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Sustained Release and Enteric Coated NSAIDs: Are They Really Gl Safe?
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ABSTRACT.Non-steroidal anti-inflammatory drugs
(NSAIDs) have commonly been associated with
upper gastrointestinal (Gl) tract side effects including
a high incidence of gastric and duodenal ulceration.
Recent reports implicate NSAID use and mucosal
injury in the small and large intestine. A trend in
NSAID development has been an attempt to improve
therapeutic efficacy and reduce the severity of upper
Gl side effects through modified release dosage
forms of NSAIDs such as enteric-coating (EC) or
sustained release (SR) formulations. It is possible that
modified release formulations may increase the
exposure of active drug to the mucosa distally to the
duodenal bulb, and thereby increase toxicity to distal
Gl regions where the effects are difficult to monitor.
A systematic literature review through Medline,
Embase, and Index Medicus was made to identify
toxicological effects induced by modified release
formulations of NSAIDs in the small and large
intestine. An analysis of the identified toxicological
effects of these formulations was made. SR and EC
NSAID use has been associated with both small and
large intestinal bleeding, anaemia, strictures,
ulcerations, perforations, and death. Modified release
NSAIDs may cause significant morbidity in some
patients. NSAID modified release delivery systems
are not guarantors of Gl safety. Since SR and EC
NSAIDs are widely prescribed and some EC products
are available without a prescription, heightened
awareness of these toxicological manifestations in
more distal sites of the Gl tact may reduce morbidity.
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INTRODUCTION

NSAIDs are amongst the most commonly prescribed
medications in the world attesting to their efficacy as
anti-inflammatory, anti-thrombotic, anti-pyretic, and
analgesic agents. During the past 30 years, there has
been a substantial increase in the number of clinically
available NSAIDs. However, numerous
spontaneously reported adverse drug reactions, case-
control, cohort, and post-marketing surveillance
studies have revealed that NSAIDs are associated
with extensive side effects, the most prevalent being
Gl disturbances (1).

As awareness of the Gl side effects associated with
NSAIDs increases, safety becomes a primary
requisite in treatment. Numerous articles examining
the gastric and duodenal damage caused by NSAIDs
have been published, however, only recently have the
more distal intestinal disturbances induced by these
drugs received close attention (2-Bhere is often a
poor correlation between patient reported symptoms
of upper Gl distress and endoscopically proven
gastropathy (4-6). This may suggest afflictions of
more distal parts of the intestine. The concept of
selective and site-specific damage to the upper Gl
tract following NSAIDs has been questioned,
particularly by the works of Bjarnason, who has
demonstrated that patients on chronic NSAID therapy
can develop small and large intestinal inflammation
which may lead to anaemia, hypoalbuminemia,
ucleration,‘diaphragm’ like strictures, perforation,
and hemorrhage (7).

A trend in NSAID development has been to improve
therapeutic efficacy and reduce the severity of upper
Gl side effects through altering dosage forms of
NSAIDs by modifying release of the formulations to

optimize drug delivery. These formulations are

designed to increase patient compliance through a
prolonged effect and reduce adverse effects through
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lowered peak plasma concentrations. Indeed, enteric
coated (EC) and sustained release (SR) formulations
of several NSAIDs have resulted in a reduction in
endoscopic findings in the stomach and duodenal
bulb as these formulations are intended to release
NSAIDs in the intestine (8-10). However, in other
studies of NSAID gastropathy this endocsopic data
has not been as convincing (11-12). For example, a
comparison of a conventional formulation of
ketoprofen versus the microencapsulated preparation
did not show a significant reduction in gastric
damage (12).

The more  distal intestinal  toxicological
manifestations of SR and EC NSAID formulations
have been largely ignored; although the likelihood of
its increased occurrence with more frequent use of
NSAID medication has been previously predicted
(13). It is possible, therefore, that the slow releasing
of an NSAID at high concentrations at a more distal
site in the GI tract may shift the site of damage
distally. A physical association between a modified
release NSAID and a distal side effect has been
reported with the osmotically activated slow-release
formulation of indomethacin no longer commercially
available. These capsules were located at the site of
perforating colonic and ileal ulcers and free in the
peritoneal cavity (14). In addition, a more recent
report has also suggested the location of possible
diclofenac pill fragments at the site of distal intestinal
ulceration and strictures (15). Finally, the
introduction of a controlled release formulation of
ketoprofen in the Netherlands led to an increase in
the number of case reports of Gl bleeding and/or
perforations (16).

An inherent problem in examining adverse effects of
modified release NSAIDs in the distal Gl tract is that
diagnosis is difficult, usually requires invasive
techniques, and is usually only demonstrated after
one of the complications (obstruction, perforation, or
hemorrhage) becomes clinically apparent. An
increasing number of case reports have, however,
uniformly described deleterious effects of NSAIDs in
both the small and large intestine with findings
ranging from asymptomatic mucosal inflammation,
iron deficiency anaemia, bloody diarrhoea, strictures,
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perforations, and major haemorrhages (14-15,17-64).

