Review Article

Effects of Nonsteroidal Anti-inflammatory
Drugs on Endogenous Gastrointestinal
Prostaglandins and Therapeutic Strategies
for Prevention and Treatment of Nonsteroidal
Anti-inflammatory Drug—Induced Damage

Byron Cryer, MD, Mark Feldman, MD

o Although nonsteroidal anti-inflammatory drugs (NSAIDs)
are effective for pain relief and treatment of arthritis, they
can induce gastric and duodenal ulcers and life-threatening
complications. The mechanisms of their anti-inflammatory
action and their gastroduodenal toxic effects are related, in
part, to inhibition of prostaglandin synthesis. This review
article discusses prostaglandins, their functions in the gas-
trointestinal tract, anti-inflammatory actions of NSAIDs,
and mechanisms by which NSAIDs produce gastroduodenal
ulcers. Also reviewed are risk factors associated with the
development of NSAID-related ulcers and pharmacologic
strategies for the prevention and treatment of NSAID-
induced ulcers.
(Arch Intern Med. 1992;152:1145-1155)

Ncmsteroidal anti-inflammatory drugs (NSAIDs) are

widely used for pain relief and for treatment of
arthritis (including rheumatoid arthritis, ankylosing
spondylitis, osteoarthritis, and gouty arthritis). A partial
list of NSAIDs is shown in the Table. Although NSAIDs
are effective as therapeutic agents, their major toxic effect
is induction of gastroduodenal ulcers. Mechanisms for
their anti-inflammatory action and their gastroduodenal
toxic effects are probably related to an inhibition of pros-
taglandin synthesis. The purposes of this article are to re-
view the effects of NSAIDs on the gastroduodenal mu-
cosa, including their effects on mucosal prostaglandins,
and to review the effects of therapeutic agents that can be
used to prevent and treat NSAID-induced gastroduode-
nal damage.

PROSTAGLANDINS AND RELATED COMPOUNDS
Prostaglandins (PGs) are a family of related fatty acids
that are produced by nearly all of the body’s cells. Pros-
taglandins participate in a variety of activities, including
mediation of inflammatory responses, protection of the
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gastrointestinal mucosa against injury, and regulation of
renal blood flow. The general chemical structure of PGs
is an oxygenated, 20-carbon, unsaturated fatty acid (ei-
cosanoid) composed of a five-carbon ring, with two car-
bon side chains, one composed of seven carbon molecules
and the other composed of eight.! Nomenclature used to
describe individual PGs is based on two distinguishing
features. First, the letter designation of PGs (ie, their
family) is determined by the structure of the five-carbon
ring. For example, all PGEs have a double-bonded oxygen
(=0) at carbon 9 and a hydroxyl group (— OH) at carbon
11, while all PGFs have a hydroxyl group at both carbon
9 and carbon 11.2 Second, the number of double bonds in
the side chains determines PG classification as 1-, 2-, or
3-series and is reflected by a subscript (eg, PGE, [2-series]
or 6-keto-PGF,, [1-series]) (Figure).

Prostaglandins are not stored within cells in any signif-
icant quantities, but are stored as precursor molecules.
Prostaglandins of the 2-series are the most plentiful and
biologically important and are derived from arachidonic
acid, a component of phospholipids present in all cell
membranes. In response to a mechanical or chemical per-
turbation of the cell membrane, arachidonic acid is
released from membrane phospholipids into the cyto-
plasm of the cell through the action of a plasma
membrane-bound enzyme, phospholipase A,. Once re-
leased, arachidonic acid may be acted on by cyclo-
oxygenase, a membrane-bound enzyme, resulting in
synthesis of PGs; alternatively, it may be metabolized by
another enzyme, 5-lipoxygenase, to a group of closely re-
lated compounds, the leukotrienes (LTs) (Figure). The
relative  activities of the cyclo-oxygenase and
5-lipoxygenase pathways, and thus the relative amounts
of eicosanoids produced, vary with cell type.? In gastric
and duodenal mucosa, most arachidonic acid is converted
into PGE,, PGF,,, and PGIL,.**

FUNCTION OF PROSTAGLANDINS IN THE
GASTROINTESTINAL TRACT
Although PGs were first identified in the human body
in the 1930s, it was not until the mid-1960s that PGs were
identified in the gastrointestinal tract.”® The earliest rec-
ognized effect of PGs on gastric mucosal function was an
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Partial List of Nonsteroidal Anti-inflammatory Drugs

Salicylates
Aspirin®
Diflunisal (Dolobid)*
Salsalate (Disalcid)*

Indoles
Indomethacin (Indocin)*
Sulindac (Clinoril}*
Tolmetin (Tolectin}*
Zomepirac (Zomax)

Pyrazoles
Apazone (Rheumox)
Feprazone (Methrazone)
Phenylbutazone (Butazolidin)*

Fenamates
Flufenamic acid (Meralen)
Mefenamic acid (Ponstel}*
Meclofenamate (Meclomen)*
Tolfenamic acid (Clotam)

Proprionic acid derivatives
Carprofen (Rimadyl)
Fenbufen (Cinopal, Lederfen)
Fenoprofen (Nalfon, Fenopron)*
Flurbiprofen (Ansaid, Froben)*
Ibuprofen (Motrin, Advil)*
Ketoprofen {Orudis)*
Naproxen (Naprosyn, Anaprox)}*
Pirprofen (Rengasil)

Phenylacetic acid derivatives
Diclofenac {Voltaren, Voltarol)*
Fenclofenac (Flenac)

Oxicams
Isoxicam {Maxicam)
Piroxicam (Feldene)*

*Available in the United States in 1991.

inhibition of gastric acid and pepsin secretion.’*! Intra-
venously administered PGs of the E, F, and A classes and
orally administered synthetic analogues of these com-
pounds have potent antisecretory effects, PGs of the E
class being the most potent.™*

In the 1970s, investigators began to demonstrate that
PGs could protect the gastric mucosa from injury and ul-
ceration against a wide variety of damaging agents, such
as alcohol, bile salts, acid, hypertonic saline, boiling wa-
ter, stress, aspirin, and other NSAIDs.?? Robert et al*
performed the earliest of these experiments, in which
they demonstrated that pretreatment with PGs could
prevent mucosal damage from various noxious agents in
rats, It was demonstrated that mucosal protection could
be observed at doses of PGs that did not inhibit acid se-
cretion.” This protective property of PGs was called “cy-
toprotection.”” Even though pretreatment with PGs may
protect against macroscopic injury, there is usually mi-
croscopic evidence of mucosal injury to surface epithelial
cells after exposure to alcohol or other noxious agents.*
Because of persistent surface cell damage despite PG pre-
treatment, the term cytoprotection is not entirely accurate
and has for the most part been replaced by mucosal protec-
tion. Mucosal protection by prostaglandins has not only
been demonstrated in the stomach, but has been shown
in the duodenum.?"* Protection has been demonstrated
with PGs of all classes and is separate from any effects the
compounds may have on gastric acid secretion. In fact, in
animals, mucosal protection has been demonstrated with
PGs, such as 6-keto-PGF,., that have no demonstrated

1146 Arch Intern Med—Vol 152, June 1992

Membrane Phospholipids

Phospholipase A,

Arachidonic Acid

5-Lipoxygwydo-oxygenase

5-HPETE — 5-HETE PGG,
LTA, PGH,
LTI;,AE:I'C Pz
4 "1™ Thromboxane A,
LD, PGD, PGE; PGFy,

|

LTE, Thromboxane B, 6-Keto-PGF o

Leukotrienes Thromboxanes Prostaglandins

Metabolism of arachidonic acid after its release from membrane
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HETE, hydroxyeicosatetraenoic acid; PG, prostaglandin; and LT,
leukotriene.

effect on acid secretion.® However, in humans, it is not
certain that the protective effects of PGs are due to mech-
anisms separate from inhibition of gastric acid secretion,
since PGs, at doses employed in human trials, have
antisecretory effects as well.

How is mucosal protection by PGs mediated? Integrity
of the gastroduodenal mucosa is maintained by a balance
between aggressive factors, such as acid and pepsin, and
protective factors, such as bicarbonate and mucus.*#
When there is an imbalance between aggressive and pro-
tective factors, such that the extent of mucosal protection
is lowered in relation to the level of offending agents,
mucosal injury ensues, Persistence of this imbalance
could lead to mucosal erosions and ulceration. Some of
several putative mechanisms proposed through which
PGs may provide their mucosal protective effects include
the following: stimulation of mucosal bicarbonate secre-
tion, mucus secretion, increased blood flow, prevention
of disruption of the gastric mucosal barrier, acceleration
of cell proliferation, stimulation of ¢ellular ionic transport
processes, stimulation of cyclic adenosine monophos-
phate production, promotion of formation of surface-
active phospholipids, maintenance of gastric mucosal
sulfhydryl compounds, stabilization of cellular lyso-
somes, and stabilization of cell membranes, #28.294145 §o]]
et al* categorized various protective mechanisms accord-
ing to their location with respect to the surface epithelial
cells. They have been accordingly described as preepi-
thelial (mucus and bicarbonate secretion), epithelial (sur-
face epithelial cell continuity and migration), and postep-
ithelial (mucosal blood flow).

INFLAMMATION AND ANTI-INFLAMMATORY ACTIONS
OF NSAIDs

Inflammatory cell recruitment is achieved through the
release of a number of chemical mediators, such as PGs,
LTs, histamine, serotonin, kinins, complement factors,
and other peptides.¥# Evidence implicating PGs in this
process was not obtained until 1971, when Vane* pro-
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posed PGs as substances that could elicit an inflammatory
response. Prostaglandins were demonstrated to be asso-
ciated with inflammation in a variety of experimental sit-
uations. For example, after subcutaneous PG administra-
tion, edema and erythema as well as some of the
histologic changes of inflammation were observed.® Af-
ter administration of aspirin, biosynthesis of PGs de-
creased in proportion to the decrease in the amount of in-
flammation,**“% and then, if exogenous PGs were later
administered, there would be a return of inflammation.*
Experimental administration of PGs could induce fever®
and potentiate pain,* and subsequent administration of
an NSAID could decrease fever and pain while also
decreasing PG concentrations. It soon became clear that
the anti-inflammatory effects of such drugs as aspirin
could be explained by their suppression of PG synthesis
and that such inhibition could also explain the actions of
these drugs as analgesics and antipyretics.

