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Preface

In October 1986, recognized authorities from a variety of disciplines met in Lisbon,
Portugal, to review recent knowledge on eicosanoids — i.e., prostaglandins, throm-
boxane A,, and leukotrienes — and their role in gastrointestinal diseases.

Briefly, in the stomach endogenous as well as exogenous prostaglandins may
mediate cytoprotective actions in that they stimulate gastric mucus production, bicar-
bonate secretion and cellular regeneration while providing adequate mucosal blood
flow. In contrast, thromboxane A, by vasoconstriction may act as an ulcerogenic
substance. Diarrheal states may be associated with prostaglandins of types E and F as
they are capable to enhance intestinal water and electrolyte secretions. In chronic in-
flammatory bowel disease, mucosal synthesis of leukotrienes was found to be increased
more markedly than that of prostaglandins suggesting that leukotrienes may have a
major part in the pathogenesis of that disease.

In this volume, which is an elaborated collection of the papers given on occasion of
the above-mentioned symposium, the facts and problems associated with prostanoid
substances are dealt with in four sections on

biochemistry, biology and pharmacology of eicosanoids,
. physiologic and pathophysiologic aspects,

. established therapeutic implications, and

. treatment perspectives.

W -

We believe that the publication of these contributions by leading workers in the given
fields provides a comprehensive and up-to-date appraisal of the role of eicosanoids in
gastrointestinal diseases, and it is hoped that this volume will be of value to both basic
scientists and practicing clinicians.

The editors would like to express their thanks to the authors, and in particular to the
Bayer Company for sponsorship of the Lisbon symposium which was a scientifically
stimulating event.

January 1988 W. Domschke
H. G. Dammann
B. M. Peskar
K. H. Holtermiiller
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Biology and Pharmacology of Prostaglandins
and Leukotrienes



Biosynthesis and Metabolism of Prostaglandins
and Thromboxanes.
Quantitative Determination in Biological Material

E. GRANSTROM

Introduction

The eicosanoids constitute a large and still growing family of oxygenated and
biologically active compounds, which are derived from certain polyunsaturated, essen-
tial fatty acids. The best known of these are the prostaglandins (PGs) and thrombox-
anes (TXs) of the 2-series, i.e. bisenoic compounds originating in arachidonic acid.

Biosynthesis

The biosynthesis of prostaglandins and thromboxanes proceeds via several steps
shared by the two types of substances. The first step, which is also the rate-limiting one,
is liberation of the precursor fatty acid from phospholipid stores, presumably mainly
by phospholipase A, hydrolysis (see review in [1]). The free arachidonic acid is then
converted into two prostaglandin endoperoxides, PGG, and PGH,, by the action of
endoperoxide synthetase. The first step in this conversion is introduction of molecular
oxygen at C-9 and C-11, which is catalyzed by the ubiquitous enzyme, faity acid
cyclooxygenase (see review in [2]). PGG, and PGH, are highly potent and unstable
compounds, which can undergo a variety of different chemical and metabolic fates.
PGH, is in fact the immediate precursor of at least six different major compounds:
the “classical” prostaglandins (PGD,, PGE, and PGF,,), prostacyclin (PGI,), throm-
boxane A, (TXA,), and 12-hydroxy-heptadecatrienoic acid (HHT), the latter with the
concomitant formation of malondialdehyde (MDA).

PGH, is converted enzymatically or nonenzymatically into PGD, and PGE, by
isomerization, and in the presence of a reductase or reducing factors also into PGF,,.
Several endoperoxide isomerases have been studied and partially purified [2]. Forma-
tion of PGD, is also greatly enhanced by albumin. The occurrence of an endo-
peroxide reductase, cartalyzing the biosynthesis of PGF,, from PGH,, is somewhat
less certain.

Metabolism and Quantitative Determination
Attempts to elucidate the biological roles of these potent compounds rely to a great ex-

tent on accurate methods for their quantitation. Several serious difficulties are,
however, encountered in this field. Firstly, because of their high potencies, PGs and
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Biosynthesis and Metabolism of Prostaglandins and Thromboxanes 5

TXs occur only in very low amounts in most biological material. Secondly, many
tissues have a high capacity for PG and TX biosynthesis as well as further metabolism,
which may be elicited ex vivo as an artifact. Thus estimation of the true in vivo
amounts of a certain compound may be difficult.

To some extent, the latter difficulty may be circumvented by monitoring a different
target molecule. For example, early attempts to quantitate PGF,, biosynthesis in the
body by measurement of the primary compound in peripheral plasma gave highly
misleading results, whereas monitoring a major circulating metabolite, 15-keto-
13,14-dihydro-PGF,,, reliably reflected the endogenous situation [3], (see Fig. 1).

Another possibility is the measurement of highly degraded metabolites, tetranor
dicarboxylic compounds (Fig. 1), which appear later in the circulation after PG release
and also have longer half-lives. The latter factor renders these compounds particularly
suited for assay in studies based on few or even single blood samples. The highly
degraded compounds are also major PGF metabolites in the urine of most studied
species, and are thus suitable targets for assay in this biological fluid and serve as an
index of total body PGF production [3]. PGF,, itself, as well as other primary PGs,
is also excreted in small amounts into urine but reflects mainly the renal biosynthesis.

Metabolic fates of PGE compounds are similar to those of PGFs, and assay methods
for 15-keto-13,14-dihydro-PGE, (blood) and its tetranor dicarboxylic counterpart
(urine) have been developed. However, the chemical instability of all PGEs suggests a
different approach. Quantitative conversion of the unstable PGE compounds into
stable degradation products prior to assay (such as the bicyclic substances depicted in
Fig. 1) has proved a safer method [3].

The metabolism of PGD, has been elucidated comparatively recently [see review,
4]. The compound is even more unstable than PGE, and is rapidly dehydrated in the
ring structure as well as the methyl side chain. Three major degradation products have
been identified (Fig. 2) [5, 6]. The half-life of PGD, in aqueous medium is thus rather
short, particularly in the presence of albumin. The best alternative for the scientist in-
terested in assaying PGD, in vitro is either to monitor one of the degradation pro-
ducts, or to convert the unstable compound rapidly into a stable derivative such as the
11-methoxime prior to assay [7].

In vivo, however, the situation is quite different. One of the major metabolic fates
of PGD, is reduction of the 11-keto group to a hydroxyl. Thus, a PGF compound is
formed which is chemically quite stable [4]. In extensive metabolic studies by the
Vanderbilt group, it was discovered that the 11-hydroxyl group had the B configuration
in the majority of PGF products, in contrast to structurally similar metabolites derived
from PGF,, [8, 9] (Fig. 2). The major urinary metabolite in the human is
9a,11B-dihydroxy-15-keto-2,3,18,19-tetranorprost-5-ene-1,20-dioic acid, which can
form a unique tricyclic structure by a combination of hemiketal formation and lac-
tonization: this compound is thus particularly suitable for assay, since it originates ex-
clusively in PGD, and cannot be confused with other sources.

Prostacyclin and Thromboxane

Two products of PGH, metabolism which can only be formed by enzymatic catalysis
are PGL, and TXA,. These highly potent compounds have some features in common :
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they are chemically very unstable, and decompose by spontaneous hydrolysis into
biologically inactive products, 6-keto-PGF,, and TXB,, respectively [see reviews, 10,
11]. Biologically, however, they are rather the opposites of one another.

Metabolism of these compounds has mainly been studied using their hydrolysis pro-
ducts as starting material. While PGI, later became available for direct metabolic
studies, the corresponding situation has not yet become possible for elucidation of
thromboxane metabolism, although chemical synthesis of the compound has now been
accomplished [12].

Initially reported differences in the metabolism of 6-keto-PGF,, and PGI, were
later found to be mainly caused by differences in employed doses and were thus only
apparent discrepancies. The metabolic fates of PGI, are rather similar to those of
other PGs: dehydrogenation at C-15, reduction of the A '* double bond, B-oxidation,
and w-oxidation. Certain differences are, however, also seen : in contrast to the classical
PGs, PGI, is not taken up by the lung; B-oxidation stops at the dinor stage; and
biliary excretion of metabolites is prominent [4].

6-Keto-PGF |, is the most commonly monitored prostacyclin metabolite in the cir-
culation. As is the case with other PGs, however, reported levels of this compound far
exceed the theoretically possible ones. The likely explanation is, again, uncontrolled
formation of PGI, during sample collection or processing, and this necessitates the
monitoring of a different metabolite. Two prominent compounds in the circulation as
well as urine are 2,3-dinor-6,15-diketo-13,14-dihydro-PGF,, and its w-carboxylated
counterpart; dinor-6-keto-PGF,, is the major urinary compound but it less promi-
nent in the circulation. Measurement of 6-keto-PGF,, in the urine provides an index
of the renal prostacyclin production.

Increased thromboxane biosynthesis is postulated to be associated with various car-
diovascular diseases such as unstable angina [13]. Numerous attempts to study the
biological roles of TXA, have been based on measurement of TXB, in plasma.
However, reported levels are unrealistically high and far in excess of the true en-
dogenous concentration. The high measured levels in blood samples are no doubt
caused by the local formation of thromboxane during normal hemostatic events at the
puncture site as well as by mechanically stimulated blood cells ex vivo [14].

To avoid such sources of error, a different metabolite should be assayed: either a
urinary metabolite or a circulating compound that is not formed as an artifact under
any circumstances. Urinary dinor-T’XB, has been successfully monitored in a number
of studies but may not be a suitable assay target for the detection of shortlasting
thromboxane release. A number of other metabolites have been identified [15], and
some of these occur in blood as well as urine [16, 17]. A prominent TXB, metabolite
in several species is 11-dehydro-TXB,, which seems to fulfill the required criteria for a
suitable thromboxane parameter [16-18]. However, it should be pointed out that this
compound is a metabolite of TXB,. Whether 11-dehydro-T'XB, is also a major
metabolite of TXA, remains to be established.

Summary

In summary, when selecting the optimal compound for quantitative studies, several
factors have to be considered: the biosynthetic capacity and profile of the studied
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biological system ; the chemical stability of the chosen compound; the time aspect, and
so on. It should be pointed out in this context that the earlier prevailing attitude in this
field, viz. to develop highly specific methods for the measurement of single com-
pounds, in order to pin-point their biological roles, is now gradually beeing replaced
by the opposite one. A great deal of effort is at present being devoted to the develop-
ment of profiling assay methods, where the aim is to obtain as complete a picture of
formed products as possible. Even so interpretation of data is very difficult. Extensive
interconversion of PGs into one another is known to take place, and established in-
creases in the level of one compound are not necessarily caused by an overproduction.
They may as well be caused by a more distal block of a metabolic step. Quantitative
studies are only one tool for elucidation of the biological roles of the eicosanoids, and
they should preferably be combined with studies of inhibitors, receptors, biological ef-
fects of relevant compounds, and so on.
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Discussion Following the Report of Prof. Granstrém

WHITTLE

A widely used technique used for the measurement of the effects of aspirin and other
nonsteroidal anti-inflammatory drugs on thromboxane formation is to administer the
drugs and then to take the blood, allow it to clot in vitro, and then measure the TXB,
levels in that serum. Do you know whether there is any metabolism of thromboxane
in those samples? And whether it is a good measure of TXB, formation?

GRANSTROM

I think that the system is fairly safe to use and resistant against artifacts. It will, of
course, reflect the biosynthetic capacity rather than anything endogenous. Both we and
the Vanderbilt group have looked into the possible in vitro formation of metabolites
in clotting as well as in nonclotting blood, and the formation of, for instance,
11-dehydro-TXB, is less than 1% of TXB, formed. So I think that is a reasonably safe
approach to study the effects of these drugs.

PESKAR

Is TXA, metabolized the same way as TXB,? You have shown that there is a dif-
ference for the metabolism of PGI, as compared to 6-keto-PGF,.

GRANSTROM

Unfortunately, I think there is some risk that it is metabolized in a slightly different
way. We know of some metabolic fates of TXA, that have to do with its enormous
reactivity. It is, for instance, bound to albumin in different ways, and we do not know
whether it is exclusively released again as TXB, or not. And there has been some con-
troversy about the formation of, for instance, 15-keto-dihydro-TXB,, which is very
seldom seen as a metabolite of TXB, but may be a rather major metabolite of TXA,
under some circumstances; so we have this additional uncertainty. 11-Dehydro-TXB,
may rather be an indicator of TXB, formation, so we can only hope that TXB, is a
reasonably major metabolite of TXA, in the body. Nobody knows yet, and I think it
will be some time before anyone can study the metabolism of TXA, in vivo. I do not
know how this should be done technically.

LANGMAN
Can you tell me a little about how you get to your starting point ?

GRANSTROM

I personally do not know very much about it, but there is a lot known. Arachidonic
acid exists in many different phospholipid classes, and it depends on which type of cell
you are studying. Also the release mechanism may differ. I think the usually
dominating mechanism is by activation of a phospholipase A,, but there are also
other ways by which it could be released.
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PESKAR

If one wants to monitor prostaglandin or thromboxane formation in man, would you
suggest to measure plasma levels on the urinary excretion of prostaglandin or throm-
boxane metabolites. What is more reliable ?

GRANSTROM

It would depend on what you are looking for. I think, if you can be sure technically
that you get complete collection of all the urine from a patient during a 24-h period,
it is a rather safe index of a total body production. But I very much doubt that a small,
local, short-lasting increase in prostaglandin formation, say from a small site
somewhere in the body, would be reflected in the urinary levels. So, if you are looking
for something specific, for example, local production of thromboxane in coronary
vessels during a short attack of angina, you may have to use a different approach.

WHITTLE

When you measure the urinary metabolites of the various eicosanoids do you not have
the complicating factor that you are also measuring the release not only into the
systemic circulation but also from the kidneys themselves? Thus, if you have a
pathogenic situation, for example, where the kidneys may be inflamed, will you not get
an imbalance of the profile of products in the urine not necessarily reflecting whole-
body formation?

GRANSTROM

This is very true. And I think this is probably the reason why people are turning to pro-
filing assays instead, for we have seen many examples of changes in the metabolic pat-
tern during different conditions, such as the mastocytosis example I showed some time
ago. And there is also the problem of interpretation of data: If you do find increased
amounts of a certain compound, it does not necessarily mean that there is an increase
in the formation of it. It could also reflect a block in the further metabolism of the
compound.



Involvement of the FEicosanoids, Thromboxane A,
and Leukotriene C,4 in Gastric Mucosal Damage

B. J. R. WHITTLE

Introduction

The metabolites of arachidonic acid, the eicosanoids, formed by the cyclo-oxygenase
and lipoxygenase enzymes exert potent actions on the function and integrity of the
gastric mucosa. Since local ischaemia may be involved in the pathogenesis of various
forms of gastric damage and ulceration, the local vasodilator actions exerted by many
of the anti-ulcer prostanoids such as PGE, [2] may contribute to the overall process of
mucosal protection. A direct action on the vascular endothelium may also contribute,
and it has been demonstrated that the potent protective prostanoid, 16,16-dimethyl
PGE,, can prevent the microcirculatory stasis induced by the damaging agent ethanol
[3].

Not all eicosanoids, however, exert protective effects on the gastric mucosa. Thus the
cyclo-oxygenase product, thromboxane A, (TxA,), derived predominantly from
platelets, is a potent vasoconstrictor in many vascular beds. It is a highly labile moiety,
with a half-life of less than 30 seconds under physiological conditions, and to study its
pharmacological actions, it therefore must be generated locally, Thus when its
precusor arachidonic acid was infused into the canine gastric arterial circulation so as
to incubate with the blood-borne platelets to generate TxA,, dose-related vason-
constriction in the gastric circulation was observed. When the canine gastric mucosa
was concurrently exposed to a weak topical irritant such as the bile salt, sodium
taurocholate, extensive mucosal damage rapidly ensued [14]. To extend these observa-
tions further, studies using the chemically-stable endoperoxide analogue, 1lo-9a
epoxy-methano-PGH, (U-46619) which behaves as a thromboxane mimetic [1] were
conducted.

Pro-Ulcerogenic Effects of the Thromboxane Mimetic

A segment of acid-secreting fundic mucosa of the stomach of the pentobarbital-
anaesthetized dog was encased in situ in a lucite chamber consisting of two compart-
ments and the vasculature was pump-perfused with blood (10 ml min ~') from a can-
nulated femoral artery {14]. The endoperoxide analogue U-46619 (Upjohn Company,
Kalamazoo) was infused locally into the arterial blood line, close to stomach.
Topical instillation into the gastric chamber of acid (100 mM HCI) or an acid-
taurocholate (5 mM in 100 mM HCI) mixture caused only a low incidence of
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Fig. 1. Gastric mucosal damage following a 30 min period of topical application of acid (100 mM
HCI), or acidified taurocholate (5 mM in 100 mM HCI) either alone or during local intra-arterial infu-
sion of the thromboxane mimetic, U-46619 (5 ng kg ~'min ') in the dog gastric chamber preparation.
Results, shown as lesion area, are the mean *= s.e.m. of 5 experiments, where statistical significant
change from control is **P < 0.01. Data are adapted from [15]

macroscopically visible gastric mucosal damage during the 30 min observation period.
Likewise, intra-arterial infusion of the epoxy-methano-endoperoxide analogue (5 ng
kg ~'min ~!) during exposure to the acid solution alone failed to substantially damage
the mucosa (Fig 1). This dose of U-46619 caused an increase in gastric perfusion
pressure of A 66 = 5 mmHg (n = 6; P < 0.001), indicating marked vasoconstriction
in the gastric circulation. When the mucosa was exposed to acid-taurocholate, exten-
sive mucosal damage developed during the 30 min infusion of the thromboxane
mimetic (Fig. 1). As found with TxA, itself, localized areas of blanching, engorge-
ment, and stasis could clearly be observed during the infusion of the thromboxane
mimetic. These areas often were the initial or predominant sites for necrosis and punc-
tate bleeding, which became apparent within 10 to 15 min of the infusion. Sloughing
of the mucosal epithelial tissue led to extensive bleeding from the exposed underlying
tissue following termination of the infusion.
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Protective Actions of a Thromboxane Synthase Inhibitor

To investigate the role of locally generated TxA, in the pathogenesis of gastric
mucosal damage, the protective actions of the thromboxane synthase inhibitor,
1-benzyl imidazole, against ethanol-induced lesions was studied. Gastric mucosal le-
sions in male rats which had been starved 18 h previously (but allowed water) were in-
duced by the oral administration of 1 ml of an acidified ethanol mixture (40% ethanol
in 100 mM HCI) via a rubber intragastric tube [12]. The degree of gastric damage was
assessed 2 h after treatment, with each mucosa being coded to avoid observer bias and
assigned a lesion score based on the incidence and severity of the macroscopic lesions,
visible as discrete haemorrhagic erosions.

Pre-treatment with 1-benzyl imidazole as the fumerate salt (BZI, Wellcome Research
Laboratories) at doses of 1.25-20 mg kg ~! administered by an intragastric tube
(0.1 m1/100g body weight) 30 minutes prior to challenge, reduced the incidence and
severity of the gastric erosions seen 2 h after acid-ethanol treatment, as shown in
Fig. 2. The IDs, (dose inhibiting gastric lesions by 50%) was calculated to be 3.2 mg
kg ~'. BZI 1-10 mg kg ! s.c. was also effective following parenteral administration,
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Fig. 2. Inhibition of gastric mucosal damage induced by intragastric administration of acidified
ethanol (40% in 100 mM HCI) by 1 hour pre-treatment with the thromboxane synthase inhibitor,
l-benzyl-imidazole (BZI; 1-20 mg kg ~'), in the rat. Results are shown as mean * s.e.m. from (n)
rats. Data are adapted from [12]
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administered 1 hour prior to challenge (IDs, 3.8 mg kg ~'). This indicates that the
protective action was not the result of a local buffering action of BZI in the gastric
Iumen or from a local weak-irritant action, which has been shown to confer some pro-
tection to the gastric mucosa.

Microcirculatory Actions of the Thromboxane Mimetic and Leukotriene C,

To understand further the pro-ulcerogenic actions of the thromboxane mimetic, its ac-
tions on the gastric microcirculation were investigated. In addition, the vasoactive ef-
fects of the peptido-lipid lipoxygenase product, leukotriene C, (LTC,), were likewise
determined.

The in vivo microscopy technique described by Guth and colleagues [2, 3] was used
to study gastric submucosal arteriolar and venular responses in the pentobarbital-
anaesthetized rat. A fibre-optic light carrier rod was inserted into the gastric lumen via
an incision in the forestomach to transilluminate the stomach wall. After removal of
the serosal and muscle layers, a shallow disk with a 5 mm orifice was sealed over the
exposed submucosa for the local application of Krebs’ solution and the compounds
under investigation. This system allowed direct microscopic visualization and measure-
ment of the submucosal vascular networks, which were video-recorded via a TV.
camera. Arterioles and venules of resting diameter 20 and 50 pm were selected for
study. Changes in the diameter of the microvessels were subsequently determined by
an image-splitting monitor.

Topical application of U-46619 (1-1000 nM) to the exposed submucosal vascular
bed reduced vessel diameter in both arterioles and venules, reaching plateau responses
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Fig. 3. Vasoconstrictor effects of the thromboxane mimetic U-46619 (1-1000 nM) and leukotriene C,
(25-400 nM) on the gastric submucosal arterioles (O——0) and venules (@ ——@ ) of the rat. Results are
shown as % change in vessel diameter from control value, mean £ s.e.m. of 6-11 experiments, where
*P < 0.05; **P < 0.01. Data are adapted from [16]
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within 2 min of application (Fig. 2). At the highest concentration studied, the reduc-
tion in vessel diameter was comparable for both arterioles and venules. Application of
LTC, (25-400 nM) induced extensive vasoconstriction in the venules, which was more
pronounced than in the arterioles, reaching peak responses within 1.5 min (Fig. 3).
With both LTC, and the thromboxane mimetic, intense focal vasoconstriction in the
venules was clearly demonstrated, leading to sluggish blood flow and stasis within the
vessels.

Actions of the Lipoxygenase Inhibitor BW755C

The role of lipoxygenase metabolites in gastric damage was further explored using the
lipoxygenase inhibitor BW755C. Although in many tissues including inflammatory
cells and platelets, this experimental anti-inflammatory agent inhibits the formation of
both cyclo-oxygenase and lipoxygenase metabolites [4, 10], BW755C fails to inhibit the
cyclo-oxygenase enzyme in rat gastric mucosal tissue [7, 14]. BW755C may therefore
be a useful selective probe for elucidating the involvement of the lipoxygenase pro-
ducts.

Rats were pretreated orally or subcutaneously with BW755C (3-amino-[m-(tri-
fluoromethyl)-phenyl]-2-pyrazoline) as the dihydrochloride (Wellcome Research
Laboratories) or with indomethacin, 1 hour prior to oral challenge with 1 ml acid-
ethanol (40% ethanolin 100 mM HCl and 1 hour later the gastric mucosa was assessed
for damage.

Pre-treatment with indomethacin (5 mg kg ~! s.c.) significantly (P < 0.01) aug-
mented the degree of macroscopically apparent mucosal damage induced by the acid
ethanol (Fig. 4). Thus removel of endogenous prostanoids makes the mucosa more
susceptible to damage. In contrast, BW755C (10 mg kg ~! s.c) significantly
(P < 0.05) reduced the degree of mucosal damage. In other studies, oral administra-
tion of BW755C (10-100 mg kg —!) significantly reduced both macroscopically and
histologically-assessed gastric damage [11]. Likewise, BW755C (50 mg kg~!)
significantly reduced the incidence and severity of the gastric lesions induced by in-
domethacin (20 mg kg ~! s.c.) which developed over a three hour period; the erosion
score being reduced from 34 = 8to 7 = 3 (P < 0.02).

Discussion

As found with TxA,, the chemically stable epoxy-methano analogue of PGH,
(U-46619) which acts as a thromboxane mimetic, was a potent vasoconstrictor in the
canine gastric circulation following local intra-arterial infusion. Studies on the rat
gastric microcirculation demonstrated vasoconstriction in both the submucosal
arterioles and venules, the vessels that regulate mucosal blood flow. In the presence of
a weak topical irritant, sodium taurocholate, in a concentration which itself caused
minimal damage to the canine gastric mucosa, U-46619 caused extensive necrotic
damage supporting the studies with endogenously generated TxA,. Thus these throm-
boxanes reduce the ability of the mucosa to withstand challenge from normally-mild
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Fig. 4. Effects of 1 hour pretreat-
ment with indomethacin

(5 mg kg ~! s.c.) or the lipoxy-
genase inhibitor BW755C

(10 mg kg ~! sc.) on the gastric
mucosal damage induced by
acidified ethanol (40% in 100 mM
HCI) in the rat. Results are shown
as the erosion index, mean £
se.m. of (n) experiments, where
*P < 0.05; **P < 0.01

irritants, an action which may be related to their vasoconstrictor properties, although
direct cytolytic actions on the mucosal cells cannot be entirely excluded.

These potent actions of the thromboxanes raise the possibility that local generation
of TxA,, perhaps following platelet activation in the microcirculation or as a result of
local trauma or general shock may be involved in the pathogenesis of gastric
ulcerogenesis. Studies with selective thromboxane synthase inhibitors in experimental
models give some support to this concept. Thus OKY-1581 reduced bile-salt induced
gastric necrosis, although it failed to inhibit that induced by ethanol [5]. Further, while
the thromboxane synthase inhibitor, benzyl-imidazole [14], substantially inhibited
gastric damage induced by acid-ethanol, it also inhibited indomethacin-induced ero-
sions [12]. Since the dose of indomethacin used would inhibit cyclo-oxygenase, and
therefore would reduce TxA, formation, the mechanisms of its protective action are
not fully clear. However, the involvement of TxA, in gastric damage resulting from
local ischaemia and other microcirculatory disorders requires further consideration.
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The finding that locally-applied LTC, was a potent vasoconstrictor in the gastric
microcirculation, especially in the submucosal venules, identifies this arachidonate
product as a further endogenous mediator with pro-ulcerogenic potential [16]. The
predominant venular constriction led to vasocongestion and stasis in the microcircula-
tion, histological characteristics of several forms of gastric damage including that in-
duced by local application of ethanol [3, 6]. Indeed, recent studies have identified the
release of LTC, from the rat gastric mucosa following ethanol challenge [8]. The
ability of BW755C to prevent such gastric damage may therefore reflect the inhibition
of the biosynthesis of these pro-ulcerogenic lipoxygenase products [11]. The less
specific lipoxygenase inhibitor NDGA has also been demonstrated to reduce ethanol-
induced gastric necrosis [8]. Other products of the lipoxygenase enzymes, such as the
hydroperoxy intermediates, 5-, 12- or 15-HPETE and the free-radicals which they can
produce, may also be involved in tissue destruction.

It is apparent that unlike the protective prostanoids, the cyclo-oxygenase product,
TxA,, and the 5-lipoxygenase product, LTC,, may exert potent pro-ulcerogenic ac-
tions on the gastric mucosa. Elucidation of the involvement of these arachidonate
metabolites, as well as the related phospholipid platelet-activating factor (PAF) which
is the most potent ulcerogen yet described [9], in various forms of mucosal damage will
provide a greater understanding of the pathogenesis of peptic ulceration and its
therapy. ’
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Discussion Following the Report of Dr. Whittle

FORD-HUTCHINSON

It appeared that during your infusion of LTC, into the rat stomach a rebound
phenomenon was occurring. This reminds me of some cardiovascular studies in the pig
carried out in our laboratory. In these studies a vasoconstriction was initially observed,
followed by a subsequent phase of dilatation. The vasodilatation is due to the secon-
dary release of other mediators, in the pig from the platelets. Do you think you are get-
ting similar effects in your studies?

WHITTLE

This is an interesting point ; in the concentration I demonstrated, you do see this fade
of the vasoconstriction. At higher concentrations, this fade was less pronounced. We
do not know whether it is the result of the release of other opposing mediators. It is
certainly not due to the release of cyclo oxygenase products, because these experiments
can be performed in the presence of indomethacin, and we still get this pronounced
vasoconstriction.

FORD-HUTCHINSON

Yes, it is not due to cyclo oxygenase products in the pig either. Does the rebound
phenomenon occur with LTD,?

WHITTLE

In our hands and with the batch of LTD, that we had available, we obtained much less
pronounced effects than with LTC, in this preparation. :

FLEMSTROM

I have very much the same question, and this is the general physiological question: Do
you think that there is autoregulation of blood flow in the gastric mucosa as thought
for other parts of the intestine, and in such case, is this overruled by your thromboxane
mimetic? How long-lasting are your effects?

WHITTLE

When we infused PAF-acether for a period of 20 min, there were predominant changes
in the capillary circulation with a slowing of blood flow, until after about 20 min blood
flow has almost completely ceased in this superficial circulation. Under these condi-
tions, any autoregulation of the microcirculation is completely overruled. With the
thromboxane mimetic we have measured perfusion pressure in the dog chamber
preparation, and this remained elevated during the 30 min period of infusion, in-
dicating prolonged vasoconstriction.

