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Although sulfasalazine, a 5-aminosalicylic acid 
(5 -ASA) agent, is still the anti-inflammatory agent of choice 
for ulcerative colitis and Crohn's disease, newer formulations, 
which release drug to specific regions of the colon for maxi-
mal efficacy, also can be appropriate first-line agents. This ar-
ticle reviews recent clinical studies of therapy with older and 
newer 5 -ASA formulations. 

For patients with mildly to moderately active ulcera-
tive colitis or mild Crohn's ileitis, ileocolitis, or colitis who 
are not allergic to sulfa drugs, sulfasalazine is the drug of 
choice. Olasalazine is similar in effectiveness to sul-
fasalazine, and is useful in treating patients allergic to or intol-
erant of sulfasalazine. The pH-sensitive preparations of 
mesalamine are useful, although none is more effective than 
sulfasalazine in patients with mildly to moderately active ul-
cerative colitis or in maintenance of remission. 

Ethylcellulose-coated mesalamine delivers active drug to 
the proximal small intestine. Even though not approved for 
Crohn's disease, this formulation may be worthwhile before 
using steroids because it has fewer adverse effects. 
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IN T E R N I S T S TREATING pa-
tients who have inflamma-
tory bowel disease possess an 
array of potential interven-

tions for this difficult disease, but 
no cures. Treatment goals focus on 
diminishing the symptoms and 
complications, thereby improving 
quality of life. Conventional medi-
cal treatment includes salicylates, 
notably, different formulations of 
5-aminosalicylic acid (5-ASA), in 
addition to corticosteroids, immu-
nosuppressants, and some antibio-
tics. Other treatments such as nu-
trition modifications and surgery 
are useful in some patients. 

New, innovative formulations re-
lease 5-ASA in the regions of maxi-
mal inflammation; these have been 
found useful in inducing and main-
taining clinical remission of inflam-
matory bowel disease. This article re-
views the indications and use of the 
oral 5-ASA formulations available in 
the United States. 
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terized by intestinal ulceration with bleeding, diar-
rhea, and abdominal pain. In ulcerative colitis, the 
inflammation is limited to the colonic mucosa and 
has a characteristic endoscopic appearance of super-
ficial ulceration, diffuse and continuous disease ex-
tending from the rectum proximally, a distorted mu-
cosal vascular pattern, and a mucopurulent exudate. 
In contrast, Crohn's disease is heterogeneous, with 
transmural involvement, discrete serpiginous ulcers, 
and "skip" areas of inflammation that can affect any 
segment of the gastrointestinal tract. 

Symptoms depend largely on the disease location 
and the specific intestinal complication (ie, stric-
ture, fistula, inflammatory mass). Both diseases can 
be accompanied by extraintestinal manifestations. 
Clinical trials in Crohn's disease are more difficult 
to perform and to interpret than are trials in ulcera-
tive colitis, because Crohn's disease is more hetero-
geneous. 

Popular treatment for inflammatory bowel dis-
ease evolved from empiric observations that were 
subsequently supported by randomized clinical tri-
als. More recently, drugs were specifically designed 
to treat particular manifestations of disease by gen-
erating a peak effect in the affected regions of the 
bowel. The most effective treatments for both ul-
cerative colitis and Crohn's disease are those aimed 
at diminishing the inflammatory response at the 
mucosal level. 

5-ASA, a potent anti-inflammatory agent, acts 
locally to decrease the immune response by inhibit-
ing formation of both prostaglandin and leukotriene 
metabolites. When given orally, 5-ASA is readily 
absorbed in the proximal intestine, acetylated, and 
then excreted in the urine before the desired anti-
inflammatory effect can be produced. However, in-
novative delivery systems enable 5-ASA to act lo-
cally in the regions of the intestine that are most 
inflammed. 

