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Longterm olsalazine treatment: pharmacokinetics,
tolerance and effects on local eicosanoid formation in
ulcerative colitis and Crohn's colitis
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From the Department ofMedical Gastroenterology, Odense University Hospital, Odense and Sections of
Gastroenterology, Department ofMedicine C, Herlev Hospital and Department ofMedicine B,
Bispebjerg Hospital, University ofCopenhagen, Copenhagen, Denmark.

SUMMARY To examine pharmacokinetics and tolerance of long term administration of olsalazine
(azodisalicylate), increasing doses of the drug were given for one year to 31 patients with ulcerative
colitis (UC) and nine patients with Crohn's colitis (CC), refractory to, or intolerant of
sulphasalazine, until sustained remission was obtained or a maximum of 4 g/day was reached.
Colonic drug metabolism was studied by equilibrium in vivo dialysis of faeces. Complete
azoreduction occurred in most cases. Concentrations of 5-aminosalicylic acid, but not N-acetyl-5-
aminosalicylic acid, in faecal dialysates increased dose dependently. Serum concentrations disclosed
no cumulation in the long term and olsalazine was well tolerated, although loose stools occurred
transiently in some patients with extensive disease: this was associated with a larger proportion of
unsplit olsalazine in the faecal dialysates. Patients with ulcerative colitis having a high prostaglandin
E2 concentration (>30 ng/ml) determined by equilibrium dialysis of rectum, were less likely to
benefit from treatment. Olsalazine is a very effective means of delivery of 5-aminosalicylic acid to the
colonic mucosa in active disease. Use of the drug in controlled trials may be considered safe even in
prolonged high dosage.

Two major challenges to the novel sulphasalazine
like drugs'`3 are whether they can be established
through controlled trials to benefit those patients
with ulcerative colitis (UC) who are either refractory
to or intolerant of sulphasalazine. Although effective
as longterm maintenance treatment in the prevention
of relapse," a large proportion of patients do not
obtain complete remission and often experience
relapses despite the administration of sulphasalazine.
Furthermore, 10-20% of patients are allergic to or
otherwise intolerant of sulphasalazine." This is
believed to be caused mainly by sulphapyridine,7
which is readily absorbed when split in the colon by
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bacterial azoreductases from the active therapeutic
ingredient,;"' 5-aminosalicylic acid (5-ASA). Novel
sulphur free drugs designed in an attempt to circum-
vent drug intolerance provide the opportunity to
investigate the remaining question: 'to what extent
are insufficiently high intraluminal concentrations of
5-ASA the cause of sulphasalazine resistance?' The
efficacy of sulphasalazine in preventing relapse in UC
seems to be dose dependent but the dose may only be
raised with an increase in side effects." Although the
drug is effective in Crohn's colitis (CC)'" and mildly
to moderately active UC,'3 it is considerably less
effective than glucocorticoids, whereas topical treat-
ment with 5-ASA appears as effective'4 or even more
effective,'" than treatment with glucocorticoid
enemas in distally located UC. Oral olsalazine seems
promising in the treatment of inflammatory bowel
disease because it consists of two molecules of5-ASA
also linked by an azo bond.'6
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The purpose of the present study was to determine
the metabolism of olsalazine in the colon and the
drug tolerance during longterm administration of
high doses in colitis patients not satisfactorily treated
with sulphasalazine - that is, in patients with UC or
CC refractory to or intolerant of sulphasalazine.
Luminal concentrations of prostaglandin E2 (PGE2)
and leucotriene B4 (LTB4) were also determined
during the treatment period to study whether these
highly sensitive markers of disease activity'7 '" might
predict the outcome of treatment.

Methods

PATIENTS
Patients fulfilling the following entry criteria were
included in the study: (a) proven UC'9 or proven
CC:"' (b) relapsing disease - that is, a relapse within
the past six months, or chronic continuous disease
activity- that is, absence of remission (definition: see
below) for three months or more; (c) refractory to
sulphasalazine - that is, relapsing disease despite
maintenance treatment with sulphasalazine 2 g/day
or chronic continuous disease despite treatment with
glucocorticoids and sulphasalazine, or intolerant of
sulphasalazine - that is, allergic to or otherwise
intolerant of sulphasalazine.