Aspirin, an acetylated salicylate, was one of the first
NSAIDs shown to be clinically effective as an anti-
inflammatory agent.® Although many other NSAIDs
have since been introduced, aspirin remains one of the
most effective anti-inflammatory agents.® It is through
the inhibition of cyclo-oxygenase that aspirin and other
NSAIDs decrease PG synthesis. By acetylation of cyclo-
oxygenase, aspirin inhibits this enzyme irreversibly,
while other NSAIDs (flufenamic acid, ibuprofen, and
sulindac, for example) inhibit cyclo-oxygenase in a re-
versible, concentration-dependent manner.*% When
cyclo-oxygenase is irreversibly inhibited within any par-
ticular cell, the capacity for PG synthesis does not return
to normal until new enzyme can be synthesized.® This
may explain why aspirin, in comparison with other
NSAIDs, remains one of the most potent inhibitors of PG
synthesis. It is hypothesized that cyclo-oxygenase exists
inmultiple forms throughout the body and that each form
has its own drug specificity,® although this has not yet
been verified by identification of structural cyclo-
oxygenase variants. Cyclo-oxygenases obtained from dif-
ferent tissues have different sensitivities to inhibition by
a particular NSAID, and different NSAIDs have variable
abilities to inhibit a particular cyclo-oxygenase.% For ex-
ample, acetaminophen is as effective as aspirin in the in-
hibition of brain cyclo-oxygenase, but is not nearly as ef-
fective as aspirin in the inhibition of cyclo-oxygenase from
some peripheral sites.® This may explain why acetami-
nophen is an effective centrally acting antipyretic and an-
algesic but is not an effective peripherally acting anti-
inflammatory agent. This may also explain why
acetaminophen does not cause gastroduodenal toxic ef-
fects.

The LTs also play a significant role in the inflammatory
response. They increase vascular permeability, are
chemotactic for neutrophils, vasoconstrict arteries, stim-
ulate bronchial wall constriction and mucus secretion,
and increase intestinal inflammation.®% Certain NSAIDs,
in addition to inhibiting cyclo-oxygenase, also may inhibit
5-lipoxygenase.**% The NSAIDs differ in their relative
potencies to reduce inflammation,® and their anti-
inflammatory effects do not always correlate with their
ability to reduce PG synthesis. These observations may
possibly be explained by different capacities of the various
NSAIDs to inhibit cyclo-oxygenase, on the one hand, and
5-lipoxygenase, on the other hand. An NSAID such as
indomethacin is predominantly a cyclo-oxygenase inhib-
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itor, while other experimental NSAIDs of the fenamate
class are effective inhibitors of both enzymes.® Whether
differences in the relative amounts of cyclo-oxygenase/5-
lipoxygenase inhibition by NSAIDs is indeed related to
differences in anti-inflammatory actions of NSAIDs is
currently under investigation.

Anti-inflammatory actions of NSAIDs are not only ex-
plained by inhibition of eicosanoid synthesis. For exam-
ple, NSAIDs inhibit PG synthesis in vive and in vitro at
concentrations much lower than those required to achieve
anti-inflammatory effects.* Moreover, some salicylates,
including nonacetylated salicylates, are beneficial in in-
flammatory disease® < even though they do not inhibit
PG synthesis.®% Inhibition of neutrophil function has
been suggested as a second mechanism by which NSAIDs
can exert their anti-inflammatory effects.277

MECHANISMS OF GASTRODUODENAL MUCOSAL
INJURY BY NSAIDs

The mechanisms by which aspirin can cause gas-
trointestinal mucosal damage can be grouped into two
categories: those independent of and those dependent on
cyclo-oxygenase inhibition. Within a few minutes of
aspirin ingestion, denudation of surface epithelial cells
and increased mucosal permeability to sodium (Na*) and
hydrogen (H*) ions can be observed,” reflected experi-
mentally as a decrease in transmucosal potential differ-
ence.” Salicylic acid, the deacetylated metabolite of as-
pirin, does not inhibit cyclo-oxygenase activity in the
gastric mucosa,” yet it reduces transmucosal potential
difference as much as aspirin does.” Thus, surface
epithelial cell disruption and a decline in potential differ-
ence are not dependent on cyclo-oxygenase inhibition,
and epithelial cell disruption is not prevented by pre-
treatment with PGs.”

Endoscopic observation of the gastric mucosa after 1 to
2 weeks of enteric-coated aspirin therap7y77-73 or after 1
week of enteric-coated naproxen therapy” revealed con-
siderably less gastric mucosal damage than with plain,
non-enteric-coated formulations. Although gastric injury
from a topical effect is decreased with enteric-coated for-
mulations, their use on a long-term basis will result in
gastric ulcers (GUs),® presumably the result of a systemic
rather than topical effect. Gastric ulcers can be produced
experimentally after NSAIDs are administered intrave-
nously® or by rectal suppository® and without a change
in gastric transmucosal potential difference.®® It is likely
that the NSAIDs were ulcerogenic because they reduced
mucosal PG synthesis. This is supported by two observa-
tions: (1) small nonantisecretory doses of exogenous PGs
prevent NSAID-induced ulcers®*2 and (2) depletion of
mucosal PGs by ancther mechanism, active or gassive
immunization with PG antibodies, leads to GUs.

Although inhibition of PG synthesis contributes to
NSAID-induced mucosal injury, it is not settled whether
PG inhibition is the primary mechanism. In some studies,
there has been poor correlation between gastric mucosal
injury and PG suppression after NSAIDs.*% Other fac-
tors probably work in combination with PG suppression
to increase the propensity for mucosal injury by NSAIDs.
For example, after indomethacin administration, gastric
acid secretion has been shown to increase,® gastric mu-
cosal blood flow to decrease,® and duodenal bicarbon-
ate output to decrease.” Nonsteroidal anti-inflammatory
drugs can also potentially affect mucus secretion, as
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they have been shown to inhibit mucus synthesis, to
reduce incorporation of radiolabeled precursors into
mucus glycoprotein, and to alter thickness of the mu-
cus layer. 2%

It has been hypothesized that, as a consequence of
cyclo-oxygenase inhibition, arachidonic acid metabolism
could alternatively be shunted toward the lipoxygenase
pathway, resulting in increased LT synthesis.** The
postulated mechanism by which increased activity of the
5-lipoxygenase pathway could enhance mucosal injury is
by LT-mediated vasoconstriction or by direct vascular in-
jury by oxygen radicals produced in this pathway.** The
relative importance of LTs in NSAID-induced gastric mu-
cosal damage is still unclear.

Since other pathogenetic mechanisms are potentially
operative, one may ask whether significant NSAID-
related mucosal injury can occur in the absence of
suppression of mucosal PGs. After administration of
salsalate, a nonacetylated salicylate that is anti-
inflammatory, mucosal injury has been far less than after
other NSAIDs. %1% Salsalate does not significantly inhibit
cyclo-oxygenase activity or reduce mucosal PG con-
tent.®1% Thus, inhibition of PG synthesis is probably
necessary but not sufficient for mucosal injury.

SHORT-TERM VS LONG-TERM NSAID ADMINISTRATION

After short-term administration, a variety of types of
injury develop, ranging from petechial hemorrhages, dif-
fuse hemorrhages, superficial erosions, and, less com-
monly, ulceration.* On the basis of such observations,
many claims have been made as to the superiority of one
NSAID over another regarding the incidence of mucosal
injury. Lanza'? reported the largest experience with en-
doscopic mucosal observations after 7 days of NSAID in-
gestion. High doses of aspirin had the highest incidence
of acute gastric mucosal injury, while the incidence of in-
jury induced by other nonaspirin NSAIDs was less but
also dose dependent. Among the nonaspirin NSAIDs, it
was not easy to compare incidences of gastric mucosal
toxic effects because of difficulties in determining equiv-
alent doses. By compiling all of his NSAID data, Lanza
observed a 6.7% incidence of GU and a 1.4% incidence of
duodenal ulcer (DU) after 1 week of NSAID ingestion. The
largest numbers of GUs were produced by aspirin and the
lowest numbers by lower anti-inflammatory doses of ibu-
profen.

The evolution of mucosal injury over time after short-
term NSAID therapy also has been an interest of investi-
gation. After a single dose of aspirin (650 mg), gastric in-
tramucosal hemorrhages endoscopically visible as
petechiae appear in as little as 15 minutes and gastric ero-
sions in as little as 45 minutes. " Petechial lesions become
most pronounced by 1 to 2 hours!'*!** and can occur in any
location in the stomach.!®1!* After many repeated doses
of aspirin, multiple erosions appear, mostly in the an-
trum,¥-1%.10 but potentially in any gastric location. Endo-
scopic gastric mucosal injury peaks within the first 3 days
and then tends to decrease despite continued aspirin ad-
ministration,'®1# despite the fact that mucosal PG
content remains low.*® This phenomenon has been re-
ferred to as gastric adaptation.! Increased epithelial cell
regeneration and mitoses have been observed to occurin
response to aspirin-induced injury."'>"®

*References 77-79, 82, 85, 87, 88, 101-114.
1148 Arch Intern Med ~Vol 152, June 1992

Mucosal petechiae and erosions are comparatively triv-
ial, transient lesions that have low risk for major unto-
ward effects.””® Acute mucosal injury can be repaired rap-
idly through processes of restitution and gastric
adaptation. With continued and frequent aspirin admin-
istration, the rate of mucosal injury may be greater than
the rate of mucosal repair, ultimately resulting in a
persistent epithelial defect.'® Consequently, an erosion or
an ulcer may develop, the distinction between the two
being depth of damage.'” An ulcer, once formed, has the
potential to cause significant bleeding, luminal obstruc-
tion, or gastrointestinal perforation, all of which are
not uncommon complications of long-term NSAID
therapy.’#1# Thus, the clinically important aspects of
NSAID mucosal damage are primarily the consequences
seen after long-term rather than short-term therapy.

Although there may be considerable differences in in-
cidences of injury after short-term administration ob-
served between the various nonaspirin NSAIDs, these
differences cannot be used to predict injury after longer-
term administration. Drugs that produce slight acute
mucosal injury can still produce ulcers when given on a
long-term basis. For example, sulindac produces little
mucosal damage when given for a short term'! but is as-
sociated with one of the highest rates of NSAID-related
upper gastrointestinal bleeding.!® Most data on conse-
quences of long-term NSAID therapy come from epide-
miologic studies or from prospective trials of patients
taking these medications for therapy for chronic rheu-
matic diseases.

