
Br. J. clin. Pharmac. (1988), 26, 173-177

Delayed-release mesalazine (5-aminosalicylic acid): coat
dissolution and excretion in ileostomy subjects
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Medicine and Dentistry, London and 2Leigh Infirmary, Leigh

1 Delayed-release mesalazine has been formulated to deliver 5-aminosalicylic acid to
the colon. We have therefore studied the ileostomy excretion and coat dissolution of this
preparation.
2 Following ingestion of a single tablet 88% (range 69-114%) of the 400 mg dose
appeared unchanged in the ileosomy effluent over the subsequent 12 h.
3 Ileostomy effluent pH appeared to be a major determinant of 5-aminosalicylic acid
release.
4 In vitro studies revealed rapid coat dissolution above pH 7.0, slow dissolution between
pH 6.0 and 7.0 and non-dissolution at pH 2.0 and 4.0.
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Introduction

Sulphasalazine (SSZ) has a well established role
in the management of patients with ulcerative
colitis (UC). It is of benefit in both active disease
(Baron et al., 1962) and in the maintenance of
disease remission (Misiewicz et al., 1965).

Unfortunately many patients are unable to
take SSZ because of side effects and allergic
reactions. Whereas most of these appear to be
related to the sulphonamide component of the
drug (Das et al., 1973), 5-aminosalicylic acid (5-
ASA) seems to be responsible for therapeutic
activity (Azad Khan et al., 1977). Clearly it
would seem preferable to use only the active
ingredient. 5-ASA, however, is unstable in gastric
acid and is rapidly absorbed from the jejunum
(Nielson & Bondesen, 1983). As it seems likely
that the drug has a predominantly topical mode
of action (Campieri et al., 1985) a number of new
drug formulations have been developed to deliver
5-ASA to the colon.

Delayed-release mesalazine is a pH-dependent
5-ASA delivery system. The amount of 5-ASA
delivered to the colon by this method has not
previously been determined directly and we have
therefore studied the ileostomy excretion and
coat dissolution of this formulation.

Methods

Ileostomy study

Eight subjects were studied, four male and four
female, whose ages ranged from 21 to 57 years.
All had previously undergone colectomy for
ulcerative colitis, all were in good health and had
normally functioning ileostomies. The study
protocol was approved by Leigh Infirmary Ethics
Committee and each subject gave written in-
formed consent prior to study.
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Protocol

After an overnight fast, baseline samples of blood,
urine and ileostomy effluent were taken. At
08.00 h a single 400 mg tablet of delayed-release
mesalazine (Asacol, Tillotts Laboratories) was
taken with 200 ml of water. After 2 h, fluids were
allowed freely and subjects ate a normal lunch
and dinner at 12.00 and 18.00 h. Ileostomy
effluent was collected at 2 hourly intervals for 12
h, examined for evidence of the tablet and the
pH was measured using a portable pH meter
(Gallenkamp pH stick). Samples were then
homogenised (Colworth Stomacher) and an
aliquot frozen for subsequent analysis. Urine
was collected from 0 to 4, 4 to 8, 8 to 12 and 12 to
24 h following tablet ingestion. Blood samples
were drawn at hourly intervals for 9 h, and then
at 12 and 24 h.
Measurements of 5-ASA and its acetylated

metabolite, N-acetyl-5-ASA, were made by high
performance liquid chromatography (Waters
6000A pump, Spectra Physics SP 8700 automatic
injector) with fluorometric detection (Waters
420AC) using an excitation wavelength of 360
nm and emission wavelength of 425 nm. A reverse
phase column (Pye Unicam 5,um ODS) was used
with an elution mixture of 0. IM phosphate buffer
(pH 7.4), methanol and tetrabutylammonium
hydroxide (77.5:22.5:0.1).

All biological samples were mixed with meth-
anol (1:1), centrifuged (1200 g for 15 min), mixed
with an equal volume of phosphate buffer and
injected directly into the system. Peak areas
were calculated using a Schimadzu C-R3AA
integrator. Calibration curves for 5-ASA and
Ac-5-ASA were linear in the range 0 to 50 ng.
Detection limits were 5 ng ml-' in plasma and
urine, and 0.1 ,g ml-1 in ileostomy effluent. The
interassay coefficient of variation ranged from
4.7 to 2.3 (5 to 50 ng).