Patients below 18 or above 80 years of age were
excluded, as were women who were pregnant or
lactating and those with childbearing potential not
using oral contraception or an intrauterine device.
Furthermore, patients with CC, who had also radio-
logically verified small bowel disease were excluded.
Each patient gave informed consent and the study

was approved by the Ethical Committee of Funen
and Vejle Counties.

EXPERIMENTAL DESIGN
The study design was open with an initial dose of
1 g/day (0.5 g bid) in sulphasalazine intolerant
patients. In sulphasalazine refractory patients the
initial dose was 2 g/day (1 g bid) with no washout
period after cessation. The dose was gradually
increased at the scheduled visits until the endpoint
was reached - that is, sustained remission - as defined
below, or drug intolerance occurred, or a maximum
of 4 g/day (1 g qid) equivalent to approximately 10
g/day of sulphasalazine as regards 5-ASA on a molar
basis. In patients on concomitant corticosteroids the
dose was gradually tapered when clinically inactive
disease (see below) occurred and, if possible, the
administration was stopped.
A one year treatment period was planned includ-

ing scheduled visits at two weeks and at two, four, six,
eight, 10, and 12 months, in addition to inbetween
visits, if needed. Before entry and at each visit the

clinical disease activity was assessed (see below) and
a laboratory screening was done. This included blood
haemoglobin, reticulocyte count, erythrocyte sedi-
mentation rate, leucocyte count, leucocyte differen-
tial count, platelet count, serum concentrations of
Na, K, Ca, albumin, creatinine, urea, alanine amino-
transferase, lactate dehydrogenase, alkaline phos-
phatase, bilirubin, and plasma prothrombin, in
addition to urine analysis for protein and glucose and
microscopy for erythrocytes, leucocytes, and casts.
Additional serum was obtained before the adminis-
tration of the morning dose of olsalazine for determi-
nation of olsalazine, 5-ASA, and Ac-5-ASA.

Before entry, at the two weeks' visit, and at the six
and 12 months' visits equilibrium in vivo dialysis of
faeces'6 as well as equilibrium in vivo dialysis of
rectum'7 were done before endoscopy of rectum and
sigmoid colon with biopsies. The patients had been at
a particular dose level of olsalazine for two weeks or
more before these measurements were performed.

Olsalazine (Dipentum, Pharmacia AB, Uppsala,
Sweden) was administered in gelatin capsules, each
containing 250 mg of the powdered drug without
additives. Compliance to prescription was estimated
at each study visit by counting the number of
returned olsalazine capsules.

DISEASE ACTIVITY
The disease activity was graded according to a four
scaled semiquantitative grading:'7'I (a) clinical
activity: inactive (Co), mild (CI), moderate (C2),
severe (C3); (b) endoscopic activity: inactive (E,),
mild (El), moderate (E2), severe (E3); and (c)
histological activity: inactive (H), mild (HI),
moderate (H2), severe (H3).
The clinical activity was based on a diary and the

objective findings registered by the investigator. To
minimise variation among observers22 each patient
was examined on all study days by the same investi-
gator. All days the last week preceding a scheduled
visit the patient recorded the number of bowel
movements in the diary, in addition to the presence
or absence of blood, and graded abdominal pain and
general wellbeing according to Best et a123 for calcula-
tion of the Crohn's disease activity index (CDAI).