Retrospective reviews of records of hospital admissions
for upper gastrointestinal bleeding have provided further
evidence that long-term aspirin use is associated with
GUs.'? With the newer, nonaspirin NSAIDs, case-
controlled studies also suggest that gastrointestinal bleed-
ing from ulcers is strongly associated with NSAID
use. 2124151 However, the incidence of serious ulcer com-
plications with nonaspirin NSAIDs is less than that with
aspirin. Patients presenting with bleeding ulcers are three
to five times as likely as controls to have taken an NSAID,
and 13% to 60% have a recent history of NSAID
consumption.’?*¥! Among subjects without a history of
ulcer, patients taking NSAIDs have 1.5 times the risk of
developing upper gastrointestinal bleeding than do con-
trols not taking NSAIDs.'”” A dose-response relationship
between NSAID consumption and development of mu-
cosal ulcers may also exist. Cameron'® found that a pat-
tern of regular aspirin consumption (>15 aspirin tablets
per week) had a significantly higher association with GUs
than patterns of occasional (14 or less per week) or no as-
pirin consumption. On the basis of the distribution of as-
pirin use among these patients, it has been estimated that
the relative risk of developing a GU rises dramatically
above 15 to 20 aspirin tablets per week at an aspirin dose
of 325 mg.'®

Data on long-term mucosal effects of NSAID consump-
tion come mostly from endoscopic studies of patients with
rheumatoid arthritis or osteoarthritis.®21%31% MecCar-
thy,'* by combining data from all available point preva-
lence studies, estimated a GU point prevalence of 13%
and a DU point prevalence o? 11% for patients with
arthritis taking long-term NSAID therapy. Enteric-coated
aspirin appears to be associated with fewer GUs than
plain aspirin.® However, incidences of DUs after use of
either aspirin preparation are similar.!*
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Prospective, point-prevalence trials are limited by the
fact that they look at the mucosa at only one pointin time,
after variable lengths of NSAID use. It is not certain
whether the observed ulcer is truly a direct consequence
of the NSAID or whether it was present before NSAID
therapy began. To assess the risk of ulcer formation
directly attributable to NSAIDs, a lesion-free mucosa
needs to be observed at a zero time point, and the
incidence of ulcers arising while the patient is taking
NSAIDs as compared with placebo treatment is then re-
corded. Caruso and Bianchi-Porro'® observed new gastric
lesions in 31% of patients after 3 months of NSAIDs. The
incidence of ulcers among these “lesions” was not re-
ported, and there was no placebo-treated group for com-
parison. An alternative means to study the evolution of
mucosal damage in long-term NSAID users is to use data
from placebo-controlled trials of protective agents coad-
ministered with NSAIDs. To date, there have been four
large (ie, >100 subjects each) trials in which either a his-
tamine, (H) blocker, a synthetic PG, or placebo was
coadministered with one of various NSAIDs to patients
with arthritis who were without mucocsal abnormalities at
initial endoscopy.” ¥ Again, there was no group of pa-
tients with arthritis who received placebo without
NSAIDs. Nevertheless, it appears that, at least after 2
months of NSAID therapy, a new GU may develop in a
little greater than 10% of NSAID users, and a DU will de-
velop in somewhere less than 10%. It is likely that gastric
and duodenal ulceration with NSAID usage beyond 2 to
3 months will continue to occur, since NSAID-related ul-
cer complications, such as bleeding or perforation, occur
frequently in long-term NSAID users. 2134141

RISK FACTORS FOR NSAID-INDUCED ULCERS
Dose

As the prescribed dose of an NSAID increases, the per-
centage of patients presenting with upper gastrointestinal
bleeding or hospitalized for ulcers increases.'#* Griffin
et al’® recently reported that the relative risk of ulceration
in older subjects who have consumed NSAIDs for less
than 30 days is almost twice the risk for longer periods of
consumption. ' The authors stated that the estimated risk
for development of an ulcer among an elderly individual
who has recently begun a high dose of an NSAID is 10
times that of a nonuser.™ Prospective data directly eval-
uating dose-response or duration-response relationships
between long-term NSAID use and ulcer development are
lacking.

Ulcer History

A history of idiopathic ulcer disease may increase the
risk of ulceration during NSAID therapy. After 2 months
of NSAID consumption, six of 11 patients with a history
of peptic ulcers developed recurrent ulceration, compared
with only 11 of 115 patients with no ulcer history."* More
studies of this risk factor are required before previous ul-
cer disease can be accepted as a definite risk factor,

Age
Age is one factor that has been consistently associated
with an increased risk for NSAID-related ulcer complica-
tions, 215128131 The risk of perforated ulcers may be high
in elderly NSAID users, especially elderly women, '™ and
mortality from ulcer complications is also markedly ele-
vated in the aged.'”® One likely explanation for this asso-
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ciation of greater age and risk of NSAID ulcerations is that
NSAID use increases with advancing age, especially in
those over 60 years old.'**!* However, there may be other
factors that predispose the elderly to damage by NSAIDs.
For example, our group and a group from Japan recently
showed that both gastric'!# and duodenal? mucosal PG
concentrations decline with aging in humans. Thus, older
patients, at baseline, may have an already compromised
potential for mucosal protection, perhaps placing this
group at high risk for the development of NSAID-induced
ulcers.

Smoking

It is not known whether cigarette smoking influences
the potential for NSAID-induced ulceration. The ability of
the gastroduodenal mucosa to protect itself against injury
may be decreased in smokers, since smoking is associated
with reduced mucosal PG concentrations in humans. 4145
Use of NSAIDs by smokers should further reduce their
already low mucosal PG concentrations.

PREVENTION OF NSAID-INDUCED ULCERS

Initial attempts to lower gastroduodenal toxic effects
seen with aspirin were directed toward development of
alternative formulations. Newer NSAIDs, enteric-coated
preparations, suppositories, and prodrugs disappoint-
ingly continue to be associated with significant ulceration.
None has demonstrated conclusive superiority to the
others for decreased gastroduodenal toxic effects. Conse-
quently, a major research interest has arisen to investigate
other drugs that, when coadministered with NSAIDs, will
either protect against or prevent mucosal injury.

Evaluation of the efficacy of a coadministered agent to
prevent mucosal damage is strongly influenced by the
type of scale used to measure injury. Mucosal protection
may or may not be observed, depending on which pattern
of injury has been most heavily weighted in the scoring
system. In a study of prevention of naproxen-induced
acute gastroduodenal injury, cimetidine was demon-
strated to be superior to placebo when a scale primarily
reflective of mucosal hemorrhage was used, but cimeti-
dine was not different from placebo when a scale in which
erosions were incorporated into the scoring system was
used.* Results of cotreatment trials are more reliably ap-
plied to clinical practice when erosions and ulcers are used
as end points to define response to therapy. Here again,
findings of the short-term trials may not be relevant to
long-term administration and, thus, the weight of our
conclusions should be based on results of trials of ex-
tended cotherapy in the long-term NSAID user.

H,-Receptor Antagonists

It has become common practice to prescribe H;-
antagonists, such as cimetidine (Tagamet), ranitidine
(Zantac), famotidine (Pepcid), and nizatidine (Axid),
along with NSAIDs for ulcer prophylaxis, even though
supporting evidence from clinical trials is sparse. None-
theless, coadministration of an antisecretory agent does,
for the following reasons, have some theoretical merit: (1)
after mucosal integrity has been interrupted by an
NSAID, further cellular damage can occur through the
back diffusion of acid; (2) during NSAID therapy, acid se-
cretion may increase,®!¥ possibly because of decreased
mucosal PG content; and (3) in animals, NSAID mucosal
damage in the presence of acid is greater than when mu-
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cosa is exposed to a higher pH.* On the other hand, the
fact that Hy-antagonists have no known effects on gastric
mucosal PGs theoretically argues against their possible
benefit in a PG-deficient mucosa, '#1%

Coadministration of Hy-antagonists and aspirin, dosed
for 7 days or less, to normal volunteers produced less
gastric and duodenal mucosal injury than did adminis-
tration of placebo." " Thus, in the short term, H.-
antagonists are effective for prophylaxis against gastric
and duodenal NSAID-induced injury. During longer pe-
riods of NSAID administration, Hy-antagonists, such as
ranitidine (150 mg twice daily), are effective for NSAID-
induced ulcer prevention in the duodenum but not the
stomach. %1%

There is limited information on ulcer prevention after
an NSAID-induced ulcer has been healed by an H,-
antagonist, assuming that coadministration of an H,-
antagonist and the NSAID is continued.’**'* Available
data suggest that recurrence rates during cotherapy are
low.?* In these maintenance studies, however, repeated
endoscopy was only performed for symptomatic recur-
rences. Since a considerable number of patients taking
NSAIDs have asymptomatic ulcerations,14:128.129.138.139 jt jg
likely the recurrence rates have been underestimated.
Given that full-dose H-antagonist therapy does not
effectively prevent initial NSAID-induced GUs, the abil-
ity of a maintenance dose of an H;-antagonist to prevent
recurrent ulcers becomes suspect. Reliable data from
well-designed maintenance trials of coadministration of
H;-antagonist and NSAIDs are not available. Thus, H,-
antagonists are not approved for the prevention of
NSAID-induced ulcerations.

Sucralfate (Carafate)

Sucralfate, an aluminum salt of sucrose sulfate, pro-
vides mucosal protection in animals against a variety of
noxious agents, including aspirin and indomethacin. %1%
In humans given one to four doses of aspirin, mucosal
protection with sucralfate has been observed. 611 Possi-
ble protective mechanisms of action include increased PG
production,'#1621€ stimulation of gastric mucus and bi-
carbonate secretion, and stimulation of gastric mucosal
cell proliferation. '#*166.1%0

Even though sucralfate can protect the gastric mu-
cosa from injury after a few doses of aspirin, mucosal
protection by sucralfate after more than 1 day of aspi-
rin has not been consistently observed. When com-
pared with placebo, fewer aspirin-induced gastric mu-
cosal “lesions” occurred in normal volunteers treated
with sucralfate for 5 days'¥ or 7 days.!® These findings
are in contrast to other studies in which gastric mu-
cosal protection was not seen with sucralfate after 1
week'® or 2 weeks'” of aspirin treatment. Sucralfate is
inferior to misoprostol (Cytotec) in prevention of
NSAID-induced wulcers over longer periods (3
months). 7

Prostaglandins, Including Misoprostol

A number of PGs have been orally administered to
prevent NSAID-induced mucosal damage. Most inves-
tigation of prevention and/or treatment of NSAID-
related mucosal injury has been with misoprostol, a
PGE, analogue. Increasing evidence suggests that PG
analogues can effectively prevent NSAID-induced gas-
tric mucosal ulceration. In placebo-controlled trials of 1
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week or less, misoprostol or enprostil (a PGE, ana-
logue), when coadministered with NSAIDs, protected
the gastric and duodenal mucosa from NSAID-induced
injury V11" With regard to ulceration, after only 1 week
of NSAID therapy in normal volunteers, misoprostol
significantly reduced the incidence of GUs and DUs.”
Prostaglandin analogues appear to be more effective
for the prevention of NSAID-induced GUs when com-
pared with either H;-antagonists® or sucralfate.'” In a
multicenter trial, 420 patients with ostecarthritis who
were taking one of three NSAIDS and who did not
have GUs at the start of the study were randomized to
receive either placebo, misoprostol (100 g four times
daily), or misoprostol (200 pg four times daily).’¥ At
the end of 3 months, GUs had developed in 30 of the
128 placebo-treated patients but in only eight of 143
and two of 139 patients treated with the lower and
higher doses of misoprostol, respectively.