SOLL

My question concerns the mechanism of action of thromboxane and leukotrienes. Do
these agents act directly on smooth muscle producing receptor-mediated vasoconstric-
tion? Is there hydrolysis of phosphatidylinositol, with subsequent effects due to
calcium-mediated or diacylglycerol-mediated mechanisms ?
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WHITTLE

So far we have investigated in detail only the effects of thromboxanes, and certainly
one can antagonize many of the effects of the thromboxane mimetic using selective
thromboxane antagonists, suggesting that it is a receptor-mediated effect. As yet, we
have not investigated in any detail the effects of LTC, and the receptors involved.
However, as a pharmacologist, I have great hope that it would be a receptor-mediated
effect. I certainly have not yet looked further at the cascade of biochemical events
which may be involved, such as the phospatidylinositol cycle.

HAMMARSTROM

In the endotoxin experiments reported, do you have any direct evidence that PAF is in-
volved, that is, by antagonists or inhibitors? During endotoxin shock there is also a
massive leukotriene release which could contribute to the effects observed.

WHITTLE

The problem with studies on endotoxin is the potential number of different mediators.
Most of these mediators have not fully stood the test of pharmacological intervention.
For instance, if you treat a rat with lipoxygenase inhibitors, you cannot completely
alleviate all the effects of endotoxin shock. We have recently had opportunity to use
several structurally unrelated PAF-antagonists, and these have prevented the prolonged
cardiovascular effects in endotoxin shock and, indeed, have prevented the gastro-
intestinal damage which we can observe both macroscopically and histologically. We
feel therefore that in our particular model of endotoxin shock, in which E.coli or
Salmonella typhosa lipopolysaccharide is used, these effects may be primarily through
PAF release. We do not know whether PAF is the initial triggering agent for the other
products. It could well be that PAF induces the release of leukotrienes, and indeed we
have some evidence for this. Thus, if you can antagonize the action of PAF, you may
block the whole sequel of events.

HAMMARSTROM
Did you try some leukotriene antagonists as well ?

WHITTLE

Because of the potential for many different leukotrienes being released, we felt it was
a better approach to use specific lipoxygenase enzyme inhibitors, which would inhibit
the formation of the whole cascade of products.

O’BRIEN

I wish to pursue the site of action of the thromboxane mimetic. On the slide showing
the diameters of the vessels, it appeared that the venules changed in diameter earlier
than did the arterioles. I wonder whether you could comment on where the likely
primary site of the effect is. Could it be in the capillaries, in the venules, or in the
arterioles?

WHITTLE

We were concerned whether vasoconstriction in the arterioles, by reducing blood flow
and thus the venous return, would simply result in venular collapse. However, using
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norepinephrine applied locally we obtained pronounced vasoconstriction in the
arterioles with no change in vessel diameter in the venules. We therefore do not think
the venular constriction is a consequence of arterial constriction. As to which comes
first, I do not think the time course which we have is sufficiently detailed to be able
to say. One of the problems of looking at venular constriction is the focal segmental
nature. Obviously some areas are constricted far more than others, and unless you look
specifically at one particular area, it would be difficult to know which event is first.

SoLL

Did smooth-muscle cell contraction produce vasoconstriction, or did a local inflam-
matory response mimick constriction? A second question is whether pretreatment
with agents that relax smooth muscle will prevent vasoconstriction?

WHITTLE

We have not had opportunity to try such direct muscle relaxants. Whether it is a local
inflammatory response, may be a question of terminology. The effects occur quickly,
within 1 min, whereas inflammatory responses usually take longer with an influx of
cells. Of course, it may well be that there is resident population of inflammatory cells
which release their mediators, as your own studies may point towards.



Microvascular Injury and the Role of Leukotrienes and
Prostaglandins in Acute Mucosal Damage and Protection

G. PIHAN, and S. SZABO

Introduction

The realization that damage to the surface gastric mucosal cells and injury to deep
layers of the mucosa, in which vascular lesions are prominent, are related, yet to dif-
ferent phenomena, can be traced back to Davenport [1]. It has been well documented
that mucosal protective agents such as prostaglandins and sulfhydryls prevent vascular
injury and deep epithelial damage but are unable to modify injury to surface mucosal
cells {2, 3].

Recent data indicate that the vascular endothelium is not a passive bystander and
alterations within the vessel wall may actively participate in the pathogenesis of gastric
mucosal injury. We review here our data on morphologic and functional changes in
mucosal vessels after intragastric administration of damaging chemicals and on the ef-
fect of prostaglandins and leukotrienes upon these changes.

Mucosal vascular changes caused by ethanol, HCl or NaOH
Structural changes

Among the techniques available for studying the morphologic changes in the
microvasculature the use of dyes or particles as vascular tracers is particularly infor-
mative. After intravenous injection, blue (monastral blue) or black (colloidal carbon)
particles become trapped between the endothelium and the basement membrane in
damaged blood vesssels. The particles can be visualized by stereomicroscopy after
clearing the formaldehyde-fixed stomach by overnight immersion in glycerol, and the
area of vascular injury may be quantitated by planimetry {3].

Intragastric administration of ethanol, HCl or NaOH to fasted Sprague-Dawley rats
caused a rapidly developing vascular injury, as revealed by monastral blue-labelling of
superficial mucosal capillaries of the gastric mucosa. The area of monastral blue-
labelled vessels 1 min after 0, 25, 50, 75 or 100% ethanol (1 ml intragastrically — i.g.)
was 0.01 £ 0.07;2.1 £ 0.6;13 + 2.2, 0r17.1 & 2.3% of the mucosal surface area of
the glandular stomach. Similarly 3 min after 0.6N HCI or 0.2N NaOH (1 ml i.g.) the
labelled area was 25.7 or 47.9% of the surface area of the glandular mucosa. At this
time only a few congested areas and hemorrhagic erosions were observed. These results
indicate that vascular injury occurs early and precedes the development of hemor-
rhagic mucosal lesions.
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Functional changes

The effect of luminal ethanol on the gastric mucosal microcirculation was studied
using in vivo microscopy and laser-Doppler velocimetry (LDV) [4]. To observe the
microcirculation in superficial mucosal capillaries the posterior wall of the stomach of
fasted Sprague-Dawley rats was enclosed in a thermo-regulated chamber musocal side
up and continuously bathed in saline (0.9% NaCl) at 37 °C. The transilluminated
mucosa was observed with a compound microscope. Images were projected onto a
television monitor via a television camera and stored on tapes through a video tape
recorder for later play-back analysis. Five min after beginning the recordings, either
saline (control) or ethanol was applied topically for 5 min. During analysis the time for
red blood cells (RBC) to stop circulating in the superficial mucosal capillaries under
observation was recorded. At the end of the experiment, the area of mucosa enclosed
in the chamber was retrieved, fixed in 10% formalin and the areal density of hemor-
rhagic mucosal lesions measured [3].

Topical application of saline did not stop circulation of RBC in all 5 control trials
(Table 1). On the other hand, ethanol had a concentration-dependent effect, stopping
RBC circulation in 100, 88, and 0% of trials after 100, 50 and 25% ethanol, respec-
tively (Table 1). RBC circulation stopped soon after ethanol application as indicated
by a mean time to reach stasis of 54 and 85 sec after 100 of 50% ethanol, respectively
(Table 1). There was a good correlation between the development of stasis and the oc-
curence of hemorrhagic mucosal lesions as all 12 rats given 100% ethanol and all but
one given 50% ethanol exhibited hemorrhagic mucosal lesions at autopsy. None of the
5 animals given 25% ethanol developed hermorrhagic erosions. 0.6 N HCI and 0.2N
NaOH induced similar changes to those described for 100% ethanol.

These results indicate that stasis in superficial mucosal capillaries is an early event
in acute mucosal damage, and that it correlates with the development of extensive
disruption of the mucosal lining as indicated by the presence of hemorrhagic mucosal
lesions.

Since changes in superficial mucosal capillaries may not accurately reflect those in
the whole mucosal vascular bed, experiments were carried out to assess whole mucosal
perfusion after ethanol. To this end, we used LDV, a technique which unites spatial and
temporal resolution of microcirculatory blood flow [5]. Animals were prepared and ex-
posed to ethanol in a similar fashion as for in vivo microscopy, except that the

Table 1. Incidence and time of development of microcirculatory stasis in superficial gastric mucosal
capillaries after graded concentrations of ethanol. Effect of 16,16-dimethyl PGE,

Microcirculatory stasis

Treatment Pretreatment (n) Incidence % Time to stasis (sec)
Saline — (5) 0 N.S.

Ethanol 100% - (12) 100* 54

Ethanol 50% - 9) 88* 85

Ethanol 25% - (5) 0 N.S.

Ethanol 50% + 16,16-Dimethyl PGE, (@) 0 N.S.

N.S. No stasis; * P < 0.05 (Fisher’s exact test);
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Table 2. Changes in mucosal blood flow after topical application of 50% ethanol and effect of pretreat-
ment with 16,16,-dimethyl PGE,

Time after ethanol (min)

Treatment Pretreatment (n) 1 3 5 10 15
Ethanol 50% - B 87 £ 10 82 11 49+ 9* 40 £ 10 36 * 10*
Ethanol 50%  +16,16-Dimethyl

PGE, (7) 101 £ 18 116 £ 14 95 £ 12 97 £ 13 85 = §

All values of blood flow are per cents of those obtained at the times shown in rats exposed to saline
alone. * P < 0.01 versus saline control (Student’s ¢ test)

microscope was replaced by a LDV probe (LD 5000 MedPacific). Application of saline
did not induce major changes in mucosal perfusion. Topical application of 50 or 100%
ethanol, however, led to a progressive decrease of mucosal perfusion after 3 min. In
those animals that develop hemorrhagic lesions after 50% ethanol, blood flow
decreased markedly reaching values of 50-40% of control in 5-10 min (Table 2).

These results indicate that mucosal perfusion decreases early during acute mucosal
damage, and that the magnitude of decrease correlates well with the extent of hemor-
rhagic damage.

Effect of prostaglandins or leukotrienes on gastric microvasculature
Effect of prostaglandins

To determine whether prostaglandins influence the microcirculatory changes induced
by ethanol, rats were preteated with prostaglandins, and the extent of vascular injury
was investigated by stereomicroscopy and the mucosal microvasculature was studied by
in vivo microscopy and LDV.

In fasted rats preireated by prostaglandin (PG) F,5 (0.2mg/100g i. g.) 30 min before
ethanol, HCI or NaOH (see above) the extent of vascular injury as revealed by
monastral blue was markedly diminished. In vivo microscopy of superficial mucosal
capillaries showed that none of 7 animals pretreated with 16,16-dimethyl PGE,
(1ug/100g 1. g.) and subsequently exposed to 50% ethanol had microcirculatory stasis
(Table 1). Five of these 7 animals showed no hemorrhagic erosions. The remaining two
had small lesions covering 1-2% of the challenged mucosa. LDV measurement of
mucosal perfusion indicated that pretreatment with 16,16-dimethyl PGE, was able to
totally prevent the mucosal hypoperfusion induced by 50% ethanol (Table 2) and the
development of hemorrhagic mucosal lesions. Since prostaglandins fail to prevent
damage of the surface epithelium [2], these results lead us to postulate that the mucosal
microcirculation is an important mechanism in prostaglandin-induced protection.
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Table 3. Effect of local intra-arterial infusion of leukotrienes on gastric hemorrhagic mucosal lesions
and vascular injury as revealed by monastral blue staining

Treatment (n) Area of hemorrhagic mucosal lesions Area of dye staining
(% glandular stomach) (% glandular stomach)

Saline (6) 0 09 * 06

LTC, 6) 0.8 = 0.3 70.1 £ 10.1*

LTD, (6) 0.1 = 0.1 66.5 £ 3.0%

LTC, and LTD, were infused at 1 nmol/100g/min for 15 min. Monastral blue (3 mg/100g) was injected
i.v. 3 min before commencing the infusions. * P < 0.001 (Student’s 7 test)

Effect of leukotrienes

Leukotrienes (LT) are potent inflammatory mediators. To determine whether LT can
induce gastric mucosal damage and/or vascular injury, LTC, or LTD, was infused
into the gastric circulation of anesthetized rats at a rate of 1 nmol/100 g/min for
15 min [6]. To label damaged blood vessels monastral blue (3 mg/100 g) was given i.v.
3 min before starting the LT infusions. At the end of the infusions the stomachs were
fixed in 10% formalin and the extent of hemorrhage erosions and blue labelling
evaluated as previously described [3].

As shown in Table 3, saline infusion induced no hemorrhagic lesions and only negli-
ble dye staining. On the other hand both LTC, and LTD, produced widespread
vascular labelling, yet little if any hemorrhagic lesions. Collecting venules in the
mucosa were preferentially labelled by monastral blue after LT infusion (Fig. 1). In-
terestingly, there was also widespread labelling of submucosal and muscular venules

Fig. 1. En face view of gastric mucosa after the fixed stomach was cleared in glycerol. The rats were
injected with monastral blue (3 mg/100 g i.v.) 3 min before starting the intra-arterial infusion. (A)
Control rat infused with saline. (B) Rat infused with LTC, (1 nmol/100 g/min). Notice the labelling of
collecting venules in B (arrows) ( x 40)
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Fig. 2. En face view of the serosal side of the gastric wall after the stomach was cleared with glycerol.
The rats were injected with monastral blue (3 mg/100 g i.v.) 3 min before starting the intra-arterial in-
fusions. (A) Rat infused saline (B) Rat infused LTC, (1 nmol/100 g/min). Notice the widespread
labelling of submucosal and muscularis propria venules in (B). (X 40)

after either LT (Fig. 2). Histologic examination of 1 um of thick section stained with
hematoxylin and eosin indicated that short-term infusion of LT seldom if ever induced
damage to epithelial cells yet produced extensive disruption of the mucosal microcir-
culation (Fig. 3).

To investigate whether LT can potentiate mucosal damage induced by ethanol or by
near-physiologic concentrations of HCl, LTC, or LTD, was infused as described
above and 5 min or 15 min before ending the infusions, 1 ml of ethanol or HCI, respec-
tively, was given i.g. As shown in Table 4, LTC, or LTD, potentiated hemorrhagic
mucosal lesions after all concentrations of ethanol tested. Similarly LTD, but not
LTC, aggravated lesions induced by 0.2N HCI.

Table 4. Effect of local intra-arterial infusion of leukotrienes on gastric hemorrhagic mucosal lesions
induced by graded concentrations of ethanol

Ethanol %
Treatment (n) 25 50 100
Saline (6) 6* 2 12 +4 17 £ 3
LTC, (6) 21 = 4 24 + 2% 38 £ 4%*
LTD, (6) 15 £ 4 29 = 4 40 £ 4%*

LTC, or LTD, were infused at 1 nmol/100g/min for 15 min.
*P < 0.05, ** P < 0.001 experimental versus control (Student’s ¢ test)
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Fig. 3. Semithin sections of gastric
mucosa stained with hematoxylin
and eosin. (A) Control rat infused
intra-arterially with saline. (B) Rat
infused with LTC, (1 nmol/100 g/
min). Subepithelial hemorrhage
(shown by the vertical arrows) are
evident in (B) (x 40)

Our results thus indicate that leukotrienes are potentially damaging mediators in the
gastric mucosa acting almost exclusively, at least at first, on the gastric mucosal
microcirculation, where they induce widespread congestion and hemorrhagic lesions.
Since they cause no histologically evident epithelial damage, their potentiating effect
on the damaging actions of ethanol or acid seems to depend on vascular factors. Fur-
thermore, our preliminary results indicate that chronic administration of unsaturated
fatty acids which act as false substrate for 5-lipoxygenase dose- and time-dependently
decreased the hemorrhagic erosions caused by 100% ethanol or 0.6 N HCl in the rat [7].
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These studies along with similar findings by others concerning the role of
leukotrienes [8] and microvascular changes [9, 10] in the pathogenesis of ethanol-in-
duced gastric mucosal changes strongly suggest a rate-limiting step for the
microvasculature in the mechanism of gastric mucosal damage and protection. Struc-
tural and functional changes in blood vessels in the stomach may then actively con-
tribute to development and prevention of mucosal lesions.

Summary

Morphologic studies have suggested that intragastric administration of damaging
agents such as concentrated ethanol, HCl or NaOH produce two major types of
damage ; injury to the surface mucus cell and deep mucosal damage which consists of
vascular lesions such as congestion, hemorrhage and necrosis of gastric glands often
extending throughout the mucosa. From a clinical standpoint, only the latter type of
musocal damage is important. Our results indicate that the gastric mucosal microcir-
culation is altered early both structurally and functionally during acute mucosal
damage induced by ethanol. Prostaglandins prevent these early vascular changes and
the subsequent development of hemorrhagic erosions suggesting that the effect of pro-
staglandins on the microcirculation is responsible for mucosal protection.
Leukotrienes on the other hand, may act as mediators of damage partly reproducing
the microvascular but not the epithelial alteration induced by ethanol. It is therefore
likely that during mucosal challenge a balance between cyclooxygenase and lipox-
ygenase products modulates the microvasculature and crucially determines the
presence or absence of mucosal damage.
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Discussion Following the Report of Dr. Szabo

PESKAR

You have pointed out that endothelial damage is observed within 1 min of ethanol ad-
ministration and within 3 min of acidified aspirin administration. Hemorrhagic le-
sions after ethanol develop within 1 min, but erosions after acidified aspirin are
observed only after several hours. Do you have an explanation for this difference?

SZABO

It depends on the techniques and on the dose of aspirin. In our laboratory we see
hemorrhagic erosion within 3-6 min after aspirin if we use acidified aspirin with the
proper homogenizing agent which retains the aspirin in the stomach. We thus see a very
rapid development of vascular injury and hemorrhagic erosions. So in our laboratory
the aspirin is slightly slower acting than ethanol, but nevertheless it is acting within the
first few minutes.

WHITTLE

I would like to ask you to expand on the events that occur following this initial en-
dothelial damage. You say that there is endothelial cell damage, and subsequently you
eventually get stasis. Do you think the stasis is simply due to transudation of plasma,
ore are there some other phenomena occuring inside the vessels actually to cause this
stasis ?

SZABO

This is a crucial question and one which needs expansion. There is much more than just
increased vascular permeability. We think that the plasma rushing out clearly con-
tributes to hemoconcentration, but that this is not the only factor. The other
possibilities we are considering are changes within the basement membrane, which
becomes sticky and for one reason or another attracts red blood cells. We also think
probably the red blood cells and not the white cells or the platelets are crucial for the
initial development. I can tell this only in discussion and not in a regular presentation,
because it was only a quick and dirty experiment which we did a few years ago. We
wanted to see if a possible release of free radicals from white cells contributes to the
development of lesions. So we depleted the white cells and platelets by giving
cyclophosphamide to the rat, and we had histological evidence that the bone marrow
was wiped out. However, the changes caused by ethanol were not reduced ; if anything,
they were almost aggravated. It remains to be seen what happens to the red blood cells.
We have a few possible theories, but they are really very vague. Thus, we do not claim
that it is only the hemoconcentration and endothelial changes, but additional factors
such as alterations in the basement membrane and probably the red blood cells also
contribute to the stickiness of the red blood cells to the damaged capillaries. Eventually
the circulation is slowed down and results in standstill without any vasoconstriction.
Late venular constriction may also develop.
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GRAHAM

We cannot afford rats in our laboratory and are forced to work with people. With Dr.
SzABO’s continued urging we finally did an experiment that we had talked about. If I
get this wrong, Karen, please give the correct data, because Dr. Woods is the one who
did the experiment. We gave people Evan’s blue and acidified aspirin and then looked
into the stomach by a gastric washing technique. As in the animal experiments, we
found that the Evans blue appeared in the gastric washings significantly before there
was any bleeding. So the observations in animals seem to be also relevant to the human
situation, at least with aspirin.

SZABO

Thank you for mentioning this. I was considering giving a brief reference, but 1 would
feel it inappropriate to release your results. But, if you say so, it is very assuring that
vascular injury occurs in humans as well.

SOLL

It is good to see traditions preserved ; it is good to see that your Hungarian accent and
flavor are still very viable. Another tradition deserves to be preserved and that is
Davenport’s gastric barrier. Although it is very clear that the target of the agents you
are using is the endothelial cell, these agents first will have to break the barrier to get
to the endothelial cell. Under many physiological conditions, the barrier may be an im-
portant rate-limiting step in protecting the mucosa.

SZABO

This is true, but I purposely left out the epithelial damage because we take for granted
that so far nothing protects against epithelial injury. And although nothing protects
against surface injury, this surface damage is not as crucial as we initially thought
because mucosal epithelium regenerates easily. Of course, you are right ; this also im-
plies that for severe damage to occur, the epithelial layer must be destroyed most of the
time, There are two additional reasons why we think the mucosal barrier is not crucial
in acute lesions. Dr. Guth’s studies with aspirin and Dr. Robert’s studies with labeled
ethanol showed that the concentrations of damaging agents in the gastric mucosa were
the same in protected and nonprotected stomachs. There are methodological dif-
ficulties and criticisms of both studies, but all this would suggest that the preservation
of epithelial barrier is not crucial for acute protection. Or, maybe moving the barrier
around the blood vessels in what really counts, and we should speak about vascular
barrier and not epithelial barrier. Furthermore, we have very recent studies conducted
mostly by Dr. Pihan, suggesting the development of vascular injury without marked
epithelial damage. Namely leukotrienes infused intra-arterially and indomethacin
given subcutaneously cause vascular injury within minutes, and hemorrhagic erosions
develop much later. So we think that there are situations in which the initial event is
endothelial damage. This does not deny that the epithelial barrier is also important,
especially in chronic safeguarding of the mucosa.
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SoLL

You are using somewhat extreme models that are overriding normal defense
mechanisms. Possibly the epithelial barrier is important under many physiological
conditions but not under the conditions that you use.

SZABO

This is what people used to say, and this is the reason that we shifted to use of 0.1-0.2
HCI, close to physiological concentrations. We leave the extreme 100% ethanol or per-
form dose-response studies with low concentrations of ethanol.



Inhibition of Prostaglandin Synthesis and Proliferation
of the Gastric Mucosa

F. HALTER, A. BAUMGARTNER, and H. R. KOELZ

Introduction

High doses of natural prostaglandin E, (PGE,) or various methylated PGE, or PGE,
analogues, exert trophic effects on all parts of the gastrointestinal tract including the
pancreas. It has been proven both in experimental animals and in man that these
trophic effects are reversible after discontinuation of the treatment [1 -7]. There are in-
dications that both cell proliferation [3, 9] and especially prolongation of the life cycle
of individual epithelial cells [4, 7, 8] contribute to the substantial increase of mucosal
volume following such treatment.

Most of the changes in the gastric mucosa have only been observed after administra-
tion of high, antisecretory PG doses. However, hyperplasia of the superficial mucus-
producing cells is also observed following the administration of small “cytoprotective*
doses [1]. The latter observation does not exclude that PGS might play a physiological
role in the regulation of the growth of the gastric mucosa. It is therefore of interest to
evaluate to what degree inhibition of PG synthesis counteracts these PG effects.

Information available so far on this subject is scanty and conflicting. Early observa-
tions made by Croft and Wood in 1967 [10] have demonstrated that aspirin treatment
induces an increase of cell desquamation into the gastric lumen. More recent studies
have clearly demonstrated that in the rat both aspirin and indomethacin induce an in-
crease in cell proliferation predominantly in the gastric corpus [11, 12].

Since in previous studies cell shedding and cell proliferation were not assessed con-
comitantly, we performed a combined histomorphometric and cell kinetic study in
which rats were treated for up to 2 weeks with a nonulcerative dose of indomethacin.
In some of these experiments the effect of indomethacin was directly compared to the
changes observed following prostaglandin treatment.

Studies on Cell Proliferation

Two groups of eight rats were treated with indomethacin 2 mg/kg (8 a.m. and 5 p.m.)
or solvent for 3 days. During the last 24 h the rats were fasted. Sixh after the last dose
the animals were killed and tissue samples of ~5 mm in diameter were then im-
mediately incubated in a medium containing [*H]thymidine (10 pCi/ml) according to
a method described in detail elsewhere [13]. The results were expressed as disintegra-
tions per minute per microgramme DNA (ng DNA). [3H]thymidine incorporation
after 3-days treatment was increased by 86% in the corpus and 32% in the antrum
(P < 0.05) (Table 1).
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Table 1. Cell proliferation and cell shedding after treatment with indomethacin 2 mg/kg s.c., b.d.
(INDO) or solvent (Solv)

Corpus Antrum
Solv INDO Solv INDO
Cell proliferation (n = 8)
DPM/pg DNA 43 = 8 80 £ 13* 111 = 10 146 + 8*

after 3-day treatment

Cell shedding (n = 5)

DNA-DPM/organ x 1072 1073 = 90 532 = 24* 132 = 14 71 + 25%
after 14 day treatment

* P < 0.05

Studies on Cell Shedding

These studies were measurements of DNA-bound, residual radioactivity. The fasted
animals were injected at midnight with [*H]thymidine (1 pCi/g) intra peritoneally. In
this study five animals each were treated in the same way as for autoradiography. On
days 7 and 14 all rats of each group were killed. The whole glandular stomach was
removed and separated along the microscopically visible border between antrum and
corpus. These two parts of the stomach were separately homogenized and specific
radioactivity of mucosal DNA was then determined and expressed as DNA bound
disintegration per min per total corpus or antrum — DNA /organ x10 —2 [13]. At the
end of the observation period the residual, DNA-bound radioactivity of both the
corpus and antrum was reduced in the indomethacin treated groups by a mean of 68%
(P < 0.5) and 46% (P < 0.06) respectively (Table 1).

Studies on Cell Migration

In these studies rats were fasted for 20 h with free access to water and were injected at
midnight with [*H]thymidine (1 nCi/g intraperitoneally). 8 h later the rats were refed
and treatment with indomethacin (2 mg/kg, b.i.d.) or solvent was started. After 1 and
3 days, five animals of each group were killed and histological sections were obtained
from the corpus and antrum. These sections were processed for autoradiographic
studies according to techniques previously described [13]. The number of labelled
nuclei was counted in each compartment and mean values are shown in histogrammes
(Fig. 1).

Fig. 1. Histograms of labelled cells after 1 and 3 days of treatment with indomethacin (closed circles)
or solvent (open circles). Animals were injected with [*H]thymidine intraperitoneally before treat-
ment. MP, Median position of labelled cells as distance from surface: Means = SE of 5 rats;
*P < 0.05; **P < 0.01
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On day 1 the distribution of labelled cells in the corpus and antral mucosa was
similar in the two groups. From day 1 to day 3 the medium position of labelled cells
in control animals had migrated towards the surface in the corpus by 10 pm (1.8% of
the mean mucosal height) and by 61 pm (29% of the mean mucosal height) in the an-
trum. On day 3 the front of labelled cells had nearly reached the surface in the antrum
but not in the corpus.

Comparing indomethacin-treated animals with the control group, an increased shift
of labelled cells towards the surface after 3 days treatment was observed, an effect
which was more pronounced in the corpus than in the antrum. The median position
of labelled cells was displaced in the corpus of indomethacin-treated animals by 65 pm
(P < 0.01) and the antrum by 32 um (P < 0.09).
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Fig. 2. Gastric corpus: total mucosal volume and total volume of different mucosal cell types after 14
days of treatment with indomethacin (JNDO), solvent (SOLV), or 16,16-dimethyl prostaglandin E,
(dm-PGE). M, Mucous cells; PG, progenitor cells; MN, mucous neck cells; P, parietal cells; C, chief
cells; E, endocrine cells; LP, lamina propria. Means = SE of 8 animals; *P < 0.05; **P < 0.0l
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Morphometric Studies

Three groups of eight rats were treated as above for 14 days with indomethacin, 2 mg
s.c., b.i.d, 16,16-dimethyl PGE, (dm PGE), 100 pg, i.g., b.i.d., or solvent. Two h
after the last dose the rats were killed and the stomach was submitted to detailed mor-
phometric analysis with the methodology previously described in detail [1].

In the corpus, indomethacin treatment increased the basal volume by 11%
(P < 0.05) resulting from an increased parietal cell and chief cell mass by 12%
(P < 0.05) and 21% (P < 0.01) respectively (Fig. 2). The total volume of other cell
types especially mucus cells was unchanged. Parietal and chief cells showed an increase
in total cell number of 15% (P < 0.05) and 44% (P < 0.01) respectively. With PGS
all the changes were considerably more pronounced (Fig. 2). In addition surface mucus
cells were increased by 65%. In the antrum of indomethacin treated animals a tendency
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Fig. 3. Gastric antrum : same treatment as given in Fig. 2. M, Mucous cells; PG, progenitor cells; E,
endocrine cells; G, antral gland cells; L, lamina propria. Means = SE of 8 animals; **P < 0.01
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towards decreased volume of all different cell types did not reach statistical
significance. In contrast, a more than 30% increase in mucosal cell mass was observed
following dm PGE treatment (Fig. 3), mainly resulting from an increase in surface
mucus cells (92%).

Estimation of Mucosal PGE,

In these studies eight rats per group were treated for 14 days with indomethacin or sol-
vent with the same treatment as mentioned under morphometric studies. Corpus and
antral mucosa scrapings were obtained immediately after dissecting the stomach and
frozen at —80°C. The mucosa was processed later according to methods described for
estimation of PG formation [14, 15]. Mucosal PGE generation 2 h after the last dose
was reduced by 63% in the corpus and by 81% in the antrum following indomethacin
treatment (Fig. 4). PG treatment resulted in a 41% inhibition of PG formation in the
gastric corpus mucosa. This was not influenced by the latter treatment in the gastric
antrum.