A Z O C O M P O U N D S 

The formulations of 5-ASA most commonly used 
in the treatment of inflammatory bowel disease are 
"azo compounds." These compounds minimize 
proximal absorption of 5-ASA by linking 5-ASA 
molecules by an azo bond either to a molecule that 
serves as a carrier or to another 5-ASA moiety. Only 
two of such azo compounds are available in the 
United States: sulfasalazine (Azulfidine) and ol-
salazine (Dipentum). 

Sulfasalazine 
Introduced over 40 years ago to treat both ulcera-

tive colitis and inflammatory arthritis, sulfasalazine 
is the most widely used medication for inflammatory 
bowel disease. 

Sulfasalazine consists of a sulfapyridine radical 
attached to a 5-ASA radical by an azo bond. The 
sulfapyridine moiety serves as a carrier to deliver the 
therapeutically active 5-ASA to distal bowel seg-
ments.1 

Between 10% and 30% of an ingested dose is 
absorbed from the upper gastrointestinal tract and is 
excreted unchanged into the small intestine via the 
enterohepatic circulation. Fully 90% of the intact 
sulfasalazine enters the colon, where azo reductase in 
colonic bacteria cleaves the azo bond and releases 
both sulfapyridine and 5-ASA into the colonic lu-
men. Most of the sulfapyridine is absorbed from the 
colon, metabolized in the liver by acetylation, hy-
droxylation, and glucuronidation, and excreted in 
the urine. Most of the 5-ASA remains in the colon, 
acts locally, is acetylated within the colonic epithe-
lium or by colonic bacteria, and is excreted in the 
feces. Very little—only 20%—of the 5-ASA is ab-
sorbed by the colonic epithelium, acetylated, and 
excreted in urine. 

Sulfasalazine in ulcerative colitis 
Sulfasalazine is indicated to treat mildly to mod-

erately active ulcerative colitis, as adjuvant treat-
ment for severe ulcerative colitis, and as mainte-
nance treatment to prolong remission. From 60% to 
80% of patients with mildly to moderately active 
disease can achieve a response with single-drug 
therapy. The response rate is dose-related, with 
higher remission rates observed with 6 to 8 grams 
daily than with 2 to 4 grams daily.2,3 However, most 
patients cannot tolerate higher doses (see below), 
and a minority are allergic to sulfasalazine. Al-
though improvement can occur soon after sul-
fasalazine is started, 4 or more weeks may be re-
quired to achieve remission. 

When ulcerative colitis patients achieve remis-
sion with sulfasalazine, maintenance treatment can 
often prevent relapses. In one study, 70% of such 
patients taking 2 grams of sulfasalazine daily re-
mained symptom-free for 1 year, compared with 
24% of patients randomly assigned to receive pla-
cebo.4 Maintenance of remission also is dose-de-
pendent, with fewer patients suffering relapses with 
4 grams daily than with 1 or 2 grams daily at 6 

3 1 8 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 62 • NUMBER 5 

 on August 19, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


I N F L A M M A T O R Y BOWEL D I S E A S E • B R Z E Z I N S K I A N D A S S O C I A T E S 

months in another study.5 However, more than one 
third of patients taking 4 grams daily experience 
intolerable side effects. 

Sulfasalazine in Crohn's disease 
Three randomized clinical trials have confirmed 

the effectiveness of sulfasalazine in treating Crohn's 
disease. In the National Cooperative Crohn's Dis-
ease Study, patients were randomly assigned to re-
ceive sulfasalazine, prednisone, azathioprine, or pla-
cebo as s ingle-agent therapy for 4 months . 
Sulfasalazine was effective in patients with Crohn's 
colitis, but was no better than placebo in patients 
with ileitis.6 T h e European Cooperative Crohn's 
Disease Study also found sulfasalazine effective in 
Crohn's colitis and ileocolitis, but not in ileitis 
alone.7 In a smaller trial, sulfasalazine was effective 
in patients with Crohn's colitis, as well as those with 
ileitis alone.8 

Because Crohn's disease is chronic and recurrent 
and often requires surgery, it is important to maintain 
remission or, after surgical resection, to delay recur-
rence. Both the National Cooperative Crohn's Dis-
ease Study and the European Cooperative Crohn's 
Disease Study found sulfasalazine ineffective as 
maintenance therapy. The maintenance phases of 
these trials have been criticized as being too short or 
involving inadequate doses.9 Still, no randomized 
clinical trial has shown that sulfasalazine adequately 
maintains remission in Crohn's disease or that it is 
effective as a steroid-sparing agent. 