Cost containment of pharmaceuticals is important to
health-care systems and the therapeutic rationale
behind EC and SR formulations in terms of Gl side-
effects may not be clear cut. A systematic search was
made through Medline, Embase, and Index Medicus
to identify the possibility of distal toxicity
attributable to SR and EC NSAID formulations.
There is a paucity of studies directly assessing
modified release preparations of NSAIDs in terms of
adverse effects throughout the entire Gl tract.
Expectably, the therapeutic relevance of SR
formulations of NSAIDs, is an important clinical and
economical issue that has not been adequately dealt
with. Little emphasis has been placed on formulation
when reporting adverse drug reactions to
medications. This review highlights and identifies an
important clinical concern when NSAIDs are
prescribed.

CASE REPORTS OF EC AND SR NSAID -INDUCED
INTESTINAL TOXICITY

24 patients with de novo NSAID-induced damage of
the small intestine attributable to EC and SR NSAID
use have been described in the literature from 1970 to
present (Table 1). These patients, whose ages ranged
from 21 to 85 years (mean, 64.7), were taking many
types of NSAIDs for inflammatory conditions such as
rheumatoid arthritis and osteoarthritis. The general
clinical manifestations were Gl bleeding, abdominal
pain, iron deficiency, anaemia, obstruction,
ulceration, stricture, and diarrhoea. Of the 23 in
whom gender was reported, 15 were female, and 8
were male. Of the 19 patients in whom duration of
NSAID use was reported, 12 had been taking
NSAIDs for less than 1 year and 6 patients were
described with NSAID-induced enteropathy after use
of medication for less than 3 weeks. Of the patients
whom drug and formulation were reported, 13 had
been taking SR indomethacin, and 8 diclofenac
preparations. The majority of literature case reports
describe a temporal relationship between NSAID use
and occurrence of small intestinal side effects. In 3
cases NSAID-use contributed to and resulted in
mortality.
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Table 1 Case Reports of EC and SR NSAID-Induced Toxicity in the Small Intestine

Drug # of Age Mean Gender Duration of Histopathological and Reference
patients Range Use Range Clinical Findings
Acetylsalicylic acid 1 42 M NR fatigue, dyspnea, melena, anemia, 26
EC abdominal pain, web-like stricture,
ulcer, sub mucosal fibrosis
Diclofenac EC 3 44.33 (21-60) 3F 2 weeks to 1Qleocolitis, abdominal pain, 19, 25, 30
years peritonitis, ileal ulcers, intestinal

bleeding, multiple strictures, anemia,
melena, fecal occult blood,

diaphragms
Diclofenac SR 5 62.2 (38-85) AM1F 10 days- 5 right-sided lower abdominal pain, 22,24, 27,
years diarrhea, dyspepsia, ileal and cecal 28, 31

ulcers, thicked wall and irregular
wall surface of the jejunum,
submucosal fibrosis lymphocyte
infiltrate stercoral ulcers in
ascending colon

Indomethacin SR 10 74.6 (65-83) 3M7F 2 weeks - 4 abdominal pain, hemorrhagic 14, 18, 20, 31
(Osmosin) months perforating ileal and ascending colon

ulcers, peritonitis death
Indomethacin SR 4 64 (52-72) 3F1NR 9-14 years anemia, subacute small bowel 23, 29, 30, 32

obstruction, thickened teminal ileum,
chronic blood loss,
hypoalbuminemia, vitamin B
deficiency, colic, weight loss,
diarrhea, diaphragms, ileocecal
ulceration, death
Naproxen EC 2 68.5 (65-72) 2F 6-14 years diarrhea, weight loss, jejeunal ileal 21, 32
folds, and stricture, iron deficiency
anemia, chronic blood loss,
hypoalbuminemia, vitamin B
deficiency
Sodium  salicylate 1 51 F NR perforation of jejuno-ileal junction 17
EC

NR, not reported

The cessation of NSAID therapy generally results in  clinical manifestations were Gl bleeding, iron

rapid improvement, in most cases without additional deficiency anaemia, ulceration and stricture
therapy (21, 32, 35). The use of sulphasalazine, formation. Of the 50 in whom gender was reported,
metronidazole or a prostaglandin analogue may help 36 were female, and 14 were male. Of the patients in

resolve the toxicity. whom duration of NSAID use was reported, 15 had

been taking NSAIDs for less than 1 year and 6
CASE REPORTS OF EC AND SR NSAID -INDUCED patients were described with NSAID-induced
LARGE INTESTINE TOXICITY colonopathy after use of medication for less than 2

weeks. In several cases rechallenge with NSAID
86 patients with large intestinal side effects gives a more convincing relationship (37-42).
attributable to NSAID use have been described in the However, ethics of rechallenge due to severity of the
literature from 1978 to present (Table 2). The main presumed cause prohibited this in many patients.
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Table 2 Case Reports of EC and SR NSAID-Induced Toxicity in the Large Intestine