Serum Gastrin Levels

Serum gastrin measured in rats given the treatment for 2 weeks was unchanged (as for
estination of mucosal PGE,).

Discussion

Our studies have confirmed earlier observations [11, 12] that inhibition of cycloox-
ygenase by the highest indomethacin doses tolerated by rats during prolonged treat-
ment exerts a trophic effect on the gastric mucosa, especially in the gastric corpus. The
cell kinetic studies suggest that in the gastric corpus the increase in cell shedding is
overcompensated by a massive increase in cell proliferation. So paradoxically, both PG
[2, 9] and indomethacin [11, 12] treatment can stimulate cell proliferation in the gastric
mucosa [1-8]. The morphological changes are different however. The massive
hyperplasia of the surface and foveolar-mucosa cells, which is highly specific for PG
treatment [1, 7] is absent following indomethacin treatment. It can not be excluded
that the changes in cell proliferation, especially those observed after prostaglandin
treatment represent a secondary phenomenon following modification of the life cycle
of the individual cell. Since PGS and indomethacin influence cell shedding in an op-
posite manner the possibility remains open that regulation of the growth of superficial
epithelial cells is a physiological property of PGS. As PGS enhance bicarbonate and
mucus production in the same cell types such a regulation would be a meaningful
phenomenon actively contributing to the defense function of the gastric mucosa. Of
interest is the observation in these studies that exogenous PG application diminishes
PG synthesis in the gastric corpus mucosa. It is likely that this represents a feed back
mechanism aimed at limiting trophic effects following PG treatment.
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Discussion Following the Report of Prof. Halter

PESKAR

Nonsteroidal anti-inflammatory compounds such as indomethacin have two distinct
actions: they inhibit prostaglandin formation, and in addition they break the mucosal
barrier when given orally. Is the effect of indomethacin on cell migration due to inhibi-
tion of prostaglandin formation, or could it possibly be the consequence of breaking
the barrier resulting in damage to the mucosa even in the absence of macroscopically
visible lesions ?

HALTER

It is difficult to say, because in our studies we injected indomethacin. But in the study
of Eastwood it was given orally. So obviously both of these mechanisms are of impor-
tance.

BERNIER

You conclude that indomethacin increases cell renewal. I agree with your conclusion;
however, on your first slide you show that there is a difference between the 7-day treat-
ment and the 14-day treatment. How do you explain the change?

HALTER

I have some difficulties with your question, because there was an increase in cell pro-
liferation shown on day 7. No, it is not true. We only looked at cell proliferation on day
3, but this may be a misunderstanding. We looked at cell shedding on day 7 and day
14. As a matter of fact, the differences shown on day 7 were not statistically significant.
They were only significant on day 14. Although one has the impression that the dif-
ferences were larger on day 7, due to the larger variation, significant levels were not
achieved.

SZABO

You have probably said this but I missed it. There was a dramatic cell proliferation
caused by indomethacin early in your treatment. As indomethacin can cause lesions
even after parenteral administration, my question is whether this proliferation was due
to some local erosions, or whether it was a phenomenon without any lesions being ap-
parent? And the corollary of this, are these cell proliferations a general phenomenon
detected in all areas of the gastric mucosa or only on certain areas of the stomach? I
learned namely during the Brazil meeting from Dr. Uribbe, Dr. Johansson’s coworker,
that these proliferations are often localized in certain areas of the gastric mucosa only.

HALTER

The answer to the second questions first : We had the impression that the proliferations
were generalized. Maybe the investigation of Dr. Uribbe was more detailed because we
did not assess the effect quantitatively. And to the first question: In preliminary ex-
periments we gave various dosages of indomethacin to the rat and found that the
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2 mg/kg dose twice daily was the highest dosage not producing lesions. In none of the
animals did we see any macroscopic or microscopic lesions.

RACHMILEWITZ

You have mentioned that indomethacin stimulates cell turnover. I agree with what Pro-
fessor Peskar said, that this may not be related to its effect on gastric prostaglandins.
Furthermore, you suggested that prostaglandins stimulate cell turnover to compensate
for the increased cell shedding. This does not combine well. I would like to mention
that, as you know, we have shown that in humans treated for 4 weeks with synthetic
prostanoids cell turnover in the stomach was decreased. How can you reconcile these
divergent data?

HALTER

I showed only the data on cell shedding obtained in animals treated with solvent or in-
domethacin. We also had a third group included that was treated with a high pro-
staglandin dose. However, in contrast to your studies we could not find a significant
decrease in cell shedding following prostaglandin treatment. In our study the content
of labelled DNA was similar in PGE- and placebo-treated animals. As prostaglandin-
induced changes occur predominantly in the gastric antrum, you may be particularly
interested in that region. Maybe in the gastric antrum mucosa there was a tendency
towards less cell shedding after prostaglandin treatment as compared to placebo. Thus,
there is a difference between the prostaglandin and the indomethacin data. I agree that,
if one cannot demonstrate a phenomenon in an experiment, this is no proof that it may
not occur. If we had lesser variations in the data, we would have found a highly signifi-
cant difference. You may also be aware of data from our group and from Professor
Konturek’s group showing that at least in the initial phase prostaglandin treatment
significantly enhances proliferation.

LANGMANN

Did you measure outside the stomach? Did you get the same sort of thing in the in-
testine ?

HALTER
We did not look at the intestine.

RUPPIN

Did you perform the prostaglandin measurements at the same time as the
measurements of proliferation and cell shedding? I could imagine that there is a re-
bound phenomenon of prostaglandin production by the tissue after challenge with in-
domethacin.

HALTER

It was indeed not measured at the same time. Prostaglandin synthesis was measured
after 2 weeks treatment, cell proliferation after 3 days, and cell shedding after 7 and
14 days.
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WHITTLE

I understand the technical complexities of doing these experiments, but one way of
knowing whether this effect relates to inhibition of prostaglandin biosynthesis or to a
specific action of indomethacin would obviously be to use nonsteroid anti-inflam-
matory drugs, other than indomethacin. Since it is quite likely that most of these drugs
will inhibit prostaglandin biosynthesis, did you attempt to do any studies with such
agents?

HALTER

Unfortunately not. As you know, these studies are very time-consuming, especially if
you do morphometric studies, but this is, of course, a very good suggestion.

GRAHAM

One of the problems we have with this whole field is that we cannot make people act
like rats. If you do the studies again, you should try to use a drug that does not have
an enterohepatic circulation. You then eliminate the problem of potential reflux of the
active drug into the stomach, which may occur even if it is given parenterally. There are
now monoclonal antibodies available that will identify cells in the proliferative cycle.
You can use them for immunohistochemical staining, which is much easier than
radiography.

HALTER
I just wanted to suggest that you should come to Bern and do it for us.

MULLER

Somatostatin has some antitrophic effects on gastrointestinal organs. Have you
measured the correlation between somatostatin content in the gastric mucosa and the
effects on cell proliferation?

HALTER
We have not studied it.



Role of Prostaglandins in Intestinal Fluid Secretion

E. BEUBLER

Introduction

In the late 1960s endogenous prostaglandins (PGs) were assumed to be related to cer-
tain types of human diarrhea, diarrhea being one of the most prominent side effects
associated with the clinical use of PGE and PGF. Meanwhile, secretory as well as
motor functions have been shown to be involved in PG-induced diarrhea. Despite the
well documented effects of PGs on intestinal smooth muscle, which may partly con-
tribute to diarrhea and particularly to the abdominal colics that accompany it, the pro-
bably more important properties are those responsible for intestinal secretion.

Biosynthesis of PGs

PGs are present in the gastrointestinal wall of man and animals [1] and the biosynthesis
of PGs is easily stimulated by physical disturbances such as mechanical stimulation
[2], ischemia or irradiation [3]. Also hormones like thyroxine and pentagastrin [4],
neurotransmitters like serotonin and chemical laxatives like ricinoleic acid, bisacodyl
and anthraquinones [4, 6] are able to stimulate PG synthesis in the gut. Furthermore,
diarrhea caused by infections with Sa/monella typhimurium, Escherichia coli and
Vibrio cholera [4] have been discussed as being associated with enhanced biosynthesis
of PGs. In humans and laboratory animals, in vivo administration of PGE or PGF
elicits the net secretion of fluid and sodium, potassium, chloride and bicarbonate ions
and inhibits absorption of sodium and glucose [4]. Addition of PGs to small intestine
and colonic mucosa preparations in vitro results in increased potential difference and
short-circuit current, in inhibition of sodium and chloride absorption and in stimula-
tion of chloride secretion similar to the effect of cyclic AMP, proving that the diar-
rheagenic effects of PGs are due to the stimulation of an active electrolyte secretion [1].

Inhibition of PG Biosynthesis

Inhibition of PG biosynthesis in vivo by pretreatment with indomethacin affects blood
flow and net fluid transport, results which are opposite to those observed after ex-
ogenous administration of PGs. This suggests that endogenous PGs may be considered
as physiological local regulators of blood flow and fluid and ion transport in the in-
testine [7]. The observation that pretreatment of stripped human jejunum with in-
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domethacin increased the sensitivity of the tissue to exogenous PGE, and at the same
time abolished the artificial in vitro formation of endogenous PGs supports the con-
cept of a physiological role for eicosanoids in the regulation of intestinal ion transport

[8].

Stimulation of Adenylate Cyclase by PGs

The cellular mechanisms by which PGs induce intestinal secretion are still a matter of
discussion. It is generally accepted that stimulation of adenylate cyclase and accumula-
tion of cyclic AMP result in active intestinal secretion [9]. Since PGs, in concentrations
from 10 =7 M upwards, stimulate adenylate cyclase [10} and in high concentrations in-
crease mucosal cyclic AMP content [11], and, as the secretory effects of PGs are in-
distinguishable from those caused by cyclic AMP, the likely explanation was that PGs
exert their effect via stimulation of the adenylate cyclase-cyclic AMP system.

This widely held belief has recently been questioned because of several reasons.
Stimulation of adenylate cyclase by PGs and intestinal secretion accompanied by
enhanced mucosal cyclic AMP levels has been observed only in response to
supraphysiologic concentrations of exogenous PGs.

However, in vitro evcidence of secretion can be obtained with PG concentrations
100-1000 times below those required for activation of the adenylate cyclase [8]. Fur-
thermore, in vivo studies have shown that endogenous 5-hydroxytryptamine (5-HT)
mediates colonic secretion, in morphine withdrawal diarrhea, through stimulation of
endogenous PGE, formation without any change in mucosal cyclic AMP levels. This
secretion is prevented not only by indomethacin, but also by the selctive 5-HT receptor
antagonist ketanserin. Hence 5-HT may be an external signalling system that acts
through stimulation of local PG formation without involving cyclic AMP [12].

The secretory effect of physiologically low doses of PGE, is also prevented by
verapamil (Fig. 1), whereas the effect of high doses of PGE, which increase mucosal
cyclic AMP levels is not affected by verapamil [5], thus providing further support for
the notion that low doses of PGE, increase intracellular Ca?* by facilitating Ca>*
entry rather than by activating the adenylate cyclase. This hypothesis is strengthened
by the observation that a cyclic AMP dependent secretagogue like vasoactive intestinal
polypeptide does not increase PGE, output into the lumen and that neither in-
domethacin nor verapamil change its secretory effect [5].

The dissociation between the effect of PGs and cyclic AMP levels is further sup-
ported by the observation that cholera toxin induced fluid secretion is reduced by in-
domethacin without lowering the elevated cyclic AMP levels [13]. Recent experiments
have shown that cholera toxin stimulates 5-HT and PGE, release into the gut lumen
and that the dose response curve of cholera toxin induced secretion is shifted to the
right by indomethacin and by the 5-HT, receptor antagonist ketanserin. The finding
that verapamil also inhibits cholera toxin induced secretion supports the concept
outlined above [14].

Summary

To date two major pathways can be defined for the stimulus-secretion coupling in the
intestine, namely, that using cyclic nucleotides as second messengers (e. g. vasoactive
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Fig. 1. Effect of verapamil (9.5 pg/min i.a.) on intestinal fluid secretion induced by close intraarterial
infusion of PGE, in the rat jejunum in vivo; +verapamil, (@); —verapamil, (O)

intestinal polypeptide, heat stable Escherichia coli enterotoxin) and that using inositol
lipids as part of a transduction mechanism which raises intracellular Ca?* without in-
volving cyclic nucleotides (e.g. 5-HT, acetylcholine). Because the production of
eicosanoid mediators is limited by the release of arachidonic acid (probably from
diacylglycerol as a result of phosphoinositide turnover), eicosanoids may be important
physiological and pathophysiological intermediates involved in the mediation of
secretory response.
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Discussion Following the Report of Dr. Beubler

SIMON
Do you postulate a second receptor for the effect of prostaglandin on calcium influx?

BEUBLER

It is hard to talk about receptors without having any results in this direction. You need
binding studies at least. So I cannot answer the question.

SoLL

We had a lot of trouble working with verapamil on fundic musocal cells. We see
nonspecific effects even in concentrations as low as 1 p M. Is there other evidence for
a role of calcium influx in mediating prostaglandin effects on intestinal secretion?

BEUBLER

I see the problems using verapamil. A major point is that you can stimulate fluid secre-
tion with prostaglandins using a concentration of 10 =% M, and this concentration is
unable to increase adenylate cyclase activity. Concerning the verapamil studies, we
work with a calculated local concentration of verapamil of 10 ~3 M this is the border
concentration in talking about calcium transport. We cannot look into the cell to see
whether it is really the calcium entrance, but the results rather support this hypothesis.
We cannot find any nonspecific effect concerning fluid transport with this concentra-
tion of verapamil.

SOLL

The role of cyclic AMP is very difficult to determine. Because of methodological pro-
blems we may not be able to characterize cyclic AMP turnover, so I would be somewhat
cautious in the interpretation from that standpoint.

BEUBLER
I know the problems as you do.

RACHMILEWITZ

You did not discuss at all the possible effects of prostaglandins on absorptive
mechanisms. The net accumulation of fluid in the intestine is the result of secretion
and absorption. We have demonstrated together with Dr. Sharon that prostanoids in-
hibit intestinal sodium-potassium ATP-ase activity, which may be involved in possible
effects on intestinal fluid transport.

BEUBLER

Actually, we tried to reproduce your results on sodium-potassium ATP-ase but failed ;
I do not know why. What is known is that prostaglandins increase absorption, and I
think my introductory slides have shown that sodium-chloride absorption is enhanced
by prostaglandins. This may be due to an effect on the sodium-potassium ATP-ase.
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RACHMILEWITZ

By the way, Dr. Moszik from Hungary showed that prostanoids inhibit gastric sodium-
potassium ATP-ase as well.

FLEMSTROM

When you are measuring cyclic AMP, do you have a chance to distinguish between
villous cells and crypt cells?

BEUBLER
Not with our method, no.



Novel Leukotriene D, Receptor Antagonists
and 5-Lipoxygenase Inhibitors:
Implications in Human Disease

A. W. FORD-HUTCHINSON

Introduction

The leukotrienes are a group of mediators derived from arachidonic acid through the
action of the 5-lipoxygenase enzyme [1, 2]. The initial enzymic step involves insertion
of molecular oxygen into arachidonic acid to produce the unstable intermediate
5-hydroperoxyeicosatetraenoic acid. This intermediate is converted in a dehydrase step
by the same enzyme (5-lipoxygenase) to the 5,6-epoxide, leukotriene A,. The term
leukotriene derives from

1. the fact that these compounds were first isolated out of leukocytes and

2. the presence of the triene conjugated system within the molecule which gives these

compounds their characteristic ultraviolet spectra.

Leukotriene A, may be metabolized by two specific enzymes to produce biologically
active compounds or may undergo nonenzymatic hydrolysis to dihydroxy fatty acids
with little biological activity. The first of these enzymes is leukotriene A, hydrolase
which inserts water to produce a dihydroxy fatty acid, leukotriene B,, with a precise
stereochemistry (5[S],12[R]-dihydroxy-6,14-cis-8,10-trans eicosatetraenoic acid) [3, 4].
Further metabolism of leukotriene B, involves w-oxidation to produce 20 OH-leuko-
triene B, and 20 COOH-leukotriene B, [5]. This metabolism results in loss of biolog-
ical activity [6]. The second route of conversion of leukotriene A, involves insertion
of glutathione by another specific enzyme leukotriene C, synthetase. This results in
the production of a peptidolipid conjugate, leukotriene C,. Leukotriene C, may be
rapidly metabolized with loss of glutamic acid to produce leukotriene D, which in
turn can lose glycine to produce leukotriene E,. These leukotrienes collectively ac-
count for the biological activity known as slow-reacting substance of anaphylaxis [1,
2].

Biological Activities

Leukotriene B, has high affinity, structurally specific receptors on leukocytes, activa-
tion of which is associated with induction of a number of leukocyte functions [7-9].
Thus, leukotriene B, has been shown to be a potent chemokinetic, chemotactic and
aggregating substance for polymorphonuclear leukocytes [7], effects mediated through
the presence of high affinity, structurally-specific receptors. This is reflected in vivo
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where injection of leukotriene B, induces neutrophil migration in a number of
systems [8]. Leukotriene B, may also modulate vascular permeability [10, 11] and pain
responses in vivo [12] and both these responses have been shown to be secondary to the
initial induction of leukocyte migration. In addition to effects of leukotriene B, on
neutrophil function, there is evidence that this leukotriene may also have effects on
lymphocyte function mediated through high affinity receptor sites on these cells [13].
For example, leukotriene B, has been shown to induce suppressor cell activity [14], to
stimulate natural cytotoxic cells [15] and to replace interleukin 2 or helper cell require-
ment for y-interferon production [16]. Thus, it has been suggested that leukotriene B,
might be an important modular of lymphocyte function [17].

Leukotriene D4 has high affinity, structurally specific receptor sites on smooth mus-
cle membranes which are associated with smooth muscle contraction (e.g. bron-
choconstriction and vasoconstriction) [18]. In most systems, leukotriene C, is rapidly
converted to leukotriene D, and thus the effects of this leukotriene are mediated
through the leukotriene D, receptor. However, under certain circumstances
leukotriene C, may also interact with its own recognition unit, the function of which
is not entirely clear. Leukotriene E, interacts with the leukotriene D, receptor with a
somewhat lower affinity. Because of their potent constrictor activity on respiratory
smooth muscle both in vitro and in vivo following administration by aerosol to man,
peptido-lipid leukotrienes have been postulated as important mediators of diseases
such as human bronchial asthma [8, 18].

Therapeutical approache

Two therapeutic approaches to the production or action of leukotrienes have been in-
tensively investigated by the pharmaceutical industry. These are, first, 5-lipoxygenase
inhibitors which by inhibiting the initial oxygenation step will prevent the further pro-
duction of both leukotriene B, and thus its effects on leukocytes, and the smooth
muscle contracting agents, leukotrienes C,, D,, and E,. The socond approach is to
produce highly selective, potent leukotriene D, receptor antagonists which will block
the action of this autocoid on smooth muscle preparations and hence prevent, for ex-
ample, bronchoconstriction. An example of a potent orally active and selective
5-lipoxygenase inhibitor is L1-651,392(4-bromo-2,7-dimethoxy-3H-phenothiazine-3-
one) [19]. For this compound, the ICs, values for rat peritoneal polymorphonuclear
leukocytes incubated with ionophore A23187, mouse CXBG mastocytoma cells in-
cubated with ionophore A23187, mouse peritoneal macrophages incubated with
zymosan, and human polymorphonuclear leukocytes incubated with cytochalasin B
and f-met-leu-phe were 0.6, 2.5, 2.5 and 2.6 x 10 ~7 M. In the presence of NADH the
compound produced significant inhibition of a crude 5-lipoxygenase from rat basophil
leukemia cells (mean ICs, 0.8 x10 =7 M). The compound failed to inhibit prepara-
tions of the 12-lipoxygenase from human platelets or porcine leukocytes, the
15-lipoxygenase from soybean, cytochrome P450 from rat liver microsomes, or the
cyclooxygenase enzyme from ram seminal vesicle microsomes. The potent inhibitory
effects of L-651,392 on the 5-lipoxygenase enzyme in vitro were manifested in vivo
through inhibition of antigen-induced bronchoconstriction in inbred rats and squirrel
monkeys [20] and antigen-induced changes in vascular permeability in the guinea-pig
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conjunctiva [21]. Thus, compounds such as [.-651,392 may be important for assessing
the role of 5-lipoxygenase products in physiological and pathological processes both
in vitro and in vivo.

Two examples of specific leukotriene D, receptor antagonists are L-648,051 (sodium
4-(3-(4-acetyl-3-hydroxy-2-propyphenoxy)propylsulfonylj-y-oxo-benzene butanoate)
[22] and L-649,923 (sodium BS* yR*)-4-(3-(4-acetyl-3-hydroxy-propylphenoxy)-pro-
pylthio)-y-hydroxy-p-methyl-benzene butanoate) [23]. L-648,051 is a competitive in-
hibitor of [*H]leukotriene D, (K; 6 uM) binding in guinea-pig lung homogenates but
it is less effective as an inhibitor of [*H]leukotriene C, binding (K; 37 pM). The com-
pound competitively antagonized the contractions of guinea-pig ileum induced by
leukotriene D, (pA, 7.7) and contractions of guinea-pig trachea induced by
leukotriene D, (pA, 7.3) and leukotriene E, (pA, 7.4). The compound does not
significantly antagonize contractions induced by other contractile agonists on
respiratory tissues. [-648,051 is rapidly metabolized in vivo, shows significant activity
when tested by the aerosol route and is being tested in man using this route of ad-
ministration. 1.-649,923 is an orally active leukotriene D, receptor antagonist which is
an inhibitor of [*H]leukotriene D, (K; 0.4 uM) and to a lesser extent [*H]leukotriene
C, (K| 9.0 uM) binding to guinea-pig lung homogenates. The compound selectively
antagonizes contractions of the guinea-pig trachea induced by leukotrienes but not
other agonists. Competitive inhibition of contractions of the guinea-pig ileum induced
by leukotriene D, (pA, 8.1) and the guinea-pig trachea induced by leukotriene E, (pA,
7.1) were obtained. Following oral administration, 1.-649,923 inhibits antigen-induced
dyspnea in inbred rats and leukotriene D,- and ascaris-induced bronchoconstriction
in squirrel monkeys [20]. In man, L 649,923 produces a 3.8 fold shift in the dose
response curve to leukotriene D, without affecting histamine-induced bronchocon-
striction [24].

Leukotriene B, may have pathological implications in deseases where neutrophil in-
filtration is a predominant event. Thus, therapy with 5-lipoxygenase inhibitors has
been proposed for the treatment of psoriasis and ulcerative colitis [8]. Leukotriene D,
receptor antagonists have been primarily proposed for treating allergic diseases such
as bronchial asthma. In addition, there have been suggestions that leukotrienes may
have a role in the gut. Thus peptido-lipid leukotrienes can evoke smooth muscle con-
tractions or certain preparations obtained from the gastrointestinal tract. For example,
leukotrienes C, and D, induce contractions of isolated rat stomach and colon strips
but do not cause contractions on the rat duodenun or ileum [25]. On the other hand,
the guinea-pig ileum is highly responsive to leukotrienes C, and D, [26]. These con-
tractions of gastrointestinal tissue are blocked by specific leukotriene receptor an-
tagonists suggesting the presence of specific receptors for leukotrienes on tissues such
as the rat stomach. Thus, in theory leukotrienes could be involved in gastric mucosal
damage through induction of gastric stasis, decreased gastric mucosal blood flow and
ischemia. Following infusion of leukotrienes D,, C, and E, into the cat stomach a
lowering of transgastric potential difference, an increase in pepsin secretion but no ef-
fect on gastric acid secretion was observed [27]. Of the leukotrienes tested, leukotriene
C, was the most potent, suggesting possibly an involvement of a leukotriene C, rather
than a leukotriene D, receptor in the response. When such cats were treated with the
leukotriene D, receptor antagonist, L-649,923, inhibition of pepsin secretion was
observed but no effect on the transgastric potential difference [28]. This has been inter-
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preted to indicate different leukotriene receptor subtypes mediating each response.
1.-649,923 has also been studied in the rat where in one study it was shown to inhibit
lesions induced by indomethacin and other non-steroidal anti-inflammatory drugs
(M. M. Goldenberg, D. Rosen, S. Luell, D. Keller: The gastric protective activity of a
novel leukotriene antagonist, 1.-649,923 in the rat, unpublished work) and in another
to inhibit lesions induced by ethanol in the rat (see the chapter by Peskar in this
volume). In addition, Peskar has demonstrated that the rat stomach produces in-
creased levels of leukotriene C, following ethanol stimulation and a correlation bet-
ween inhibition of leukotriene C, production and inhibition of ethanol-induced ulcers
has been observed [29]. These effects of 1.-649,923 are only observed at relatively high
doses and could be due either to leukotriene D, receptor antagonism, to leukotriene
C, receptor antagonism or to some other unidentified property of the compound.
Further studies with other inhibitors and antagonists of defined mechanism of action
will be required to ascertain the exact mechanisms of inhibition observed with com-
pounds such as [.-649,923.

Conclusion

In conclusion, leukotrienes have been shown to have potent biological activities and
have been suggested as possible mediators of diseases such as bronchial asthma,
psoriasis and ulcerative colitis. A putative role for leukotrienes in induction of
gastrointestinal lesions in the rat has been suggested from preliminary data with one
leukotriene D, receptor antagonist. The use of selective antagonists and inhibitors in
man will define the true role of such biologically active compounds in human disease.
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Discussion Following the Report of Dr. Ford-Hutchinson

FLEMSTROM

May I make a comment ? The basal potential difference is usually some 50-60 mv in
the cat. Therefore, 1 guess that the small changes you were seeing were related to some
changes in ion transport rather than in protection.

SzABO

A comment and a question. I am not surprised at the relatively vague cytoprotective
effect of the leukotriene antagonist because at least in our hand it was really not very
active, although we have not finished all the dose and time responses. My question is
whether there are any leukotriene receptors in the gastric tissue? The elegant studies
you show were all done in the lung. Do you have any similar receptor studies in gastric
tissue?

ForRD-HUTCHINSON
No, we have not looked at gastric tissues for leukotriene receptors.

WHITTLE

I wonder whether you are concerned about giving such a dose of leukotriene as 1 u/kg
per minute ? Surely not even under pathophysiological conditions could such concen-
trations be achieved?

FORD-HUTCHINSON

The doses of leukotrienes were high, but it is difficult to relate these to the local concen-
trations due to the rapid metabolism and elimination of these products. the high dose
may also explain the difficulty in blocking the response with the LTD,-receptor an-
tagonist.

WHITTLE

When you give the leukotrienes intravenously, presumably there is a myriad of effects
in different tissues, such as perhaps the heart. Are the effects on the stomach indirect,
resulting from changes in circulatory parameters?

FORD-HUTCHINSON

Fortunately, the cat is relatively insensitive to LTD, in terms of cardiovascular and
respiratory actions. Pendleton observed changes in local blood flow associated with the
infusion of leukotrienes. Another problem with these types of studies is the species
variations observed. It is difficult to say which is the appropriate species for man. The
cat certainly is not a good one in terms of airway and cardiovascular changes.

PESKAR

Would you prefer a 5-lipoxygenase enzyme inhibitor or a leukotriene-receptor an-
tagonist for the treatment of human diseases?
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FORD-HUTCHINSON

That depends on the clinical disease. If your interest is in terms of asthma, a key
mediator would be leukotriene D,, and the approach would be effective. If you are in-
terested in such deseases as inflammatory bowel diseases or psoriases where a potential
role for leukotriene B, has been postulated, you clearly need a 5-lipoxygenase in-
hibitor.
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“Aggressive” and “Protective” Factors in the
Pathogenesis of Peptic Ulcer Disease

W. D. W. REES, and C. J. SHORROCK

Introduction

A popular model of peptic ulcer pathogenesis depicts the disease as arising from an im-
balance in the equilibrium that normally exists between the stomach’s “protective”
barriers and “aggressive” luminal factors such as acid, pepsin, refluxed bile salts and
ingested drugs. Clearly such aggressive factors are important but whether or not they
instigate gastroduodenal damage remains controversial. We know acid and pepsin out-
puts are within the normal range in the majority of ulcer patients and non-steroidal
anti-inflammatory drugs, while being important, are only relevant to a proportion of
the total ulcer popuiation. The obvious implication is that patients with peptic ulcer
disease have abnormal mucosal resistance or defence to damaging luminal factors.

Components of Mucosal Defence (Fig. 1)

Mucus Bicarbonate Barrier

The “first line” defence against intraluminal contents is provided by the “mucus-bicar-
bonate” barrier, which consists of a thick layer of adherent mucus gel into which is
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Fig. 1. Gastric mucosal barriers and protective mechanisms
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secreted bicarbonate by underlying epithelial cells. The basal rate of bicarbonate secre-
tion is around 5 to 10% of maximal acid output, while proximal duodenal mucosa
secretes alkali at twice the rate of basal gastric output. Therefore, in the absence of a
mucus gel layer which confines neutralisation to the cell surface, the small amounts of
alkali produced would be completely overwhelmed by acid secretion if delivered
directly into the lumen.