Side effects of sulfasalazine 
Sulfasalazine's high rate of adverse effects limits 

its use. Up to 3 0 % of patients must decrease their 
dose or discontinue the medication altogether be-
cause of intolerable side effects or allergy (Table I). 
Some side effects, such as headache, anorexia, nau-
sea, and vomiting, can be minimized by starting at a 
low dosage (1 gram daily in divided doses) and in-
creasing the dosage slowly up to 4 to 6 grams daily. 
Enteric coated preparations may be more tolerable, 
but cost more (Table 2). 

Most of sulfasalazine's side effects are caused by 
the sulfapyridine moiety, especially in patients with 
the genetic trait for slow hepatic acetylation.10 Sul-
fasalazine is a competitive inhibitor of folic acid 
absorption; therefore, patients taking sulfasalazine 
should take at least 0.4 mg of supplemental folic acid 
daily. Serious side effects, such as toxic epidermal 
necrolysis, acute pancreatitis, acute hepatitis, acute 
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T A B L E 1 
SIDE EFFECTS OF SULFASALAZINE 
BY FREQUENCY OF OCCURRENCE 

Common (30% to 35%) 
Headache 
Anorexia 
Nausea, vomiting 
Dyspepsia 
Oligospermia 

Less common (3% to 4%) 
Heinz body hemolytic anemia 
Rash 
Pruritus 
Urticaria 

Uncommon (< 1.5%) 
Transverse myelitis 
Seizures 

Peripheral neuropathy 
Hearing loss 
Tinnitus 
Hepatitis 
Pancreatitis 
Bloody diarrhea 
Abdominal pain 
Aplastic anemia 
Megaloblastic anemia 
Methemoglobinemia 
Erythema multiforme 
Epidermal necrolysis 
Anaphylaxis 
Myoca rditis 
Arthralgia 
Alopecia 
Interstitial nephritis 
Nephrotic syndrome 
Hematuria 
Proteinuria 
Pneumonitis with or without eosinophilia 
Fibrosing alveolitis 
Pleuritis 

fibrosing alveolitis, tracheolaryngitis with bron-
chospasm, neutropenia, agranulocytosis, or allergic 
reactions (manifested by fever, skin rash, arthralgias, 
and lymphadenopathy) are rare and require discon-
tinuation of the drug. 

Olsalazine 
Olsalazine is composed of two 5 - A S A radicals 

linked by an azo bond. Only a small amount of an 
ingested dose is absorbed from the small bowel, and 
most reaches the colon intact, where bacterial re-
duction splits the azo bond and releases two mole-
cules of 5 - A S A . 

Olsalazine is similar in effectiveness to sul-
fasalazine in treating active ulcerative colitis and 
Crohn's colitis and in maintaining remission in ul-
cerative colitis. It is most useful in patients allergic 
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T A B L E 2 
COSTS OF 5-AMINOSALICYLIC ACID DRUGS 

Drug Price per^ 
100 units* 

Unit dose, 
mg 

Unit doses 
per day 

Azo compounds 
Sulfasalazine 
(generic) $19.60 500 4-8 
Sulfasalazine 
(Azulfidine) $25.10 500 4-8 
Sulfasalazine 
(Azulfidine EN) $33.20 500 4-8 
Olsalazine 
(Dipentum) $79.90 250 4 

pH-sensitive preparation 
Mesalamine, 
polymer-coated 
(Asacol) $76.80 400 6 

Delayed-release preparation 
Mesalamine, 
ethylcellulose-coated 
(Pentasa) $45.50 250 16 

salamine more proximally 
in the terminal ileum as 
well as in the colon. 