Data on use of misoprostol for prevention of NSAID-
induced DUs come from two trials. In the above-
mentioned trial, there was no significant difference in DU
incidence at 3 months between misoprostol-treated and
placebo-treated patients, possibly because the incidence
of DU in the placebo group was very low. More recent re-
sults from another trial have suggested that misoprostol
(200 g four times daily) can significantly prevent NSAID-
induced DUs."® Whereas 13 of 198 placebo-treated pa-
tients developed DUs after 12 weeks of NSAID, only two
of 176 misoprostol-treated patients developed DUs by 12
weeks, a significant reduction.

Two aspects of these misoprostol studies™® ¥ leave
open questions about how to apply these data to clinical
situations. First, patients with a history of previous ulcer
disease were excluded. Because patients with a history of
peptic ulcer disease seem to have a greater risk of recur-
rent ulceration,'® it is especially important to know if mi-
soprostol can confer a protective benefit to this group.
Second, a protective benefit at 3 months does not predict
long-term efficacy of misoprostol prophylaxis in patients
taking NSAIDs on a long-term basis, nor does it predict
with certainty a reduced morbidity or mortality from ul-
cer complications.

A reasonable assessment of the results of these trials is
that misoprostol probably does provide a protective ben-
efit against mucosal ulceration in patients who must
ingest NSAIDs for a long period. Because misoprostol is
available and has marketing approval for GU prophylaxis
in NSAID users, certain questions should be investigated
so that we may better define appropriate indications for
its use: (1) Will a reduction in ulcer-related morbidity and
mortality, the clinically important outcomes of gastric
mucosal ulceration, be associated with misoprostol? (2)
Which individuals among all long-term NSAID users
should be singled out for prophylaxis? (3) How long and
at what dosage should misoprostol prophylaxis be con-
tinued in such individuals?

Prevention Strategies
The optimal strategy for prevention of NSAID-related
mucosal injury is not straightforward, given the uncer-
tainties concerning pathogenesis of these ulcers and given
the variety of available drugs that potentially could reduce
ulcer frequency. An initial approach toward prevention
should be directed toward identification of the individu-
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als who may be at greatest risk for NSAID-related ulcer-
ation. Elderly patients may possibly fall into this category.
The risk of greater age may be further increased by a his-
tory of ulcer disease and, possibly, by female gender and
a current habit of cigarette smoking. If only analgesia is
desired, it might be prudent to initiate therapy with ace-
taminophen or a nonacetylated salicylate, thus avoiding
other NSAIDs associated with more substantial gas-
troduodenal injury. However, many patients, especially
those with inflammatory diseases, may require poten-
tially ulcerogenic NSAIDs, in which case the lowest ther-
apeutic anti-inflammatory dose should be started. If the
patient has significant risk factors for NSAID-induced ul-
ceration, as listed above, consideration should be given to
prophylaxis with a coadministered agent. In our opinion,
the strongest risk factor is a history of peptic ulcer disease.
The impact of other risk factors, such as greater age, fe-
male gender, cigarette smoking, NSAID dosage, and
number of various NSAIDs taken, is less certain, and
physicians should use their judgment on a case-by-case
basis, assessing potential benefits, risks, and costs. Mis-
oprostol is the only drug approved for prevention of
NSAID-induced GUs. We recommend a starting dose of
100 p.g four times daily, since this dose seems to be almost
as effective as the higher misoprostol dose and may
reduce the incidence of diarrhea. If this dose is well tol-
erated, the physician may choose to increase the dose af-
ter a few weeks to 200 pg four times daily, although this
dose may not be cost-effective.”™ These dosage recom-
mendations are at slight variance with Food and Drug
Administration guidelines, in which the higher dose is
recommended initially and the lower dose is used if the
higher dose cannot be tolerated. Doses higher than 800 pg
daily should be avoided. Because of its abortifacient po-
tential, misoprostol should not be used in pregnancy. If
the patient has a history of DU, it might be worthwhile
considering prophylaxis with an H;-antagonist. Whether
sucralfate prevents NSAID-induced gastroduodenal
mucosal ulceration awaits confirmation by placebo-
controlled studies.

TREATMENT OF NSAID-INDUCED ULCERS
H,-Receptor Antagonists

Although Hj-antagonists do not effectively prevent
NSAID-induced GUs, they are useful for accelerating GU
healing.!*1% A practical consideration is whether ulcer
healing can occur while NSAID administration continues.
After an NSAID-induced GU has appeared and NSAID
therapy is discontinued, approximately two thirds of GUs
will heal by 6 weeks of combined treatment with an H;-
antagonist and antacid,'™ a healing rate that is similar to
the healing rates of idiopathic GUs treated with H,-
antagonists for 6 weeks.'®*” In many patients, however,
NSAIDs cannot be discontinued.

Gastric or duodenal ulcers induced by NSAIDs can
be healed with Hj,antagonists while NSAIDs are
continued.'®1# However, healing rates are lower than
when NSAIDs are discontinued.'”*!®! When 190 patients
with arthritis were randomly assigned to continue or dis-
continue NSAIDs while their ulcers were being treated
with ranitidine,’® GU and DU healing rates after NSAIDs
were discontinued were significantly greater at 4, 8, and
12 weeks than when NSAIDs were continued. Nonethe-
less, in those who continued NSAIDs, approximately 80%
of GUs and approximately 90% of DUs were healed by 12
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weeks. Size of an NSAID-induced GU is also a major de-
terminant of success of Hx-antagonist therapy.'™

Omeprazole (Prilosec)

This agent inhibits gastric acid secretion by blocking
H-"/K*-adenosine triphosphatase pumps in parietal cells.
Omeprazole may be more efficacious than Hy-antagonists
for treatment of NSAID-related GUs.™ With omeprazole
therapy (40 mg daily), healing rates during continued
NSAID use were only slightly lower than, and were not
significantly different from, healing rates of conventional
peptic ulcers also treated with omeprazole. Further stud-
ies evaluating the use of omeprazole in the treatment of
NSAID-induced GUs will be necessary to verify these ini-
tial observations.

Sucralfate (Carafate)

In patients with arthritis, after 4 weeks of therapy for
NSAID-induced erosions or ulcers, sucralfate-treated pa-
tients who were still taking NSAIDs had a greater
improvement in their mean mucosal injury score than
patients taking placebo.’® Two problems in interpretation
of these data are that (1) GUs were not separated from
erosions and (2) sucralfate-treated patients, before initia-
tion of therapy, had significantly worse mucosal injury
than placebo users and, therefore, had greater potential
for improvement in their scores with therapy. In another
study, improvement in gastric erosions with sucralfate
after 6 weeks of therapy was similar to improvement seen
with cimetidine.”® Again, outcomes for GUs were not
described. Only one study, using sucralfate as treatment
for NSAID-induced mucosal damage, specifically sepa-
rated ulcer data from data for other mucosal lesions.”
After 9 weeks of therapy for NSAID-related ulcers in pa-
tients with arthritis, sucralfate or ranitidine healed just
over 80% of ulcers. However, difficulties again arise in
drawing conclusions from these data, as GU and DU
healing data were not separately mentioned. At initiation
of therapy, most endoscopically observed ulcers were
DUs. Thus, it is reasonable to conclude that the treatment
success of sucralfate primarily reflected DU healing. No
firm conclusions can be made regarding sucralfate as a
therapeutic agent in NSAID-induced mucosal ulceration.

Misoprostol

For healing of conventional peptic ulcers (unrelated to
NSAIDS), synthetic PG analogues are about as effective
as, but not more effective than, H,-antagonists,'®'%
Healing of peptic ulcers with synthetic PG analogues can
probably be entirely attributed to acid inhibition rather
than to mucosal-protective effects. For example, miso-
prostol, at an oral dose of 200 pg, is as effective as 200 mg
of cimetidine in the inhibition of acid secretion.’! Since
PG analogues and H,-antagonists have similar abilities to
heal peptic ulcers, but PG analogues are associated with
more frequent side effects,'” H,-antagonists remain the
treatment of choice for healing of conventional peptic
ulcers. .

Efficacy of misoprostol as treatment of NSAID-induced
ulcers was addressed in one study of 239 patients with
rheumatoid arthritis with endoscopically documented
gastric or duodenal “lesions.”' Patients were random-
ized to receive either misoprostol (200 p.g four times daily)
or placebo while continuing to take aspirin (650 to 1300 mg
four times daily). The results suggest that misoprostol is
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effective in healing of NSAID-induced GU and possibly
DU. However, further studies are needed to address this
question, since in the above study the numbers of ulcers
were relatively small and ulcer healing rates after cother-
apy with misoprostol and aspirin may not equal healing
rates after misoprostol and other NSAIDs. Moreover, tri-
als directly comparing healing efficacy of misoprostol
with other more traditional healing agents are also
needed. Misoprostol is not currently approved for use for
either GU or DU healing.

Treatment Strategies

Initial attempts at treatment of NSAID-induced ulcers
should be cessation of the NSAID. Complete withdrawal
of NSAIDs may not be possible in all patients, but they
may tolerate a reduction in NSAID dose. With continued
NSAID use, many drugs might be useful ulcer-healing
agents. The Hy-receptor antagonists, such as cimetidine
(Tagamet), ranitidine (Zantac), famotidine (Pepcid), and
nizatidine (Axid), and the proton pump inhibitor ome-
prazole (Prilosec) effectively heal NSAID-induced GU and
DU. Available data suggest that misoprostol (Cytotec)
may heal NSAID-induced GUs and that sucralfate (Cara-
fate) and misoprostol may heal NSAID-induced DUs.
However, more studies are needed before sucralfate and
misoprostol can be recommended for treatment of an ac-
tive NSAID-induced ulcer.