The presence of a thick layer of mucus gel adherent to the gastroduodenal epi-
thelium by its visco-elastic properties produces an unstirred layer which confines acid-
bicarbonate interaction close to the mucosal surface. The glycoprotein matrix of the
mucus substantially reduces the rate of diffusion of smali ions across it. The end result
is an unstirred layer of mucus gel where acid diffusing across from the lumen is
neutralized by bicarbonate secreted by surface cells diffusing in the opposite direction.
The gel therefore sustains a pH gradient with the cell surface at pH 7-8 despite luminal
pH’s of 2-3 and this dynamic barrier is the first line of defence in the healthy stomach.
Recent evidence suggests that another type of mucus-bicarbonate barrier may be just
as important in the damaged stomach. Damaged mucosa is covered by a thick layer of
mucus gel, fibrin and sloughed cells into which diffuses large quantities of bicarbonate
from plasma and interstitial fluid. The resultant zone buffers surviving cell nests from
further damage from luminal acid and pepsin, thus allowing regeneration and re-
epithelialization of the damaged mucosa.

Surface Epithelial Cells

Epithelial cells play an important role in the first line defence of the stomach by the
delivery of mucus gel and transport of bicarbonate. However, there is evidence that the
epithelial cells have intrinsic barrier properties. Early studies by Davenport and Code
in the 1960’s suggested that the apical membrane and “tight junctions” between
epithelial cells were relatively impermeable to H * ions and therefore formed a barrier
to diffusion. Some evidence suggests that fixed charges are present in channels within
surface epithelium which impede the movement of positively charged ions such as
H *. More recent studies have documented the existence of surface active phospho-
lipids providing the surface epithelium with a hydrophobic lining. This lining allows
molecules of high lipid solubility to pass freely into the mucosa but retards the passage
of water soluble ions such as H*. Agents such as NSAIDs and bile salts increase
mucosal permeability to H* ions and virtually eliminate surface hydrophobicity and
these effects may be important in mediating their damaging action.

The ability of surface epithelial cells to rapidly migrate across denuded lamina from
cells in the gastric pits appears to be an important part of the mucosal defence system.
After extensive destruction of superficial epithelial cells, experiments have shown com-
plete re-epithelialization within an hour. The repair process is protected from the
damaging luminal environment by the above mentioned layer of mucus gel and passive
diffusion of bicarbonate. The mechanisms for regulating this re-epithelialization pro-
cess as yet remain unknown.
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Blood Flow

Mucosal blood flow, by delivering oxygen, nutrients and bicarbonate to the surface
epithelium and removing H* ions which have penetrated the mucus-bicarbonate and
epithelial “barriers”, plays a vital role in protecting the gastric mucosa. There is con-
siderable evidence that reduction in blood flow is important in mediating mucosal
damage and duodenal mucosa appears more susceptible to reduction in blood flow
than gastric mucosa. Prostaglandins can reduce or prevent the changes in gastric
microcirculation produced by damaging agents and may thus be important in
regulating mucosal blood flow.

The Role of Prostaglandins

The importance of prostaglandins in modulating mucosal defence mechanisms is im-
plied from observations that NSAIDs, which cause gastric mucosal damage, are potent
inhibitors of prostaglandin synthesis, and that exogenous prostaglandins protect
mucosa from a variety of damaging agents including NSAIDs. Although prostaglan-
dins do inhibit gastric acid secretion some of their protective actions occur at concen-
trations which do not influence acid output.

Several types of prostaglandins have been identified from gastric mucosa and gastric
juice, namely those of the F, E, and I series, and enzymes for their biosynthesis and
degradation can be found in gastric mucosa. Exogenous application of prostaglandins
has favourable effects on virtually every component of mucosal defence.

Aggressive Factors (Fig. 2)

A number of luminal factors have been implicated in the production of gastroduodenal
mucosal damage, in particular acid, bile acids and ingested drugs such as NSAIDs or
ethanol. Dietary ingredients and smoking may also affect mucosal integrity either by
a direct action on the epithelium or by influencing the concentrations of damaging
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luminal factors. In recent years, interest has been aroused by the demonstration of a
bacterium, Campylobacter Pylori, at the mucus-cell interface of damaged mucosa,
although the role it plays in producing gastroduodenal damage remains uncertain.

Gastric Acid

Schwartz’s dictum of “no acid, no ulcer” still holds true today and there is no doubt
that luminal acid is necessary for the production of gastric and duodenal ulcers.
Basal and nocturnal acid secretion are normal in the majority of peptic ulcer pa-
tients, although suppression of nocturnal output is important in ulcer healing. The
most consistent abnormality of acid secretion observed in duodenal ulcers is meal
stimulated output, being increased in about two thirds of patients. In gastric ulcer
stimulated acid output ranges from being increased in pre-pyloric ulcers, to decreased
in main body ulcers. However, in all these groups there is a large overlap between nor-
mal controls and ulcer patients. The duodenum has pH sensitive receptors which
regulate gastric acid emptying by an undefined mechanism and there is evidence that
a defect in acid inhibition of gastric emptying occurs in some duodenal ulcer patients.

Pepsin

The role of pepsin in the pathogenesis of peptic ulceration is far from being clear. Pep-
sin is a powerful proteolytic enzyme at low pH and in theory would contribute to
mucosal disruption by other factors. Abnormal serum pepsinogen levels have been
detected in DU and GU patients and are indicative of increased chief cell mass and
gastritis, respectively. Increased pepsin output has been demonstrated in a proportion
of DU patients. At present, these findings contribute little to our understanding of
ulcer pathogenesis.

Duodenogastric Reflux and Bile Salts

Certain constituents of duodenal contents such as bile salts and lysolecithin have been
shown to damage gastric mucosa and hence chronic reflux of duodenal juice into the
stomach has been implicated in the pathogenesis of gastric ulcer. High concentrations
of bile salts cause gastric mucosal damage, inhibition of gastric bicarbonate secretion,
disruption of mucus gel, reduction of the pH gradient across mucus gel and increase
in the permeability of the epithelial layer to H * ions. However, there is some doubt as
to the relevance of these findings to the low concentrations of bile salts found in the
stomach of ulcer patients. Furthermore, the demonstration of abnormal bile reflux in
GU patients is unconvincing.

Non-steroidal Anti-inflammatory Drugs

As in the case of bile salts there is ample evidence that acute exposure of gastric or
duodenal mucosa to aspirin or other NSAIDs disturbs mucosal function causing
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damage to the surface epithelium. Aspirin and indomethacin are potent inhibitors of
gastroduodenal alkali secretion and reduce the pH gradient across the mucus gel layer.
They also disrupt surface active phospholipids and increase cell exfoliation. Many of
these actions are prevented by pretreatment with prostaglandins and since the drugs in-
hibit cyclo-oxygenase activity, it has been postulated that their damaging action is due
to depletion of local tissue prostaglandins.

Recent work suggests that in 30% of patients over the age of 60 admitted to hospital
with upper gastrointestinal bleeding the haemorrhage is attributable to NSAIDs and
that these agents account for the maintained or rising incidence of peptic ulcer in this
age group.

Dietary factors

There is little evidence that avoidance of certain foods plays a role in maintaining
mucosal integrity. A high fibre diet may reduce duodenal ulcer relapse but there are no
convincing data that ulcer healing is improved. Increased intake of polyunsaturated
essential fatty acids has recently been linked to the decline in peptic ulcer incidence over
the last decade or so. These may act as precursors for mucosal prostaglandin synthesis
and this hypothesis may have major implications for ulcer therapy and prevention of
relapse. Ingestion of ethanol in high concentrations damages gastric mucosa and
disturbs mucosal defence mechanisms, although there is little epidemiological
evidence that alcohol plays any role in the pathogenesis of peptic ulcer disease.

Smoking

There is evidence that cigarette smoking harms the balance that normally exists bet-
ween aggressive luminal factors and defence mechanisms. Smokers are more likely to
develop peptic ulcers and respond less well to treatment. It has been shown that smok-
ing adversely affects mucosal prostaglandin production and increases gastroduodenal
reflux of bile, although the evidence is far from convincing. Smoking does stimulate
nocturnal acid secretion which may be particularly important in producing mucosal
damage.

Gastric microflora

The finding of Campylobacter pylori in the mucus gel overlying damaged mucosa has
stimulated much interest in the role of bacteria in causing mucosal damage. The
mechanism by which these organisms damage gastroduodenal mucosa remains uncer-
tain. Disturbance of mucus production by surface epithelial cells has been
demonstrated with C. pylori and the organism also possesses powerful urease activity.
These properties may therefore disturb the “mucus-bicarbonate” barrier and expose
the epithelium to a damaging acidic environment.
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Discussion Following the Report of Dr. Rees

GRAHAM

One of the problems that we all have is the philosophy that if we can measure
something in the laboratory, it must have something to do with the disease. Recently
we have been able to measure the presence of the Campylobacter pylori organism in
patients’ stomachs. We note that they swim in the mucus, and they probably alter its
structure and function. They are clearly associated with altered surface of the
gastrointestinal mucosa and with polymorphonuclear cell infiltration. To renew
themselves they should induce some other alterations in the cells’ abilities. Would you
discuss this? How does this fit with the other information that you have given us?

REES

Yes, certainly, I think that perhaps it would have been wise to have included Caimn-
pylobacter in the first slide, although I must admit that as yet I am a little unclear
myself as to what role it precisely plays. As you say quite clearly, evidence is ac-
cumulating to suggest that this organism actually does produce mucosal damage. Even
talking to people who actually work in this area it is still unclear as to what comes first,
“the horse or the cart;” because it is quite possible that the environment created by
damaged mucosa allows these organisms to infiltrate the mucus gel layer and to exist
at that site.

GRAHAM

It has been clearly shown that normal mucosa is transformed to abnormal by the
organisms, and that it returns to normal when you eliminate them. Thus it can be con-
cluded that mucosal alterations are caused by Campylobacter pylori. ~

REES

Yes, I think there is some evidence for this. I think evidence is coming along to suggest
that this organism does produce gastric mucosal damage, but the evidence is still thin
on the ground. This organism’s very potent urease activity may be important. There
are publications suggesting that perhaps local production of urea at the cell-mucus in-
terface may well be an important damaging mechanism. I do not doubt, that in the case
of gastritis Campylobacter is important. What I find very difficult to understand, is
how it produces local peptic ulcer disease.

FLEMSTROM

Did the indomethacin or metabolic inhibition reduce aluminum-increased alkali secre-
tion?

REES

I did not show a slide on it. We have completed work on sucralfate. Indomethacin
abolishes in our laboratory the effects of sucralfate on alkali secretion. With aluminum
we have not completed the experiments but the evidence suggests that it does the same.
Our preliminary experiments using 10~ M indomethacin show inhibition.



Heartburn and Mucosal Barrier Weakness

J.

J. BERNIER, and CH. FLORENT

Introduction

Most of the patients who suffer from illness of the digestive tract do not show any signs
of lesion after a careful examination. They are classified as “dyspentic” or of “psycho-
somatic”’ patients; many cases seem to have a functional disorder somewhere in the
digestive tract. Our aim is to show that some patients have a mucosal defect which we
shall call “mucosal barrier weakness.” The rationale of this hypothetic mechanism is:

L.
2.

Experimental cytoaggression by different drugs is clearly established.

The major symptom of many dyspeptic patients is epigastric heartburn (quite dif-
ferent from pyrosis, which is a retrosternal and ascending pain), which appears
shortly after ingestion of some beverages (white wine, coffee) or meals (jam or
spices). These nutrients may possibly act as cytoaggressors.

. We have found [2] in normal subjects that montmorrillonnite, an inert and neutral

clay, reduces the aggressive effect of aspirin not only when they are both ingested
at the same time, but also when aspirin is ingested 24 h after the clay (Tarnasky et
al. have observed the same with glucagon [8]).

. According to the general law linking pathological and physiological mechanisms

(the first being either an enhancement or a diminution of the second), one may
hypothesize that if some substances are able to increase the resistance of the
mucosa, some others could produce the opposite : a weakening of the mucosal bar-
rier.

We shall show that patients suffering from epigastric heartburn have 1. an abnormal
gastric potential difference; 2. some surface mucosal lesions detected by scan electron
microscopy [4].

Methods

Subjects and Patients

We have studied two groups:
a) One hundred asymptomatic young volunteers were tested, 54 of whom were

checked by endoscopy.

b) 45 patients (28 males, 17 females, mean age 35 years, range 19-76) complained of

early postprandial heartburn, usually related to some nutrients (coffee, wine,
alcohol, jam).
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Patients with pyrosis were disregarded. Some suffered from other digestive com-
plaints (bloating, belching) and a few had colonic symptoms. An esogastroduoden-
oscopy had been performed in each case disregarding any mucosal lesion (ulcer, cancer,
oesophagitis or gastritis); some biopsies were performed in fundus and antrum.

Potential Difference Measurements

Gastric potential difference (PD) was measured by the technique described by Florent
et al. [3]. One electrode (a flow of saline through a catheter connected with an agar-K
Cl bridge) was located in the antrum. The other one was connected with a sub-
cutaneous needle. PD was measured during three periods: 30 min, basal; after in-
tragastric instillation of 500 mg of aspirin in 100 ml saline; after intragastric instilla-
tion of 100 ml alcohol (10% v/v). The order of periods 2 and 3 were randomized.

Histological Studies

In all patients a light microscopic examination was done using conventional techni-
ques. In 10 controls and nine patients, gastric mucosa biopsies were immediately fixed
by immersion in fixative [9]. After 48 h delay, specimens were dehydrated in ethanol
gradients, then dessicated by critical point drying, and coated with goldpalladium.
After mounting on aluminium stubs, the biopsies were examined with a Jeol Scan
100 CX:

Results

Basal PD was significantly lower in patients than in controls (controls,
—39.3 mV =+ 3.3; patients, 26.6 ¥ 6.3). Basal PD was not different from controls in
duodenal ulcers and in irritable colon. The effect of aspirin in patient differs from that
in controls (Fig. 1); the magnitude of the PD drop is the same in both cases, but the
return to basal value is longer in dyspeptic patients. Alcohol (10%), which was a weak
aggressor in controls, was in contrast as aggressive as aspirin in patients. Figures 2 and
3 show the diagnostic efficacy of PD measurements (basal PD and 30 min after
alcohol).

On scanning electron microscopy, antral and fundic biopsies of patients show more
or less deep alterations of the mucosa: mucus hypersecretion, small ulcer craters in
which erythrocytes, platelet aggregates, lymphocytes and necrotic cells can be viewed.
These lesions were observed in all nine patients and in four out of 10 controls (P
< 0.005. % test).
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Discussion
Definition of the Patient Group

The dyspeptic patients were selected on the following criteria: epigastric early post-
prandial heartburn, without pyrosis, related to some food or beverages. These criteria
are less numerous than those included in the “nonulcerous dyspepsia” of the English
literature [5] and are quite different from those described in Malagelada’s “dyspepsia”
{7]. It is well known that it is difficult to link the site of an abdominal pain to an organ
of the digestive tract [6].
One may criticize the homogeneity or our group of patients. We can say that
a) patients have been included in the study by agreement of two trained
gastroenterologists and
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Fig. 4. Scanning electron microscopy ( x 2000). Normal

Fig. 5. Scanning electron microscopy (x1500). Heartburn dyspeptic patient; ulceration with
erythrocytes, modification of the mucus
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b) a systematic gastroscopy (with biopsies) had shown that the upper digestive tract
appeared normal (no visible esophagitis or gastritis, no ulcer, no cancer).
No special study had been performed in order to test gastro-oesophageal reflux ; this
may be questioned as Blum at al. [1] said that heartburn and gastroesophageal reflux
are frequently associated.

Value of PD Variations

PD measurement is not easy, but technical artifacts produce a sudden drop of the line.
A slow and continuous drop of the base line may cause some difficulties in the lecture
of the curves.

What Distinguishes the Patients with Regard to the PD Variations ?

In patients, compared to controls,

a) basal PD is lower;

b) variations after aspirin are longer;

c) variations after alcohol are greater and longer. This combination is constant.

Looking at the individual data, we have observed that:

1. Basal PD value (normal limit —32 mV) classifies 100 controls and 45 patients ex-
cept eight (9%) (three controls and five patients).

2. All except four patients with a low basal PD show an abnormal response to aspirin
and alcohol; the four patients who differ from the others are not in opposition to
the general concept; their PD was so low that it could not drop further.

3. Using the PD 30 min after aspirin or alcohol (normal limit —30 mV) there were
only three errors (2%), one control and two patients. One may conclude that PD is
a good screening test.

Which Mucosal Lesions are Associated with the Electrical Abnormalities?
Do patients have Gastritis ?

To the second question the answer is no. Endoscopists have never seen either mucosal
aspects of gastritis or small erosions as seen in patients using NSAIDs. Biopsies per-
formed in 45 cases have shown interstitial gastritis in nine cases only. It is clear that
these conclusions are questionable, as there is great discussion among endoscopists
and pathologists about gastritis criteria.

Nevertheless, it seems that constant superficial lesions of the mucosa exist as shown
by scan microscope, i.e., changes in mucus aspect, small erosions, appearance of
numerous blood cells. The pathologist, Mme Droy-Lefay, who is well trained in ex-
perimental work on the rat, thinks that these lesions look liké the findings seen in ex-
perience with weak aggressors. During a blind test she correctly classified 15 among 19
patients or controls.
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We suggest to call this syndrome “mucosal barrier weakness” because

a) basal PD is lower than normal and it is correlated to surface alterations,

b) aspirin has more aggressive effects than in controls.

¢) 10% alcohol which has weak aggressive effects in controls has an effect as ag-
gressive as aspirin in patients.

What Causes the Mucosal Barrier Weakness ?

The first hypothesis is bile reflux, but with respect to gastric juice and noting the yellow
color of bilirubin, there was no difference between controls and patients. Our
hypothesis, yet unproved, is that the deleterious agents are nutrients. Heartburn after
white wine ingestion correlates well with PD abnormalities observed with 10% alcohol.
The same effect after jam ingestion may be an osmotic cytoaggression. The main fact
is that the mucosa reacts abnormally to beverages or food which are weak aggressors
in controls. The most interesting hypothesis is that the mucosal defect is chronic and
that the patients suffer for a long period of time. Is this defect related to an insuffi-
ciency of local prostaglandins? This is an unsolved problem, as is the question of a
possible benefit from treatment with synthetic prostaglandins.

Conclusion

Gastric PD measurements (basal and after alcohol 10%, v/v) allow us to describe a
mucosal barrier weakness in dyspeptic patients. It could be an accurate tool in
therapeutic trials. '
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Discussion Following the Report of Prof. Bernier

HOLTERMULLER

Your patients were symptomatic when you studied them. Was there a difference in the
findings when the same patients being asymptomatic were examined again?

BERNIER

Yes, we have performed some trials with various drugs. Montmorrillonite (a kind of
clay), which is an old drug, leads to symptomatic relief after 3 weeks of treatment. It
normalizes variations of the potential difference, i. e. basal value, and is the answer to
aspirin and/or alcohol.

RASK-MADSEN

Using the electrical potential difference as a single marker of mucosal barrier weakness
alone, there may be a problem of interpretation, which might explain the differences
you observed by using this technique. You have to measure the pH as well and correct
for the diffusion potential occuring as a consequence of hydrogen ion flux.

BERNIER

Yes, I agree. In fact we have checked the pH in each sample. In the mean there were no
differences between controls and patients.

COHEN

Not only is PD affected by both active and passive ionic movement, but the PD can
also change merkedly, in fact up to 30 mV, depending on precisely where in the
gastroduodenum your position the electrode. So my first question is: How do you
place the tube accurately, so that it is in the same position for all subjects? My second
question is: Does the investigator know whether the patient has non-ulcer dyspepsia
or is a control?

BERNIER

Yes, the investigator knows the clinical situation. The electrode was introduced into the
antrum. Its accurate position was checked by radioscopy.

GRAHAM

I hate to come back to the Campylobacter pyloridis again. Dr. ALA TOUKON in Jordan
showed last year that patients with non-ulcer dyspepsia almost always had polymor-
phonuclear infiltrates in antral mucosa biopsies. Previous studies by Greenlow and
others indicate that this is a universal finding. Your studies suggest the same
phenomenon. The reasons for this are pyloric Campylobacter and altered mucosa. 1
assume that you are doing your PDs with fluid in the stomach before you obtain an
average PD and not the focal PD that Dr. COTTEN was talking about. Campylobacter
pyloridis would also probably explain the response to clay. Heavy metals such as
bismuth will eradicate these organisms at least temporarily, and restore histology to
normal. This would explain the change of potential difference. I would recommend to
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repeat PD measurements shortly after your experiments with DeNol as the drum sticks
will come back again if you wait too many days. PD will then be normal, and you have
found another way to measure the presence of pyloric Campylobacter in the stomach.
This is my hypothesis.

BERNIER

Of course, we were interested in finding Campylobacter in our patients, but looking
carefully the biopsy material we have found only one case.

GRAHAM

I will send you some of our test materials so that you can find it in everyone.



The Functional Role of Prostanoids in the
Gastroduodenal Mucosa

G. BERTACCINI, and G. CORUZZI

Introduction

The term prostanoids embraces compounds derived from the action of cycloxygenase
on arachidonic acid, that is prostaglandins (PGs) and thromboxanes (TXs). Human
gastric mucosa can synthesize PGD,, PGE,, PGF,,, 6-keto PGF,, and TXA,; how-
ever, the sources of these products and their role in gastric functions have not been fully
elucidated. We do not know exactly which cells produce these substances; for instance,
it is uncertain to what extent the thromboxanes and PGI, are released from blood
platelets or blood vessels into the gastric mucosa. Some discrepancies may arise from
different methods of evaluation, from “in vivo” vs “in vitro” studies, different species
etc.

The Physiological Role of Prostanoids

The role of prostanoids can be mainly deduced from the observed action of ex-
ogenously administered PGs (especially synthetic derivatives) or from inhibitors of
their synthesis. The two main effects of PGs are the inhibition of acid secretion and
protection of the mucosa from noxious stimuli, whereas thromboxanes predominantly
affect blood vessels, causing a potent vasoconstriction in the gastric vasculature and
a remarkable proaggregatory action.

There are many doubts about the possible physiological role of PGs in the control
of gastric secretion. Tepperman et al. [40] suggested that endogenous PGs are not
physiological regulators of acid secretion, after observing the inability of in-
domethacin to alter acid output, though reducing PGs synthesis and release in the dog
stomach. More recently Mogard and Walsh [28] showed that basal acid secretion and
the secretory response to a pepton meal in humans were not affected by indomethacin
pretreatment and had no effect on plasma gastrin levels.

These results, of course, cast some doubts on a physiological role of PGs in the con-
trol of acid secretion. However, the recent demonstration of a receptor for E-type PGs
on the parietal cell membrane is suggestive of a specific function for endogenous PGs
in the secretory process [41].

A physiological role for PGs in mucosal protection appears more likely; the effects
on mucus and bicarbonate production both in the stomach and in the duodenum have
been demonstrated in a variety of mammalian species, including humans (for review
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Fig. 1. Isolated gastric fundus from immature rat. Effect of different compounds on basal acid secre-
tion, administered at arrows. MIS, misoprostol; FPL, FPL 52694 ; continuous line, administration of
the drugs on the serosal side; dashed line, administration on the mucosal side

see [13]). Also the PG effects of gastric microcirculation, gastric mucosal sulfhydryl
compounds, surface-active phospholipids and macromolecular synthesis (with a
definite increase in DNA and RNA synthesis) are well known [27]. According to recent
findings some synthetic PGs are also able to stabilize the mast cell membrane [35],
however, it is still unknown whether or not this intefesting property is also shared by
natural PGs. However, it is interesting that other mast cell stabilizers may have gastric
cytoprotective properties [11] or may actually inhibit gastric acid secretion [7, 10].
Preliminary experiments performed in our laboratory seem to demonstrate that the
synthetic PGE analog misoprostol, like the mast cell stabilizing agent FPL 52694 [10],
can inhibit basal acid secretion in the rat isolated stomach, whereas PGs do not ([12],
Coruzzi and Bertaccini, unpublished ; Fig. 1).

Prostanoids and Gastric Pathology

Interesting findings have been made concerning pathological conditions, like gastric
(GU) and duodenal (DU) ulcer. In GU patients the PGE content of the stomach was
found to be significantly lower than in healthy subjects [44]. Konturek [19] reported
also that 6-keto-PGF,, and TXB, were significantly reduced in GU patients, whereas
the reduction was not statistically significant in DU patients. However, data concern-
ing DU patients are not uniform, since both a reduction and an increase in PG content
have been reported [1, 25, 33]. Moreover, in DU patients, in contrast to healthy sub-
jects, the secretory response after ingestion of a meal resulted in a definite decrease in
PG synthesis. A significant reduction in the synthesis of PGE, from antral biopsy
specimens (from 616 * 166to 253 + 94 pg/mg of mucosa) was also found in subjects
suffering from reflux gastritis [9].
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Thromboxanes and PGI, are important modulators of gastric acid secretion and
blood flow. As a consequence, an imbalance in their relative synthesis could result in
an increase in gastric secretion and a decrease in gastric blood flow and finally in
gastric ulceration. In fact Hillier et al. [16] showed that in DU patients the ratio of
PGI, to thromboxane formation was significantly reduced. Since PGI, is cytoprotec-
tive [29] whereas thromboxanes are ulcerogenic [43], it seems reasonable to expect that
an imbalance in the PGI,: TX ratio should favour tissue damage and then
ulcerogenesis. On the contrary, a favourable PGI, : TX ratio should be cytoprotective.
Accordingly, it was reported that imidazole or other thromboxane biosynthesis in-
hibitors are indeed highly cytoprotective [20, 42].

Gastric Mucosal Synthesis of Prostanoids and the Effects of Drugs

The effects of drugs on prostanoid synthesis in the gastric mucosa are controversial,
probably because of different methods of evaluation and variable conditions of the
samples and species examined. The observation that some drugs (probanthine,
omeprazole, pirenzepine etc.) may be cytoprotective at non-antisecretory doses or ir-
respective of whether they can affect prostanoid synthesis indicates that other
mechanisms must be involved in the beneficial effects of these drugs. Results obtained
with some compounds involved in the control of gastric secretion and/or in mucosal
protection are shown in Table 1.

Table 1. Effect of different drugs on prostanoid synthesis in the gastric mucosa

Drug PGs TXs Species
H?2 antagonists T 134, 8], 1 [14], 0 [23] 0 [33] Rat, Man
Histamine 1121 Rat
Pirenzepine 0 [18, 21] 1 [38] Rat, Man
De-Nol T 1221 Rat
Carbachol 1 130] Dog
Omeprazole 0 26], T [36] Dog, Rat
Antacids 11371 Rat
Carbenoxolone 0[5, (1) [31] 0[5], 1[32] Rat, Man
Sucralfate 0 [34], T [22] 1 1221 Man
Somatostatin 17 Man, Rat
NSAID 1 341 1 134] Man

1 increase; | decrease; 0 no effect; superscripts, references

A revolutionary concept was recently proposed by Japanese investigators [2, 14] who
claimed that histamine exerts PG-induced cytoprotection through histamine type 2
(H,) receptor stimulation (Table 2). Consequently, H,-receptor blockers could reduce
the mucosal content of PGs and the gastric mucosal integrity and could possibly
favour the occurrence of a peptic ulcer relapse at the end of treatment. Another possi-
ble explanation for the relatively high incidence of peptic ulcer recurrences after
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Table 2. Effects of histamine on the mucosal PG levels in normal rat stomach and HCl-induced lesions
(modified after [2])

Dose (mg/kg) PGE, (ng/g) Gastric lesions
Saline 559 = 82 10.8 + 1.6
Histamine 4 774 £ 57* 6.1 £ 1.5*

20 1957 £ 160** 0.8 £ 0.5*%*

* P < 0.05 ** P < 0.001

H,-antagonist treatment is the upregulation of gastrin and H,-receptors, as reported
by Bertaccini and Coruzzi [6].

However, controversies exist on the effect of cimetidine on prostanoid synthesis in
the gastric mucosa. Both a decrease and an increase in PG content were described by
different authors. In acute experiments performed in the rat [3, 14] a decrease in
PGE,, and PGE, content was reported, whereas after chronic treatment with
cimetidine in humans (1 month) a definite increase in PGE,, PGF,, and PGI,, with
no change in TXB,, was found [8, 33]. Tarnawski et al. [39] reported an increase in
haemorrhagic changes due to ethanol administration with both cimetidine and
ranitidine and concluded that inhibition of H,-receptors may negatively interfere with
cytoprotection by PGs.

Part of the mucosal protection induced in man by a synthetic PG was shown to be
mediated by somatostatin, which significantly increased in the gastric juice (from
34.34 to 75.79 pg/ml) after treatment with PGs. However, cimetidine also caused a
remarkable increase in somatostatin in the gastric juice, whereas the degree of mucosal
protection was definitely lower than that for PGs. Therefore it was concluded that
somatostatin was only one of the factors responsible for mucosal protection [15].

Conclusions

From the above data it seems that evidence for, rather than against a physiological role
of prostanoids in the gastric mucosa is more likely, PGs acting in an antisecretory and
cytoprotective role and thromboxanes acting as pro-ulcerogenic agents. Therefore one
can consider synthetic analogs of the natural PGs and thromboxane synthesis in-
hibitors as agents capable of maintaining gastric mucosal integrity.