Drug # of Age Gender Duration Histopathological and Clinical Findings Reference
Patients of Use
Acetylsalicylic acid 12 71(55- 2F1M9 18days- 15 rectal bleeding, ulceration of the ascending 24, 50, 52, 53,
EC 90) NR years colon and hepatic flexure, weight loss, fever60
night sweats, anemia, collagenous colitis,
diarrhea, mucosal inflammation, diverticular
bleeding, strictures, hypoalbuminemia
Diclofenac EC 34 63.93 10F2M 2 days- 12 ileocolitis, abdominal pain, peritonitis, 19, 39, 42, 45,
(21-90) 22NR years diffuse colitis, rectosigmoid ulcerations, 24, 48, 50, 53,
complications of diverticular disease, rectal 15, 56, 58, 59,
bleeding, ulceration of ileal colic 61, 63
anastomosis, anemia, hematochezia, weight
loss, diarrhea, weakness, cecal ulceration,
collagenous caolitis, diarrhea, mucosal
inflammation, colonic strictures, apoptic
bodies, erythema, bloody diarrhea,
granuloma, stricture
Diclofenac SR 16 66.07 11F5M 10 days- 6 cecal and colonic ulceration, anemia 41, 43, 47, 49,
(49-85) years stricturing scars, colitis, strictures, iron 51, 54, 27, 28,
deficiency, submucosal fibrosis, bloody 57, 62, 64
mucous, diarrhea, weight loss, constipation,
semilunar colonic ulcers and “diaphragm-
like” stenosis, colicky abdominal pain RUQ
“diaphragm-like” stenosis, RLQ colicky
pain, peritonitis, perforation of mid-ileum,
stercoral ulcers in ascending colon, colonic
diaphragms, multiple thin circumferential
mucosal membranes, cecal diaphragm
Indomethacin SR 2 745(70- 1M1F 2 weeks diarrhea, hemorrhagic perforating ulcers 14
(Osmosin) 79) ileum and ascending colon, peritonitis, death
Indomethacin SR 4 67.75 3F1NR 4 days-9  pneumoperitineum, peritonitis, free pus, 29, 33, 61
(54-82) years perforated sigmoid diverticulae, colonic
ulceration, colic, weight loss, diarrhea,
ileocecal ulceration, stictures of ascending
colon, anemia, cecal diaphragms, diverticular
bleeding ulceration
Ketoprofen SR 2 625(49-1F1M 17 days -1 episodic diarrhea and constipation, 46, 54
76) year abdominal pain, fecal perforation and
peritonitis, rectal bleeding, colitis
Naproxen EC 21 56.46 9F4M8 2days 10 proctitis, granulomatous colitis, cecal 34, 35, 36, 37,
(37-67) NR years diaphragm, iron deficiency anemia, melena,38, 39, 40, 44,

ulcers, submucosal fibrosis, rectal bleeding,45, 46, 48, 50,
abdominal pain and distension, perforated 51, 53, 60, 61
diverticulitis of sigmoid colon, ulcerations,

death, diarrhea, weight loss, acutely inflamed

rectal mucosa, rectosigmoid ulcerations,

pancolitis, eosinophilic colitis, complications

of diverticular disease, fecal loading, anemia,

perforated cecal ulcer, sigmoid

diverticulosis, peritonitis, collagenous colitis

NR, not reported
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The use of sulphasalazine, metronidazole 5-
acetylsalicylic acid, or prednisone is often sufficient
to induce remission (37-55). Although, immediate
surgery with resection of affected bowel segments
may be required depending on the severity of
toxicity.

DISCUSSION

Toxicological effects of modified release NSAID
formulations on the distal intestine have been
demonstrated in the literature. However, the inability
to ascertain from many other case reports the use of
other drugs obtained without prescription and to
definitively identify weather the NSAID was a
modified release formulation is often evident. In
addition, more than 200 brands of analgesic
medications are available over the counter, patients
may not know or recall that a non-prescription
medication used was EC acetylsalicylic acid; they
may consider the information irrelevant or may not
accurately recall all medications used. It is imperative
that literature reports of adverse drug reactions report
the formulation as well as the drug in order to
ascertain whether there are formulation-dependent
side effects.

The magnitude of this problem can not be ascertained
from a review of sporadic case reports. Indeed, there
may be problems in extrapolating epidemiological
trends from case reports. Numbers of cases of
intestinal side effects of SR and EC NSAIDs almost
certainly under represent the extent of the actual
problem. A preferred way in which to design a study
to quantify such a problem is to use large hospital or
insurer provider databases of complications
associated with these NSAID formulations. Such
methodology could provide a more reliable estimate
of the true impact (numbers and variety) of this
problem since the method would not rely on
clinicians taking the initiative to offer a formal
published report, and unfortunately this information
does not yet exist. Although regular release NSAIDs
are designed for gastric or proximal intestinal
absorption, they too have some small intestinal and
colonic side effects that are reported in the literature.

1999

After over thirty years of wide spread clinical use the
ability to accurately rank individual NSAIDs adverse
effects to the GI tract are still not possible. Many
post-market surveillance and epidemiological studies
of NSAID toxicity also differ from one another. The
discrepancy between the epidemiological safety
scores of NSAIDs may be attributed to three
important but often overlooked reasons: A) Most
studies generally only reflect the toxicity in the upper
Gl (gastroduodenum), B) Channeling the use of EC
and SR products to high risk patients. C) Rarely the
type of the formulation used (e.g., conventional, SR
or EC) are considered in the interpretation of data.