References

1. Feldman M. Prostaglandins and gastric ulcers: from seminal ves-
icle to misoprostol (Cytotec). Am J Med Sci. 1990;300:116-132.

2. Campbell WB. Lipid derived autocoids: eicosanoids and platelet
activating factor. in: Gilman AG, Rall TW, Nies AS, Taylor P, eds. The
Pharmacologic Basis of Therapeutics. New York, NY: Pergamon Press;
1990: 600-617.

3. Goetzl EJ, Goldstein IM. Arachidonic acid metabolites. In: Mc-
Carty D], ed. Arthritis and Allied Conditions. Philadelphia, Pa: Lea &
Febiger; 1989:409-425.

4. Schlegel W, Wenk K, Dollinger HC, et al. Concentrations of pros-
taglandin A-, E-, and F-like substances in gastric mucosa of normal sub-
jects and of patients with various gastric diseases. Clin Sci Mol Med.
1977;52:255-258.

5. Konturek S], Obtulowicz W, Sito E, Olesky J, Wilkon S, Kiec-
Dembinska A. Distribution of prostaglandins in gastric and duodenal
mucosa of healthy subjects and duodenal ulcer patients: effects of as-
pirin and paracetamol. Gut. 1981;22:283-289.

6. Whittle BJR, Vane JR, Prostanocids as regulators of gastrointestinal
function. In: Johnson LR, ed. Physiology of the Gastrointestinal Tract.
New York, NY: Raven Press; 1987:143-180.

7. Goldblatt MW. A depressor substance in human seminal plasma.
] Soc Chem Ind Lond. 1933;52:1036.

8. Vogt W, Suzuki T, Babilli S. Prostaglandin SRS- and darinstoff
preparations from frog intestinal dialysates. Mem Soc Endocrinol.
1966;14:137.

9. Ambache N, Brummir HC, Whiing J, Wood M. Atropine-resistant
substances in extracts of plexus-containing longitudinal muscle from
guinea pig ileum. j Physiol Lond. 1986;186:32P,

10. Robert A, Nezamis JE, Phillips JP. Inhibition of gastric secretion by
prostaglandins. Am J Dig Dis. 1967;12:1073-1076.

11. Robert A, Robert A, Nezamis JE, Phillips JP. Effect of prostaglan-
din E; on gastric secretion and ulcer formation in the rat. Castroenter-
ology. 1968;55:481-487.

12. Baker R, )affe BM, Reed JD, Shaw B, Venables CW. Exogenous
prostaglandins and gastric secretion in the cat. / Physiol. 1978;278;441-
450.

13. Classen M, Koch H, Bickhardt ), Topf G, Demling L. The effect of
prostaglandin E, on the pentagastrin-stimulated gastric secretion in
man. Digestion. 1971;4:333-344.

14. Wilson DE, Phillips C, Levine RA. Inhibition of gastric secretion
in man by prostaglandin A,. Gastroenterology. 1971;61:201-206.

15. Newman A, Moraes-Filho |, Philippakos D, Misiewicz JJ. The ef-
fect of intravenous infusions of prostaglandins E; and F,, on human
gastric function. Gut. 1975;16:272-276.

16. Ippoliti AF, Isenberg Ji, Maxwell V, Walsh JH. The effect of
16,16,-dimethyl prostaglandin E; on meal-stimulated gastric acid secre-
tion and serum gastrin in duodenal ulcer patients. Gastroenterology.

1152 Arch Intern Med—Vol 152, june 1992

1976;70:488-491.

17. Peterson W, Feldman M, Taylor 1, Bremer M. The effect of 15(R)-
15-methyl prostaglandin E; on meal-stimulated gastric acid secretion,
serum gastrin, and pancreatic polypeptide in duodenal uicer patients.
Am | Dig Dis. 1979;24:381-384,

18. Weeks JR, DuCharme DW, Magee WE, Miller WL. The biological
activity of the 15(5),15-methyl analogs of prostaglandins E; and Fy,. J
Pharmacol Exp Ther. 1973;186:67-74.

19. Karim SMN, Carter DC, Bhana D, Ganesan PA. Effect of orally ad-
ministered prostaglandin E; and its 15-methy| analogues on gastric se-
cretion. BMJ. 1973;7:143-146.

20. Kollberg B, Slezak P, The effect of prostaglandin E; on duodenal
ulcer healing. Prostagfandins. 1982;24:527-536.

21. Robert A, Nezamis JE, Lancaster C, Hanchar A). Cytoprotection by
prostaglandins in rats, prevention of gastric necrosis produced by alco-
hol, HCL, NaOH, hypertonic NaCl and thermal injury. Gastroenterol-
ogy. 1979;77:433-443.

22. Mann NS. Bile-induced acute erosive gastritis: its prevention by
antacid, cholestyramine and prostaglandin E.. Am J Dig Dis. 1976;21:89-
92.

23. Lipgman W. Inhibition of indomethacin-induced gastric ulcer-
ation in the rat by perorally administered synthetic and natural pros-
taglandin analogs. Prostaglandins. 1974;7:1-10.

24. Whittle BJR. Mechanisms underlying gastric mucosal damage in-
duced by indomethacin and bile salts, and the actions of prostaglandins.
Br | Pharmacol. 1977;60:455-460.

25. Cohen MM. Prostaglandin E, prevents gastric mucosal barrier
damage. Gastroenterology. 1975;68:876.

26. Tepperman BL, Miller TA, Johnson LR. Effect of 16,16-dimethyl
prostagiandin E; on ethanol-induced damage to canine oxyntic mucosa.
Gastroenterology. 1978;75:1061-1065.

27. Carmichael HA, Nelson L, Russel Rl, Lyon A, Chandra V. The ef-
fect of the synthetic prostaglandin analog 15(R), 15 methyl-PGE; methyl
ester on gastric mucosal hemorrhage induced in rats by taurocholic acid
and hydrochloric acid. Dig Dis Sci. 1977;22:411-414,

28. Miller TA, Protective effects of prostaglandins against gastric mu-
cosal damage: current knowledge and proposed mechanisms. Am J
Physiol. 1983;245:G601-G623.

29. Robert A. Cytoprotection by prostaglandins. Gastroenterology.
1979;77:761-767.

30. LacyER, Ito S, Microscopic analysis of ethanol damage to rat gas-
tric mucosa after treatment with a prostaglandin. Castroenterofogy.
1962;63:619-625.

31. Konturek S). Gastric cytoprotection. Mt Sinai | Med. 1982;49:355-

69.

32. Robert A. Effects of prostaglandins on the stomach and the intes-
tine. Prostaglandins. 1974;6:523-532.

33. Robert A. An intestinal disease produced experimentally by
prostaglandin deficiency. Gastroenterology. 1975;69:1045-1047.

34. Lancaster C, Robert A. Intestinal lesions produced by pred-
nisolone prevention (cytoprotection) by 16,16-dimethyl PGE,. Am J
Physiol. 1978;235:E703-E708.

35. Thomas-Delevaga JE, Banner BF, Hubbard M. Cytoprotective ef-
fect of prostaglandin E; in irradiated rat ileum. Surg Gynecol Obstet.
1984;158:38-45.

36. Gilbert DA, Surawicz CM, Silverstein FE, etal. Prevention of acute
aspirin-induced gastric mucosal injury by 15-R-15-methy! prostaglandin
E;: an endoscopic study. Castroenrero."o%f. 1984;86:339-345.

37. Jiranek GC, Kimmey MB, Saunders DR, Willson RA, Shanahan W,
Siverstein FE. Misoprostol reduces gastroduodenal injury from one
week of aspirin: an endoscopic study. Gastroenterology. 1989;96:656-
661

38. Lanza FL, Aspinall RL, Swabb EA, Davis RE, Rack MF, Rubin A.
Double-blind, placebo-controlled endoscopic comparison of miso-
prostol versus cimetidine on tolmetin-induced mucosal injury to the
stomach and duodenum. Gastroenterology. 1988;95:289-294.

39. Silen W. Gastric mucosal defense and repair. In: Johnson LR, ed.
Physiology of the Gastrointestinal Tract. New York, NY: Raven Press;
1987:1055-1069.

40. Robert A, Kauffman GL. Stress ulcers, erosions and gastric
mucosal injury. In: Sleisenger MH, Fortrand ]S, eds. Gastrointestinal
Disease. Philadelphia, Pa: WB Saunders Co; 1989:772-791.

41, Bickel M, Kauffman GL. Castric gel mucus thickness: effect of
distention, 16,16-dimethy! prostaglandin E; and carbenoxolone. Gas-
troenterology. 1981;80:770-775.

42, Kauffman GL, Reeve }J, Grossman MI. Gastric bicarbonate secre-
tion, effect of topical and intravenous 16,16-dimethyl prostaglandin E.
Am } Physiol. 1978;234:E535-E541,

43. Feldman M. Gastric bicarbonate secretion in humans: effect of
pentagastrin, bethanechol, and 11,16,16-trimethyl prostaglandin E,.
J Clin Invest. 1983;72:295-303.

44, |senberg JI, Hogan DL, Koss MA, Selling JA. Human duodenal
mucosal bicarbonate secretion: evidence for basal secretion and stim-
ulation by hydrochloric acid and a synthetic prostaglandin E; analogue.

Effects of NSAIDs on Prostaglandins—Cryer & Feldman

Downloaded From: http://archinte.jamanetwork.com/ by a Reprints Desk User on 03/20/2015

Patent Owner Ex. 2002
DRL v. Horizon
IPR2018-01341

Page 8 of 11



Gastroenterology. 1986;91:370-378.

45. [senberg ]I, Smedfors B, Johansson C, Effect of graded doses of
intraluminal H*, prostaglandin E,, and inhibition of endogenous pros-
taglandin synthesis on proximal duodenal bicarbonate secretion in
unanesthetized rat, Gastroenterology. 1985;88:303-307.

46. Soll AH, Weinstein WM, Kurata |, McCarthy D. Nonsteroidal
anti-inflammatory drugs and peptic ulcer disease. Ann Intem Med.
1991;114:307-319.

47. Austen KF. The role of arachidonic acid metabolites in local and
systemic inflammatory processes. Drugs. 1987;33(suppl 1):10-17.

48. Rodnan GP, Shumacher HR. The inflammatory process. In: Rod-
nan GP, Shumacher HR, eds. Primer on the Rheumatic Disease. Atlanta,
Ga: Arthritis Foundation; 1983:16-19.