Acknowledgement, Original work of the authors was supported by a grant from the C.
N. R., Rome.
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Role of Leukotrienes in Gastric Mucosal Damage
and Protection

B. M. PESKAR

Introduction

Contrary to the vasodilating properties of prostaglandin (PG)E, and PGI,, which are
major cyclooxygenase-derived arachidonic acid metabolites in the gastric mucosa, the
5-lipoxygenase product leukotriene (LT)C, has been found to constrict gastric sub-
mucosal vessels, particularly the venules, leading to sluggish blood flow and
vasocongestion [1]. Furthermore, LTC, provokes plasma leakage in a number of
vascular beds [2, 3]. Microcirculatory changes, such as capillary stasis, reduced
mucosal blood flow, and plasma exudation have been described as prominent features
of acute gastric mucosal damage caused by noxious agents such as ethanol [4-6].
16,16-dimethyl-PGE, and sodium thiosulfate, which protect against gastric injury
caused by ethanol, also prevent its effect on mucosal capillaries [6] suggesting that the
microcirculation plays a crucial role in the pathogenesis of acute gastric mucosal
damage.

Rat gastric mucosa has a high capacity to synthesize LTC, from endogenous sub-
strate [7]. Intragastric instillation of ethanol leads to a pronounced stimulation of for-
mation of this arachidonate metabolite by gastric mucosa incubated ex vivo [7]. The
stimulatory action on mucosal LTC, synthesis is dose-dependent for ethanol and
closely parallels the development of hemorrhagic mucosal lesions. Furthermore,
stimulation of LTC, formation occurs rapidly and can be demonstrated within 1 min
after contact of the noxious agent with the gastric surface (Fig. 1). Contrary to the pro-
nounced effect on formation of the 5-lipoxygenase-derived arachidonate metabolite,
mucosal synthesis of the cyclooxygenase product thromboxane (TX)B, is not affected
by ethanol. Although TXA,, the biologically active precursor of TXB,, has been
found to be a potent vasoconstrictor in the canine gastric circulation [8], increased for-
mation of this cyclooxygenase product does not seem to contribute to the microcir-
culatory events in acute gastric mucosal damage {7, 9].

Gastroprotection by Agents that Inhibit Leukotriene Formation

Pretreatment of rats with the lipoxygenase inhibitor nordihydroguaiaretic acid inhibits
gastric mucosal LTC, formation and simultaneously protects against mucosal damage
caused by ethanol [7]. The degree of gastroprotection induced by nordihydroguaiaretic
acid is comparable to that of well-known protective agents such as prostaglandins.
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Fig. 1. Effect of ethanol on mucosal formation of LTC, and development of hemorrhagic mucosal le-
sions in rats. One or five minutes after intragastric instillation of 1.5 ml ethanol, the stomachs were
removed in ether anesthesia. Controls (CO) received 1.5 ml water and were killed five minutes later. An
ulcer index was evaluated as previously described [7]. Then mucosal tissue was excised and incubated
in Tyrode solution at 37 °C. Release of LTC, into the medium was determined by radioimmunoassay
as described elsewhere [7]. Results represent the mean * SEM of six experiments. @ P < 0.0l ascom-
pared to controls (Student’s ¢ test)

Carbenoxolone, which was the first drug reported to accelerate the healing of gastric
and duodenal ulcers by a mechanism not involving inhibition of acid secretion, was
shown to inhibit prostaglandin-degrading enzymes [10] and to increase release of
PGE, by human gastric mucosa in vitro [11]. In addition, the drug inhibits formation
of TBX, in this tissue [11]. In duodenal ulcer patients carbenoxolone treatment
enhances release of PGE, into the gastric juice [12]. In contrast to man, in the rat
carbenoxolone does not affect formation of gastric mucosal cyclooxygenase products
ex vivo [7, 13]. Carbenoxolone treatment prevents, however, the ethanol-induced
stimulation of rat gastric mucosal LTC, formation [7]. Furthermore, carbenoxolone
inhibits release of sulfidopeptide leukotrienes and LTB, from human gastric mucosa
in vitro [14] suggesting that modulation of the 5-lipoxygenase pathway may be an addi-
tional mechanism underlying the protective and ulcer-healing action of the drug.
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Both sulfhydryl-containing agents such as cysteamine and sulfhydryl blockers such
as diethyl maleate have been found to protect the gasiric mucosa against injury caused
by ethanol [15, 16]. Pretreatment of rats with cysteamine or diethyl maleate prior to in-
tragastric instillation of ethanol dose-dependently inhibits gastric mucosal LTC, for-
mation ex vivo [17]. The inhibitory action of cysteamine and diethyl maleate on
mucosal LTC, synthesis (ICs, 26 and 9 mg/kg, respectively) closely parallels their
gastroprotective activity (ICs, 20 and 5 mg/kg. respectively). In contrast, both com-
pounds have divergent effects on formation of gastric mucosal cyclooxygenase-derived
arachidonate metabolites. While diethyl maleate increases formation of 6-keto-PGF,
and TXB,, but inhibits release of PGE,, cysteamine reduces mucosal release of all
three cyclooxygenase products {17]. Thus, inhibition of gastric mucosal LTC, forma-
tion may be more important as a common mechanism of the protective activity of
agents modulating gastric mucosal sulfhydryl levels than effects on the gastric pro-
staglandin system [15].
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Table 1. Quotient of PGE,/LTC, released by gastric mucosa of control and indomethacin-treated rats

Treatment Mucosal PGE,/LTC,
Vehicle 222+ 74
Indomethacin (5 mg/kg) 14.1 = 6.6
Indomethacin (10 mg/kg) 53 + 1.5%
Indomethacin (20 mg/kg) 39 £ 1.8%

Rats were treated with graded doses of indomethacin or vehicle and were killed 30 min later. Mucosal
fragments were incubated in Tyrode solution at 37°C for 10 min, and release of PGE, and LTC, was
determined as described elsewhere [7]. Results represent the mean = SEM of six experiments. (Stu-
dent’s f test). P < 0.05 compared to vehicle treated rats

Effect of Nonsteroidal Anti-inflammatory Drugs on Rat Gastric Mucosal
Leukotriene Formation

It has been suggested that side effects of nonsteroidal anti-inflammatory drugs might
be related not only to reduced formation of protective prostaglandins, but also to in-
creased biosynthesis of leukotrienes. We have investigated the effect of nonsteroidal
anti-inflammatory compounds on release of cyclooxygenase and S5-lipoxygenase
metabolites of arachidonic acid by rat gastric mucosa and inflammatory tissue. Oral
treatment with indomethacin dose-dependently inhibits ex vivo formation of both
gastric mucosal PGE, and LTC, [18]. The inhibitory action is, however, more pro-
nounced on formation of the cyclooxygenase (ICs, 3.4 mg/kg) than on the 5-lipoxy-
genase product (ICs, 16 mg/kg) resulting in a decreased quotient of gastric PGE,/
LTC, (Table 1). Similar results were obtained after treatment of rats with diclofenac.
This is in contrast to the effect of indomethacin on formation of arachidonic acid
metabolites in inflammatory exudates induced by implantation of carrageenan-soaked
sponges [18]. Thus, treatment with 5 mg/kg indomethacin simultaneously with sponge
implantation decreased concentrations (ng/ml, mean = SEM, n = 6) of PGE, in the
inflammatory exudates from 9.3 £ 1.1t02.0 £ 0.5 (P < 0.001), but enhaced concen-
trations of LTC, from 3.0 = 0.2 to 4.6 = 0.5 (P < 0.025). These results show that
blockade of the cyclooxygenase pathway of arachidonate metabolism may increase
release of 5-lipoxygenase-derived products from some tissues, but not others. The more
pronounced inhibitory action of nonsteroidal anti-inflammatory drugs on the gastric
mucosal cyclooxygenase as compared to the 5-lipoxygenase pathway may alter the
balance between protective and potentially ulcerogenic arachidonate metabolites, an
effect that could contribute to the gastrointestinal irritancy caused by these drugs.

Effect of PGE, and Drugs that Activate the Endogenous Gastric Prostaglandin
System

Gastroprotection is not always accompanied by inhibition of ethanol-induced stimula-
tion of gastric LTC, formation. Thus, pretreatment of rats with PGE, (0.2 mg/kg)
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reduced ethanol-induced mucosal injury by 78%, but did not affect gastric mucosal
LTC, formation [17]. As reported previously [19, 20], pretreatment of rats with
sucralfate (500 mg/kg) or the Al/Mg hydroxide-containing antacid Maalox 70 (1.5
ml/kg) prior to ethanol instillation stimulated gastric mucosal PGE, biosynthesis by
46% and 45%, respectively (P < 0.05 each) and simultaneously inhibited lesion pro-
duction by 62% and 77%, respectively (P < 0.001 each). Similarly to PGE, neither
drug prevented ethanol-induced stimulation of mucosal LTC, formation suggesting
that their protective action is due rather to functional antagonism of LTC, effects.
The finding that ethanol-induced stimulation of gastric mucosal LTC, synthesis oc-
curs despite pronounced protection implies that the activation of the 5-lipoxygenase
pathway of arachidonate metabolism is not a secondary phenomenon resulting from
gastric mucosal injury.

Effect of a Leukotriene Receptor Antagonist

L-649,923  (sodium-4-(3-(4-acetyl-3-hydroxy-2-propylphenoxy)propylthio)-hydroxy-
methyl-benzene benzoate) inhibits binding of (*H)LTD, and to a lesser extent
(P*H)LTC, to guinea pig lung homogenates and antagonizes various effects of sulfido-
peptide leukotrienes after oral administration in vivo (for details see [21] and Ford-
Hutchinson, this volume). Oral pretreatment with L-649,923 significantly reduces
mucosal damage caused by intragastric ethanol (Table 2). The protective action of
1-649,923 is also found when indomethacin is used as a gastric irritant (Table 2, see
also Ford-Hutchinson, this volume). In both experimental models pretreatment with
L-649,923 did not affect mucosal LTC, release. Previous studies using high-pressure li-
quid chromatography analysis have revealed that during incubation of rat gastric
mucosa in vitro, LTC, is by far the predominating 5-lipoxygenase product formed. If
the same pattern of formation of sulfidopeptide leukotrienes also occurs in vivo, this

Table 2. Effect of the leukotriene receptor antagonist L-649,923 on gastric mucosal damage and LTC,
formation in rats treated with indomethacin or ethanol

Treatment Experiments (n) Ulcer index LTC, (ng/g/10 min)
Indomethacin 6 13 4 72 £ 1.5
Indomethacin and L-649,923 7x5 5.8 £22

(10 mg/kg) 6

Indomethacin and 1-649,923 1+ 1* 8.1 £ 3.0

(50 mg/kg) 6

Ethanol 9 50 £ 2 304 £ 40

Ethanol and L-649,923 21 £ 4*= 388 + 131

(50 mg/kg) 6

Rats were pretreated orally with L-649,923 30 min prior to oral administration of either indomethacin
(20 mg/kg) or ethanol (1.5 ml). Rats were killed 4 h after indomethacin adminstration or 5 min after
ethanol treatment. Gastric damage and mucosal LTC, release was determined as described elsewhere
[7]. Results give the mean * SEM. * P < 0.025, ** P < 0.01 as compared to rats receiving the noxius
agent only (Student’s ¢ test)
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could explain the relatively high doses of 1-649,923 necessary to confer protection as
the compound exhibits weaker antagonism against effects of LTC, compared to
LTD,. However, as discussed in this volume (see Ford-Hutchinson) further studies are
necessary to clarify whether the gastroprotective action of 1-649,923 is due to
leukotriene receptor blockade or other effects of the compound. In this context it is of
interest that FPL55712, another sulfidopeptide leukotriene receptor antagonist [22],
has recently been found to protect against stress-induced gastric lesions in rats [23].

Conclusions

Activation of the 5-lipoxygenase pathway of arachidonate metabolism seems to be a
crucial factor in acute mucosal damage caused by agents such as ethanol. Inhibition
of gastric LTC, formation prevents ethanol-induced gastric injury and may underly or
contribute to the mechanism of action of gastroprotective drugs such as lipoxygenase
inhibitors, carbenoxolone, or agents modulating gastric mucosal sulfhydryl levels. Pro-
tection by prostaglandins and drugs stimulating the endogenous gastric prostaglandin
system, on the other hand, is due rather to functional antagonism of leukotriene ef-
fects. Nonsteroidal anti-inflammatory drugs inhibit both the gastric cyclooxygenase
and 5-lipoxygenase pathway of arachidonate metabolism. As the inhibitory action is
more pronounced on formation of prostaglandins than of leukotrienes a shift in the
balance of protective to potentially ulcerogenic arachidonate metabolites might con-
tribute to the gastric irritancy caused by these drugs. Finally, the protective effect of
the leukotriene receptor antagonist L-649,923 supports the hypothesis that sulfidopep-
tide leukotrienes are involved in gastric mucosal damage caused by ethanol or non-
steroidal anti-inflammatory compounds.
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Discussion Following the Report of Prof. Peskar

SZABO

I have two questions. One is related to the finding that LTC, generation is increased by
ethanol, while LTD, release was not affected. Do you think this might be due to the
fact that the changes observed are very rapid? LTC, is the first cysteinyl leukotriene
synthesized with the entire glutathione being attached. LTD, is the next metabolite
formed by shortening the amino acid side chain. Since the ethanol effect is so rapid,
there might not be enough time for the generation of LTD,.

PESKAR

I do not think that this explains the findings. Even when the tissue is incubated for up
to 1 h, or incubation media are stored for 24 h prior to the HPLC analysis, no conver-
sion of LTC, to LTD, or LTE, in rat gastric-mucosal incubates can be observed. This
is in contrast to other tissues such as human gastric mucosa where conversion of LTC,
to LTD, and LTE, occurs within minutes. Rat gastric mucosa contains high concen-
trations of glutathione which may be released from the chopped tissue, and this could
possibly prevent the metabolism of LTC,. Thus, we have been able to show that addi-
tion of gluthathione to incubation media of human gastric mucosa results in release
of LTC, only obviously preventing formation of LTD, and LTE,.

SZABO

My second question is : How do you explain that both diethyl maleate and cysteamine
inhibit release of leukotrienes? Is it due to the decrease of glutathione which is needed
for the complete synthesis of leukotrienes? We have measured dimished levels of
glutathione in the gastric mucosa of rats given diethylmaleate.

PESKAR

We do not know the mechanism by which sulfhydryl-containing or-blocking agents in-
hibit gastric leukotriene formation. Depletion of glutathione could be one explana-
tion. It is of interest that the two drugs differ in their effect on basal gastric leukotriene
formation in rats not treated with ethanol. While diethyl maleate causes profound in-
hibition of LTC, release, cysteamine has no effect. Thus, cysteamine may prevent the
stimulatory action of ethanol on leukotriene formation by a different mechanism, ac-
ting not primarily at the enzyme level.

WHITTLE

One of the most intriguing observations is the ability of nonsteroidal cyclooxygenase
inhibitors apparently to prevent the formation of leukotriene C,. This is in contrast to
many of the studies on purified preparations of the 5-lipoxygenase enzyme. Do you
think these compounds are directly interfering with the enzymic biosynthesis of the
compounds, or is it some other unrelated effect, perhaps on the release of precursors?
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PESKAR

We have not yet investigated this possibility. As I have mentioned in other organ
systems, such as inflammatory tissue, inhibition of cyclooxygenase is paralleled by an
increased release of leukotrienes. We do not know what mechanism is responsible for
the difference in the action of nonsteroidal anti-inflammatory compounds on
leukotriene release by gastric and inflammatory tissue, but an indirect mechanism and
not effects on the 5-lipoxygenase enzyme seem to be a more likely explanation.



Effect of Prostaglandins on the Motility
of the Digestive Tract

P. DEMOL

Introduction

A variety of synthetic analogues of prostaglandins (PGs) of the E-type (PGE) have
been shown to be effective in treatment of ulcer disease [1-4]. PGEs also protect the
gastroduodenal mucosa against several irritants as for example acetyl salicylic acid
(ASA) and other nonsteroidal anti-inflammatory drugs (NSAIDs) [5-8]. The major
side effect which has been observed during treatment with PGE is diarrhea (softening
or increase in the number of stools or, more rarely, watery stools coupled with ab-
dominal colics). This diarrhea has been classically explained by the enteropooling ef-
fect of these substances [9, 10].

However, animal studies have shown that PGEs influence gastric and intestinal
smooth muscle activity [12, 13], and a recent work even suggests that changes of gastric
contractility induced by PGE could play an important role in their cytoprotective ac-
tivity [14]. This study reviews the in vitro and in vivo effects of PG on the
gastrointestinal smooth muscle and considers the relevance of these effects in diarrhea
and the protection of the gastric mucosa.

Synthesis of PG

Microsomes from mammalian circular and longitudinal muscles convert enzymatically
arachidonic acid into (AA) a variety of prostanoid products [15]. The most abundant
metabolic product is 6-keto PGF, (product of spontaneous breakdown of PGL,).
Other products are PGE,, PGF,, and thromboxane [15, 16].

As Sanders states in a review article [13], it seems paradoxical that different PGs with
contradictory effects on the mechanical activity of the circular and longitudinal
muscles are released together in these adjacent muscle layers. The explanation could
be that the stimuli controlling AA libzration could be unique to each muscle layer [13].

Regulation of PG Synthesis

Various stimuli enhance PG synthesis by smooth muscle: strech [16], vagal nerve
stimulation [17], and various drugs and toxins [18]. The most important level of PG
synthesis appears to be the liberation of AA, a constituent of membrane phospholipids
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Fig. 1. Mechanisms of PG’s from the gi muscle (Adapted from [52]). Activation of the menbrane recep-
tors by different mechanisms (mechanical, neural or hormonal) induce the mobilisation of intracellular
Ca** which activates the phospholipase. This enzyme produces arachidonic acid (AA) from the men-
brane phospholipids. The PG synthetase transforms AA in different PG’s which are then released in
the milieu and directly influence the electrical and mechanical activity of the adjacent muscle cells

{15]. The common messenger mediating PG synthesis to the stimuli could be the in-
tracellular calcium. Its increase at the beginning of smooth muscle cell activation is
supposed to stimulate the activity of phospholipase which then releases AA from the
membranes (Fig. 1).

Effect of PG on Electrical and Mechanical Activity in the Gastrointestinal Tract
In Vitro Studies
Stomach

PGE, and PGE, contract the isolated longitudinal muscle of the human, guinea pig,
and rat proximal stomach [13, 19]. This stimulation probably occurs by excitation of
the intrinsic cholinergic nerves since it is blocked by tetrodotoxin and potentiated by
cholinesterase inhibitors. More recently, PGE, has been shown to have an excitatory
presynaptic influence on the release of acetylcholine from cholinergic nerve terminals
through a specific receptor [20]. On the other hand, the circular muscle of the human,
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guinea pig, and rat antrum are inhibited by PGE, and PGE,, apparently by a direct
action on the muscle cells. Recent extensive in vitro studies by Sanders [13, 21] have
analyzed the role of PG in the modulation of gastric motility. In these studies Sanders
showed that indomethacin increases significantly the spontaneous electrical and
mechanical activities of the isolated canine antral circular muscle, demonstrating that
PG must have an inhibitory effect on the tonus. In fact, PGs have antagonistic effects:
PGE, and PGI, have a dose-related inhibitory effect on the antral circular muscle
contractions, while PGF, and PGD, stimulate these contractions (Fig. 2) [13].

The inhibitory effect of PGE, on mechanical activity is explained by a decrease in
amplitude of basal electrical activity of the muscle cells (also called “slow waves”),
probably due to an increased membrane conductance to potassium [13]. In summary,
the local PGs seem to stimulate the proximal stomach responsible for emptying of li-
quids, and to reduce the force of the antral contractions which are responsible for the
grinding up and emptying of solids.
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Fig. 2. Mechanical effect of the major four different PG’s on the isolated canine antral circular muscle.

PGF,, and PGD, stimulate while PGE, and PGI, inhibit the mechanical activity of this muscle. (From
(3n
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As for the antral circular muscle, Sanders [22] showed that PGE, and PGI, dose-
dependently decreased the acetylcholine-stimulated phasic contractions of the canine
ileal curcular muscle (Fig. 3).

Sanders showed further that PGI, totally inhibited the action potentials of ileal cir-
cular muscle recorded by intracellular recordings. As PGI, is the most abundant
metabolite of AA in the circular ileal muscle [15], these data suggest that PGI, plays
a major role in limiting the membrane excitability of ileal circular muscle. As
depolarizing stimuli increase the PG concentration [18], and as PGE, and PGI, limit
the degree of depolarization during slow waves, it can be assumed that these PGs func-
tion as a local negative feedback in regulating the electrical and contractile behavior
of circular muscles (Fig. 1) [22].

In Vivo Studies

Experiments in dogs have shown that an i.v. injection of a methyl-PGE, abolishes the
spike potentials and produces a profound inhibition of the nonstimulated and mor-
phine-stimulated circular muscle contractions [23].

The interdigestive (fasting) period is characterized by the regular occurrence of short
periods of intense motor activity, called “activity front” or “phase III”, of the inter-
digestive motor complex (IMC). This motor activity is induced by the regular occur-
rence of short bursts of electrical spike activity superimposed on the continuous basal
activity (called “slow waves”).

Konturek et al. [24] showed that an i.v. infusion of PGE, (40 pg kg~! h~1) signif-
icantly delayed the appearance of the activity front while PGF, (80 ug kg=! h=!) in
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Fig. 4. Effect of i.v. PGE, and
PGF, on the fasted and food
stimulated electrical activity of
the small intestinal of the dog.
PGE, inhibit while PGF,
stimulate both of these activities.
(From [24])

creased the percentage of slow waves with spikes and the mechanical activity (Fig. 4).
Likewise, PGE, decreased the food-induced activity while PGF, increased the elec-
tricalfood-induced activity.

In volunteers the oral administration of 100 pg of a synthetic derivative of a PGE,
(15(R),15-methyl-PGE,) was associated with a significant reduction in amplitude of
antral and duodenal contractions during phase II of the interdigestive motor complex
(IMC) [25]. Paradoxically, 650 mg aspirin had very similar effects. In a similar study
Nylander and Andersson [26] observed that the oral administration of 140 pg of a
16,16-dimethyl-PGE, produced a significant decrease in the spontaneous motor ac-
tivity in both the gastric antrum and duodenum.

Recent studies of Fargeas et al. [27] showed that PGE, could be the cerebral
mediator of the actions of calcitonin and neurotensin on the gastrointestinal myoelec-
tric activity in rats and dogs. When injected in microamounts in the cerebral ventricles
these two peptides restored the fact pattern of the jejunal electrical activity, which was
interrupted by a meal. This effect was blocked by indomethacin and restored by the in-
traventricular administration of very small amounts of PGE, (Fig. 5).

Effect of PGs on Gastric Emptying and Intestinal Transit
Gastric Emptying

Most studies have analyzed the effect of PGEs on the emptying of a liquid and not of
asolid meal. In 1975 Nylander and Mattsson [28] observed that the oral administration
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Fig. 5. Intracerebroventri-
cular (i.c.v.) administration
of calcitonin after a meal in
the rat restores the fasting
pattern. This effect is
blocked by a preceding ad-
ministration of indomethacin
probably by blocking the
local synthesis of PG’s.
PGE, i.c.v. administration
has the same effect as
calcitonin. (From [27])

of 140 ng 16,16-dimethyl-PGE, enhanced the gastric emptying (GE) of a barium li-
quid test meal in eight volunteers. This effect was explained by the reduction in
duodenal pressure and thus the decrease of duodenal resistance toward the gastric
outflow which had been observed in their previous work [26]. These results were con-
firmed by Johansson and Ekelund [29] with a more sophisticated technique (a multiple
indicator dilution technique). The same dose of PGE, reduced the GE of a liquid
meal by about 50% (Fig. 6).

In contrast, a recent work by Moore et al. [30] showed that oral administration of
a therapeutic dose (200 pg) of a synthetic PGE,; analogue (misoprostol) given four
times a day decreased the rate of GE of a liquid meal when analyzed with an isotope
method in patients with healed duodenal ulcer. In this work it was observed that
misoprostol had no effect on the GE of a solid food meal. On the other hand,
rioprostil, a compound similar to misoprostol, has been shown to increase the speed
of GE of a liquid meal in normal volunteers when compared to ranitidine or a placebo
[31]. However, the differences between the groups were small. These conflicting results
could be explained by differences in the dosage of the PGE used and also by the dif-
ferences in the population. The i.v. administration of a 15S-(15)-methyl-PGE, in
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conscious rhesus monkeys induced a dose-dependent increase of the GE of a liquid and
solid meal [32]. However, as indomethacin also increased the GE of both solid and li-
quid meals, the authors suggest that it is PGI, (which slows GE) that plays a
physiologic role in modulating the GE.

We have recently observed that the oral administration of 600 pg rioprostil with
digoxin followed by a breakfast reduced the maximal plasma level (C,,,,) of digoxin
by 50% and delayed the ¢,,,, by around 30 min (Fig. 7) [33]. As it has been shown that
there is an inverse correlation between GE and the C,,, of paracetamol [34], our
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Fig. 7. In 9 volunteers the oral administration of a synthetic PGE, analogue, rioprostil, given con-
comitantly (AD Rio) or 2 h before (AD (+ 2 h) + Rio) the intake of acetyl-digoxin (AD) induce both
asignificant decrease of the maximal peak concentration and an increase of the time taken to reach this
peak of concentration (t,,, of digoxin in the plasma, when compared to the effect of a placebo given
togehter with AD (AD + Rio). (From [33])
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results suggest that rioprostil slows GE of a solid meal, possibly by an inhibition of the
circular antral muscle activity as demonstrated in vitro by Sanders [21]. As the antrum
is responsible for the emptying of solid meals [35], the inhibition of its activity would
also explain the increase of 7,,.

Intestinal Transit

In the first study analyzing the effect of PGs in humans, Misiewicz et al. [36] observed
that a high dose of PGE,; (2 mg) induced colic or the desire to defecate in the four
volunteers and increased strikingly the propulsion of a telemetric capsule into the
colon. This dose of PGE, also speeded the elimination of ingested radiopaque cap-
sules, demonstrating that PGE,; reduced the oro-anal transit time.

In a more recent X-ray study [37], i.v. administration of a synthetic 16,16-dimethyl-
PGE, to volunteers increased the GE of radiopaque capsules; however, it slowed their
small intestinal, transit afterward, which confirmed the observation by Johansson and
Ekelund [29].

We have also recently observed that the oral application of rioprostil increases the
transit time from mouth to caecum as analyzed by the H, breath test in volunteers
(Fig. 8) [38]. The slowing of the small intestinal transit could be explained by a decrease
of propulsive activity induced by PGE. This effect is also observed with PGI, [39]. On
the other hand, 16,16-dimethyl-PGE, strongly increased the speed of the colonic tran-
sit in rats [40] (Fig. 9), by stimulation of the colonic transit, could play a major role
in PGE-induced diarrhea according to Rush and Ruwart [40].
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Fig. 8. Effect of the oral administration of rioprostil, a synthetic PGE, analogue, compared to a
placebo on the H, breath concentrations after the intake of a liquid meal with lactulose in healthy
volunteers. Rioprostil delayed by around 50 min the stable increase of H, in the breath. (From [38])
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Fig. 9. Effect of PGI, or PGE, on the speed of colon transit in the rat. The administration of dm
PGE, increases significantly the perceantage of the colon length which is transited by the marker after
a predetermined time. This acceleration effect is prevented by the previous administration of PGI,.
(Adapted from [40])

Role of Prostanoids in Dysregulation of Gastrointestinal Motility

Gastroesophageal Reflux

PGE;, and PGE, given i.v. or i.a. decrease the esophageal peristaltic amplitude and
inhibit the tonus of the lower esophageal sphincter (LES) in several animals [41, 42]
and in man [43]. However, a recent study in man showed that trimoprostil, a synthetic
PGE, administered orally, had no lowering effect on the tonus of LES in man [44].

Studies with the radiation-induced esophagitis model in the opossum have shown
that the local increase of PGE, could be a direct cause of inflammation in this model
[45]. Within this study it was demonstrated that indomethacin decreased the intensity
of inflammation and lesions, and that prostaglandin-pretreated animals showed more
severe evidence of esophagitis than control animals. As it was suggested in an editorial
by Goyal [46], these findings are contrary to what would be expected on the basis of
the cytoprotective role of prostaglandins. However, the relevance of this model to the
reflux esophagitis observed in humans is unclear.

Stomach

Kim et al. [47] have observed that intra-arterial injection of PGE, in the dog could in-
duce electrical dysrhytmias (either retrograde tachygastrias or anterograde brady-
gastrias). These dysrhytmias could induce slowing of GE of solid meal and the altera-
tion of the speed of absorption of certain drugs, which have been observed with PGEs
[33]. These effects could be explained by the alteration of the basal electrical activity,
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Fig. 10. Paroxysmal tachyrhythmia (Q Complexes) observed in the jejunum of patients with different
gi diseases. These abnormal complexes are characterized by bursts of high pressure waves occuring at
a frequency of 16-17.5 cycles per minute (cpm). Lower trace is a normal phase 3 of the interdigestive
motor complex (Phase 11 MMC). (From [49])

which has been reported by Sanders [13]. Recently the same group [48] demonstrated
that PGs could play a role in the regulation of the amplitude of antral contractions.
Their role in the induction of abnormal electrical rhythms, however, remains uncertain.