In addition to adverse effects on the gastrointestinal
mucosa, side-effects of NSAID use manifests as iron
deficiency anaemia, bloody diarrhoea, inflammation,
and in severe cases hemorrhage (Tables 1-2). Blood
loss from the small and large intestine may result in
significant morbidity and contribute to the anaemia of
patients with arthritis taking NSAIDs. While the
clinical presentation of NSAID-induced gastropathy
may be more dramatic than small and large intestinal
damage, the pathogenesis of short or long-term
importance of this adverse effect of NSAIDs on the
distal Gl is unknown. Several case histories stress the
importance of distal intestinal toxicity attributable to
modified release NSAIDs (Table 1-2). These lesions
are often difficult to diagnose on enteroscopy,
colonoscopy and barium scans as radiological
findings can be subtle and easily missed. The
literature demonstrates that distal GI damage induced
by modified release NSAIDs is rare but this may also
reflect the lack of clinical recognition and reporting
of such adverse effects. The prescribing of SR
NSAID formulations to patients with pre-existing
bowel disease (i.e., diverticulitis, inflammatory bowel
disease) and physiological conditions that affect
drug-release or lead to delayed transit (stenosis,
anticholinergic drugs, diverticuli) may represent
relative or absolute contraindications to such
formulations and require  special clinical
considerations. Increased awareness of this potential
avoidable condition should allow for earlier clinical
recognition and appropriate patient management. In
cases of extensive inflammation, temporary
medication with metronidazole or sulfasalazine may
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be advisable.

Another problem in evaluating adverse effects

brought about by the use of novel delivery systems is
that as these formulations claim to cause fewer
adverse effects than the conventional formulation

they could be prescribed for patients who are most
prone to develop such adverse effects. This

phenomena has been termed "channeling” and may
complicate any interpretation of the epidemiology of

adverse effects (16).

Several case histories stress the importance of small
and large intestinal toxicity induced by NSAIDs and

it is clear that NSAID ingestion should be considered
as a factor in the differential diagnosis of
undiagnosed blood loss, inflammation, strictures and
relapse of inflammatory bowel disease (Table 1-2).
However, other causes for the formation of strictures
in the distal GI cannot be ruled out in some of the
aforementioned cases. Nevertheless, several case
reports have uniformly suggested the possible
association between EC and SR NSAID use and
small and large intestinal damage with remission
demonstrated upon discontinuation of NSAID
therapy. These studies have reported that amongst
NSAID users with Gl complications, there was no
correlation of Gl blood loss and endoscopic findings,
whereas intestinal inflammation and blood loss
correlated well with one another but not with the
macroscopic appearance of the gastroduodenal mucosa
(65-66). This supports the assertion that the small
intestine is a main site of NSAID-induced chronic
blood loss. In the assumption that mucosal lesions are
partly due to a local toxic effect of NSAID, modified
release formulations have been developed to reduce
upper Gl toxicity by allowing the drug to bypass the
gastroduodenal mucosa before dissolving, delaying
exposure of the active drug until the drug has reached
the small bowel. The identified case reports
uniformly suggest that by modifying dosage forms of
NSAIDs to reduce ulcerogenicity in the upper
gastroduodenum has not alleviated adverse-effects in
the more distal parts of the Gl tract. These regions of
the Gl tract are less available for controlled
evaluation, and such an effect may provide more
serious sequelae of complications. Modified release
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NSAIDs are expected to be released mainly in the
intestine and these changes in the release rate and its
effect of prolonged intestinal presence may affect the
overall Gl integrity.

The effect of modified release formulations on
NSAID-induced distal intestinal damage has not been
adequately addressed in clinical studies. One of the
few clinical studies to directly compare a
conventional release and a SR product demonstrated
44% of the SR group versus 35% in the conventional
group experienced adverse events to flurbiprofen
without a significant differences in upper or lower Gl
tract (67). In a Latin-square crossover study,
naproxen 500 mg twice daily for 7 days as plain
tablets, EC tablets, or EC granules in capsules was
administered to healthy male volunteers. All drugs
induced a significant increase in intestinal
permeability but no statistical differences between
these formulations were detected. A considerable
inter-individual variation was seen, however, it did
appear that the median urinary excretion values for
the enterogranulate capsules and the EC tablets were
higher than after plain tablets (68)hese data are
consistent with a more recent study that demonstrated
increased intestinal permeability with a SR
formulation of diclofenac but not with conventional
release diclofenac (69). The results of the intestinal
permeability of a SR product appear to be more
variable than the conventional release product, which
is postulated to be due to the sustained release of
drug and its longer presence within the intestinal
tract, which may induce more local distal intestinal
damage in addition to the systemic intestinal effects
(32). A study comparing Gl blood loss of plain and
EC acetylsalicylic acid after acute and chronic
ingestion demonstrated that plain acetylsalicylic acid
significantly increased Gl blood loss as compared
with EC acetylsalicylic acid. However, EC
acetylsalicylic acid also significantly increased Gl
blood loss as compared with control (70). A recent
study has suggested that there may be a subset of
elderly patients who are unable to absorb EC acetyl
salicylic acid which may lead to high local
concentrations in the ileum and colon and to
increased distal Gl damage in this age group  (71)
Other studies have reported a high incidence of
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intake of NSAIDs especially acetylsalicylic acid with
non-ulcer Gl bleeding including bleeding in the
colon. The odds ratio of lower Gl versus upper Gl
bleeding in NSAID users was 1.71, indicating no
predilection for site. However, a higher prevalence of
lower Gl bleeding than upper Gl bleeding for
acetylsalicylic acid intake was evident although no
information of the type of formulations administered
was provided and no predilection for site was
apparent (72).