49. Vane JR. Inhibition of prostaglandin synthesis as a mechanism of
action for aspirin-like drugs. Nature New Biol. 1971;231:232-235.

50. Williams TJ, Peck M]. Role of prostaglandin-mediated vasodilata-
tion in inflammation. Nature. 1977;270:530-532.

51, Paulus HE, Furst DE. Aspirin and other nonsteroidal anti-
inflammatory drugs. In: McCarty D), ed. Arthritis and Allied Conditions.
Philadelphia, Pa: Lea & Febiger; 1989:507-543.

52. Moncada S, Ferreira SH, Vane JR. Prostaglandins, aspirin-like
drugs and oedema of inflammation, Nature. 1973;246:217-219.

53. Dey PK. Further studies on the role of prostaglandin in fever. /
Physiol. 1974;241:629-646.

54. Ferreira SH. Prostaglandins, aspirin-like drugs and analgesia. Na-
ture New Biol. 1972;240:200-203.

55, Roth SH. Salicylates revisited: are they still the hallmark of anti-
inflammatory therapy? Drugs. 1988;36:1-6.

56. Rome LH, Lands WEM. Structural requirements for time-
dependent inhibition of }Jroslaglandin biosynthesis by anti-
inflammatory drugs. Proc Nat! Acad Sci U S A. 1975;72:4863-4865.

57. Vane JR, Botting RM. The mode of action of anti-inflammatory
drugs. Postgrad Med J. 1990;66(suppl 4):2-17.

58. Flower R), Vane JR. Inhibition of prostaglandin synthetase in brain
explains the antipyretic activity of paracetamol (4-acetamidophenol).
Nature. 1972;240:410-411.

59. Higgs GA, Vane JR. Inhibition of cyclo-oxygenase and lipoxyge-
nase. Br Med Bu/l. 1983;39:265-270.

60. Samuelsson S. The leukotrienes, mediators of immediate hyper-
sensitivity reactions and inflammation. Proc Nat! Acad Sci U S A
1983;220:555-568.

61, Deila Loggia R, Ragazzi E, Tubaro A, Fassina G, Vertua R,
Anti-inflammatory activity of benzopyrones that are inhibitors of cyclo-
and lipo-oxygenase. Pharmacol Res Commun. 1988;20(suppl V):91-
94,

62. Abramsom SB, Weissmann G. The mechanisms of action of non-
steroidal antiinflammatory drugs, Arthritis Rheum. 1989;32:1-9.

63. Flynn DL, Capiris T, Cetenko W), et al. Nonsteroidal antiinflam-
matory drug hydroxamic acids: dual inhibitors of both cyclo-oxygenase
and S-lipoxygenase. J Med Chem. 1990;33:2070-2072.

64. Vane |. The eveolution of non-steroidal anti-inflammatory drugs
and their mechanisms of action. Drugs. 1987;33(suppl 1):18-25.

65. Altman RD. Salicylates in the treatment of arthritic disease. Post-
grad Med. 1988;84:206-209.

66. McPherson TC. Salsalate for arthritis: a clinical evaluation. Clin
Ther. 1984;6:388-403.

67. Multicenter Salsalate/Aspirin Comparison Study Group. Does the
acetyl group of aspirin contribute to the antiinflammatory efficacy of
salicylic acid in the treatment of rheumatoid arthritis? J Rheumatol.
1989;16:321-327.

68. Liyanage SP, Tambar PK. Comparative study of salsalate and aspi-
rin in osteoarthritis of the hip or knee. Curr Med Res Opin. 1978;5:450-
453.

69, Danesh B)Z, Mclaren M, Russel R}, Lowe GDO, Forbes CD. Does
non-acetylated salicylate inhibit thromboxane biosynthesis in human
platelets? Scot Med J. 1988;33:315-316.

70. Abramson S, Korchak H, Ludewig R, et al. Modes of actions of
aspirin-like drugs. Proc Natl Acad Sci U 5 A. 1985;82:7227-7231.

71. Weissmann G. Pathogenesis of inflammation: effects of pharma-
cological manipulation of arachidonic acid metabolism on the cytolog-
ical response to inflammatory stimuli. Drugs. 1987;33(suppl 1):28-37.

72, Baskin WN, lvey KJ, Krause W], Jeffrey GE, Gemmell RT. Aspirin-
induced ultrastructural changes in human gastric mucosa: correlation
with potential difference. Ann Intern Med. 1976,85:299-303.

73. Davenport HW. Salicylate damage to the gastric mucosal barrier.
N Engl } Med. 1967;276:1307-1312,

74. Smith BM, Skillman }), Edwards BG, Silen W. Permeability of the
human gastric mucosa: alteration by acetylsalicylic acid and ethanol, N
Engl | Med. 1971;285:716-721.

75. Whittle BJR, Higgs GA, Eakins KE, Moncada S, Vane JR. Selective
inhibition of prostaglandin products in inflammatory exudates and gas-
tric mucosa. Nature. 1980;284:271-273.

76. Schmidt KL, Lane-Bellard R, Smith GS, Hillburn P, Miller TA. Pros-
uﬁlandin cytoprotection against ethanol-induced gastric injury in the rat:
a histologic and cytologic study. Gastroenterology. 1985;88:649-659.

Arch Intern Med—Vol 152, June 1992

77. Hoftiezer ]W, Silvoso GR, Burks M, Ivey KJ. Comparison of the
effects of regular and enteric-coated aspirin on gastroduodenal mucosa
of man. Lancet. 1980;2:609-612.

78. Lanza FL, Royer GL, Nelson RS. Endoscopic evaluation of the ef-
fects of aspirin, buffered aspirin, and enteric-coated aspirin on gastric
and duodenal mucosa. N Engl J Med. 1980;303:136-138.

79. Trondstad RI, Aadland E, Holler T, Olaussen B. Gastroscopic
findings after treatment with enteric-coated and plain naproxen tablets
in healthy subjects. Scand J Gastroenterol. 1985;20:239-242,

80. Silvoso GR, Ivey KJ, Butt JH, et al. Incidence of gastric lesions in
patients with theumatic disease on chronic aspirin therapy. Ann Intern
Med. 1979;91:517-520.

81. Bugat R, Thompson MR, Aures D, Gross MI. Gastric mucosal le-
sions produced by intravenous infusion of aspirin in cats. Gastroenter-
O.fggy. 1976;71:754-759,

. Hansen TM, Matzen P, Madsen P. Endoscopic evaluation of the
effect of indomethacin capsules and suppositories on the gastric
mucosa in rheumatic patients. | Rheumatol. 1984;11:484-487.

83. Ivey K], Paone DB, Krause W|. Acute effect of systemic aspirin on
gastric mucosa in man. Dig Dis Sci. 1980;25:97-99.

84. Redfern JS, Lee E, Feldman M. Effect of immunization with pros-
taglandin metabolites on gastrointestinal ulceration. Am ] Physiol.
1988;255:G723-G730.

85. Cohen MM, MacDonald WC. Mechanism of aspirin injury to hu-
man gastroduodenal mucosa. Prostaglandins Leukot Med. 1982;9:241-
255.

86. Ligumsky M, Golanska EM, Hansen DG, Kauffman GL. Aspirin can
inhibit gastric mucosal cyclo-oxygenase without causing lesion in rat.
Gastroenterology. 1983;84:756-761.

87. Redfern fg: Lee E, Feldman M. Effect of indomethacin on gastric
mucosal prostaglandins in humans. Castroenterology. 1987;92:969-977.

88. Levine RA, Petokas S, Nandi J, Enthoven D. Effects of nonsteroi-
dal, antiinflammatory drugs on gastrointestinal injury and prostanoid
generation in healthy volunteers. Dig Dis Sci. 1988;33:660-666.

89. Feldman M, Colutri T). Effect of indomethacin on gastric acid and
bicarbonate secretionin humans. Gastroenterology. 1984;87:1339-1343.

90. Main IHM, Whittle BJR. Investigation of the vasodilator and an-
tisecretory role of prostaglandins in the rat gastric mucosa by the use
of the non-steroidal anti-inflammatory drugs. Br / Pharmacol.
1975;53:217-224.

1. Kauffman GL, Aures D, Grossman M. Intravenous indomethacin
and aspirin reduce basal gastric mucosal blood flow in dogs. Am J Phys-
iol. 1980;238:G131-G134.

92. Selling JA, Hogan DL, Aly A, Koss MA, Isenberg )i. Indomethacin
inhibits duodenal mucosal bicarbonate secretion and endogenous
prostaglandin E; output in human subjects. Ann Intern Med.
1987;106:386-371.

93. Rainsford KD. The effects of aspirin and the other non-steroid
anti-inflammatory analgesic drugs on gastrointestinal mucus glycopro-
tein biosynthesis in vivo: relationship to ulcerogenic actions. Biochem
Pharmacol. 1978;27:877-885.

94. Pihan G, Rogers C, Szabo S. Vascular injury in acute gastric mu-
écgzsal damage: mediatory role of leukotrienes. Dig Dis Sci. 1988;33:625-

95. Konturek S}, Brzozowski T, Drozdowicz D, Beck G. Role of leu-
kotrienes in acute gastric lesions induced by ethanol, taurocholate, as-
pirin, platelet-activating factor and stress in rats. Dig Dis Sci.
1988;33:806-813.

96. Peskar BM, Hoppe BM, Lange K, Peskar BA. Effects of non-
steroidal anti-inflammatory drugs on rat gastric mucosal leukotriene C,
and prostanoid release: relation to ethanol-induced injury. Br f Phar-
macother. 1988;93:937-943.

97. Peskar BM, Klein A, Pyras F, Muller MK. Gastrointestinal toxicity:
role of prostaglandin and leukotrienes. Med Toxicol. 1986;1(suppl!
1):39-43.

98. Rainsford KD. The effects of 5-lipoxygenase inhibitors and leu-
kotriene antagonists on the development of gastric lesions induced by
nonstercidal antiinflammatory drugs in mice. Agents Actions.
1987;21:316-319.

99. Del Soldato P, Foschi D, Benoni G, Scarpignato C. Oxygen free
radicals interact with indomethacin to cause gastrointestinal injury.
Agents Actions. 1985;17:484-488.

100. Meilants H, Veys EM, Verbruggen G, Schelstraete K. Compari-
son of serum levels and gastrointestinal blood loss between salsalate
(Disalcid) and other forms of salicylates. Scand | Rheumatol.
1981;10:169-173.