Intestine

Acute administration of PGE can induce the following abnormalities of the inter-
digestive motility pattern presented according to the new classification proposed by
Vantrappen et al. [49]:

1. Paroxysmal tachyrhythmia, also called “Q complex”, which is characterized by
discrete bursts of regular contraction waves of high amplitude (Fig. 10).

2. Abnormal migrating action potential complexes (MAPCs), also described as
“peristalsic rushes”, are observed in rabbits after administration of cholera
enterotoxin [50] and in man after administration of PGF, [49]. Their incidence is
increased in patients with secretory diarrhea and they could be a response of the in-
testine to eliminate the excess of fluid present in the lumen [49].

The pathogenetic role of PGs in the secretory diarrheas is reviewed in by Madsen in this
volume.

Gastric Motility and Cytoprotection; Role of PGE

Several studies have reported that stress-induced lesions in rats are associated with an
increase in amplitude and frequency of gastric contractions. Garrick et al. [51] studied
the exact relation between motility and ulcer appearance in rats submitted to cold
restraint. They observed that, compared to a meal, this sort of stress decreased the fre-
quency but increased significantly the duration of high-amplitude gastric contractions
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Fig. 11. Effect of cold restraint compared to
a meal on the gastric motility in rats. Cold
restraint (B) induce a significant increase in
the duration of amplitude of contraction
waves of the corpus and antrum when com-
pared to the contraction waves induced by the
intake of a meal (A). Papaverine administra-
tion blocks the appearance of these high
amplitude contractans (C) and reduces the
mucosal lesions induced by cold restraint.
(From [51])

(Fig. 11) which correlated with the formation of gastric lesions and seemed to be the
critical factor for the authors. Papaverine, 50 or 100 pg/kg, decreased significantly the
number of high-amplitude contractions and the lesion surface area in this model,
substantiating the causal relation between motility and mucosal damage in cold
restraint.

Another work by Japanese authors [14] showed that instillation of absolute ethanol,
0.6 N HCl, 0.2 M NaOH, or 4 M NaCl produced streak lesions in the glandular
stomach which were preceded by violent contractions (Fig. 12). Intragastric ad-
ministration of 16-dimethyl-PGE, 30 min before the necrotizing agents dose-
dependently lessened the amplitude and number of contractions and prevented the le-
sions (Fig. 13). These studies suggest that inhibition of excessive gastric contractions
may contribute to the protective action of PGEs in the prevention of gastric lesions in
the rat. This interesting hypothesis has yet to be confirmed in humans.
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Fig. 12. Effect of different necrotizing agents (concentrated NaCL, HCIl, NaOH or Ethanol) on the
antral motility of the rat. All these agressors increase significantly the frequence of the antral contrac-
tions when compared to saline. (From [14])

Conclusions

1. Prostaglandins play an important modulatory role in the regulation of the digestive
tract motility

2. Changes of the motility induced by exogenous administration of PGEs could play
a role in the diarrhea which is sometimes observed in patients taking these sub-
stances as drugs

3. Inhibition of the antral motility could play an important role in the protection of
the gastric mucosa against different aggressors.
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Fig. 13. The effect of intragastric administration of a 16-dm PGE, on antral motility in the rat. The
PGE, induce an immediate and strong reduction of the amplitude of antral contractions in the contral
situation (saline) and prevent totally the strong increase of the antral contraction observed in fig. 12
after administration of the necrotizing agents. (From [14])
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Discussion Following the Report of Dr. Demol

SZABO

Just a comment on your last point concerning hypermotility and cytoprotection. [
think it is very likely that hypermotility plays a role in the development in both gastric
and even duodenal lesions. We have recent studies showing that even the cysteamine-
induced duodenal ulcer is preceded by hypermotility. In this context Takeuchi’s studies
should be mentioned. The trouble is that he looked at hypermotility only in the an-
trum, while most of the lesions after necrotizing agents develop in the acid-secreting
part of the mucosa. Do you have any information from your own studies that hyper-
motility possibly also occurs in the rest of the stomach and not only in the antrum?

DEMOL

We have not done any study in animals. It is possibie that motility could also play a
role in the ulcer disease in humans as it has recently been shown by Malagelada. At
least some patients with gastric ulcer have a lower motility index in the antrum. In con-
trast, he has shown previously that duodenal ulcer patients had a faster emptying of
acid. However, the role of motility in ulcer pathogenesis in humans is still very con-
troversial.

HOLTERMULLER

Slow-release drugs are now widely used in clinical medicine. Has the rioprostil-induced
delay of gastric emptying been examined on the bioavailability of these drugs?

DeEMOL

I do not think that there is a major problem. The only effect is a delayed gastric trans-
port of the drug. All in all, the bioavailability remains unchanged. For example
rioprostil does not modify the steady state of digoxin. We have to perform studies such
as this to analyze whether absorption of any of these drugs is affected.

DAMMANN

Dr. DEMOL, you have showed us studies which observe the postprandial antral
motility. Have data been collected under fasting conditions?

DeEMoL

The works of Takeuchi were done in fasted rats. In humans Valenzuela analyzed the
effect of PGE; on interdigestive motility. His data are difficult to interpret because he
showed that prostaglandins end aspirin modify interdigestive motility.

DAMMANN
Is human enteromotility also decreased under fasting conditions?

DEMOL

There is a study by Nylander from Sweden showing that a single dose of PGE, in-
hibits antrum motility and decreases the amplitude of contractions of basal motility
in fasting volunteers.
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Addendum: VANTRAPPEN has recently shown that Rioprostil decreased the phase II
activity of the IMC.

DAMMANN
Do you think that these results favor a protective activity of prostaglandin analogues?

DEMOL

This is difficult to prove. It would surely be interesting to look for it in humans but,
in fact, I do not recall any data on this subject.

WEIHRAUCH

Two comments. I remember a short communication on trimoprostil and its effects on
the lower esophagus sphincter. After the application of prostaglandins the radio-
logically induced esophagitis increased in the opossum. It may be different in man.
This certainly has to be looked into also for other prostaglandins. The second point
concerns motility and gastric ulcer: there are placebo-controlled studies with
metoclopramide as well as with domperidon which clearly show that there is accelera-
tion of gastric ulcer healing, even though, admittedly, the number of patients is small.

COHEN

How can we be sure that the changes in contractility that you are showing us are not
the result of mucosal injury rather than the cause of it ? And if hypercontractility is the
cause of damage, how does this explain the relative sparing of the antrum compared
to the fundus in most animal species and also the focal nature of the lesions as a result
of injurious agents, rather than more symmetrical or linear lesions which one would
expect to find if contractility was important ?

DEMOL

Based on studies in rats, Takeuchi speculated that hypercontractility contributes
largely to the finding of streak lesions.

BONMELEAR

Have other drugs, known to inhibit gastric motility, been shown to have any
cytoprotective effects?

DEMOL
No, I do not know of any.

BONMELEAR
It has been claimed for atropin by Dr. Guth, but atropin is also an antisecretory.



Gastroduodenal Bicarbonate Secretion in Mucosal
Protection *

G. FLEMSTROM

Introduction

It was proposed by Pavlov already in 1898 [26] that “alkaline mucus* lining the gastric
mucosa neutralized luminal acid and that it had a protective role. Many years later,
Hollander postulated the occurrence of gastric secretion of an alkaline (non-parietal
fluid) and that this fluid was produced at a constant rate [15]. He also demonstrated
the occurrence of bicarbonate in the secretion from gastric fundic pouches in dogs
after inhibition of the acid secretion by vagotomy and antrectomy. During the last ten
years it has been found in all species tested that gastric antral and fundic mucosa
secretes bicarbonate to the lumen and that this secretion can be stimulated and in-
hibited by a variety of means. The secretion most probably originates from the surface
epithelial cells. Furthermore, the surface epithelium in duodenal segments devoid of
Brunner’s glands possesses a similarly metabolism dependent secretion of bicarbonate.
The rates of secretion (per unit surface area) are higher in the duodenum than in the
stomach and higher in proximal than in more distal segments of the duodenum. In ad-
dition, there are distinct differences between the duodenum and the stomach with
respect to both the processes of transport of bicarbonate and pathways for stimulation
of the secretion [8, 9].

The secretion of bicarbonate together with the mucus gel adherent to the gastric and
the duodenal surface is most probably important in the protection of these epithelia
against acid and pepsin. The use of pH-sensitive microelectrodes inserted into the gel
has permitted experimental demonstration in animals and in man [3, 7, 20, 27, 29]
that the pH within the gel is near neutral in spite of high acidities in the gastric lumen
(pH 2-3). A surface pH gradient is maintained in the duodenum even at luminal pH
1.5. At higher luminal acidities in the stomach (pH <2-3), the surface gel is acidified
and other mechanisms for protection and repair (restitution) of the epithelium should
be important. In the duodenum, however, pH in the lumen seldomly falls below 2 even
in ulcer patients. Mucosal secretion of bicarbonate is therefore most probably a main
mechanism in the protection of this mucosa. This is further supported by the recent
demonstration that duodenal intraluminal pH in healthy subjects and patiens with ex-
ocrine pancreatic insufficiency is very similar [25]. For both gastric and duodenal
mucosa, it has been demonstrated that ulcerogenic agents such as aspirin, in-

* This work was supported by the Swedish Medical Research Council : grant 04X-3515.
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domethacin, ethanol and acetazolamide inhibit the alkaline secretion. Furthermore,
prostaglandins with ulceroprotective action stimulate the secretion of bicarbonate and
mucus in both stomach and duodenum.

Physiological control of gastroduodenal bicarbonate secretion.

Three ways in which mucosal protection by bicarbonate against local acid could be

enhanced are:

a) neural stimulation of gastroduodenal bicarbonate secretion simultaneously with
gastric acid secretion,

b) local mucosal linkage between the process of parietal cell hydrogen ion secretion
and that of secretion of bicarbonate by the surface epithelial cell, and

¢) stimulation of the gastric and duodenal bicarbonate secretion by acid present in the
lumen. Recent studies have provided evidence that all three mechanisms do operate.

Sham-feeding has been shown to stimulate gastric bicarbonate secretion in humans
[6, 10] and to stimulate duodenal mucosal bicarbonate secretion in conscious dogs
[22]. These findings indicate that the secretions like gastric secretion of acid are under
extrinsic neural control. Fundic distension increases the alkaline secretion in the
human stomach [11]. The thus induced rise in secretion was very similar in healthy
volunteers and in vagotomized patients, suggesting that the secretion is also under con-
trol of the enteric nervous system. Electrical stimulation of the vagal nerves increases
both gastric and duodenal bicarbonate secretion in animals [18, 24]. This response is
inhibited by alpha,-adrenergic agonists and is enhanced by splanchnicotomy and/or
adrenal ligation [18]. The antimuscarinic (M;) antagonist pirenzepine stimulates
duodenal mucosal secretion in rats. This drug binds to ganglia and to some areas in
the brain and the stimulation by pirenzepine is abolished by vagotomy suggesting that
the effect is exerted centrally and mediated by the vagal nerves. Diazepam has a similar
but smaller stimulatory effect [28].

Stimulation of parietal cell acid secretion enhances the ability of the stomach to
resist instilled hydrochloric acid and potent inhibition of the acid secretory process
decreases this ability. Parenteral infusion of bicarbonate but not other buffer species
has a similar protective effect [19]. Furthermore, recent work by Gannon and col-
laborators [12] has indicated the presence of fenestrated capillaries in the rat and
human gastric mucosa which may facilitate vascular transport of bicarbonate, released
interstitially from the parietal cell during acid secretion, to the surface epithelial cells.
Increased availability of bicarbonate to the surface epithelial cells together with
stimulation of their secretion by neural and other influences may all contribute to
mucosal protection (Fig. 1).

Presence of acid in the lumen is a stimulant of the alkaline secretion and both the
stomach and duodenum. This was first demonstrated in dogs with vagally denervated
pouches [13]. Instillation of hydrochloric acid (10-100 mM) into the gastric remnant
thus increased the alkaline secretion of the pouch. Strong evidence for humoral media-
tion of responce to acid has been obtained in in vitro experiments where two isolated
mucosae were mounted in parallel facing a common buffered solution [14]. Exposure
of the luminal side of fundus to pH 2 or duodenum to pH 4 stimulated the secretion
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Fig. 1. Model for protection of gastric mucosa. Stimulation of the H* secretion by the parietal cells
may increase the amount of HCO; available for secretion by the surface epithelial cells. Stimulation
of the HCOj secretory process per se, simultaneously with H* secretion by neural stimuli, and subse-
quently by the low intraluminal pH created by the H* secretion should further increase protection

by the parallel non-acid exposed tissue. Neural mechanisms are also important in
mediating the rise in mucosal alkaline secretion in response to local acid. The stimula-
tion of alkaline secretion by luminal acid in rat duodenum is thus greatly inhibited by
pretreatment with the anti-muscarinic agent atropine or the ganglionic blocking agent
hexamethonium. Pretreatment with cyclooxygenase inhibitors such as aspirin or in-
domethacin similarly depresses the ability of the duodenal mucosa to respond to local
acid with a rise in bicarbonate secretion. This has been demonstrated in several species,
including man, and is strong evidence for a role for mucosal production of prostaglan-
dins in mediating the response (Fig. 2). Furthermore, it has been shown in both
animals and man that the rise in alkaline secretion is associated with increased release
of E-type prostaglandins to the duodenal lumen. The rise in prostaglandin release after
acid exposure has been observed also in the stomach in humans [1]. Finally it should
be noted that stimulation of duodenal mucosal alkaline secretion by the prostaglandin
precursor arachidonic acid is inhibited by indomethacin [21].

Prostaglandin
Fig. 2. Pathway for Synthesis (Local)
mediating the rise in _
duodenal mucosal alkaline  Luminal Acid — Humoral Factors — HCO; Secretion
secretion in response to
luminal acid * Neural Reflexes
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Stimulation by some exogenous prostaglandins.

Stimulation by gastric mucosal alkaline secretion by prostaglandins was first observed
in dogs with the analog 16,16-dimethyl PGE, [4]. It has later been demonstrated in
both stomach and duodenum in a variety of species in vitro and in vivo [2]. Many
studies have been performed in vitro and in conscious dogs with denervated pouches
but E-type prostagiandins are also effective stimulants of the alkaline secretion in
stomach and duodenum of human volunteers [5, 16, 17]. Failure of 16,16-dimethyl
PGE, to stimulate gastric alkaline secretion has been reported in bullfrog fundus in
vitro and the cat stomach in vivo is relatively insensitive to this compound. This may
possibly reflect high concentrations of endogenous prostaglandin in these prepara-
tions, making exogenous prostaglandins apparently without effect. Luminal ad-
ministration of the prostaglandin generally results in greater maximal responses than
those obtained after parenteral injection. Finally, a possible link between prostagian-
din and cholinergic stimulation of gastric alkaline secretion has been observed in the
dog [23]. The stimulation by 16,16-dimethyl prostaglandin E, was thus blocked by
atropine and also by the neural blocking agent tetrodotoxin. Further studies of the in-
terrelation between local prostaglandins and neural influences in the control of
gastroduodenal mucosal alkaline secretion and ulceroprotection seem of considerable
interest.
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Discussion Following the Report of Dr. Flemstrom

REES

This is very interesting work. We have used a slightly different technique to come up
with essentially the same outcome. Based on Ken Hubel’s technique, we have applied
electrical field stimulation to in vitro mucosa-amphibian gastric and duodenal
mucosa. With field stimulation we found a very similar response to that which you
have found, with marked stimulation of alkaline secretion, which is almost completely
abolished by pretreatment with atropine. Also, we have found after pretreatment with
atropine some sort of inhibitory mechanism as well, so it perhaps is a complex effect.
Coming back to your luminal acidification experiments my question is: If we accept
that prostaglandins possibly may be important, and may be neural factors, and if we
accept that there is a pH gradient across mucus gel, how do you think that altering
luminal pH triggers the sequence of events, giving some sort of autoregulation of
bicarbonate? What is the surface event that triggers the alkali response?

FLEMSTROM

It was demonstrated some 15 years ago (Quart J Physiol 56: 221, 1971) that there are
neural receptors in the stomach and duodenum, which respond to local acid. There is
also quite strong evidence for an alkaline layer at the surface of these epithelia. Perhaps
receptor filaments penetrate into the surface layer, as suggested for the gastric gastrin
cells.

REES

May I just come back and ask : How does it get across the gradient ? Do you think that
the concentrations of acid you are applying to the luminal surface lower the pH at the
cell surface, despite the pH gradient? Perhaps you can overwhelm the gradient, but
that usually occurs with higher concentrations of acid.

FLEMSTROM

Luminal acid may move a zone of neutralization closer to the endothelial surface, ex-
posing pH receptors. There may also be a generation of carbon dioxide closer to the
surface, and carbon dioxide sensitive receptors are well known.

SoLL

I was just wondering whether tetrodotoxin would inhibit the bicarbonate response to
acid ? These findings might provide evidence for a neutral component in this response.

FLEMSTROM

This is a very good suggestion but the experiment has not been done. May I just add
one note of caution: We are talking about mediation of the response to local acid via
both local nerves and prostaglandins. Cutting away one mediation may just result in
the other taking over.



Prostaglandins and Cellular Restitution —
Physiological and Pathological Implications

T. MIYAKE, M. MURAKAMI, and Y. KOBAYASHI

Introduction

Gastric mucosa is known to heal rapidly after injury induced by various agents such
as luminal acid, bile salts, and ethanol. Recent studies suggest that endogenous and ex-
ogenous prostaglandins (PGs) play an important role in the protection of the gastric
mucosa against the deleterious effects of these agents. Cytoprotection of PGs appears
to be mediated by the stimulation of defensive mechanisms such as bicarbonate mucus
barriers and maintenance of gastric microcirculation. We evaluated the effects of PGs
on restitution of epithelial cells after damage of the gastric mucosa induced by ethanol
in terms of gastric potential difference (PD), gastric mucosal blood flow, and
autoradiography of the gastric mucosa.

Materials and Methods

Male Sprague-Dawley rats, weighing 180-220 g, were used after 24-h fasting. Gastric
mucosal blood flow (GMBF) was measured by laser Doppler velocimetry (Periflux)
and gastric transmucosal PD was measured using agar gel electrodes containing 3 M
KClin urethane-anesthesized rats. The probe was introduced into the stomach through
an incision of the forestomach. Ethanol (intragastric administration) was used as a
necrotizing agent or mild irritant. Controls were pretreated with water. Cell prolifera-
tion was assessed by autoradiography of H3-thymidine incorporation in ICR-mice
weighing 25-30 g. Detailed morphological changes of the mucosal surface of mice
were observed under a scanning electron microscope (JSM-U3, Hitachi Co., Japan).

Results

Effects of 20% Ethanol and 16,16-Dimethyl-PGE, on the Gastric Blood Flow and
PD in Ethanol-Induced Gastric Mucosal Lesions

After administration of 20% ethanol, a significant increase of blood flow and drop of
PD were observed. Absolute ethanol produced marked decreases of blood flow and
PD, and there was no recovery of blood flow and PD during the period studied.
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Pretreatment with 20% ethanol significantly inhibited the decrease of blood flow and
also attentuated the drop of PD 1 h after absolute ethanol administration.

When dimethyl-PGE, (10 ng/kg, intragastric administration) was given 15 min
before administration of absolute ethanol (1 ml), the decrease of blood flow was
significantly inhibited compared with the control group (distilled water pretreatment).
Pretreatment with dimethyl-PGE, did not prevent the drop of PD immediately after
ethanol administration, but significantly promoted recovery of PD.

Effects of 16,16-dimethyl-PGE, on the Mitotic Activity Rates and
Scanning-Electron-Microscopical Findings in Ethanol-Induced Mucosal Lesions

In mice given absolute ethanol, the mucosal mitotic activity was significantly
depressed after 1 h. Mitotic activity was significantly increased in animals exposed to
40% ethanol after 1 h and further increased by pretreatment with dimethyl-PGE,
(10 png/kg). In control rats, deep craters in completely denuded lamina propria were
observed 1 h after absolute ethanol administration (Fig. 1), whereas in dimethyl-
PGE,-pretreated animals, numerous cells emerging from the gastric pits migrated to
cover the denuded lamins (Fig. 2).

Fig. 1. Control mice. Deep craters in completely denuded lamina propria 1 h after assolute ethanol ad-
ministration.
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Fig. 2. Dimethyl-PGE.-pretreated mice. Numerous cells emerging from the gastric pits migrated to
cover the denuded lamins.

Discussion

PGs protect ethanol-induced gastric lesions in gross macroscopic appearance from
deep mucosal necrosis but do not prevent the initial morphological disruption of the
surface epithelium [1, 2]. It was reported that PGs prevent the development of deep
mucosal necrosis and cells that will restore the superficial epithelium by migration
from the proliferative zone [3]. It has also been demonstrated that the process of early
restitution does not require cell proliferation. A histological study by Lacy and Ito
demonstrated that PGs have no effect on the rate or extent of restitution when only the
surface epithelium is damaged [2]. In an in vitro study using frog gastric mucosa
(without blood supply), PGs had no effect on the sequence of electrophysiological
changes that accompany the recovery process [4]. Tarnawski et al. reported that the
feature of prostaglandin protection of the deep gastric mucosa against ethanol-in-
duced injury is protection of the mucosal proliferative zone, which enables prompt
morphological and functional restoration of mucosal integrity [3]. Black et al.
reported the importance of blood flow as the mechanism by which deep gastric mucosa
is protected and indicated that at the site where epithelial destruction coincides with
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impairment of the microvasulature, luminal acid can enter the lamina propria without
significant neutralization by bicarbonate and destroy the basal lamina, impairing the
short-term repair mechanisms [5]. The critical feature that governs whether or not
recovery is successful is thought to be the integrity of the mucosal microvasculature [6].
We reported that mild irritants increased gastric blood flow, decreased PD, but that
pretreatment with mild irritants promoted the recovery of the decreased PD induced
by strong irritants [7, 8].

In contrast, strong irritants decreased gastric blood flow and PD, and no recovery
of PD was observed during 1 h of observation [7]. This decrease of blood flow and PD
was attentuated by pretreatment with exogenous 16,16-dimethyl-PGE,. No decrease
of blood flow was observed for 10 min after administration of ethanol in the
16,16-dimethyl-PGE, pretreatment group [8]. In the present experiment with mice, the
number of labeled cells was significantly increased in the mice treated with
16,16-dimethyl-PGE, before exposure to 40% ethanol but decreased in mice ad-
ministered absolute ethanol. The activity of cell proliferation paralleled the protection
of the proliferative zone. Our results suggest that endogenous and exogenous PGs pre-
vent the development of deep mucosal necrosis protecting the mucosal micro-
vasculature, and that the rate of restitution is affected by the integrity of mucosal
microvasculature and direct response of blood flow to released mediators such as PGs.
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Discussion Following the Report of Prof. Miyake

WHITTLE

I have a comment which is related to the terminology regarding restitution and the pro-
tection of the proliferative zone. The process of restitution can occur, as you have
pointed out, within 10-30 min — very rapidly, far more rapidly than cells can actually
turn over. These cells do not necessarily come from the proliferative zone. Rapid
restitution is not cell proliferation; it is cell migration.

MIYAKE

The proliferative zone or generative zone is situated at the glandular neck in the fundic
area. In the proliferative zone a high synthesis rate of DNA can be observed as an in-
dicator of high mitotic activity. The epithelial cells normally migrate to the mucosal
surface. Mild or strong mucosal irritants lead to a massive exfoliation, and thus a
defect occurs. In the migration of the regenerating epithelial cells to the mucosal defect
the role of basement membrane becomes very important. Since regenerating epithelial
cells creep up from the gastric pit along this basement membrane, they do, in fact,
migrate within a short time to the damaged area.

WHITTLE

May I just say that I completely agree with this; all I am saying is that the process of
epithelial restitution does not require new cells to be formed. It simply requires the ex-
isting cells to migrate.

MIYAKE

I agree, but when the mucosal damage is so deep that it includes both the proliferative
zone and the basement membrane, the migration of epithelial cells from the pro-
liferative zone is impossible. The protective effect of prostaglandins could maintain a
normal microcirculation which in turn preserves the physiological role of the pro-
liferative zone and the basement membrane in the restitution process.

SZABO

I would like to support the comment of Dr. Whittle about the meaning of restitution.
In fact, we should be more specific about this term because the proliferative zone does
not simply imply dividing cells but also migrating cells, which are most essential for
restitution. We should differentiate strictly between dividing cells and migrating cells.



Prostanoid Inhibition of Acid Secretion —
Cellular Mechanisms in Canine Fundic Mucosa *

A. H. SoLL

Introduction

Prostaglandins (PGs) have antisecretory actions in several species including man, dog
and rat. This review will provide an overview of current information relating to the
cellular mechanisms underlying the antisecretory actions of prostaglandins. Discus-
sion of the cellular mechanisms by which either inhibitory or stimulatory chemotrans-
mitters modulate acid secretion is complicated by the fact that several interrelated
pathways regulate acid secretion. Three pathways deliver chemical messengers that
regulate acid secretion : neural (transmitters released from postganglionic nerves in the
stomach wall); endocrine (hormones, such as gastrin, delivered by blood), and
paracrine (transmitters released from local storage sites move across the intercellualar
space to their local target cell). In vivo the parietal cell (PG) is exposed to many poten-
tial chemical transmitters that modulate its function and therefore it has been difficult
in vivo to sort out the direct and indirect regulators of secretion. An additional factor
complicating the physiology of acid secretion is an interdependency that exists between
the pathways regulating acid secretion. This interdependency is clearly evident in the
apparent non-specificity displayed by H, and muscarinic receptor blockers. These
drugs not only respectively inhibit the response to histamine and cholinergic stimula-
tion, but they also block the response to gastrin, food, and vagal stimulation. Pro-
staglandins in vivo also inhibit all forms of acid secretion: basal secretion as well as
the secretory response to food, histamine, gastrin, and cholinergic agents. As a result
of these considerations, in vivo studies cannot discern whether the receptors mediating
the response to the various chemostransmitters reside on the PC itself, or on other cell
types, such as the fundic cells storing histamine or somatostatin.

In recent years a good deal of information regarding the cellular mechanisms
regulating acid secretion have come from studies in which cells or gastric glands have
been dispersed from fundic mucosa using enzymes, and techniques developed for stu-
dying function [1, 2]. This brief summary will focus largely upon our studies of pro-
staglandin action on canine fundic mucosal cells. Because of the cellular heterogeneity
of the stomach mucosa, cell separation is necessary in order to evaluate the potential
role of various cell types; both size (velocity) and density separation have been useful.
In this review prostaglandin action on parietal cells will first be considered; subse-

* Supported by NIAMDD grants AM-17328, AM-19984, and by the Medical Research Service of the
Veterans Administration.
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quently attention will be turned to possible prostaglandin action on other cells, in-
cluding histamine cells and antral gastrin cells. Since isolated parietal cells lose their
polar orientation in the mucosa, acid secretion cannot be used as an index of cell func-
tion ; acid secreted at the apical surface is neutralized by bicarbonate secreted from the
basal surface. Therefore, PC function is monitored indirectly using techniques such as
the intracellular accumulation by pH partition of the weak base aminopyrine (AP) or
the consumption of oxygen or glucose [1, 2]

PC Responses and Receptors

Regardless of the index monitored, canine PC respond to histamine, acetylcholine, and
gastrin. Specific receptor antagonists have allowed characterization of the receptors in-
volved [1-3]. H,-receptor antagonists selectively inhibit histamine stimulation of PC
function, with dissociation constants similar to those found in other H,-receptor
systems. The interaction of H, antagonists with receptors on isolated PCs appears to
provide an excellent model for the site and mechanism of the antisecretory action of
these agents. The response to cholinergic agents is blocked by muscarinic antagonists,
such as atropine, producing a result indicative of competitive inhibition. Although
both H, blockers and antimuscarinic agents display an apparent non-specificity in
vivo, these drugs are respectively specific against histamine and cholinergic stimulation
of the isolated PC. Studying canine PC, gastrin caused a small stimulation of function
that was not inhibited by muscarinic or H,-receptor antagonists, suggesting that
gastrin was acting at a separate receptor site. The existence of specific receptors for
gastrin has been confirmed using a gastrin analogue labelled with radioactive iodine,
1251_[Leu!®]-gastrin [4]. Receptors for this biologically active tracer were localized to
PC in studies that produced highly enriched parietal cells using sequential velocity and
density cell separation techniques. Gastrin inhibition of tracer binding and stimulation
of PC function were correlated over the gastrin dose response curve and both gastrin
binding and action were proportionately inhibited by proglumide, a selective an-
tagonist of the family of the gastrin/cholecystokinin receptors. Therefore, current data
indicate that the parietal cell has specific receptors for histamine, acetylcholine and
gastrin.