Salsalate (salicylsalicylic acid, Disalcjdwhich was
developed as a newer non-acetylated form of
salicylates designed to be insoluble in the acidic
gastric fluids and to dissolve and be absorbed in the
small bowel. Several studies have shown that
salasalate may produces less gastric mucosal toxicity
than EC acetylsalicylic acid and EC naproxen (73,
74). However, there was no difference in the
duodenal mucosal damage induced by these drugs
and a higher incidence in adverse experiences with
salsalalate (74)urthermore, the possibility of the
more distal intestinal side effect were ignored in
these studies although it had been previously reported
that salsalate can induce multiple ulcerations of the
small bowel (75).

The establishment of an animal model for
toxicological studies of the entire Gl tract has
enabled experimental quantitative assessment in both
the upper and lower Gl and determination of the
relative safety profile of conventional and SR
formulations of NSAIDs. It appears that SR NSAIDs
(e.g. tiaprofenic acid, and flurbiprofen) although safer
on the upper GI tract may cause greater intestinal
toxicity on the distal intestine than a conventional
release formulation (76, 77) (Figure 1). The
pathogenesis of NSAID-induced mucosal damage in
the distal Gl tract remains poorly understood. Some
NSAIDs undergo enterohepatic recirculation and it is
generally believed that biliary excretion is important
in the pathogenesis in NSAID enteropathy (78).
However, other investigators have argued through
pharmacokinetic/pharmacodynamic  analysis that
there is a major systemic component involved in
NSAID enteropathy (80). Nevertheless, as a regular
release formulation and a sustained release
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formulation undergo equivalent amounts of
enterohepatic re-circulation, basic and clinical studies
which suggest greater toxicity for SR formulations
are consistent with the formulations altering the
toxicity profile through a local effect.

—— Regular Release Flurbiprofen 10 mg/kg

mmmmmm Sustained Release Flurbiprofen 10 mg/kg
mxxx22 Baseline

5 -

N
o

15 -

10 -

o =
I

%Dose Excretion of Sucrose in Urine 0-8 h

% S1Ccr-EDTA Excretion in Urine 0-8 h

Figure 1. Gl-site specific toxicity as reflected by
increased upper (left panel) and lower (right panel) Gl
permeability induced by regular and sustained release
flurbiprofen 1 and 12 h post-dose respectively.

Adapted from Davies and Jamali 1997 (76).

Several other basic and clinical findings also question
the validity of the importance of enterohepatic
recirculation such as the clinical observation that
acetylsalicylic acid which does not undergo any
enterohepatic recirculation can cause both intestinal
and colonic damage (Table 1-2).

Considering the fact that NSAIDs are the most
frequently prescribed class of therapeutic agents,
their side effects present a relatively major problem
for the public. To overcome this problem, various
approaches have been taken, including development
of EC and SR NSAIDs. After over 20 years of
clinical use it is evident that novel drug delivery
systems have not solved the problem of NSAID-
induced Gl side effects and may have extended local
toxicity distally. There is no convincing clinical
evidence in the literature suggesting safer profiles for
NSAID modified release formulations. Indeed for lack
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of this information, clinicians and scientists are
debating the therapeutic value of modified release
formulations and third party insurance agencies are
considering delisting modified release formulations of
NSAIDs from their health care benefits lists due to
their higher costs (79).

CONCLUSIONS

Whereas, NSAIDs side effects are not limited to the
upper Gl tract, it is necessary to monitor the entire Gl
tract from mouth to anus when evaluating NSAID-
induced Gl toxicity. There are many confounders in
determining the actual incidence of NSAID modified
release adverse effects in the distal intestine,
however, this review emphasizes that there is
substantial basic and clinical scientific evidence that
these delivery systems are not guarantors of Gl
safety. Adverse drug reaction data, therefore, should
consider the type of formulation administered as well
as the drug in NSAID toxicological evaluations.

The main goal still remains to solve the problem of
NSAID-induced GI toxicity with its resultant
morbidity and mortality and to obtain optimal
therapeutic effect with least possible side effects.
There are emerging alternatives to traditional
NSAIDs (i.e. cyclooxygenase-2 inhibitors) that hold
such promise. However, in view of all the difficulties
that have bedevilled this area of clinical investigation
over the years, this must be tempered with an
additional caution that any new therapeutic agent, no
matter what the rationale behind its introduction,
must be examined throughout the GI tract and
assumed to induce GI toxicity until clinically proven
otherwise.

REFERENCES

1. Fries JF, Williams CA, Bloch DA. The relative toxicity of
nonsteroidal anti-inflammatory drugs. Arthritis Rheum
1991; 34: 1353-7.

2. Allison MC, Howatson AG, Torrance CJ, Lee FD, Russell
RI. Gastrointestinal damage associated with the use of
nonsteroidal anti-inflammatory drugs. N Engl J Med 1992;
327:749-54.