Dissolution study

Dissolution of the tablet coat was assessed by
adding tablets to isotonic phsophate buffer solu-
tions of varying pH values (pH 2.0 to 8.0) during
constant stirring at 370 C. The time to exposure
of the pale tablet contents beneath the red acrylic
resin was used as an easily recognised estimate of
coat dissolution.

examined by light microscopy using an eyepiece
graticule.

Results

Ileostomy study

All subjects tolerated the study well and no
adverse reactions were reported. In three subjects
the tablets were passed whole into the ileostomy
bag. In each case, however, the Eudragit S coat
had split with obvious exposure of the tablet
contents. In the other five subjects, whole tablets
or discernible tablet fragments were not detected
within the ileostomy effluent.
The mean cumulative ileostomy output of

5-ASA is shown in Figure 1. In six subjects 5-
ASA first appeared in the effluent between 4
and 6 h and in the remaining two between 6 and 8
h. Within 12 h of taking the tablet 88% (range 69
to 114%) of the 400 mg dose was detected in the
ileostomy effluent as unchanged 5-ASA. Ac-5-
ASA, however, was detected in the effluent of
only two subjects. In one subject Ac-5-ASA
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Tablet coat microscopy

To examine the nature and thickness of the
acrylic resin coat tablets were vacuum-embedded
in epoxy resin and unstained 5 ,um sections were

Time (h)

Figure 1 Cumulative 5-aminosalicylic acid ileostomy
excretion in the 12 h following ingestion of a 400 mg
tablet of delayed-release mesalazine (mean ± s.d.,
n = 8)
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accounted for 7% and in the other 31% of the
ingested dose of 5-ASA.

Urinary excretion and plasma levels of 5-ASA
and Ac-5-ASA also showed marked variability.
Mean urinary Ac-5-ASA excretion was 22.8 mg
(range 0 to 79 mg) in the 24 h following ingestion.
5-ASA was excreted by only two subjects and in
both the amount was less than 3 mg of the
ingested 400 mg dose. In two subjects neither
Ac-5-ASA nor 5-ASA was detected in the urine.
Plasma 5-ASA and Ac-5-ASA were not detected
in five subjects. In the remaining three, Ac-5-
ASA predominated; levels rose between 3 and 6
h, peaked at 6 to 8 h (0.5 and 2.1 ,ug ml-') and
had fallen by 8 to 10 h. The mean combined
amount of 5-ASA and Ac-5-ASA detected in
ileostomy effluent and urine was 387 mg, range
343 to 475 mg (mean 97%, range 86 to 119% of
the ingested dose).
The pH of the ileostomy effluent varied con-

siderably, both between subjects and between
samples from the same subject during the study.
Values ranged from pH 5.9 to pH 8.3 with a
mean value ofpH 7.1. In the three subjects who
had detectable plasma levels of 5-ASA and
Ac-5-ASA and in whom 24 h urinary Ac-5-ASA
excretion exceeded 20 mg, ileostomy effluent
pH never fell below pH 7.0. In a further three
subjects pH values fluctuated around pH 7.0 and
24 h Ac-5-ASA excretion ranged from 1.2 to
3.0 mg. In the two remaining subjects values
greater than pH 7.0 were infrequent, the tablets
were passed whole (although the coatings were
split) and Ac-5-ASA was not detected in the
urine.

Dissolution study

The results of the in vitro dissolution study are
shown in Figure 2. At pH values over 7.0, coat
dissolution was rapid and exposure of the tablet
contents always occurred within 30 min. Indeed,
fragments of Eudragit S were seen to drift away
from the tablet coat within seconds of immersion
in the alkaline buffers leaving the tablets with a
moth-eaten appearance (Figure 3a). Between
pH 6.0 and 7.0 this phenomenon was not appar-
ent, time to exposure of the contents was con-
siderably delayed (up to 20 h) and invariably
occurred by splitting of the tablet coat along one
of its edges (Figure 3b). At pH 2.0 and 4.0 the
coat remained intact for 3 days at which time the
experiments were discontinued.