Remission in patients with UC was defined as
clinically inactive disease (C( - that is, below three
bowel movements a day without blood present) and
no evidence of inflammation (Eo) on sigmoidoscopy.
Remission in patients with CC was defined as a CDAI
<150 and no evidence of inflammation on sigmoido-
scopy. Patients in whom remission did not occur
without concomitant use of corticosteroids were
classified as treatment failures. Because of the open
design of the study no further clinical or endoscopic
estimations of efficacy were done.
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Table I Description ofpatients

Ulcerative Crohn's
colitis (n=31) colitis (n =9)

Age, mean year (range) 34 (19-66) 28 (18 -34)
Sex, male/female 16/15 2/7
Smokers/non-smokers 3/28 7/2
Duration of disease, mean year (range) 6-7 (181-9) 5-8 (3-0-10)
Continuously active/intermittently 20/11 7/2
active disease (during previous year)

Sulphasalazine, refractory/intolerant 23/8 8/1
Extensive disease (total/left sided') 12/19 9/0

IN VIVO DIALYSIS METHODS
Equilibrium in vivo dialysis of faeces was done as

previously described in detail'6 by pooling the con-
tents of five swallowed dialysis bags after their
intestinal transit (faecal dialysate). These dialysates
were analysed for concentrations of olsalazine,
5-ASA, and Ac-5-ASA, in addition to PGE2 (faecal
PGE2).

Equilibrium in vivo dialysis of rectum was carried
out after insertion of a 12 cm long dialysis bag into the
emptied rectum as previously described.'7 The bag
was left for four hours and its contents (rectal

dialysate) were analysed for concentrations of PGE2
(rectal PGE2) and LTB4 (rectal LTB4).

ANALYTICAL PROCEDURES
Determination of olsalazine, 5-ASA, and Ac-5-ASA
in serum and faecal dialysates were done by high
performance liquid chromatography (HPLC) as pre-
viously described.'6 The lower detection limits in
serum and in faecal dialysates were I 0 imol/l and
6-0 [tmol/l, respectively.

Prostaglandin E2 was measured by a radio-
immunological method"4 validated by gas chromato-
graphy mass spectrometry2' and LTB4 by reversed
phase HPLC.'7
These measurements were done blind and

independent of the assessment of disease activity and
clinicians were unaware of the results until the data
had been completed.

REFLECTIONS ON SAMPLE SIZE
In planning the study it was considered relevant to
compare colonic olsalazine metabolism and toler-
ance, (a) in patients with extensively located colitis
and in patients with 'left-sided' colitis, (b) in sulpha-
salazine refractory patients and in sulphasalazine

Table 2 Adverse events reported during olsalazine treatment in 31 patients with ulcerative colitis (UC) and nine patients with
Crohn's colitis (CC)

Patient characteristics Adverse event

Extensive Olsalazine
Patient Intolerant (E)/left Description Visit when dosage
no Disease ofSAZ sided (LS) ofevent reported (g/day) Contnment

5 UC No LS Bony pain 10 months 4 Disappeared during continuous medication
6 UC No E Loose stools 10 months 4 Occurred transiently when dosage was increased from 3

g/day
15 UC Yes E Loose stools 2 weeks 2 Persistent intolerance at 2 g/day; dosage reduced to 1 g/day;

proctocolectomy after 7 months
16 UC No E Loose stools 2 weeks 2 Dosage temporarily reduced; later 4 g/day was tolerated

Joint pain 10 months 4 Disappeared during continuous medication
17 UC Yes E Increased stool 6 months 2 Occurred when dosage was increased from 1 g/day; dosage

frequency temporarily reduced; later 2 g/day was tolerated
19 UC Yes LS Loose stools 2 weeks 2 Occurred when dosage was increased from I g/day; dosage

temporarily reduced; later 4 g/day was tolerated
27 CC No E Loose stools 6 months 3 Occurred transiently when dosage was increased from 2

g/day; later 4 g/day was tolerated
31 CC No E Loose stools 2 months 4 Persistent intolerance at 4 g/day; dosage reduced;

proctocolectomy after 8 months
32 UC No E Loose stools 11 months 4 Clinical and endoscopic relapse; corticosteroids were

administered and a reduced dosage of 3 g/day was
tolerated

34 CC No E Loose stools 2 weeks 2 Persistent intolerance at 2 g/day; dosage reduced to 1 g/day;
stopped treatment after 10 months