101. Scheiman JM, Behler EM, Berardi RR, Elta GH. Salicylsalicylic
acid causes less gastroduodenal damage than enteric-coated aspirin.
Dig Dis Sci. 1989;34:229-232.

102. Cryer B, Goldschmiedt M, Redfern }S, Feldman M. Comparison
of salsalate and aspirin on mucosal injury and on gastroduodenal mu-
cosal prostaglandins. Gastroenterology. 1990;99:1616-1621.

103. LanzaF, Royer G, Nelson R. An endoscopic evaluation of the ef-
fects of non-steroidal anti-inflammatory drugs on the gastric mucosa.
Gastrointest Endosc. 1975;21:103-105.

Effects of NSAIDs on Prostaglandins—Cryer & Feldman 1153

Downloaded From: http://archinte.jamanetwork.com/ by a Reprints Desk User on 03/20/2015

Patent Owner Ex. 2002
DRL v. Horizon
IPR2018-01341

Page 9 of 11



104. Lehtola J, Sipponen P. A gastroscopic and histologic double-
blind study of the effects of diclofenac and naproxen on the human
gastric mucosa, Scand J Rheumatal. 1977;6:97-102.

105. Chernish SM, Rosenak BD, Brunelle RL. Comparison of the gas-
trointestinal effects of aspirin and fenoprofen. Arthritis Rheum.
1979;22:376-383.

106. lanzaFL, Royer GL, Nelson RS, Chen TT, Seckman CE, Rack MF.
The effects of ibuprofen, indomethacin, aspirin, naproxen, and placebo
on the mucosa of normal volunteers: a gastroscopic and photographic
study. Dig Dis Sci. 1979;24:823-828.

107. Osnes M, larsen S, Eidsaunet W. Effect of diclofenac and
naproxen of gastroduodenal mucosa. Clin Pharmacol Ther. 1979;26:399-
405

108. LanzaFL, Royer GL, Nelson RS, Chen TT, Seckman CE, Rack MF.
A comdparative endoscopic evaluation of the damaging effects of non-
steroidal anti-inflammatory agents on the gastric and duodenal mucosa.
Am ] Gastroenterol. 1981;75:17-21.

109. Hradsky M. Endoscopic evaluation of gastric tolerance to fen-
clofenac. Ups J Med Sci. 1981;86:99-103.

110. O’Laughlin JC, Hoftiezer JW, Ivey K. Effect of aspirin on the hu-
man stomach in normals: endoscopic comparison of damage produced
one hour, 24 hours, and 2 weeks after administration. Scand / Gastro-
enterol. 1981;16(supp! 67):211-214.

111. Graham DY, Smith JL, Holmes GI, Davies RO. Nonsteroidal
anti-inflammatory effect of sulindac sulfoxide and suifide on gastric
mucosa, Clin Pharmacol Ther. 1985;38:65-70.

112. Lanza FL. A review of gastric ulcer and gastroduodenal injury in
normal volunteers receiving aspirin and other non-steroidal anti-
inflammatory drugs. Scand j Gastroenterol. 1989;24(suppl 163):24-31.

113. O'Laughlin JC, Silvoso GR, Ivey K). Healing of aspirin associated
peptic ulcer disease despite continued salicylate ingestion. Arch Intern
Med. 1981;141:781-783.

114. Graham DY, Smith JL, Dobbs SM. Gastric adaptation occurs with
aspirin administration in man. Dig Dis Sci. 1983;28:1-6.

115. Lev R, Siegel HI, Jerzy-Glass GB. Effects of salicylates on the ca-
nine stomach: a morphological and histochemical study. Gastroenter-
ology. 1972;62:970-980.

116. Eastwood GL, Quimby GF. Effect of chronic aspirin ingestion on
epithelial proliferation in rat fundus, antrum, and duodenum. Castro-
enterology. 1982;82:852-856.

117. Graham DY, Smith JL, Spjut H), Torres E. Gastric adaptation:
studies in humans during continuous aspirin administration. Castroen-
terology. 1988;95:327-333.

118. Kauffman G. Aspirin-induced gastric mucosal injury: lessons
learned from animal models. Castroenterology. 1989;96:606-614,

119. Laine L, Weinstein WM. Subepithelial hemorrhages and ero-
sions of the human stomach. Dig Dis Sci. 1988;33:490-503.

120. Graham DY, Smith JL. Aspirin and the stomach. Ann Intern Med.
1986, 104:390-398.

121. Larkai EN, Smith JL, Lidsky MD, Graham DY. Gastroduodenal
mucosa and dyspeptic symptoms in arthritic patients during chronic
nonsteroidal anti-inflammatory drug use. Am | Castroenterol.
1987;11:1153-1158.

122. Carson JL, Strom BL, Morse ML, et al. The relative gastrointes-
tinal toxicity of the nonsteroidal anti-inflammatory drugs. Arch Intern
Med. 1987;147:1054-1059.

123. Levy M. Aspirin use in patients with major upper gastrointesti-
nalbleeding and peptic ulcer disease. N Eng/J Med. 1974;290:1158-1162.

124. Collier DSJ, Pain JA. Non-steroidal anti-inflammatory drugs and
peptic ulcer perforation. Gut. 1985;26:359-363.

125. Somerville K, Faulkner G, Langman M. Non-steroidal anti-
inflammatory drugs and bleeding peptic ulcer. Lancet. 1986;1:462-464.

126. Duggan |M, Dobson A), Johnsen H, Fahey P. Peptic ulcer and
non-steroidal anti-inflammatory agents. Gut. 1986;27:929-933.

127. Carson JL, Strom BL, Soper KA, West 5L, Morse ML. The asso-
ciation of nonsteroidal anti-inflammatory drugs with upper gastrointes-
tinal tract bleeding. Arch Intern Med. 1987;147:85-88.

128. Armstrong CP, Blower AL. Non-stercidal anti-inflammatory
drugs and life tEreatening complications of peptic ulceration. Gut.
1987;28:527-532.

129. Eliakim R, Ophir M, Rachmilewitz D. Duodenal mucosal injury
with nonstercidal antiinflammatory drugs. f Clin Gastroenterol.
1987;9:395-399.

130. Levy M, Miller DR, Kauffman DW, et al. Major upper gastrointes-
tinal tract bleeding: relation to the use of aspirin and other nonnarcotic
analgesics. Arch Intern Med. 1988;148:281-285.

131. Griffin MR, Piper JM, Daugherty R, Snowden M, Ray WA. Non-
steroidal anti-inflammatory drug use and increased risk for peptic ulcer
disease in elderly persons. Ann intern Med. 1991;114:257-263.

132, Cameron A]. Aspirin and gastric ulcer. Mayo Clin Proc.
1975;50:565-570.

133. Caruso |, Bianchi-Parra G. Gastroscopic evaluation of anti-
inflammatory agents. BMJ. 1980;280:75-78.

134. Lockhard OO, Ivey K], Butt JH, Silvoso GR, Sisk C, Holt $. The
prevalence of duodenal lesions in patients with rheumatic disease on

1154 Arch Intern Med—Vol 152, June 1992

chronic aspirin therapy. Gastrointest Endosc. 1980;26:5-7.

135. Morris AD, Holt SD, Silvoso GR, et al. Effect of anti-inflammatory
drug administration in patients with rheumatoid arthritis and endo-
scopic assessment. Scand | Gastroenterol. 1981;16(suppl 67):131-135.

136. McCarthy DM. Nonsteroidal antiinflammatory drug-induced ul-
cers: management by traditional therapies. Gastroenterology.
1989;96:662-674.

137. Graham DY, Agarwal NM, Roth SH. Prevention of NSAID-
induced gastric ulcer with misoprostol: multicentre, double-blind,
placebo-controlled trial. Lancet. 1988;2:1277-1280.

138. Ehsanullah RSB, Page MC, Tidesley G, Woood JR. Prevention of
gastroduodenal damage induced by non-steroidal anti-inflammatory
drugs: controlled trial of ranitidine. BMJ. 1988;297:1017-1021.

139. Robinson MG, Griffin JW, Bowers J, et al. Effect of ranitidine
gastroduodenal mucosal damage induced by nonsteroidal antiiflam-
matory drugs. Dig Dis Sci. 1989;34:424-428.

140. Graham DY, Stromatt SC, Jaszewski R, White RH, Triadafilopou-
los G. Prevention of duodenal ulcer in arthritics who are chronic NSAID
users: a multicenter trial of the role of misoprostol. Gastroenterology.
1991;100:75. Abstract.

141. Kurata JH, Abbey DE. The effect of chronic aspirin use on duo-
denal and gastric ulcer hospitalizations. J Clin Gastroenterol.
1990;12:260-266.

142. Cryer B, Redfern |S, Goldschmiedt M, Lee E, Feldman M. Effect
of aging on gastric and duodenal mucosal prostaglandin concentrations
in humans: relationship with gastric acid secretion. Gastroenterology.
1992;102:1118-1123.

143. Goto H, Tsukamoto Y, Kuroiwa M, et al, Effects of aging on gas-
tric mucosal prostaglandins. Gastroenterology. 1991;100:A74. Abstract.

144. Quimby GF, Bonnice CA, Burstein SH, Eastwood GL. Active
smoking depresses prostaglandin synthesis in human gastric mucosa.
Ann Intern Med. 1986;104:616-619.

145, Cryer B, Faust T, Goldschmiedt M, Redfern ), Lee E, Feldman M,
Factors affecting gastroduodenal prostaglandins in healthy humans.
Clin Res. 1991;39:185A. Abstract.

146. Lanza FL, Graham DY, Davis RE, Rack MF. Endoscopic compar-
ison of cimetidine and sucralfate for prevention of naproxen-induced
acute gastroduodenal injury: effect of scoring method. Dig Dis Sci.
1990,35:1494-1499.

147. Levine RA, Schwartzel EH. Eifect of indomethacin on basal and
histamine stimulated human gastric acid secretion. Gut. 1984;25:718-
722.

148. Rowe PH, Starlinger M], Kasdon E, Hollands M), Silen W. Paren-
teral aspirin and sodium salicylate are equally injurious to the rat gas-
tric mucosa. Gastroenterology. 1987;93:863-871.

149. Arakawa T, Satoh H, Fukuda T, Sakuma H, Nakamura H, Koba-
yashi K. Gastric mucosal resistance and prostanoid levels after cimeti-
dine treatment in rats. Digestion. 1988;41:1-8.