Potentiating Interactions Amplify PC Responses

Potentiating interactions between histamine and both gastrin and acetylcholine are evi-
dent in studies of PC function [2]. Although muscarinic and H, receptor antagonists
are specific in their site of action, when PC are treated with combinations of agents,
cimetidine and atropine display an apparent lack of specificity, reminiscent of that
found in vivo and probably reflecting blockade of the histamine and cholinergic com-
ponents of the amplification process. At present, it appears that potentiating interac-
tions at the PC are only one of several components of the interactions that occur bet-
ween the pathways regulating acid secretion.



120 A. H. Soll

Prostaglandin Effects on Parietal Cell Function

Evidence has been accumulated that prostaglandins of the E and I groups in
nanomolar concentrations directly inhibit PC function [5-10]. Prostanoids inhibit AP
accumulation stimulated by histamine and the phosphodiesterase inhibitior isobutyl
methyl xanthine (IBMX), alone and in combination. Inhibition was dose dependent
over PGE, concentrations from 0.1 nM to 1 “M; the IDs, values (dose producing
50% inhibition of the response) were between 1 and 10 nM against these stimuli. Maxi-
mal inhibition by PGE, or analogs such as enprostil or misoprostil are produced at
doses between 10 and 100 nM and generally ranged from 65 to 95% of the initial
response over basal to histamine or IBMX. The inhibition of histamine by PGs is only
partly surmounted at higher doses of histamine and therefore was not indicative of
competitive inhibition. The presence or absence of the phosphodiesterase inhibitor
IBMX did not alter the inhibitory actions of PGs.

Forskolin, a diterpene that appears to directly activate the catalytic subunit of
adenylate cyclase [11], stimulates PC function. Stimulation of canine PC AP accu-
mulation by 10 ~M forskol is inhibited by both enprostil and PGE,. However, inter-
pretation of these data required controlling for the interactions between histamine and
forskolin, since the response to forskolin is inhibited by the H, antagonist cimetidine.
Therefore, studies of forskolin inhibition by enprostil were performed in the presence
of 10 ~M cimetidine; under these conditions forskolin stimulation of AP accumula-
tion was also markedly inhibited by nanomolar concentrations of enprostil and PGE,
(10). PG was not found to inhibit forskolin stimulation of rat PC [12]; the reason for
these divergent findings is not clear, but there may be some differences in PG action
among species, as considered below.

Prostanoid inhibition of canine PC function is specific for histamine ; PGs of the E
and I groups do not inhibit stimulation of AP accumulation by the cholinergic agonist
carbachol or by the dibutyryl analog of cyclic AMP (dbcAMP). These prostanoids also
failed to significantly inhibit the response to heptadecapeptide gastrin (G17). However,
when gastrin action is potentiated by histamine or IBMX (presumably acting by
enhancing the action of endogenous histamine), PGs caused marked inhibition. In
contrast, when gastrin response was enhanced by interaction with dbcAMP, no PG in-
hibition was produced.

Mechanisms of PG inhibition

Once agonists bind to receptors secondary changes take place that transduce the signal,
thereby activating cell function. These activation mechanisms fall into two categories,
those related to the generation of cyclic adenosine monophosphate (AMP) and those
related to increases in calcium concentration in the cell. Stimulation of PC function by
histamine, but not by cholinergic or gastrin, is closely linked to enhanced formation
of cyclic AMP. Histamine presumably stimulates parietal cell function by increasing
cyclic AMP production and thus activating specific cyclic AMP-dependent protein
kinases. Since histamine action on PC function appears specific for histamine, a direct
effect of PGs on histamine — stimulated cyclic AMP generation was a reasonable first
hypothesis to test.
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Histamine and PG Stimulated of Cyclic AMP Production

Previous studies have indicated that histamine stimulation of cyclic AMP production
is accounted for by the parietal cell content of the elutriator-separated fractions [13].
We have confirmed this result by examining further subjecting elutriator — enriched
parietal cell fractions to subsequent density gradient separation, producing fractions
respectively enriched to greater than 90% parietal or chief cells. In these fractions
histamine stimulation of cyclic AMP production correlated closely with the parietal
cell content. Consistent with previous findings with elutriator enriched fractions (13),
secretin only stimulated cyclic AMP production in chief cell-, but not PC-enriched
fractions.

PGE, also stimulates cyclic AMP production in fundic mucosa and previous
studies indicated this effect was more pronounced in non-parietal cells [13, 14]. This
stimulatory action of PGE, is generally found at higher concentration (0.1 to
100 ~M) than those inhibiting histamine-stimulated parietal cell function. In step
gradient enriched fractions of canine parietal and chief cells, PGE, (1 ~M) stimulated
cyclic AMP production in chief cells, but not in the parietal cell enriched fractions.
Stimulation of cyclic AMP production is not a property shared by all PGE analogues.
Previous studies found that the 16-phenoxy analog of PGE,;s, inhibited histamine-
stimulated PC function with a potency equal to PGE,, but failed to increase cyclic
AMP production at any concentration tested. Enprostil, another PGE analog
substituted at the 16 position, also failed to increase cyclic AMP production in any of
the canine fundic mucosal cell fractions studied [10].

PG Inhibition of Histamine-stimulated Cyclic AMP Production

PGs of the E and I group have been found to inhibit histamine-stimulated cyclic AMP
production over the same nanomolar concentration range of prostaglandins in which
inhibition of histamine-stimulated aminopyrine accumulation occurs [5, 6, 7, 10, 12,
14, 15]. As noted above, histamine, but not cholinergic agents nor gastrin, activates
cyclic AMP production in parietal cells, and this difference in cell activation
mechanisms probably accounts for the specificity of PGs against histamine. In canine
parietal cells the proportionate inhibition by PGs of histamine stimulated function and
cyclic generation are comparable, suggesting a causal association. Enprostil inhibition
of histamine-stimulated parietal cell function and cyclic AMP production were studied
with a background of 10 “M IBMX; enprostil produced about 70% inhibition of
maximal histamine stimulation of both AP accumulation and cyclic AMP production.
Interpretation of PG inhibition of histamine-stimulated cyclic AMP production can be
complicated by the independent action of PG stimulating cyclic AMP production,
especially when the fractions studied include a significant number of non-parietal
ceils.

To confirm that PG inhibition of histamine-stimulated parietal cell function was a
direct action on parietal cells, PG inhibition was studied in fractions highly enriched
in parietal cells by sequential elutriation and step density gradient separation. In these
fractions cyclic AMP formation stimulated by 10 ~M histamine plus 10 ~M IBMX,
was dose dependently inhibited by enprostil. These studies therefore support the view
that PG inhibition is a direct action on parietal cells.
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Mechanism of PG Inhibition of Histamine-stimulation of Adenylate Cyclase

Increasing knowledge has indicated that adenylate cyclase is composed of both
stimulatory and inhibitory components. Stimulatory hormone receptors, such as the
H, receptor, activate a stimulatory guanine nucleotide binding protein, G, that in
turn induces the catalytic subunit to convert ATP to cyclic AMP [16]. A mirror image
of G, exists that serves to inhibit, rather than stimulate, the catalytic subunit. This in-
hibitory G protein is termed G; or N;. Inhibitory receptors act via G; to reduce cyclic
AMP generation [16, 17]. An important tool for dissecting these mechanisms is pro-
vided by the toxin produced by Bordetella pertussis. Pertussis toxin, originally
recognized for its ability to activate isiets, inducing the secretion of insulin [18]. This
“islet activating protein“ was found to interact with G;, rendering this GTP binding
protein incapable of inhibiting the catalytic subunit [19]. This inactivation resulted
from the transfer of an ADP-ribose group to the 41K 8-subunit of G;. Several agents,
such as opioids, d,-adrenergic agents, and muscarinic agents, have an inhibitory ac-
tion on cell function mediated by this inhibitory GTP-binding protein of adenylate
cyclase [16, 17, 20]. Pertussis toxin treatment of PC has been used to evaluate the in-
volvement of the inhibitory GTP-binding protein, G;, in prostanoid inhibition of
parietal cell function [12, 21].

Pertussis Toxin Effects on PC Function and Cyclic AMP Production

To study the effects of PT, PC were cultured overnight in the presence and absence of
PT. A similar pattern of histamine, carbachol, and dbcAMP stimulation and pro-
stanoid inhibition of histamine stimulation was found after this culture period. In
parietal cells treated overnight with PT, enprostil inhibition of histamine-stimulated
AP accumulation was markedly attenuated. PGE, inhibition of histamine-stimulated
AP accumulation was also attenuated in pertussis toxin-treated cells. PG inhibition of
forskolin-stimulated AP accumulation was also markedly attenuated in PT-treated
cells compared to control cells after a similar culture period.

In these PC after overnight culture, enprostil dose-dependently inhibited histamine
stimulated cyclic AMP production [21]. In PT-treated cells, histamine was at least as
effective in stimulating cyclic AMP production, but in parallel with the patterns found
with functional studies, enprostil inhibition of histamine-stimulated cyclic AMP pro-
duction was markedly attentuated. Forskolin stimulation of cyclic AMP production
was inhibited by enprostil treatment in control, but not PT-treated cells.

Prostaglandin Actions on other Fundic Mucosal Cells

Prostaglandin actions on physiological functions are frequently complex. For example,
although the hypotensive action of prostanoids is associated with direct relaxation of
vascular smooth muscle, several other mechanisms also contribute, such as modifying
smooth muscle responsiveness to norepinephrine or neuronal release of norepin-
ephrine. Prostanoid inhibition of acid secretion may also reflect multiple actions, only
one of which is inhibition of histamine-stimulated PC function. Prostanoid action in
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the fundic mucosa has already been noted to reflect two actions: inhibition of
histamine-stimulated cyclic AMP production, an effect probably reflecting interaction
with inhibitory receptors linked to the inhibitory GTP binding protein of adenylate
cyclase. In addition, prostanoids also stimulate cyclic AMP production, probably
primarily in non-parietal cells. Two other actions of prostanoids in fundic mucosa have
thus far been found, as discussed below ; there are probably several others that remain
to be recognized.

PG Modulation of Histamine Release

Histamine in the canine fundic mucosa is stored in mast cells [22]. In contrast to the
rat and probably the rabbit fundic mucosa, current evidence indicates that no major
stores of histamine are present in endocrine — like cells. Evidence supporting this view
comes from studies with isolated fundic mucosal cells in which sequential velocity and
density gradient separation have revealed a close correlation between histamine con-
tent and mast cell number [22]. To study histamine release, canine fundic mast cells
were placed in overnight suspension culture. Using this culture system, histamine
release has been stimulated by the lectin Conconavalin A. Histamine release was found
to be inhibited by adrenergic agents acting at a beta-adrenergic receptor. PGE,, but
not enprostil, also inhibited histamine release (A. H. Soll, M. Toomey, M. Beaven,
manuscript in preparation). This effect of PGE, was only observed at concentrations
of PGE, ranging from 0.1 to 100 ~M. This concentration range is considerably higher
than that producing inhibition of parietal cell function and corresponds to the concen-
tration range in which PGE, stimulates adenylate cyclase. Although the role of cyclic
AMP in mast cell function is controversal, previous studies have indicated that agents
that stimulate cyclic AMP, such as adrenergic agents, inhibit mast cell histamine
release. The failure of enprostil to inhibit mast cell histamine release may relate to fin-
ding that enprostil does not stimulate cyclic AMP production.

Prostaglandin action in rabbit gastric glands appears to differ in one major aspect
from the findings reviewed for canine fundic cells. In rabbit glands PGs stimulate,
rather than inhibit, histamine release [9]. The reason for this difference probably
relates to histamine being stored in an endocrine-like cell in the fundic mucosa of some
species, including rabbit and rat. This difference in the nature of cells storing histamine
may explain the differences observed in prostaglandin action on histamine release bet-
ween studies on dog cells and rabbit gastric glands.

Prostanoid Modulation of Gastrin Release

Selected prostanoid analogs, including 16,16-dimethyl PGE, and enprostil, appear to
inhibit release of gastrin in vivo [23, 24]. Recently in vitro systems have been developed
to allow dispersion and culture of canine antral gastrin cells [25]. Using this system,
enprostil, but not PGE,, inhibits bombesin stimulated gastrin release [26]. Soma-
tostatin also inhibits gastrin release in this system [25], but since there is a very low con-
tent of somatostatin cells in this culture system, it is uniikely that prostanoid action is
mediated via release of somatostatin. Thus prostanoid analogs appear to inhibit
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gastrin release by direct actions on antral G cells; the cellular mechanisms underlying
this action of enprostil remain to be established.

A Family of Prostaglandin Receptors

The receptors that mediate prostanoid action in the fundic mucosa appear to comprise
a complex family of related receptor subtypes. Present data suggest that canine fundic
mucosa possesses at least three receptors that can functionally discriminate subtle
structural differences between E- and I-type prostanoids. Inhibition of parietal cell
function is mediated by a receptor that interacts with prostanoid analogs of the PGE
or PGI groups; PGE,, PGI,, and related analogs inhibit parietal cell function with
roughly comparable potency and efficacy. Thus, the structural modifications of
analogs such as enprostil, misoprostil, and 5,9-epoxy-16-phenoxy-PGF,; do not alter
interaction at the parietal cell receptor linked to inhibition via the inhibitory GTP bin-
ding protein of adenylate cyclase. However, PGE,, but not enprostil or 5,9-epoxy-
16-phenoxy-PGF,, stimulates cyclic AMP production; thus modifications affecting
the 16 position of the prostanoid structure may impair interaction with the PG receptor
that mediates stimulation of adenylate cyclase. This group of prostanoids would thus
not be expected to share the ability of PGE, to inhibit mast cell histamine release, an
effect that appears to reflect stimulation of adenylate cyclase. A third possible PG
receptor “subtype“ may mediate PG actions on the antral gastrin cell, a view sup-
ported by the finding that enprostil, but not PGE,, inhibits bombesin-stimulated
gastrin release. Receptors mediating prostanoid inhibition of parietal cell function, an-
tral G cell secretion, and histamine release display subtle differences in specificity.
These differences in receptor specificity may markedly influence the spectrum of pro-
staglandin action and thus shape the therapeutic actions and potential side effects of
these compounds. These distinctions between receptors are tentatively presented since
they are based upon functional differences in specifity and potency of agonists; dif-
ferentiation of receptor subtypes generally requires selective receptor antagonists and
direct radioligand studies. Other factors such as differences in degradation or access
(delivery to a receptor) can alter the apparent spectrum of action of an agonist.

The Role of Endogenously Produced Prostaglandins

Endogenously produced prostanoids may be an important modulator of parietal cell
function under certain conditions and may account for a relative impairment in the
response to stimulation both in vivo and in vitro. When dog gastric glands were
prepared in the presence of indomethacin, the histamine response was increased 3-fold
compared to control, whereas the gastrin and acetylcholine responses were unchanged
[27]. Furthermore, in vivo studies found that indomethacin enhanced acid secretion in
vivo [28, 29]. Although indomethacin may have actions other than inhibition of
cyclooxygenase, and thus prostaglandin production, these data suggest an inhibitory
role for endogenous prostaglandins. Understanding the role of endogenous pro-
stanoids will be greatly advanced by elucidating the cell types responsible for pro-
stanoid production and the factors regulating this production. Obviously a great deal
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of knowledge needs to be gained before the role of endogenous prostanoids can be
sorted out.

The present review has considered three possible mechanisms of the antisecretory ac-
tions of prostanoids. In ex vivo and in vivo systems prostaglandins have also been
shown to have other actions, such as stimulation of somatostatin secretion and
modulation of neurotransmitter release. It is possible that additional mechanisms to
the ones presently considered also contribute to the antisecretory actions of PGs. Also
considered has focused upon PGs only acting by either stimulating or inhibiting
adenylate cyclase. It is also possible that prostanoids have other mechanisms of ac-
tions, such as modulating the calcium-protein kinase C pathways for cell activation.
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Discussion Following the Report of Dr. Soll

DAMMANN

Dr. Soll, do you think that it might be clinically relevant to combine prostaglandin
analogues with other antisecretory drugs, firstly with respect to their gastrin-lowering
properties and secondly with respect to their gastrin acid inhibitory effect?

SoLL

Since potent antisecretory agents can enhance gastrin secretion, adding a prostaglan-
din analogue that would reduce gastric release might be a very nice compliment to a
highly potent antisecretory therapy, which leads to achlorhydria and consequently to
hypergastrinemia. The degree to which such a combination will reduce gastrin levels
has not been studied in man. A gastrin-receptor antagonist might be another alter-
native to use in this setting. To answer your second question, the potential benefits of
combining two anti-secretory agents that act by different mechanisms have not been
carefully studied. I doubt either antisecretory or ulcer-healing effects will justify the
use of two drugs, especially when one of the drugs is either a very potent, long-acting
H, blocker or omeprazole.

HALTER

I would like to comment. We have tested the effect of the combination omeprazole with
enprostil on serum gastrin in the rat. Our data so far available suggest that the pro-
staglandin analogue, enprostil, has no influence on the hypergastrinemia induced by
omeprazole. We cannot exclude, however, that this may be a specific phenomenon in
the rat. I am interested in another problem: Have you tested omeprazole with your
isolated G-cell model? What happens with gastrin release in this model ?

SoLL

We have yet to do that study. But I would anticipate that omeprazole will have no direct
effect on antral G cells.

DAMANN

Dr. Halter, could you tell us something about the doses of omeprazole and enprostil
which have been used in your experiments ?

HALTER

We have not finished our investigations yet, so I cannot tell you whether enprostil has
already been used in an optimal dose.

SZABO

The quality of your pictures is impressive. The study design you have used affords a
10-min exposure of the tissue to ethanol. Also the casting takes time to get fixed, and
so on. During the course of time a reduction of capillaries can be seen. Do you think
that this is due to acute necrosis, since a 10-min alcohol exposure leads to quite an ex-
tensive damage of the mucosa, or is the casting material unable to reach all capillaries
because of the stasis in the microcirculation, or something else?
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O’BRIEN

I personally assume that the cast does not include all vessels present. But I do not think
that there was any occlusion of the vessels which were filled, such as arteriols,
capillaries, or venules. Therefore we place it at the capillary network or the submucosal
arterioles. I note the data from yourself and Paul Guth which do not support the view
that the arterioles are closed, but Brendan Whittle has provided us with a somewhat
alternative view. From our casting experiments I can only suspect that a block has oc-
curred at the capillary level.

REES

Did your technique give you any insight into whether regional variations occur in the
normal rat gastric mucosa? For example, did you find any areas where the
microvasculature differed substantially, and if so, could this account for the
predisposition of certain areas to develop peptic ulceration? Furthermore, did you
look at any other mucosa-damaging agents, such as bile acids or NSAIDs, to see if they
produce a similar type of response?

O’BRIEN

I agree that certain areas are more vulnerable. We have not yet studied this
phenomenon, which would be most interesting, particularly in the antral mucosa and
also in the antral fundic junction. All our studies have been in fundic mucosa. Concer-
ning your second question, I have no data on the damaging agents you mentioned. We
are in the process of looking at aspirin.



The Protective Effects of Prostaglandins on the Gastric
Microvasculature

P. E. O’BRIEN

Introduction

The process of cytoprotection is a drug-induced enhancement of gastric mucosal
resistance to various exogenous irritants [1]. The mechanisms of cytoprotection are still
unclear. A number of observations point to a central role for the microcirculation of
the stomach in the process [2].

In this study we have investigated the influence of prostaglandin E, (PGE,) on the
effects of topical ethanol (EtOH) on the gastric microvasculature. We have examined
the structure of the microvessels using microvascular casting techniques, and have ex-
amined the permeability of the microvessels to macro molecules using fluorescein
isothiocyanate labelled albumin (FITC albumin) as a probe.

Methods

We have utilized the basic rat model of cytoprotection as developed by Robert et al [1].
Adult male Porton rats (180-300 g), fasted for 24 hours, were given a pretreatment of
either PGE, (100 ug/kg) in 1 ml of normal saline or 1 ml normal saline (control
group) via an orogastric tube. Fifteen minutes later, 1 ml of either EtOH or normal
saline was instilled into the stomach via the orogastric tube. The rat was sacrificed 15
minutes after this instillation.

Microvascular Casting

At 10 minutes after instillation of EtOH each animal was anaesthetized, the thoracic
aorta was exposed and cannulated and the animal perfused with casting medium ac-
cording to the technique previously described [3]. The casting medium contained
methyl-methacrylate monomer, 5ml (Polysciences, U. S. A.), Mercox CL-2R-5, 15 ml
(Vilene Hospital Ink and Chemical Co., Tokyo), and Mercox MA catalyst 1 g. After
setting of the cast, the stomach was removed, the tissue corroded away, and the cast
examined by scanning electron microscopy (Siemens-E. T. E. C. Autoscan). At least 10
casts were examined for each experimental group.
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Capillary Macromolecular Perineability

This was assessed by examining the fluorescence within the interstitium of the gastric
mucosa after intravenous infusion of FITC albumin. For these experiments, FITC
albumin (250 mg/kg) was given intravenously 30 minutes prior to the pretreatment
and treatment protocol. At 15 minutes after EtOH treatment the animal was sacrificed
and the stomach was fixed in neutral phosphate-buffered 10% formalin, embedded in
paraffin, sectioned at 5 pm and examined by fluorescence microscopy.

Fig. 1. An overview of the luminal aspect of a cast after EtOH damage. There is gross disturbance of
the normal architecture with almost full thickness loss and visible submucosal vessels in the midzone.
Calibration bar = 400 p



The Protective Effects of Prostaglandins on the Gastric Microvasculature 131
Results

The normal microvascular architecture consists of capillaries which arise from the sub-
mucosal arterioles and pass upwards between the gastric glands towards the gastric
lumen to form a network of linked capillaries around the neck of the glands im-
mediately deep to the surface epithelium. These vessels then drain into infrequent
venules which pass directly to the mucosa, without further tributaries to the sub-
mucosal veins [3]. This structure is best seen in Fig. 6 and 7. After FITC albumin,
fluorescence microscopy of normal gastric mucosa shows the fluorescent label to be
confined to the mucosal microvessels alone (Fig. 4).

Fig. 2. A closer view of deep damage after EtOH exposure with complete loss of patency of the
mucosal capillaries. Residual venules only are seen. Calibration bar = 250 p
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Ethanol Damage to the Microvasculature

EtOH damage to the microvasculature is characterized by the presence of areas in
which the normal cast network of capillaries is absent, there is exudation of casting
medium into the mucosal interstitium and onto the surface of the cast and increased
interstitial fluorescence is seen throughout the thickness of the mucosa.

Figure 1 is an overview showing extensive damage to most areas of the cast, with
absence of filling of capillaries and exudation of the casting medium. Closer examina-

Fig. 3. EtOH damage. Exudates of casting medium onto the surface of the cast. Note the irregularity
and pitting of the surface exudates suggesting the presence of an overlying intact epithelium at the time
of casting. Calibration bar = 250 u
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tion of an area of “erosion* (Fig. 2) shows almost full thickness loss of the capillary
network with residual filling of the venules, presumably by retrograde flow from adja-
cent submucosal vessels. The exudates onto the cast surface were characteristically
large and multilobular with surface pitting (Fig. 3), and were frequently seen to be aris-
ing from within the cast. Intra-mucosal exudates were globular, encasing the capillaries
down to the level of the submucosa (Fig. 4). Extensive leakage of FITC albumin occur-
red throughout the full thickness of the mucosa (Fig. 5).

Fig. 4. Control stomach, transverse section of gastric walls. Fluorescence micrograph after FITC
albumin LV. Note fluorescence is confined to the microvessels and not seen within the interstitium.
Calibration bar = 100 p
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The Effects of PGE, on EtOH Damage

The principal differences after pretreatment by PGE, are the virtual absence of areas
of deep damage to the capillary network and the presence of small spherical surface
exudates only. An overview of a microvascular cast after pretreatment by PGE,

Fig. 5. EtOH damage. A fluorescence micrograph showing an area of intact epithelium with gross
fluorescence of the interstitium extending deep to the submucosa. Calibration bar = 100 p
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followed by exposure to EtOH (Fig. 6) shows the relative uniformity of intact capillary
networks. On lateral view (Fig. 7) the full thickness of the capillary network is seen to
be preserved. Closer examination, however, shows some areas of incomplete casting of
the most superficial capillary loops and exposure of the tips of the draining venules.
Exudation of the casting material from the microvessels appeared to occur only at the
surface of the cast and was of a characteristic smooth spherical shape, suggesting ex-
travasation into the gastric lumen, rather than into the mucosa (Fig. 7). Leakage of
FITC albumin into the interstitium was seen to occur only at the more superficial levels
of the mucosa with virtually no areas of interstitial fluorescence deep in the mucosa
(Fig. 8).

Fig. 6. PG-EtOH. This overview shows a generally intact cast. There are patch areas of incomplete fill-
ing of the most superficial capillary loops and some small spherical exudates. Calibration bar = 400 n
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Discussion

Microvascular casting techniques and fluorescence microscopy after FITC albumin
reveal major damage to the microvasculature of the mucosa after exposure to EtOH
(Fig. 9). These changes involve the full thickness of the microvasculature and from the
appearance of pitting on the surface exudates of casting medium and the presence of
interstitial fluorescence beneath an intact gastric epithelium indicates that damage to
the microvessels has occurred prior to loss of epithelium. These findings suggest that
EtOH damage to the gastric mucosa is initiated, at least in part, via the effects on the
microcirculation of the stomach.

Fig. 7. PG-EtOH. View of the edge of a cast showing intact capillary network extending from the sub-
mucosa (right side of photo) to the lumen (left side of photo). Calibration bar = 100 p
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Pretreatment by PGE, has resulted in a clear protection of the microvasculature
against EtOH damage. The damage is confined to the more superficial levels of the
microvasculature and is less extensive. Intramucosal exudates which might be con-
sidered equivalent to the intramucosal haemorrhages, seen as red streaks on
macroscopic examination, are common after EtOH alone. The virtual absence of in-
tramucosal exudates in casts after pretreatment by PG correlates with the absence of
red streaks on visual examination [1].

The absence of microvessels in the casts at the site of apparent damage may indicate
loss of these vessels in association with adjacent tissue loss, closure of these vessels due
to thrombosis, compression of the vessels by surrounding tissue or fluid, or constric-

Fig. 8. PG-EtOH. A closer view of small exudates onto the surface of the cast. Note the smooth
spherical shape and the apparent origin of the exudate from a surface capillary. Calibration bar = S0 p
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tion of the supplying vessels at the level of the submucosa with consequent failure of
filling areas of the cast. By our current techniques we have not been able to identify
the relative importance of these possible mechanisms. However, in the intact animal
any of these changes would be associated with ischaemia of the adjacent areas of
gastric mucosa and would thus be expected to reduce the capacity of this area of
mucosa to tolerate exposure to an injurious agent.

Fig. 9. PG-EtOH. A fluorescence micrograph after FITC albumin showing that fluorescence in the in-
terstitium is confined to the most superficial layers of the mucosa only. Calibration bar = 100 pn
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Non-steroidal Anti-inflammatory Drugs and Peptic Ulcer

M. J. S. LANGMAN

Introduction

Clinical suspicion, or prejudice, that non-steroidal anti-inflammatory drugs (NSAID)
commonly cause dyspepsia and are liable to cause ulcer perforation and bleeding has
been largely unsupported until recently, although NSAIDs have been marketed and
widely used for over 20 years. That clinical opinion has been unsupported for so long,
could arise for two reasons. Firstly, any claim of causal assocation could be false, and
secondly, methodological difficulties could make it well-nigh impossible to demon-
strate any association even if really present [1].

Peptic ulceration occurs in about 10% of men and 5% of women at some time in
their lives. Therefore coincidental occurrence of ulceration with other diseases is to be
expected. In these circumstances detecting association, which is more than coinciden-
tal, is difficult. Problems are compounded because associations between one disease
and another may simply reflect a tendency to occur within the same social class or a
common association with smoking. In addition, the patient with rheumatoid arthritis
may be inherently liable to peptic ulceration. Methodological problems may also arise:
thus Berkson’s bias, which describes in essence the liability of individuals with one
disease to have another detected more easily, makes the description of false association
possible and likely.

Approaches to the problem can be by animal experimentation, by the quantification
of noxious responses to treatment in healthy people or deseases individuals, and by
epidemiological studies of disease occurence in association with NSAID treatment.

Animal Experiments

A very large number of experimental models of human peptic ulceration exists. Most
involve measuring the number and size of ulcers or erosions induced by procedures
such as cold stress or restraint, and their relevance to ordinary chronic human peptic
ulcers is doubtful. Such models may serve well in screening for ulcer treatment, but
even then their value in examining the virtues, or otherwise, of unconventional
treatments is unclear. They may have no relevance as models of natural ulcer disease
in man and therefore the ability or lack of ability to demonstrate NSAID — associated
ulcers in experimental animals may be quite unimportant.
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Huimnan Experiments

Short-term exposure to NSAIDs can be followed by the occurence of submucosal
haemorrhages or gastric erosions. Extrapolation to the conclusion that drugs which
cause intragastric haemorrhage are those which can cause classical peptic ulcers or
complications may be correct, but must be justified by more direct evidence. The use
of young healthy individuals in experimental studies may lead to unwarranted conclu-
sions about the liability or resistance of older people to peptic ulceration.