35 CC No E Loose stools 2 weeks 2 Dosage temporarily reduced to I g/day; later 3 g/day was
tolerated

40 UC No LS Loose stools 6 months 4 Occurred when dosage was increased from 3 g/day; dosage
temporarily reduced; later 4 g/day was tolerated

SAZ =sulphasalazine.
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Table 3 Concentrations ofolsalazine, 5-ASA, andAc-5-ASA infaecal dialysates ofpatients with ulcerative colitis: averages
in each patientfor each dosage ofolsalazine (each patient had been on theparticular dose levelfor at least two weeks)

Olsalazine doselday

I g (n=7) 2g (n=20) 3g (n=14) 4g (n= 18)

Olsalazine mmol/l 0-10(0-14) [<0.006-0-721 0.34(0.48) [<0.006-1-7] 0.40(0-58) [<0-006-2-01 0.27(0.41) [<0-006-1-4]
5-ASA mmol/l 5-7(4-9)[<1.0- 181 8.0(61)[<10-31] 13(11)[<1 0-371 23(12)[6-7-551
Ac-5-ASA mmol/l 11 (8-5) [<0.7-261 9-5 (9-0) [<0.7-601 7-5 (8-2) [<0-7-261 11(5-6) [20-26]
Total 5-ASA mmolA 17(9.0)[<1-7-40] 18(14) [<1 7-72] 20(18)1<1 7-63] 34(17) [8.6-75]

5-ASA=5-aminosalicylic acid; Ac-5-ASA=acetyl-5-aminosalicylic acid. Values represent means (SD) [range].

intolerant patients, (c) in patients with chronic
continuously active disease and in patients with
intermittently active disease, (d) in patients with
active disease (C1-C3) and in patients without
disease activity (C0), and (e) in patients with UC and
in patients with CC. For each such comparison a
group size of eight to 12 was considered to provide
relevant phamacological information. As many
patients would fit into more than one category,
however, it was estimated that inclusion of a total of
40 to 50 patients in the study would be desirable.

STATISTICAL ANALYSES
The changes, if any, in safety variables after entry
were tested for trends using the paired t test and the
Wilcoxon's matched pairs signed-ranks test, as
appropriate. The Mann-Whitney U-test for unpaired
variates was also used. Values of p<0-05 were
considered significant.

Results

DESCRIPTION OF PATIENTS
Forty patients (31 with UC and nine with CC)
consecutively entered the study within a six month
period. Table 1 describes patient characteristics.
Among the 31 patients with UC the mean duration

of treatment was 341 days (range 132-398 days) and
the mean daily dosage of olsalazine (calculated as the
ratio between the total dose in the treatment period
and the number of days of treatment) was 2-6 g/day
(range 1-0-3-6 g/day). For the nine patients with CC
the similar figures were 319 days (range 93-383 days)
and 2-5 g/day (range 1-0-3-5 g/day). The numbers of
patients with UC on the individual daily dosages of
olsalazine of 1 g, 2 g, 3 g, and 4 g were 12, 29, 21, and
22, respectively. For patients with CC the similar
figures were 3, 8, 5, and 4, respectively. Twenty six
patients (four with CC) received 4 g/day for up to 257
days.

WITHDRAWALS, TOLERANCE, AND SAFETY
Eight patients did not complete the planned one year
treatment period: two patients with UC and one with

CC had a colectomy carried out because of lack of
efficacy after four, seven, and eight months, res-
pectively. One patient with a 12 year history of UC
had a colectomy after six months' treatment because
biopsies revealed a rectal mucosal adenocarcinoma.
Three patients wished to stop treatment prema-
turely, in two cases because of lack of efficacy (one
with UC after eight months, one with CC after 10
months), and a third with CC after three months
because she was in complete remission. Finally, one
patient with UC in remission was excluded after eight
months because he had not taken the study medicine.
Tolerance problems associated with olsalazine

treatment (Table 2), such as loose or watery stools
and/or increased stool frequency, were reported in 11
cases (seven with UC, four with CC). The tolerance
problems typically developed at the start of olsala-
zine administration or shortly after an increase in
dosage (Table 2). Symptoms of intolerance occurred
most often (nine cases) in patients with extensively
located disease and active disease (nine cases), but
was transient in eight cases - that is, resolved within a
few weeks during continuous administration of the
drug. No patients were withdrawn because of drug
intolerance.
Two patients reported transient pain in the bones

and joints, respectively (Table 2). The Wilcoxon's
matched pairs signed-ranks test revealed no signifi-
cant differences in laboratory screening values before
and after the trial. In six cases slightly increased
concentrations of alanine aminotransferase or
alkaline phosphatase were found, but the values
became normal during continuous treatment.