150. Pugh S, Williams SE, Lewin MR, et al. Duodenal and antral mu-
cosal prostaglandin E, synthesis in a study of normal subjects and all
stages of duodenal ulcer disease by Hi-receptor antagonists. Gut.
1989;30:161-165.

151. Kimmey MB, Silverstein FE, Saunders DR, Chapman RC. Reduc-
tion of endoscopically assessed acute aspirin-induced injury on gastric
mucosal injury with cimetidine. Dig Dis Sci. 1987;32:851-836.

152, Hogan DL, Thomas F), Isenberg )1, Cimetidine decreases aspirin-
induced gastric mucosal damage in humans. Aliment Pharmacol Ther.
1987;1:383-390.

153. Berkowitz JM, Adler SN, Sharp T, Warner CW. Reduction of
aspirin-induced gastroduodenal mucosal damage with ranitidine. / Clin
Gastroenterol. 1986;8:377-380.

154. Loludice TA, Saleem T, Lang JA. Cimetidine in the treatment of
gastric ulcer induced by steroidal and nonsteroidal anti-inflammatory
agents. Am J Gastroenterol. 1981;75:104-110.

155, Farah D, Sturrock RD, Russel RI. Peptic ulcer is rheumatoid ar-
thritis. Ann Rheum Dis. 1988;47:478-480.

156, Gerber LH, Rooney PJ, McCarthy DM. Healing of peptic ulcers
during continuing anti-inflammatory drug therapy in rheumatoid ar-
thritis. J Clin Gastroenterol. 1981;3:7-11.

157. Danesh BJZ, Duncan A, Mitchell G, Russell Rl. Effect of sucral-
fate on the occurrence of mucosal damage induced in rats by acetylsal-
icylic acid alone and when comhined with taurodeoxcholic acid at dif-
ferent pH values. Gastroenterology. 1985;88:1359. Abstract.

158. Hollander D, Tarnawski A, Gergely H, Zipser RD. Sucralfate
protection of the gastric mucosa against ethanol-induced injury: a
prostaglandin-mediated process? Scand ] Gastroenterof. 1984;1%(suppl
101):97-102.

15%. Hollander D, Tarnawski A, Krause W), Gergely H. Protective ef-
fect of sucralfate aiainst alcohol-induced gastric mucosal injury in the
rat: macroscopic, histologic, ultrastructural, and functional time se-
quence analysis. Gastroenterology. 1985;88:366-374.

160. Okabe S, Takeuchi K, Kunimi H, Kanno M, Kawashima M. Effects
of an antiulcer drug, sucralfate (a basic aluminum sait of sulfated disac-
charide), on experimental gastric lesions and gastric secretion in rats.
Dig Dis Sci. 1983;28:1034-1042.

Effects of NSAIDs on Prostaglandins —Cryer & Feldman

Downloaded From: http://archinte.jamanetwork.com/ by a Reprints Desk User on 03/20/2015

Patent Owner Ex. 2002
DRL v. Horizon
IPR2018-01341

Page 10 of 11



161. Stern Al, Ward F, Hartley G. Protective effect of sucralfate against
aspirin-induced damage to the human gastric mucosa. Am / Med.
1987 ;83(suppl 3B):83-85.

162. Konturek SJ, Kwiecien N, Obtulowicz W, Olesky ]. Gastropro-
tection by sucralfate against acetylsalicylic acid in humans: role of en-
dogenous prostaglandins. Scand | Gastroenterol. 1987;22(suppl 140):19-
2

163. Crampton JR, Gibbons LC, Rees WDW. Effects of sucralfate on
gastroduodenal bicarbonate secretion and mucosal prostaglandin E;
metabolism. Scand f Castroenterol. 1987;22(suppl 140):15-18.

164. Tarnawski A, Hollander D, Gergely H. The mechanism of
protective, therapeutic and prophylactic actions of sucralfate. Scand /
Gastroenterol. 1987;22(suppl 140):7-13.

165. Cramptom JR, Gibbons LC, Rees W. Effects of sucralfate on gas-
troduodenal bicarbonate secretion and prostaglandin E2 metabolism.
Am | Med. 1987,83(suppl 3B):14-18.

166. Morris GP, Keenan CM, MacHaughton WK, Wallace |L, William-
son TE. Protection of rat gastric mucosa by sucralfate. Am | Med.
1989;86(suppl 6A):10-16.

167. Tesler MA, Lim ES. Protection of gastric mucosa by sucralfate
from aspirin-induced erosions. / Clin Gastroenterol. 1981;3(suppl
2):175-179.

168. Stiel D, Ellard KT, Hills L), Brooks PM. Protective effect of
enprostil against aspirin-induced gastroduodenal mucosal injury in
man: comparison with cimetidine and sucralfate. Am J Med.
1986;81(suppl 2A):54-58.

169. Wu WC, Castell DO. Does sucralfate protect against aspirin-
induced mucosal lesions? Yes and no! Gastroenterology. 1984,86:1303.
Abstract.

170. Stern Al, Ward F, Sievert W, Lack of gastric mucosal protection
by sucralfate during long-term aspirin ingestion in humans. Am J Med.
1989;86{suppl 6A):66-69.

171. Agrawal NM, Roth S, Graham DY, et al. Misoprostol compared
with sucralfate in the prevention of nonsteroidal anti-inflammatory
drug-induced gastric ulcer: a randomized, controlled trial. Ann Intern
Med. 1991;115:195-200.

172, Lanza FL. A double-blind study of prophylactic effect of miso-
prostol on lesions of gastric and duodenal mucosa induced by oral ad-
ministration of tolmetin in healthy subjects, Dig Dis Sci,
1986;3(SU|:;PI]:131-136.

173. Aadland E, Fausa O, Vatn M, Cohen H, Quinfan D. Protection
misoprostol against naproxen-induced gastric damage. Am | Med.
1987;83(suppl 1A):37-40.

174. Cohen MM, McCready DR, Clark L, Sevelius H. Protection
adgainst aspirin-induced antral and duodenal damage with enprostil: a

louble-blind endoscopic study. Gastroenterology. 1985;88:382-386.

175. Hillman AL, Bloom BS. Economic effect of prophylactic use of
misoprostol to prevent gastric ulcer in patients taking non-steroidal
anti-inflammatory drugs. Arch Intern Med. 1989;149:2061-2066.

176. Freston )W. Overview of medical therapy of peptic ulcer disease.
Gastroenterol Clin North Am. 1990;19:121-140.

177. Graham DY. The relationship between nonsteroidal anti-
inflammatory drug use and peptic ulcer disease. Gastroenterol Clin
North Am. 1990;19:171-182.

Arch Intern Med—Vol 152, June 1992

178. O’Laughlin JC, Silvoso GK, Ivey K). Resistance to medical ther-
apy of gastric ulcers in rheumatic disease patients taking aspirin: a
double-blind study with cimetidine and follow-up. Dig Dis Sci.
1982;27:976-980.

179. Manniche C, Malchow-Moller A, Andersen )R, et al. Random-
ized study of the influence of non-steroidal anti-inflammatory drugs on
the treatment of peptic ulcer in patients with rheumatic disease. Gut.
1987,28:226-229.

180. Bijlsma JW). Treatment of NSAID-induced gastrointestinal le-
sions with cimetidine: an international multicentre coliaborative study.
Aliment Pharmacol Ther. 1988;2:85-96.

181. Walan A, Bader P, Classen M, et al. Effect of omeprazole and
ranitidine on ulcer healing and relapse rates in patients with benign
gastric ulcer. N Engl ] Med. 1989;320:69-75.

182. Lancaster-Smith M], Jaderberg ME, Jackson DA, Ranitidine in the
treatment of non-steroidal anti-inflammatory drug associated gastric
and duodenal ulcers. Gut. 1991;32:252-255.

183. Jaszewski R, Calzada R, Dhar R. Persistence of gastric ulcers
caused by plain aspirin or nonsteroidal antiinflammatory agents in pa-
tients treated with a combination of cimetidine, antacids, and enteric-
coated aspirin. Dig Dis Sci. 1989;34:1361-1364,

184. Caldwell JR, Roth SH, Wu WC, et al. Sucralfate treatment of
nonsteroidal anti-inflammatory drug-induced gastrointestinal symp-
toms and mucosal damage. Am J Med. 1987;83(suppl 3B):74-82.

185. Shepherd HA, Fine D, Hillier K, Cox N. Effect of sucralfate and
cimetidine of rheumatoid patients with active gastroduodenal lesions
who are taking nonsteroidal anti-inflammatory drugs: a pilot study. Am
] Med. 1989;86(suppl 6A):49-54.

186. Agrawal NM, Saffouri DM, Kruss DM, Callison DA, Dajani EZ.
Healing of benign gastric ulcer: a placebo controlled comparison of two
dosage regimens of misoprosotol, a synthetic analogue of prostaglan-
din E;. Dig Dis Sci. 1985;30(suppi 11):164-170.

187. NavertH, Thompson ABR, Archambault A. Treatment of gastric
ulcer with enprostil. Am J Med. 1986;81(suppl 2A):75-79,

188. Rachmilewitz D, Chapman JW, Nicholson PA. A multicenter in-
ternational controlled comparison of two dosage regimens of miso-
prostol with cimetidine in the treatment of gastric ulcer in outpatients.
Dig Dis Sci. 1986;31:75-80.

189. Shield MJ. Interim results of a multicenter international com-
parison of misoprostol and cimetidine in the treatment of outpatients
with benign gastric ulcers. Dig Dis Sci. 1985;30:178-184.

190. Winters L, Wilcox R, Ligny G. Comparison of enprostil and
cimetidine in active duodenal ulcer disease: summary of pooled Euro-
pean studies. Am ] Med. 1986;81(suppl 2A):69-74.

191. Salmon PR, Barton T. Comparative inhibition of coffee-induced
E:stric acid secretion employing misoprostol and cimetidine. Dig Dis

i. 1986;31(suppl):55-62.

192. Herting RL, Nissen CH. Overview of misoprostol clinical expe-
tience. Dig Dis Sci. 1986;31(suppl):47-54.

193. Roth S, Agrawal N, Mahowald M, et al. Misoprostol heals
gastroduodenal injury in patients with rheumatoid arthritis receiving
aspirin. Arch Intern Med. 1989;149:775-779.

Effects of NSAIDs on Prostaglandins—Cryer & Feldman 1155

Downloaded From: http://archinte.jamanetwork.com/ by a Reprints Desk User on 03/20/2015

Patent Owner Ex. 2002
DRL v. Horizon
IPR2018-01341

Page 11 of 11