3. Aabakken L. Non-steroidal, anti-inflammatory drugs-the
extending scope of gastrointestinal side effects. Aliment
Pharmacol Ther 1992; 6: 143-62.

12

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

1999

Lanza FL. Endoscopic studies of gastric and duodenal injury
after use of ibuprofen, aspirin and other nonsteroidal anti-
inflammatory agents. Am J Med 1984; 77: 19-24.

Larkai EN, Smith JL, Lidsky MD, Graham DY.
Gastroduodenal mucosa and dyspeptic symptoms in arthritic
patents during chronic nonsteroidal anti-inflammatory drug
use. Am J Gastroenterol 1987; 82: 1153-8.

Lanza F, Rack MF, Doucette M, Ekholm B, Goldlust B,
Wilson R. An endoscopic comparison of the gastroduodenal
injury seen with salsalate and naproxen. J Rheumatol 1989;
16: 1570-4.

Bjarnason |, Hayllar J, Macpherson AJ, Russell AS. Side
effects of nonsteroidal anti-inflammatory drugs on the small
and large intestine in humans. Gastroenterology 1993;
104:1832-47.

Hoftiezer JW, Silvoso GR, Burks M, Ivy KJ. Comparison of
the effect of regular and enteric-coated aspirin on
gastroduodenal mucosa of man. Lancet 1980; 2:609-12.
Lanza FL, Royer GL, Nelson RS. Endoscopic evaluation of
the effects of aspirin, buffered aspirin, and enteric-coated
aspirin on gastric and duodenal mucosa. N Engl J Med
1980; 303: 136-8.

. Trondstad RI, Aadland E, Holler T, Olassen B. Gastroscopic

findings after treatment with enteric-coated and plain
naproxen tablets in healthy subjects. Scand J Gastroenterol
1985; 20: 239-42.

Bakshi R, Ezzet N, Frey L. Efficacy and tolerability of
diclofenac dispersible in patents with osteoarthrosis. Curr
Ther Res 1992; 52: 307-16.

Collins AJ, Davies J, Dixon A S. A prospective endoscopic
study of the effect of Orudis and Oruvail on the upper
gastrointestinal tract in patients with osteoarthritis. Brit J
Rheumatol 1988; 27: 106-9.

Anonymous. NSAIDs and gut damage.[letter] Lancet
1989;2:600.

Day TK. Intestinal perforation associated with osmotic slow
release indomethacin capsules. Brit Med J 1983; 287: 1672-
3.

Whitcomb DC, Martin SP, Trellis DG, Evans BA, Becich
MJI. ‘Diaphragm like’ stricture and ulcer of the colon during
diclofenac treatment. Arch Int Med 1992; 152: 2341-3.
Leufkens HG, Urquart J, Stricker BHC, Acker A, Petri H.
Channeling of controlled release formulation of ketoprofen
(Oscorel) in patients with history of gastrointestinal
problems. J Epidem Comm Health 1992; 46: 428-32.
Davies DR, Brightmore T. Idiopathic and drug-induced
ulceration of the small intestine. Brit J Surg 1970; 57(2):
134-9.

Cree IA, Walker MA, Wright M, Forrester JC. Osmosin and
ileal ulceration: a case report. Scott Med J 1985; 30: 40-1.
Ritschard T, Fillippini L. Nebenwirkungen nicht-steroidaer
antirheumatika auf den unteren intestinaltrakt. Dtsch Med
Woch 1986; 111: 1561-4.

Bem JL, Mann RD, Coulson R. Fatal gastrointestinal
damage associated with the use of osmotic mini pump
indomethacin (Osmosin). Pharmaceut Med 1988; 3: 35-43.
Bjarnason |, Price AB, Zanelli G, et al. Clinicopathological
features of nonsteroidal anti-inflammatory drug-induced



22.

23.

24,

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

J Pharm Pharmaceut Sci ( www.ualberta.ca/~csps) 2 (1):5-14,

small intestinal strictures. Gastroenterology 1988; 94: 1070-
4,

Deakin M. Small bowel perforation associated with an
excessive dose of slow release diclofenac sodium. Brit Med
J 1988; 297: 488-9.

Lang J, Price AB, Levi AJ, Burke M, Gumpel JIM,
Bjarnason |. Diaphragm disease: the pathology of non-
steroidal anti-inflammatory drug induced small intestinal
strictures. J Clin Pathol 1988;19: 516-26.

Whitham  R.Voltaren  (diclofenac  sodium)-induced
ileocolitis. Am J Gastroenterol 1991; 86: 246-7.
Matsuhashi N, Yamada A, Hiraishi M, et al. Multiple

Strictures of the small intestine after long-term nonsteroidal
anti-inflammatory drug therapy. Am J Gastro 1992; 87:
1183-6.

Cutler C, Rex DK, Cummings OW. Per anus enteroscopic
demonstration of a non-steroidal anti-inflammatory drug-
induced ileal stricture. Gastroint Endos 1993; 39: 601-3.
Hudson N, Wilkinson MJ, Swannell AJ, Steele RJ, Hawkey
CJ. lleo-cecal ulceration associated with the use of
diclofenac slow release. Aliment Pharmacol Ther 1993; 7:
197-200.