CONCENTRATIONS OF OLSALAZINE,
5-AMINOSALICYLIC ACID, AND ACETYL-5-
AMINOSALICYLIC ACID IN FAECAL DIALYSATES
The average concentrations of olsalazine, 5-ASA,
Ac-5-ASA, and total 5-ASA (5-ASA+Ac-5-ASA)
measured in faecal dialysates from each patient were
calculated for each dose of olsalazine. The results
obtained in patients with UC are given in Table 3.
The results obtained in the nine patients with CC
were within the range of those obtained in UC
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Table 4 Mean concentrations ofolsalazine in serum and5-ASA and Ac-5-ASA infaecal dialysates in patients with active
(C1-C3) versus inactive (Co) ulcerative colitis on different doses ofolsalazine

Olsalazine doselday
Disease
activity ig 2g 3g 4g

Serum:
Olsalazine mmol/l C,-C3 0.010(n=5) 0-016(n=22) 0-021 (n=16) 0-026(n=16)

Co 0-009 (n =7) 0-017 (n=6) 0-022 (n =8) 0-024 (n= 10)
Faecal dialysate:
5-ASA mmoL/l C-C3 6.0 (n =4) 7-8 (n= 18) 12 (n= 12) 22 (n= 12)

CO 4.3 (n =5) 9-5 (n=5) 17 (n =3) 25 (n=9)
Ac-5-ASA mmol/l C1-C3 6-9 (n=4) 8-1 (n= 18) 7-2 (n= 12) 9-7 (n= 12)

C0 12(n =5) 16(n=5) 11 (n=3) 12(n=9)

5-ASA=5-aminosalicylic acid; Ac-5-ASA=acetyl-5-aminosalicylic acid.

treated with equal dosages of olsalazine, but the
number of observations in the CC group precluded
statistical comparison with the UC group. Concen-
trations of Ac-5-ASA in faecal dialysates were rather
constant within the applied olsalazine dose range
(from 1 g/day to 4 g/day), but concentrations of free
5-ASA, and thus also concentrations of total 5-ASA
increased dose dependently (Table 3). Olsalazine
concentrations in faecal dialysates were low (Table 3)
compared with those of the split product (5-ASA)
and its metabolite (Ac-5-ASA). The efficacy of
azoreduction was estimated by calculation of the
'split ratio' - that is, the ratio between molar
concentrations in faecal dialysates of total 5-ASA
and total 5-ASA+5-ASA contents in unsplit olsala-
zine, respectively. The median split ratio was 99*4%
(Q50 interquartile range 93.8-100%, range 401-
100%) in all dialysates obtained from patients with
UC. In 28% of all patients the split ratio was below
90%, at least on one occasion, and more than half (six
of 11) of these cases reported transient intolerance to
the prescribed olsalazine dose. In eight of 11 patients
experiencing tolerance problems the visit of report-
ing this event was at the scheduled time for collection
of faecal dialysates (Table 2). In these cases the
median split ratio was 49% (range 40-99%) to be
compared with a median of 95% (range 56-100%)
calculated from the lowest split ratios obtained at any

time in the 29 patients not experiencing such a drug
intolerance (p<0O05). Resolution of drug intolerance
was associated with an increased split ratio (p<005).
During active disease the mean concentrations of

5-ASA and Ac-5-ASA in faecal dialysates tended to
be lower than in dialysates from patients in remission
(Table 4), but the number of observations on each
dose of olsalazine was too small to permit statistical
analysis. No differences between 5-ASA levels in

patients with extensively located colitis and patients
with 'left-sided' disease were found.