Average wholesale price in US dollars, July 1995 

to or intolerant of sulfasalazine.11"13 More than 8 0 % 
of patients who cannot tolerate sulfasalazine can 
tolerate olsalazine. 

Up to 1 7 % of patients experience a nonbloody 
diarrhea caused by increased secretion of fluid in the 
small bowel (Table 3), and approximately 5 % of 
patients have to discontinue treatment because of it. 
This effect is dose-related and can be minimized to 
about 2 % of patients by giving the medication with 
meals.14 

P H - S E N S I T I V E P R E P A R A T I O N S 

Several 5 - A S A preparations have an acrylic-
based resin coating that dissolves at a critical pH. 
These drugs are as effective as sulfasalazine in main-
taining remission in patients with ulcerative colitis, 
and they are effective, safe, and well tolerated in 
patients who cannot tolerate sulfasalazine.15"17 

T h e only such preparation available in the 
United States is Asacol—mesalamine (a 5 - A S A 
congener) coated with methacrylic acid copolymer 
B (Eudragit-S), which dissolves at pH 7 or greater. 
After ingestion, the preparation begins to dissolve 
in the distal terminal ileum, but most of the me-
salamine is released in the colon.18 Other pH-sensi-
tive preparations (not available in the United 
States) are coated with a different resin (Eudragit-
L), which dissolves at pH 6, thereby releasing me-

Asacol 
in ulcerative colitis 

In the Uni ted States , 
Asacol is indicated in the 
t rea tment of mildly to 
moderately active ulcera-
tive colit is . T h e recom-
mended dosage is 2.4 grams 
daily in divided doses for 6 
weeks. In other countries, 
such as Canada, it is also 
indicated for maintaining 
remission, and the recom-
mended dosage is as high as 
4.8 grams daily. 

In one study, 87 patients 
with mildly to moderately 
act ive ulcerative coli t is 

were randomly assigned to receive 1.6 or 4.8 grams 
of Asacol daily or placebo for 6 weeks.1'' More pa-
tients experienced clinical improvement with the 
1.6-mg daily dose than with placebo, but this trend 
was not statistically significant. However, at a dose 
of 4.8 grams daily, Asacol induced complete remis-
sion in 2 4 % and partial remission in 5 0 % of patients 
(P < .0001 compared with placebo). Tolerance for 
the drug was excellent; adverse reactions limited 
therapy in only 4 % of the patients. In uncontrolled 
trials, as many as 7 8 % of patients with mildly to 
moderately active ulcerative colitis entered remis-
sion with Asacol.20 

Asacol in Crohn's disease 
Most of the information on the use of Asacol for 

active Crohn's disease comes from open-label stud-
ies, in which approximately two thirds of patients 
taking an average daily dose of 2.4 grams improved, 
as compared with 8 0 % of patients taking an average 
daily dose of 3.2 grams of sulfasalazine.21'22 

In a randomized, placebo-controlled, multicenter 
trial, Crohn's disease patients in remission between 
3 months and 2 years were given either Asacol 800 
mg three times daily or placebo. T h e risk of relapse 
decreased significantly in treated patients with ile-
itis, previous bowel resection, or prolonged prestudy 
remission.21 More recently, in a multicenter ran-
domized clinical trial, patients were assigned to re-

320 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 62 • NUMBER 5 

 on August 19, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


I N F L A M M A T O R Y B O W E L D I S E A S E • B R Z E Z I N S K I A N D A S S O C I A T E S 

ceive either Asacol 800 mg three times daily or 
placebo within 2 weeks of their first intestinal resec-
tion for Crohn's disease.24 Recurrence was defined 
endoscopically. Patients taking Asacol had signifi-
cantly lower recurrence rates at 6, 12, and 24 
months than patients taking placebo. The medica-
tion was well tolerated and was discontinued in only 
two (4%) of 47 patients. 