Keating JP, Mcllwaine J. Simultaneous small and large
bowel ulceration associated with short term NSAID use. N Z
Med J 1993; 106: 438.

Pucius RJ, Charles AK, Adair HM, Rowe RC, Hawkey CJ.
Diaphragm-like strictures of the colon induced by
nonsteroidal anti-inflammatory drugs. Brit J Surg 1993; 80:
395-6.

Speed CA, Bramble MG, Corbett WA, Haslock I
Nonsteroidal anti-inflammatory induced diaphragm disease
of the small intestine: complexities of diagnosis and
management. Brit J Rheum 1994; 33: 778-80.

Bielecki JW, Gebbers JO, Filippini L. Segmentale
dunndarmlasionen  nach einnahme  nicht-steroidaler
antirheumatika. Dtsch Med Wschr 1995;120: 436-41.
Davies NM, Jamali F, Skeith KJ. Non-Steroidal
Antiinflammatory Drug (NSAID)-hduced Enteropathy and
Severe Chronic Anemia in a Patient with Rheumatoid
Arthritis. Arth Rheum 1996; 39(2): 321-4.

Coutrot S, Roland D, Barbier J, Van Der Marqg P, Alcalay
M, Matuchansky C. Acute perforation of colonic diverticula
associated with short-term Indomethacin. Lancet 1978; 2:
1055-6.

Baas EU, Ewe K, Hohn P. Granulois¢ kolitis nach
naproxen. Dtsch Med Wschr 1979; 101: 1434.

Schwartz HA. Lower gastrointestinal side effects of
nonsteroidal antiinflammatory drugs. J Rheumatol 1981; 8:
952-4,

Gustavsson S, Nilsson F. Letala kolaihingar-samband
med antiflogistikumterapi. Lakartidningen 1982; 79: 2644-5.
Ravi S, Keat AC, Keat EC. Colitis caused by non-steroidal
anti-inflammatory drugs. Postgrad Med J 1986; 62: 773-6.
Uribe A, Johansson C, Slezak P, Rubio C. Ulcerations of the
colon associated with naproxen and acetylsalicylic acid
treatment. Gastrointest Endosc 1986; 32: 242-4.

Glller R. Die nebenwirkungen nicht-steroidaler
antirheumatika im unteren gastrointestinaltrakt. Schw Med

13

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

1999

Wschr 1987;117: 1527-33.

Kaufmann HJ, Taubin HL. Nonsteroidal anti-inflammatory
drugs activate quiescent inflammatory bowel disease. Ann
Int Med 1987;107: 513-5.

Carson J, Notis WM, Orris ES. Colonic ulceration and
bleeding during diclofenac therapy. N Eng J Med 1989; 323:
135.

Perreard M, Monges D, Iconomidis N, et al. Colite ulcereuse
secondaire a la prise de diclofenac (Voltarene) per os.
Gastroenterol Clin Biol 1989; 13: 314-5.

Sheers R, Williams WR. NSAIDs and gut damage. Lancet
1989; 2: 1154.

Bridges AJ, Marshall JB, Diaz-Arias AA. Acute
eosinophilic colitis and hypersensitivity reaction associated
with naproxen therapy. Am J Med 1990; 89: 526-7.
Campbell K, Steele RJ. Non-steroidal anti-inflammatory
drugs and complicated diverticular disease: a case control
study. Brit J Surg 1991; 78: 190-1.

Hollingsworth J, Alexander-Williams J. Nonsteroidal anti-
inflammatory drugs and stercoral perforation of the colon.
Ann R Col Surg Eng 1991; 73: 337-40.

Huber T, Ruchti C, Halter F. Nonsteroidal antiinflammatory

drug-induced  colonic  strictures: a case report.
Gastroenterology 1991; 100: 1119-22.
Stamm CP, Pearce WA, Larsen BA, et al. Colonic

ulcerations associated with non-steroidal anti-inflammatory
ingestion. Gastrointest Endosc 1991; 37: 260.

Fellows IW, Clarke JMF, Roberts PF. Non-steroidal anti-
inflammatory drug-induced jejunal and colonic diaphragm
disease: a report of two cases. Gut 1992; 33: 1424-6.
Gibson GR, Whitacre EB, Ricotti CA. Colitis induced by
non-steroidal antiinflammatory drugs. Arch Int Med 1992;
152: 625-32.

Haque S, Haswell JE, Dreznick JT, West AB. A cecal
diaphragm associated with the use of nonsteroidal anti-
inflammatory drugs. J Clin Gastroenterol 1992; 15: 332-5.
Monahan DW, Starnes EC, Parker AL. Colonic strictures on
long-term non-steroidal anti-inflammatory drugs. Gastro
Endosc 1992; 38: 385-90.

Ridell RH, Tanaka M, Mazzoleni G. Nonsteroidal anti-
inflammatory drugs as possible cause of collagenous colitis:
a case control study. Gut 1992; 683-6.

Carrafl R, Parisi P, Agozzino A. Segmental ischemic colitis
associated with nonsteroidal antiinflammatory drugs.
Gastroenterology 1993; 16: 31-4.