CONCENTRATIONS OF OLSALAZINE,
5-AMINOSALICYLIC ACID, AND ACETYL-5-

AMINOSALICYLIC ACID IN SERUM

The average serum concentrations of olsalazine,
5-ASA, and Ac-5-ASA in each patient were calcu-
lated for each dosage of olsalazine. The results are

given in Table 5 for patients with UC. Dose depend-
ent increases in the levels of olsalazine and 5-ASA
were observed within the whole dose range, but
no further increase in serum concentrations of
Ac-5-ASA occurred beyond a dose of olsalazine
equal to 3 g/day (Table 5). No statistically significant
differences (p>005) were found between serum

concentrations of olsalazine, 5-ASA, and Ac-5-ASA
in patients with UC and CC, respectively, when
treated with an equal dosage of olsalazine. Similarly,

Table 5 Concentrations ofolsalazine, 5-ASA, and Ac-5-ASA in serum ofpatients with ulcerative colitis: average in each
patientfor each dosage ofolsalazine

Olsalazine doselday

I g (n=9) 2g (n=14) 3g (n =20) 4g (n=20)

Olsalazine smol/l 92 (3-4) [54-15] 16(6-8)[3-8-321 22(8-1)[7-9-39] 25(11)[4-5-48]
5-ASA smoI/l 0-5 (0-2) [<0-3-1.01 1-1 (0(9) [<0-3-3-81 2-4 (1-6)1<0-3-6-81 3-2 (2-4) 1<0-3-8-81
Ac-5-ASA ,umol/l 2-3(1-3)[<0 3-4.01 3-9(2-4)[<0 3-9.61 5.7(2.9)[18-14] 5-7(3-2)[<0.3-121

5-ASA=5-aminosalicylic acid; Ac-5-ASA=acetyl-5-aminosalicylic acid. Values rcpresent means (SD) [range].
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Table 6 Concentrations ofPGE, infaecal dialvsates and PGE. and LTB4 in the rectal lumen

Faecal PGE2 Rectal PGE2 Rectal L TB4
concentrations* cotncentrationst concentrations*

Patients Study daY' (nglmnl) (tg/ml) (nglml)

Ulcerative colitis
(SAZ refractory, n=23) Entry 1-65(1-80)10.07-4.481 16-0(15 3)10-29-5851 30 (3.2) 1<0 5-991

Month 6 0 44 (1.03)1005f-4.72]§ 8X1 (12.3)10U05-42.81* 2-7 (4-7) 1<0.5-2041
Month 12 0.77(1-09)10 06-3 731§ 13 6(15.4)10 12-49 )01 2.0(2. 1)1<0 5-871

(SAZ intolerant, n=8) Entry 1-09 (1-18)[0-10-3.181 85 (15.0)10.31-42-01 1-6(2.6)[<0.5-7.01
Month 6 0-48(0-85)10-04-2-551 5.7(11-9)1°0 15-32-61 (0.9(1-3)1<0 5-3 11
Month 12 0 16(0.05)10-08-0-221§ 1-6(2.0)1032-531222 (2-0) 1<0 5-54]

Crohn'scolitis (n=9) Entry 1-76(1-94)10.19-4.791 4 0(5-1)10 3-16.31 0.5(0.4)1<0.5-1-51
Month 6 0-70 (0-68)10-08-1-811 5 0(4-8)10.4-13.01 1.4(1.6) 1<05-401
Month 12 1-23(2.06)10-04-5-391 3 0(5.7)[0 1-14.61 0(7(0-6)1<0-5-1-51

Values represent mean (SD) [rangel. *Normal range: <0 5 ng/ml.18tNormal range: <0.6 ng/ml.'77:Normal range: <0-5 ng/ml. 7 §Statistically
significant (p<005; paired ttest). SAZ=sulphasalazine.