D E L A Y E D R E L E A S E P R E P A R A T I O N 

Because the azo compounds and the pH-sensitive 
preparations release most of the 5-ASA in the colon 
and only a small amount in the terminal ileum, they 
have little therapeutic use in Crohn's disease of the 
more proximal small intestine. An ethylcellulose-
coated mesalamine formulation (Pentasa), available 
in the United States, has been designed to release 
approximately 50% of the mesalamine into the 
small intestine and the rest into the colon. The 
controlled release of mesalamine does not appear to 
be affected by rapid intestinal transit or colonic re-
section.25,26 

Although currently approved only for "the induc-
tion of remission and for the treatment of patients 
with mildly to moderately active ulcerative colitis," 
this formulation offers an attractive alternative to 
treat patients with inflammatory bowel disease 
proximal to the colon. 

Pentasa in ulcerative colitis 
In a dose-ranging study, 375 patients with mildly 

to moderately active ulcerative colitis were ran-
domly assigned to receive placebo or Pentasa (1 ,2 , 
or 4 grams daily) for 8 weeks.27,28 Patients were strati-
fied according to extent of disease. The response to 
Pentasa was dose-dependent, with an effective dose 
being 2 to 4 grams daily as a single agent regardless 
of previous steroid use or extent of disease. In an-
other large multicenter trial in active ulcerative co-
litis, 251 patients were randomly assigned to receive 
either placebo or Pentasa (2 or 4 grams daily) for 8 
weeks.29 The medication significantly reduced both 
patient symptoms and histological grade. 

Pentasa also is effective in maintaining remission 
in ulcerative colitis. In a double-blind randomized 
trial, 75 patients were assigned to receive either 
Pentasa (1.5 grams daily) or sulfasalazine (3 grams 
daily) for 1 year.30 Remission was maintained in 63% 
of patients at 6 months and in 54% at 1 year in the 
Pentasa group, compared with 72% at 6 months and 

TABLE 3 
SIDE EFFECTS OF 5-AMINOSALICYLIC ACID 
BY FREQUENCY OF OCCURRENCE 

Common 
Diarrhea (3.5%) 
Olsalazine secretory diarrhea (2% to 17%) 

Less common (2% to 4%) 
Nausea 
Headache 

Uncommon (< 1.5%) 
Rash 
Pruritus 
Abdominal pain 
Nausea 
Vomiting 
Bloating 
Fatigue 
Lethargy 
Depression 
Arthralgia 
Arthritis 
Myalgia 

46% at 1 year in the sulfasalazine group. These dif-
ferences were not statistically significant. Two pa-
tients in the sulfasalazine group were withdrawn be-
cause of severe side effects, and another had 
transient increases in serum urea, creatinine, and 
lactic dehydrogenase. No adverse effects were re-
ported in the Pentasa group. 

Pentasa in Crohn's disease 
In a double-blind, placebo-controlled, dose-re-

sponse study, Pentasa was found both effective and 
safe in patients with Crohn's ileitis, ileocolitis, or 
colitis.31 Initial open-label studies on the use of this 
formulation (1.5 grams daily) in patients with active 
Crohn's disease suggested a beneficial effect, and 
studies comparing 1.5 grams daily of Pentasa with 3 
grams daily of sulfasalazine have shown similar effec-
tiveness. However, a placebo-controlled study in pa-
tients with mildly to moderately active Crohn's dis-
ease showed a beneficial effect for this drug at 1.5 
grams daily that was not statistically significant.32 

In a double-blind, placebo-controlled, dose-re-
sponse study, 310 patients with mildly to moderately 
active Crohn's disease were stratified according to 
disease location and randomly assigned to receive 
either placebo or Pentasa at 1, 2, or 4 grams daily for 
16 weeks.33 Compared with placebo, Pentasa had a 
significant beneficial effect at 4 grams daily, but not 
at 1 or 2 grams daily. Forty-three percent of patients 
receiving 4 grams daily were in remission at 16 
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weeks, and 64% had improved by at least 50 points 
in the Crohn's Disease Activity Index, signifying an 
excellent, although not necessarily complete, re-
sponse. This trial showed that Pentasa is safe and 
effective at a dose of 4 grams daily as a single agent 
in the treatment of mildly to moderately active 
Crohn's disease of the ileum and colon. 