Tablet coat microscopy

Light microscopy of the tablet coat revealed a
mean coat thickness of69 ,um, range 59 to 86 ,um.
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Figure 2 In vitro coat dissolution: time to tablet
content exposure at varying pH values (mean ± s.d.,
n = 6).

A consistently thinner coat was seen along the
edges of the tablet where mean thickness fell to
57 ,um, range 52 to 62 ,um.

Discussion

Precise and reliable delivery of 5-ASA to the
colon is clearly important for patients with ulcer-
ative colitis. 5-ASA released in the proximal small
intestine is rapidly absorbed, so increasing the
risk of systemic toxicity and decreasing the
amount of drug available to the colon. Too distal
5-ASA release, on the other hand, may leave the
more proximal colon 'untreated'.

Delayed-release mesalazine comprises 400 mg
of 5-ASA within an acrylic resin coat, Eudragit
S. Coat dissolution is pH dependent and is
reported to occur only above pH 7.0 (Lehmann,
1971). Radiological studies of barium-containing
tablets in normal volunteers (120 ,um tablet coat)
(Dew et al., 1982) and patients with active colitis
(80 pum tablet coat) (Dew et al., 1983) suggest
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Figure 3 In vitro coat dissolution: macroscopic appearances after immersion in (a) buffer pH 7.5, (b)
buffer pH 6.5.

that 5-ASA release occurs in the distal ileum or
right side of the colon.
The results of the present study show that

following the ingestion of a single tablet of
delayed-release mesalazine, 88% (range 69 to
114%) of the 400 mg 5-ASA dose appears
unchanged in the ileostomy effluent over the
subsequent 12 h. Marked variations in plasma
levels and urinary excretion of 5-ASA and Ac-5-
ASA were also apparent.

In two subjects tablet dissolution seemed pre-
mature as approximately 20% of the ingested
dose appeared in the urine as Ac-5-ASA. In
three other subjects tablets were passed whole
into the ileostomy bag. In all three the coat had
split and in one Ac-5-ASA was found in the
urine confirming in vivo dissolution. In the other
two cases, however, the possibility of dissolution
within the ileostomy bag during the 2 h collec-
tion period cannot be excluded.
The present in vitro studies confirm rapid

dissolution of the tablet coat at or above pH 7.0.
Surprisingly, consistent release of the tablet
contents was also seen between pH 6.0 and 7.0
although this was always considerably delayed
and may be related to splitting of the coat along
the tablet edges. In addition, the pH of the ileo-
stomy effluent correlated well with urinary out-
put of Ac-5-ASA and also with the macroscopic
appearance of the recovered tablet. It therefore
seems likely that luminal pH is a major deter-

minant of variations in colonic delivery. Unfor-
tunately there have been few studies of intestinal
pH in man either in health or disease and the
influence of factors such as diet and drugs are
largely unknown (Fordtran & Locklear, 1966;
Bown et al., 1974).
The variations in ileostomy 5-ASA recovery

seen in the present study (69 to 114%) are similar
to those reported for both SSZ (75 to 90%
excreted as SSZ) (Das et al., 1979) and the
5-ASA azo-linked dimer olsalazine (73 to 121%
excreted as olsalazine) (Sandberg-Gertzen et al.,
1982). However, following colonic delivery these
prodrugs must also undergo bacterial azoreduc-
tion before releasing 5-ASA. Although this
process is usually highly efficient it may be con-
siderably impaired by both rapid transit (van
Hees et al., 1979) and antibiotic exposure
(Houston et al., 1982), and is therefore a further
potential source of reduced bioavailability.

In conclusion, delayed-release mesalazine
appears to be an effective method of delivering
5-ASA to the colon. In six of the subjects studied
tablet dissolution was probably optimal, but in
two premature release occurred. Since luminal
pH appears to be a major determinant of 5-ASA
release, in vivo studies of intestinal pH in patients
with ulcerative colitis are indicated. These may
be of value in assessing the influence of diet,
drugs and changes in bowel function on colonic
5-ASA delivery.
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