Halter F, Weber B, Huber T, Eigenmann F, Frey R, Ruchti
C. Diaphragm disease of the ascending colon associated
with sustained release diclofenac. J Clin Gastroenterol 1993;
16: 74-80.

Lee FD. Importance of apoptosis in the histopathology of
drug related lesions in the large intestine. J Clin Pathol
1993; 46: 118-22.

D’Alteroche L, Boulier P, Barre |, Metman EH. Les lesions
coliques droites sont-elles specifiques des AINS a liberation
prolongee? Gastroenterol Clin Biol 1994; 18: 1042-3.
Gleeson M, Ramsay D, Hutchinson S, Spencer D, Monteith
G. Colitis associated with non-steroidal anti-inflammatory
drugs. Lancet 1994; 344: 1028.



50.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

J Pharm Pharmaceut Sci ( www.ualberta.ca/~csps) 2 (1):5-14,

Baert F, Hart J, Blackstone MO. A case of diclofenac-
induced colitis with focal granulomatous change. Am J
Gastroenterol 1995; 90: 1871-3.

Brenna E, Sandvik AV, Waldum HL. Tykktarmsskader av
ikke-steroide antiinflammatoriske medikamenter. Tidsskr
Nor Loegeforen nr. 1995; 115: 1225-7.

Foutch PG. Diverticular bleeding: are nonsteroidal anti-
inflammatory drugs risk factors for hemorrhage and can
colonoscopy predict outcome for patients. Am J Gastro
1995; 90: 1779-84.

Gargot D, Chaussade S, d’Alteroche L, et al. Nonsteroidal
anti-inflammatory drug-induced colonic strictures: two cases
and literature review. Am J Gastroenterol 1995; 90: 2035-8.
Robinson MHE, Wheatley T, Leach IH. Nonsteroidal
anyiinflammatory drug-induced colonic stricture an usual
cause of large bowel obstruction and perforation. Dig Dis
Sci 1995; 40: 315-9.

Ribeiro A, Wolfsen HG, Wolfe JT, Loeb DS. Colonic
strictures induced by nonsteroidal anti-inflammatory drugs.
South Med J 1998; 91(6): 568-72

Aabakken L, Dybdahl JH, Eidsounet W, et al. Optimal
assessment of gastrointestinal side effects induced by non-
steroidal anti-inflammatory drugs. Scand J Gastroenterol
1989; 24:1007-13.

Hayllar J, Smith T, Macpherson A, Price AB, Gumpel M,
Bjarnason |. Nonsteroidal anti-inflammatory drug-induced
small intestinal inflammation and blood loss. Arth Rheum
1994, 37: 1146-50.

Boston PF, Grayson MF, Hazleman BL, et al. Flurbiprofen
sustained-release in OA knee. Brit J Clin Pract 1988; 42 :9-
14.

Aabakken L, Bjgrnbeth BA, Hofstad B, Olaussen B, Larsen
S, Osnes M. Comparison of the gastrointestinal side effects
of naproxen formulated as plain tablets, enteric-coated
tablets, or enteric-coated granules in capsules. Scand J
Gastroenterol 1989; 24: 65-73.

Choi VMI, Coates JE, Chooi J, Thomson ABR, Russell AS.
Small bowel permeability - a variable effect of NSAIDs.
Clin Invest Med 1995;18: 357-61.

Savon JJ, Allen ML, DiMarino AJ Jr, Hermann OA, Krum
RP. Gastrointestinal blood loss with low dose (325 mg)
plain and enteric-coated aspirin administration. Am J Gastro
1995; 90: 581-5.

Aihie AP, Halpern SM, Streete PJ, Crome P. Slow release
aspirin in the elderly. J Roy Soc Med 1994; 87:183.

Angel Lanas M, Sekar C, Hirschowitz BIl. Objective
evidence of aspirin use in both ulcer and non-ulcer upper
and lower gastrointestinal bleeding. Gastroenterology 1992;
103: 862-9.

Lanza F, Rack MF, Doucette M, et al. An endoscopic
comparison of the gastroduodenal injury seen with salsalate
and naproxen. J Rheumatol 1989;16(12):1570-4

Scheiman JM, Behler EM, Berardi RR, Elata GH. Salicylic
acid causes less gastroduodenal mucosal damage than
enteric-coated aspirin - an endoscopic comparison. Dig Dis
Sci 1989;34:229-32.

Souza Lima MA. Ulcers of the small bowel associated with
stomach-bypassing  salicylates. Arch Intern Med

14

76.

77.

78.

79.

1999

1985;145:1139.

Davies NM, Jamali, F. Influence of dosage from on the
gastroenteropathy of Flubiprofen in the rat: Evidence of
Shift in the toxicity site. Pharm Res 1997; 14(11): 1597-
1600

Vakily M, Khorasheh F, Jamali F. Dependency of
gastrointestinal toxicity on release rate of tiaprofenic acid a
novel pharmacokinetic-pharmacodynamic model. Pharm
Res 1999; (1691): 123-129

Wright MR, Davies NM, Jamali F. Toxicokinetics of
indomethacin-induced intestinal permeability in the rat.
Pharmacol Res 1997; 35(6): 499-504

"Do sustained release formulations have therapeutic
values?". J Clin Pharmacol 1994; 34: 1003-1004