Symptomatic relapses in Crohn's disease occur at 
a rate of 40% to 70% over 18 to 24 months. Only 
one controlled trial has shown sulfasalazine benefi-
cial in maintaining remission in patients with 
Crohn's disease. Corticosteroids are not indicated 
for maintaining remission because they have signifi-
cant side effects and do not prevent recurrence. In 
an open-label, multicenter trial, 134 patients with 
Crohn's disease in remission were given Pentasa at a 
dosage that did not exceed 4 grams daily for 1 year.33 

At the end of the study, 79% of the patients re-
mained in remission, and 72% maintained remis-
sion continuously after 12 months of therapy. Fur-
thermore, this trial also showed a steroid-sparing 
effect in those patients with active disease who were 
taking steroids at the time of enrollment. 

Further support for the use of Pentasa to maintain 
remission in selected patients with Crohn's disease 
comes from a double-blind, placebo-controlled, 
multicenter trial in which 161 patients were strati-
fied according to duration of remission and sub-
sequently randomly assigned to receive either pla-
cebo or Pentasa (2 grams daily) for 2 years.34 Patients 
given Pentasa within 3 months of achieving remis-
sion stayed well significantly longer than did pa-
tients in the placebo group. There were no signifi-
cant side effects. While there is no agreement as to 
whether patients with Crohn's disease in remission 
should receive maintenance treatment with Pen-
tasa, it is not unreasonable to offer it, albeit at a 
considerable cost, to improve the odds of maintain-
ing remission. 

There is good evidence that Pentasa delivers ac-
tive drug to the proximal small intestine.35 There is 
also some evidence that patients with mildly to 
moderately active Crohn's disease improve with 
Pentasa at a dose of 4 grams daily. Even though not 
yet FDA-approved for Crohn's disease, this formula-
tion may be worthwhile before one resorts to ster-
oids because it has fewer adverse effects. 

As for maintenance treatment, Pentasa has pro-
longed remissions in at least some patients with 
Crohn's disease, namely those with ileitis or recent 
medically induced remissions.36 

R E C O M M E N D A T I O N S 

The choice of medication for either Crohn's dis-
ease or ulcerative colitis depends largely on disease 
extent, location, and severity. Treatment can be di-
vided into two phases: induction of remission and 
maintenance of remission. 

For patients with mildly to moderately active ul-
cerative colitis or mild Crohn's ileitis, ileocolitis, or 
colitis who are not allergic to sulfa drugs, sul-
fasalazine is the drug of choice at 3 grams or more 
daily for active disease and 2 grams daily to maintain 
remission. 

We recommend folic acid supplements (at least 
0.4 mg daily) for patients taking sulfasalazine to 
counter sulfasalazine's competitive inhibition of fo-
lic acid absorption. 

For patients allergic to sulfa drugs or who cannot 
tolerate sulfasalazine, the new preparations of 5-
ASA are useful, although none is more effective 
than sulfasalazine in patients with mildly to moder-
ately active ulcerative colitis or in maintenance of 
remission.37 

Olsalazine, Asacol, and Pentasa are similar in 
effectiveness to sulfasalazine, and are useful in 
treating patients allergic to or intolerant of sul-
fasalazine. 

Pentasa delivers active drug to the proximal small 
intestine. There is some evidence that patients with 
mildly to moderately active Crohn's disease improve 
with this formulation at a dose of 4 grams daily. 
Even though not approved for Crohn's disease, this 
formulation may be worthwhile before using steroids 
because it has fewer adverse effects. 
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