negligible; however, the rectum is the preferential site of
the disease and is almost invariably affected. Because the
oral dose is not strictly related to the 5-ASA concentra-
tion, the tissue absorption, drug metabolism and excre-
tion, and pharmaceutical variables, such as the route of
administration and formulation type, need to be inves-
tigated. Several clinical studies have confirmed that the
highest therapeutic efficacy is reached when patients are
treated with oral and topical treatments” . Patients with
active distal disease in whom oral treatment is frequently
inadequate respond to mesalazine enemas’’. Rectal for-
mulations are also successful in maintaining remission in
patients suffering from frequent relapses. According to
Frieri e# al””, patients being treated with oral and topical
treatments show similar mucosal mesalamine concentra-
tions in the rectum and in the descending colon, while
oral treatment alone results in a higher drug concentra-
tion in the descending colon than in the rectum. Indeed,
we found higher mucosal concentrations in the sigmoid
mucosa in patients receiving both topical and oral 5-ASA
than in patients receiving oral mesalamine alone. It is pos-
sible that the level of adherence may have been higher in
patients expetiencing active disease who therefore were
receiving combined therapy.

To date, few and discordant reports have investigated
the relationship between the colonic mucosal concentra-
tion of 5-ASA and its different pharmaceutical formula-
tions”**. We demonstrated that the sigmoid mucosal
concentration of 5-ASA was significantly higher in IBD
patients receiving pH-dependent delayed-release formu-
lations compared with patients receiving preparations
dependent on bacterial degradation (pro-drugs). Similarly,
the mucosal concentration of 5-ASA in the sigmoid
mucosa of the pH-dependent delayed-release formula-
tions group was higher than that of the time-dependent
sustained-release formulations. Moreover, we found that
the absolute mucosal 5-ASA concentrations were signifi-
cantly higher in patients being treated with pH-depen-
dent-release formulations than in patients being treated
with pro-drugs. In fact, in 28% of the patients receiving
pH-dependent-release formulations, the mucosal 5-ASA
concentration was above 70 ng/mg of tissue, which was
the highest value achieved from any of the formulations.
Because of the dose-related anti-inflammatory effect
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of 5-ASA, we should expect the highest efficacy when
the highest mucosal tissue concentration of 5-ASA is
achieved. As reported by Hussain ¢ a/*, rectal mucosal
concentrations of aminosalicylates are lower during re-
lapses. As previously demonstrated by Frieri e al'!, we
confirmed that the colonic mucosal concentrations of
5-ASA were inversely related to disease activity as mea-
sured by both endoscopic and histological evaluation.
Oedema occurring during the active phase of the disease
may account for a possible dilution effect on the biopsy
specimens. Alternatively, the faster rate of tissue renewal
in the presence of inflammation could produce a wash-
out effect on the drug and contribute to a reduced muco-
sal mesalamine concentration.

In conclusion, because we have reinforced the rela-
tionship between tissue mesalamine levels and disease
activity, additional studies are needed to determine how
to reach optimal mucosal concentrations of 5-ASA. We
have demonstrated that different pharmaceutical prepara-
tions achieve different mucosal concentrations and that
disease activity lowers the drug mucosal concentration.
Higher dosages could therefore be justified during active
disease to obtain better clinical results.

COMMENTS

Background

The use of mesalamine represents the first-line treatment strategy in patients
with ulcerative colitis. Many formulations are available, and they are often used
interchangeably because it is assumed that they are all equally effective.
Research frontiers

The mucosal concentration of 5-aminosalicylic acid (5-ASA) was measured in the
colon of ulcerative colitis patients and at the anastomotic site of Crohn’s disease
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that tissue concentrations could be measured by high-pressure liquid chroma-
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centration.
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Mesalamine is poorly absorbed; therefore, blood monitoring is not helpful. The
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ative colitis patients.
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The response to treatment with mesalamine in ulcerative colitis patients can be
optimised by administering the proper formulation of the drug at the right dose
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