no statistically significant differences (p>0-05) were
found between levels of olsalazine in patients with
active disease and patients in remission (Table 4), in
patients with pancolitis and patients with 'left-sided'
disease, in patients refractory to sulphasalazine and
patients intolerant of sulphasalazine, or in patients
having had continuously active disease during the
previous year and those having had intermittently
active disease. In individual patients on a stable dose
of olsalazine no increase in serum concentrations of
the unsplit drug or its metabolites were observed in
the long term. Thus for each dose level of olsalazine
(kept constant for at least three weeks) the initial
serum concentrations measured in individual
patients were taken as baseline values and compared
with those obtained at subsequent visits unless the
dosage had been changed. No differences from
baseline values were observed (p>005).

EFFECTS ON PROSTAGLANDIN E2 AND
LEUCOTRIENE B4 IN FAECAL AND RECTAL
DIALYSATES
The trend in levels of PGE2 in faecal and rectal
dialysates was a significant decrease with time in
patients with UC, whether they were refractory to or
intolerant of sulphasalazine (Table 6), whereas no
decrease was disclosed in the levels of rectal LTB4.
Concentrations of PGE2 and LTB4 were significantly
raised in patients with active UC (C1-C3) compared
to those obtained in patients in remission (C0). In 13
UC patients, in whom remission never occurred
(treatment failures), pretrial rectal PGE2 concentra-
tions were significantly raised (p<005) compared
with those observed in patients not classified as
treatment failures. The rectal PGE2 concentrations
in treatment failures persisted markedly increased
during the medication period, whereas those
observed in the remaining cases decreased toward

the normal range. Thus also post-trial rectal PGE2
concentrations were increased in treatment failures
(p<0-05). All but one of seven patients with pre-
treatment rectal PGE2 concentrations >30 ng/ml
were classified as treatment failures.
By contrast, no statistically significant trends were

observed in PGE2 or LTB4 concentrations in patients
with CC (Table 6).

ESTIMATES ON EFFICACY
Thirteen patients with UC were regarded as treat-
ment failures- that is, clinical and sigmoidoscopic
remission was never obtained. This outcome was
observed in one of eight patients intolerant of sulpha-
salazine and in 12 of 23 patients refractory to
sulphasalazine (p=0-12, Fisher's exact test). In six
cases the disease was 'left-sided', whereas seven cases
had a pancolitis. In the remaining patients a relapse
occurred on at least one occasion: four experienced a
relapse on 1 g/day, two on 2 g/day, eight on 3 g/day,
and two on 4 g/day.

All patients classified as treatment failures had
been given the maximum dose of olsalazine of
4 g/day, except in three cases (Table 2; patient no 15,
31, 34), in whom drug intolerance occurred and all
had been treated for the whole 12 months' period,
except those who were withdrawn prematurely, as
described above.

Five of the nine patients with CC were classified as
treatment failures - that is, a CDAI <150, without
sigmoidoscopic evidence of inflammation, was never
obtained.

Discussion

Previous studies have shown that small intestinal
absorption and metabolism of olsalazine is minimal
and that a single oral dose is completely recovered
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from ileostomy fluid.-" In patients with inactive UC
complete azoreduction of olsalazine occurs on 1 g bid
and concentrations of 5-ASA in faecal dialysates, in
fact, double when sulphasalazine is replaced by the
same dose of olsalazine.'" Oral olsalazine 0-5 g bid
appears more effective than placebo in preventing
relapse in sulphasalazine intolerant patients27 and 1 g
bid orally for two weeks is more effective than
placebo in the treatment of mildly active UC.2' The
major adverse effect in these preliminary clinical
trials was loose or watery stools,27 which were
observed only in 10% of patients. This complaint
usually occurred in patients with extensively located
colitis27 and might be explained by the action of the
unsplit olsalazine molecule that, unlike sulphasala-
zine, markedly increases ileostomy output.29 The
efficacy of azoreduction in active disease is unknown,
but indirect evidence points to a reduced azoreduc-
tion of sulphasalazine.9""' Among all it might be
speculated that the intestinal transit time as well as
the character of intestinal microflora depend on the
extension and the severity of the disease and thus the
distribution of olsalazine and its metabolites. This
concept is supported by the present results showing
that intolerance is associated with insufficient azo-
reduction. The increased incidence of diarrhoea
observed in the present series most likely reflects the
use of a higher dose of olsalazine than in a previous
study.27Symptoms of this type of intolerance call,
therefore, for a temporary reduction of the dose and
the problem is more readily handled in clinical
practice than in controlled trials with a fixed dose
regimen. Also the occurrence of diarrhoea, which
often subsided spontaneously with continued
therapy, suggests that the therapeutic effect of
5-ASA may influence colonic function to permit a
more effective azoreduction.
The present results also show that high doses of

olsalazine can be administered safely in the long term
and that azoreduction of olsalazine is almost com-
plete in the major proportion of patients, even during
administration of the highest dose (4 g/day). In this
pharmaceutical respect, the olsalazine capsules fulfil
the anticipation of providing a highly effective means
of delivery of 5-ASA to the colonic mucosa, even in
active disease. The results accord with our previous
experience in patients with inactive UC and in
healthy controls. 6 No other 'second generation"
candidate reported on and developed to replace
sulphasalazine - whether azobound or a pharma-
ceutically modified free 5-ASA preparation2232 - has
hitherto been shown to provide colonic concentra-
tions of 5-ASA in the same order of magnitude as
those shown in the present study.
The findings of rather constant concentrations of

Ac-5-ASA in faecal dialysates and dose dependently

increasing concentrations of 5-ASA, indicate that
saturation of the intraluminal acetylation capacity
occurs at a low dosage. This may be clinically
important, because a therapeutic effect of Ac-5-ASA
has not been unequivocally established.9 4
The serum concentrations observed on olsalazine

1 g/day and 2 g/day are comparable with those
reported in healthy controls.' 11 36 The results (Table
5) indicate a dose related increase in absorption of
olsalazine and its metabolites, but do not suggest that
cumulation occurs in the long term.
The demonstration of extremely high intraluminal

levels of PGE2 in treatment failures accords with our
previous findings'7 " and suggests that these quantifi-
cations of local disease activity are useful predictors
of the outcome. We propose such determinations
should be used prospectively in clinical trials on drug
efficacy in UC.
The design of the present study did not permit any

estimation of a dose response effect or a correlation
between faecal 5-ASA levels and response to treat-
ment. In planning the study we chose for safety
reasons the pragmatic viewpoint to include only
problematic' patients, who were not satisfactorily
managed by conventional treatment - that is, sulpha-
salazine and a short course of glucocorticoid,
although olsalazine may prove to be a sulphasalazine
alternative. More treatment failures occurred among
patients refractory to sulphasalazine than among
patients intolerant of sulphasalazine. The complete
splitting of olsalazine and the high concentrations of
free 5-ASA in faecal dialysates from sulphasalazine
refractory patients, who did not experience a remis-
sion, and from patients who relapsed, although
maintained on a 4-g dose of olsalazine, indicate that
sulphasalazine resistance is not merely a question of
dosage, at least in a range up to 10 g/day - that is,
equal to 4 g/day of olsalazine.

In conclusion, prolonged administration of high
doses of olsalazine to patients with UC and CC
appears acceptably well tolerated. The drug is a very
effective means of delivery of 5-ASA to the colonic
mucosa and, despite some cases of therapeutic
resistance to even high intraluminal concentrations
of 5-ASA, olsalazine seems to be a drug particularly
appropriate for testing the efficacy of 5-ASA through
controlled trials in patients with UC and CC in the
long term.

This work was presented, in part, at the Nineteenth
Scandinavian Conference on Gastroenterology in
Torshavn, Faroe Islands on May 29-31, 1986 (Scand
J Gastroenterol [Abstract] 1986; 21 (suppl 120): 12).
Klaus Bukhave received a grant from Pharmacia AB,
Uppsala, Sweden, who also kindly supplied the
olsalazine and carried out the drug analyses. The
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