Studies in Deseased Individuals

Theoretically it should be easy to plan a programme in which elderly people who are
prescribed NSAIDs have changes in ulcer frequency measured. However, it is almost
impossible to study people requiring treatment before their first NSAID exposure.
Even if such studies were possible, the size demanded would probably be prohibitive.
Thus, although peptic ulceration might indeed occur at some time in their lives, in 10%
of men the incidence rate over a defined period of say one month would be vanishingly
small. Therefore a doubling or quadrupling of expectation, though important, would
be quite undetectable in a group of 50 or 100 people.

If intensive investigation is impracticable, then surveillance of the outcome in a large
sample of takers of NSAIDs might provide an acceptable alternative. However, it has
to be remembered that takers are not a random, sample of the ordinary population and
that base ulcer frequency rate calculations may be difficult. Conventionally, com-
parisons are made between periods “on‘ and “off‘‘ drug, but these are based upon
untested assumptions about the likely duration of drug effects and on the fact that
events occuring “off* treatment will be reported as assiduously as those occurring
“on‘ treatment.

Retrospective Epidemiological Investigations

Provided a working hypothesis exists, it is possible to devise a retrospective study in
which the antecedent experience of disease subjects and of controls is compared. The
value of such comparisons will depend on a number of factors and these include the
extent to which any control group can be regarded as the same as the ordinary popula-
tion, and the extent to which the selected disease group is representative of the totality
of the disease group. Assuming that both samples are representative, their responses
will only be generalizable to the world at large if information about antecedent factors
is uniformly and accurately collected. Thus the occurrence of disease may in itself in-
fluence responses to questioning and invalidate the information obtained. Retrospec-
tive epidemiological studies may nevertheless be the best means and even the only
means of determining what happens in the ordinary world. We have therefore used
classical case-control studies to try and determine whether NSAID treatment is
associated with serious gastrointestinal hazards.
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Methods

Case-control studies must be based upon comparisons which allow generalizable con-
clusions and this means that data collected in cases can be regarded as likely to be ob-
tainable from the general run of patients with similar problems in the community.
Likewise, the control groups chosen must be likely to be representative of the popula-
tion at large. We therefore attempted to collect data from a coherent group of ulcer pa-
tients, all those with gastric or duodenal ulcer aged 60 or over, who exhibited
haematemesis or melaena 2within the study period. Where patients could not be ques-
tioned directly, we obtained information by consulting hospital or practitioner records.
Two control groups were collected, one consisting of patients admitted on the same
medical intake as the cases but suffering from conditions other than gastrointestinal
bleeding, and the other was obtained from the ordinary population by taking the next
individual matched for age and sex off the alphabetically ordered file of the general
practitioner responsible for the index individual. Since all people register for medical
care with a general medical practitioner, this gave us a general population sample to
compare with our sick medical emergency control.

Questioning was of necessity unblinded as to whether cases or controls were under
consideration and therefore bias cannot be excluded. We sought to minimize this by
using standard questionnaires and methods of interrogation.

Since the two Nottingham hospitals are the only district general hospitals available
to serve the local population, provided adequate numbers of patients and ccntrols
responded and the controls were appropriately chosen the answers obtained should
have measured any real differences or lack of differences.

Results

Table 1 shows details of the patients and controls considered and questioned. During
a two-year period 903 patients were admitted to the two Nottingham hospitals with
haematemesis and melaena, of whom 406 had gastric or duodenal ulcers, and 290 were
aged 60 and over. 230 of these were questioned. Cases were between two and four times
as likely to be takers of NSAIDs, other than aspirin, as controls, but parallel differences
were not noted for other drugs (Table 2). Histories of NSAID intake obtained by note
review in the 60 patients with bleeding, whom we were unable to question, yielded no
material differences from the data obtained in those who were questioned. Although
95% confidence limits varied quite widely, they did not overlap, and the bottom end
of the scale indicated that takers of NSAID were at least twice as likely to suffer from
upper gastrointestinal bleeding as non-takers and could have been up to six times as
likely.

Similar differences were not seen for other varieties of drugs, though as might be ex-
pected, the inpatient controls tended to be more frequent takers of cardiovascular
drugs and diuretics. Increases in risk of ulcer in assocation with NSAID intake seemed
to vary little in men and women, and for gastric and diodenal ulcer, though confidence
limits tended to be widely due to the small numbers in individual subgroups.
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Table 1. Details of cases and controls questioned

CASES
All haematemesis and melaena 903
Diagnosed ulcer, gastric or duodenal 406
60 yrs and over Under 60
290 116
Questioned Not questioned
230 60
CONTROLS
In-patients Community
230 230
Questioned 230 207
Table 2. Drug use amongst cases and controls
Cases with (Not questioned) In-patient Population
bleeding Controls Controls
Questioned
No 230 (60) 230 207
NSAID 80 20) 33 34
users % 35 (33) 14 16
Matched rel risk (for those questioned 3.8 2.7
compared with cases)
95% confidence limits 2.2-6.4 1.7-4.4
% using
All drugs regularly 86 84 75
Diuretics 32 44 22
CVS drugs 23 39 26

Generalizability of the Data

The Nottingham hospitals serve a population of some 800,000 and there is no other
substantial institution serving the same people. National figures suggest that some 24
million prescriptions are issued annually for NSAIDs half to individuals aged less than
60. If prescribing rates in Nottingham generally parallel those in the country as a
whole, then we would expect some 300,000 prescriptions to be issued each year or
about 600,000 during the period of study, half to older and half to younger people. In
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the elderly these 300,000 prescriptions were associated with 100 episodes of bleeding
— not all caused — or one for every 3,000. Calculations of attributable risk by stan-
dard methods would indicate that about 20 to 25% of all ulcer bleeding is in fact
caused by treatment and, generalized to the United Kingdom, the figures would be
about 2,000 cases a year.

Indications that these conclusions and calculations do not over estimate include the
common association of NSAID intake with ulcer bleeding and perforation in other
case series, with suggestions using hospital controls only, that low proportions of peo-
ple are ordinarily found to be takers [3-6].

Whether NSAID intake leads to bleeding or perforation of established lesions or to
the development of new ulcers, is unclear. However, clinical endoscopic studies suggest
that treatment is associated with the development of new lesions [7] and case control
study in an endoscopy unit including the elderly is in conformity with this view [8, 9].
The failure of surveillance studies in the United Kingdom [10] to detect a risk may be
attributable to two causes. Firstly, the size of patient samples, approximately 5,000 to
10,000, has been rather too small. At first sight this is surprising but it is the very
magnitude of prescribing of NSAID which has brought the clinical problem to atten-
tion. Secondly, the risk may be concentrated in the elderly where as surveillance has
been, very properly, conducted in individuals of all ages.

Whether the same phenomenon is detectable elsewhere, is unclear. Case control
study in Australia [9] suggests a risk for gastric but not duodenal ulcer, although the
rather younger population could conceivably explain the difference. In the United
States a general parallelism between national cigarette consumption and ulcer mor-
tality has suggested a dominant role for smoking [11] and surveillance studies compar-
ing periods “on“ and “off‘ NSAIDs have indicated no material risk[12]. However, in-
terpretation could be affected by the lengths of periods defined as “on‘ or “off*.

At least, so far as the United Kingdom is concerned, the data suggest a risk for
elderly women, probably the elderly in general, of bleeding, perforated, and probably
all ulcer diseases, whether gastric or duodenal. Evidence that NSAIDs inhibit pro-
staglandin E, release in the stomach and duodenum, thus reducing the effect of a
potential protective mechanism, supplies a rational basis [13]. If this is true, then the
prostaglandins should provide natural protective agents, although it should be noted
that protection in the absence of single acid inhibition has yet to be demonstrated une-
quivocally.
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Discussion Following the Report of Prof. Langman

GRAHAM

Could you give an estimate of how many of a thousand patients regularly taking
NSAIDs including aspirin will bleed per year?

LLANGMAN

I have not done the calculation on people over 60 years old for aspirin, but I can give
you an estimation for the other nonsteroidals. In broad terms the rate in patients over
60 is about one in 3000 prescriptions. For those under 60 it may be in the order of one
in 20000-30000 prescriptions. Thus, the bleeding incidence of NSAID users seems to
be much higher in the elderly.

PESKAR

It has been suggested recently that the newer nonsteroidal anti-inflammatory drugs
cause more intestinal lesions than the older ones due to extensive enterohepatic recir-
culation. Does your personal experience support this hypothesis?

LANGMAN

We have performed one study, in which we tried to get a more precise insight into the
incidence of NSAID-induced bleeding admitted to the surgeons. In this investigation
we looked at all cases of colonic and small-intestinal bleeding and perforation. In our
investigation we entered all patients with these bowel emergencies except those who
presented with ulcerative colitis, Crohn’s disease, or cancer. There was about a two-fold
increase in risk for nonsteroidal intake. It was not possible to separate the varieties of
different NSAIDs.

WALAN

I wonder whether mortality is similar in patients who bled during NSAID intake in
comparison to non-NSAID users with complications due to peptic ulcer?

LANGMAN

We are doing logistic analysis of the last 2500 cases of bleeding, where we have
reasonable documentation of who was taking nonstero idals and who was not. There
is no evidence from the data that nonsteroidals were particularly associated with death.

WEIHRAUCH

Could you make a comment on one of your papers in which you differentiated between
the heavy ASA users which, so far as I can recall, were defined as those who took a
certain amount of ASA grams at least 4 times a week and the occasional users on self-
medication? The rate of complications depends very much on the ASA formulation.
The Levy study showed us that there was not one single bleeding in 630 patients with
gastrointestinal problems.
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LANGMAN

The Boston collaborative study published by Levy in the New England Journal in 1974
suggested that there is no significant risk with occasional use, but that the risk doubles
with continued use. Our data suggest that there is, in fact, a risk associated both with
occasional and with continued use. It is difficult to explain the difference in the out-
come of the two studies. One possible explanation may be that it is quite a complex
question to work out to what extent ASA intake causes GI lesions or to what extent
ASA is taken by patients with preexisting lesions. It is well known in England that
aspirin is commonly taken to relieve the pain of dyspepsia despite information on the
packets against doing so.



Mechanism of Injury to Gastric Mucosa by
Non-Steroidal Anti-Inflammatory Drugs and the
Protective Role of Prostaglandins

M. M. COHEN

Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) cause gastric mucosal injury
primarily by interfering with the fundamental defensive properties of the mucosa and
its underlying blood supply. They do not cause damage by increasing luminal acid or
pepsin: indeed, the effect of NSAIDs on active transport is to reduce secretion. This
inhibition of secretory activity may be harmful.

The gastric mucosa possesses an array of defensive mechanisms and NSAIDs have
a deleterious effect on most of them. This results in a mucosa less able to cope with
even a reduced acid load. The presence of acid appears to be a sine qua non for
NSAIDs injury. Acid not only injures the mucosa by back diffusing from the lumen
to cause tissue acidosis but also serves to increase drug absorption.

All of the NSAIDs are capable of causing mucosal damage but most of the ex-
perimental work has been done using salicylates. This brief review will therefore de-
pend heavily on the data derived from work with salicylates.

Passive Ion Transport

The gastric mucosa permits the passive movement of hydrogen ion from lumen into
mucosa. This is referred to as “back-diffusion* and considering the concentration gra-
dient across the apical membrane of the surface epithelial cells, it is clear that in health
the mucosa is not particularly permeable. This “barrier to acid permeation of the
mucosa can be readily damaged by the topical application of NSAIDs and especially
by aspirin. However, an increase in permeability does not inevitably result in visible
damage. This depends on the absolute amount of H * entering the mucosa and the
ability of the mucosa to buffer it. It is of considerable interest that, whereas luminal
salicylate in the presence of a moderate amount of acid (pH 3.5) causes both increased
permeability and visible erosions, intravenous salicylate (at the same luminal pH)
causes neither increased acid diffusion nor visible damage. However, at a luminal pH
of 1.0 erosions appear even without any change in intramural pH [1].

The chemical structure of most NSAIDs displays an exposed carboxyl group and this
is the likely cause of the increased permeability with luminal application or indeed oral
ingestion (the usual route for NSAID therapy) [2]. As the undissociated molecule is ab-
sorbed more readily (depending upon its actual pKa), the greater the concentration of
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luminal acid, the greater will be the drug absorption and the more acid will diffuse into
the mucosa as a result.

Active lon Transport

In addition to their effects on permeability, the salicylates also inhibit oxidative
phosphorylation. This results in a reduction of acid secretion. This apparent benefit
is probably more than countered by the increased susceptibility to injury of a mucosa
in which active transport is inhibited [3]. This may be due in part to reduced active
bicarbonate secretion and thus a lessened buffering capacity. This is a clinically impor-
tant concept as it suggests that a drug which inhibits acid secretion (eg.H,-receptor
antagonist) may not be the most appropriate prophylaxis or treatment of drug or
stress-induced gastric injury.

Salicylate also inhibits active C1~ transport. While exchange of CI~ and HCOj
may be important in buffering H* diffusing into cells, the relative importance of
chloride transport is not yet fully understood. Salicylate undoubtedly has other effects
on active transport by the gastric mucosa which may be potentially damaging. It is also
evident that the metabolic effects of salicylate, including inhibition of cyclooxygenase,
are not alone sufficient to cause mucosal erosions.

Blood Flow

Recent experiments using the technique of hydrogen gas clearance have demonstrated
that luminal aspirin causes a marked redistribution of mucosa blood flow. There is
reduction in flow at the site of erosions and an augmentation of flow elsewhere, with
an overall increase in total gastric blood flow [4]. This probably explains the previous
failure to demonstrate mucosa ischemia in response to NSAIDs.

Both ethanol and NSAIDs cause intense focal constriction of submucosal venules.
This may be mediated by products of the arachidonic acid cascade e.g. thromboxane.
Indeed, the endogenous phospholipid platelet activating factor (PAF) has been shown
to be an extremely potent damaging agent and this is probably due to intense venular

.constriction and capillary stasis [5]. It is not known whether NSAIDs can cause this
local release of PAF.

The ability of the mucosal blood flow to provide bicarbonate, and to buffer and
sweep away acid that has diffused into the mucosa, may be just as important as blood
supply per se. Tissue bicarbonate availability is reduced by the administration
NSAIDs.

Mucus

Adherent mucus gel provides a stable unstirred layer within which bicarbonate,
secreted into the lumen, gets trapped. This mucus-bicarbonate barrier may slow the ab-
sorption of NSAIDs by increasing the concentration of the dissociated form of the
molecule. The mucus itself is readily permeated by NSAIDs which have no major effect
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on the thickness of the mucus gel layer. Although there is absence of adherent mucus
at the site of focal lesions, this cannot be attributed to an effect of the NSAID on
mucus.

Nonetheless, NSAIDs do inhibit mucus secretion and aspirin reduces the pH gra-
dient across the mucus layer [6]. It is not clear whether this latter effect is due to a
reduced amount of mucus, an alteration in mucus structure, or due indirectly to
mucosal damage. Any damaging agent, including NSAIDs, will increase the amount
of soluble mucus present in the lumen probably by a process of washout of surface
glycoprotein by the mucosal exudate [7].

Cellular Restitution

This is the process of rapid migration of viable surface epithelial cells to reepithelialize
denuded areas of the gastric mucosa [8]. This restitution occurs within minutes of in-
jury (presumably any injury, although it has been most studied in response to ethanol
and aspirin) and is independent of cell division and regeneration, or the process of
wound contraction. The factors which control cellular restitution are unknown. This
process is capable of re-epithelializing only superficial damage. Repair of deep injury
requires cell proliferation and takes several days.

While NSAIDs usually cause the kind of damage that can be readily repaired by
cellular restitution, it is not known if the administration of NSAIDs or inhibition of
cyclooxygenase can actually interfere with the ability of the mucosa to resurface itself
in this remarkable manner.

Role of Prostaglandins

NSAIDs cause gastric mucosal injury and generally inhibit cyclooxygenase. It has been
widely assumed that mucosal damage must be the result of inhibition of prostaglandin
synthesis. There are, however, major problems with this theory.

For example, sodium salicylate which does not inhibit the cyclooxygenase system
causes the same changes in ionic permeability and mucosa erosions as does aspirin [9].
The converse is also true. Complete inhibition of prostaglandin synthesis by aspirin
does not cause mucosal lesions in either experimental animals or man unless the
aspirin is given topically or the luminal pH is very low. It is likely that NSAID-induced
inhibition of prostaglandin synthesis does not cause damage per se but produces a
mucosa more susceptible to injury by acid, and agents such as bile salts or ethanol.

This raises the question of whether the endogeneous prostaglandins play any role in
normal mucosa defense. While this is an attractive hypothesis, it remains unproven.
Prostaglandins have been shown to have profound effects on the various defensive
functions of the gastric mucosa. Thus, prostaglandins are capable of stimulating bicar-
bonate and mucus secretion, of augmenting mucosa blood flow, and preventing
microvascular stasis [10]. Prostaglandins do not reduce the normal permeability of un-
damaged mucosa and have no major effect on the process of cellular restitution.

The experimental evidence with exogenous prostaglandins show convincingly that
several prostanoids have a remarkable ability to protect the mucosa from acute injury
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by a variety of agents [11]. This protection is not complete. The surface cells cannot be
totally preserved and there is always some microscopic damage. While it is clear that
this protection of the deeper layer of the mucosa is independent of acid inhibition, its
precise mechanism remains unclear. Until the mechanism of prostaglandin protection
is fully understood, it will be difficult, if not impossible, to assess the protective func-
tion of endogenous mucosal prostaglandins [12].

Finally, the fact that NSAIDs and prostaglandins have opposite effects on many

mucosal defensive functions makes it logical to test the efficacy of prostaglandins in
the prevention and treatment of NSAID injury.
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Discussion Following the Report of Prof. Cohen

LANGMAN

Can you justify the statement that damage is not related to cyclooxygenase inhibition,
because clinically it looks to me as though it actually fits very well with that
hypothesis? And, secondly, I am not aware of any evidence that damage associated
with tiaprofenic acid is actually any different from that with indomethacin.

COHEN

The evidence that ulceration is not due to inhibition of cyclo-oxygenase per se is that
aspirin can completely block cyclo-oxygenase. However, aspirin administered by
mouth leads to gastric mucosal injury. If you give the same amount of aspirin rectally,
it produces the same degree of cyclo-oxygenase inhibition in the gastric mucosa and the
same blood levels of salycilate and acetylsalicylic acid as by the oral route, and yet
causes no gastric mucosa damage whatsoever.

LANGMAN
And with indomethacin and piroxicam and the like?

COHEN
I have not looked at their effects when given by other than the oral route.

LOHANSSEN

Do you really think that the different grades of damage caused by either rectal or oral
application of a drug indicate different ways of action ? Indomethacin gastric-mucosal
concentration will be much lower after rectal versus oral administration. Measure-
ments of prostaglandin biosynthesis in vitro may not represent in vivo conditions due
to artificial stimulation and influence from media cofactors, etc. How did you take and
treat your biopsies?

COHEN

I do not regard my conclusion as being really all that strong. What I am saying is that
you can block cyclooxygenase, and that by itself this does not cause damage. What 1
am suggesting is that blocking cyclooxygenase is potentially damaging to the mucosa,
and there is no doubt in my mind that a mucosa in which the cyclo-oxygenase activity
is blocked is a mucosa at risk, and which is susceptible. I agree that you observe lower
concentrations in the mucosa for prolonged rectal administration, and that therefore
there is less local injury.

JOHANSSEN

You pointed out that ulcerations develop in the prostaglandin-depleted stomach only
in the presence of acid. By analogy bile acids may have to be present to produce lesions
in the prostaglandin-depleted small intestine, and the presence of colonic bacteria is re-
quired for colonic damage by NSAID. In all these situations you need an aggressor in
addition to a completely blocked defense mechanism. I believe we agree that cyclo-ox-
ygenase blockers pose a high risk to the mucosa by inhibiting defense mechanisms.



Can Nonantisecretory Doses of Prostaglandins Prevent
Mucosal Damage in Nonsteroidal Anti-inflammatory
Drugs?

B. SIMON, H. G. DAMANN, and P. MULLER

Introduction

Orally effective prostaglandin analogues have been used in the treatment of peptic
ulcers for a relatively short time [2]. Through an interaction with the histamine-
stimulating adenosine monophosphate formation they inhibit the acid secretion pro-
cess and speed up the healing of duodenal and gastric ulcers in antisecretory doses. In
a direct comparison with H,-blockers an almost similar effect can be observed.

The prostaglandins, however, are attractive to the gastroenterologist for another
reason: in animal experiments it has been shown that they protect the gastric and
duodenal mucosal epithelium against a number of chemical and physical oxious agents
[28]. This protective effect is inherent to all prostaglandins. It can be found in a concen-
tration which is clearly below that required for acid inhibition. We therefore had great
hopes that the human gastric and duodenal mucosal epithelium could be completely
protected, for example against nonsteroidal antirheumatic drugs, and in doses which
are so low that they have practically no side effects.

Methods

The proof that prostaglandins have a mucosal protective effect is more difficult to

achieve in man than in animals. The following methods have been more or less suc-

-cessful :

1. Measuring the transmucosal gastric potential difference

2. Measuring the fecal blood loss

3. Determining the gastric microbleeding rate (Hb content) in the gastric juice

4. The analysis of the gastric epithelial cell desquamation (DNA content) in the gastric
juice

5. The endoscopic evaluation of gastric and duodenal mucosa

Measuring the Transmucosal Gastric Potential Difference

Certain mucosal irritants, like aspirin, ethanol, etc., cause a drop in the transmucosal
potential difference (PD) of the gastric mucosal. Under certain circumstances this elec-
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trophysiological parameter can be seen as an indirect measurement for the integrity of
the mucosal barrier. The studies are usually conducted on healthy volunteers following
a 12-h fasting period. The potential is measured via electrolytic bridges from the
corpus of the stomach or the cubital vein. A moderate PD of — 36 to — 44 mV in-
dicates the correct placement of the probe in the fundus/corpus region.

As shown in Fig. 1, the oral administration of 1000 mg acetylsalicylic acid causes a
35% drop in the potential difference. The PD does not return to the initial values until
after 60-90 min. A 15-min pretreatment with 50 ug EMD 33290, a thiaprostaglandin,
can prevent the drop in PD caused by the 1000 mg of aspirin throughout the entire
period of measurement [10]. A dose of 50 ng EMD 33290 causes no antisecretory ac-
tivity as supplementary acid secretion studies have shown. This is reference to the fact
that prostaglandins exhibit PD-stabilizing characteristics on the human gastric
mucosal epithelium [10]. Other authors have confirmed these observations (Table 1)
[4, 5, 5a, 6, 11, 13, 24, 26].

Various prostaglandins like misoprostol, mexiprostil, enprostil, rioprostil, 16,16-di-
methyl-PGE,, arbaprostil, FCE 20700, and PGE, were used here. The main iritants
used were acetylsalicylic acid or taurocholate (TC). In all cases the prostaglandins were
able to prevent completely or partially the irritant-induced drop in transmucosal PD
and they did so in a dose range which cannot be viewed as nonantisecretory. This effect
sets prostaglandins apart from common therapeutic agents used for ulcers. These PD-
stabilizing properties are not to be treated as equivalent to the macroscopically or
microscopically evident protective effects (see below).
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Table 1. PD-stabilizing properties of PG in man

Autor PG Irritants Antisecretory PD stabili-
dose zation

Carmichael et al.  [5a] Arbaprostil ASS ? +
Miiller et al. [24] 16,16-dm PGE, ASS ja +
Miiller et al. [24] TC ja +
Cohen [6] PGE, ASS ja +
Fimmel and Blum [13] Misoprostol TC ja (+)
Bianchi-Porro et al. [5] Mexiprostil ASS ja? +
Bernier et al. [4] Enprostil ASS ja? (+)
Demol et al. [4] Rioprostil ASS ja +
Miiller et al. [26] FCE 20700 ASS ja +

Measuring the Fecal Blood Loss

After aspirin or other nonsteroidal antirheumatic drugs are administered for several
days, an increased excretion of erythrocytes into the lumen of the bowels takes place
due to mucosal irritation. This can be calculated by determining the daily loss of
radioactively marked erythrocytes in the stool. Table 2 shows the fecal blood loss after
administration of various nonsteroidal antirheumatic drugs. While the daily blood ex-
cretion after placebo is around 0.7 ml, it increases about ten times with aspirin. Newer
nonsteroidal antirheumatic drugs lead to a lower blood excretion than aspirin but to
a significantly higher one than placebo. In this connection Ingelfinger [18], for in-
stance, calculated a blood loss of 10 million ml based on an annual consumption of
20-30 billion aspirin tablets taken in the United States. This is equal to twice the
transfusion volume for 1 year.

In 1981 Cohen et al. [7] were able to show for the first time that by administering
4 x 1 mg PGE, the daily blood loss induced by 2600 mg aspirin could be completely

Table 2. Occult fecal blood loss during administration of nonsteroidal antirheumatic drugs over several
days

Substance Daily dose (mg) gastrointestinal blood loss
(ml/day)
Control — 0.5
Acemetacin 180 0.7
Piroxicam 20 1.0
Diclofenac 150 1.7
Lonazolac 600 2.0
Indometacin 150 2.9

Asprin 2400 7.0
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Table 3. Fecal blood loss

Autor Irritants PG protective
Doses (1g)
Ryan et al. 129] ASS Misoprostol 4x 200
Cohen et al. [9] ASS Misoprostol 4% 25
Navert [27] ASS Enprostil 2x 35%
Cohen et al. [9] ASS PGE, 4%1000%
Cohen et al. 9] ASS PGE, 4x 250°
Johansson et al. [20] Indo PGE, 3 x 1000
Kollberg et al. 21 Indo PGE, 3x 330°
Johansson et al. [19] Indo Arbaprostil Ix 407

a Antisecretory, ® Nonantisecretory

eliminated. The authors attributed this to the so-called mucosal protective properties
of PGE, since, according to opinions at the time, the natural PGE, was not supposed
to have an antisecretory effect. A similar reaction to indometacin (3 x 50 mg daily) was
also reported for 15-R-15-methyl-PGE, [19]. The conclusion that prostaglandins are
also mucosally protective in man had to be revised afterwards, however, since the tested
prostaglandin doses are capable of inhibiting acid secretion [3a]. The protective effect
is based on a reduction of intragastric acidity: acetylsalicylic acid (pH 3.5) is then
predominantly present in a dissociated, extremely impermeable form, leading to a con-
siderable reduction of its deleterious effects upon mucosa. It is relevant to say that
substances with only antisecretory action, like H,-blockers, etc., are also able to pre-
vent the aspirin-induced increase in fecal blood loss [33].

Studies with respect to this point have been done using various prostaglandin
analogues. In the majority of the studies, doses with an antisecretory effect were used,
such as for example 4 x200 pg misoprostol daily, 2 x35 pg enprostil daily, 3 x 40 pg
arbaprostil daily. Only in two studies was PGE, given in such low doses (4 x 250 pg
daily and 4 x 330 pg daily) that no appreciable suppression of the human acid secre-
tion was to be expected (Table 3) [7, 8, 9, 19, 27, 29].

Measuring the Gastric Microbleeding Rate

The increase in the Hb content in gastric fluid after administering irritants serves as
a measurement of the mucosal damage. Compared with the measurement of the fecal
blood loss, this method has the advantage that it only applies to mucosal damage in
the stomach region. However, there are limits set to this method, because only aspirin-
and ethanol-induced damages can be recorded. Modern nonsteroidal antirheumatic
drugs do not induce any significant increase in the gastric microbleeding rate.

There were some studies in which the efficacy of prostaglandins could be shown
using this test model. But in these cases, too, a clear protective effect could only be en-
sured if antisecretory doses were given. If, for instance, misoprostol is applied in a very
weak antisecretory dose (4 x25 pg daily), the aspirin-induced blood loss cannot be
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Table 4. Gastric microbleeding following ASS

Autor PG Protective doses (1g)
Hunt et al. [17] Misoprostol 4x 50?2
Konturek et al.  [22] PGE, 4x500?
Hawkey et al. [16] Enprostil 2x 352
No protection
Hunt et al. [17] Misoprostol 4x 25°
Miiller et al. [251] Arbaprostil I1x 202

a Antisecretory, ° Nonantisecretory

suppressed. So in this test, too, the protective effect of prostaglandins does not differ
from that of the H,-blockers. In analagously set-up studies doses of 2 x 150 mg
ranitidine daily were able to return the increased microbleeding rate back to normal
[16] (Table 4) [15, 17, 22, 25].

Endoscopic Evaluation

The above indirect methods of proof have the disadvantage that they do not tell us
anything about localization, degree, or depth of the mucosal damage following ad-
ministration of antirheumatic drugs over several days. What is more, they are all
relatively complicated methods which are troublesome for the patients and which can
only be carried out, for the most part, in special laboratories.

As a result of these drawbacks, over the past few years the direct method, i.e., the
endoscopic evaluation of the upper gastrointestinal tract following administration over
several days of antirheumatic agents has come into the forefront. Test persons or pa-
tients are treated over several days with an antirheumatic agent. At fixed times an en-
doscopic study of the gastric and duodenal mucosa is made. A simple mucosal damage
score is tabulated to quantify and qualify the lesions.

Also with this method, nowadays viewed as the method of choice, the facts already
described above are found: prostaglandins are only protective against antirheumatic
agents and alcohol if they are applied in antisecretory doses (Table 5). Due to their
varying strength of antisecretory action enprostil, for instance, prevents aspirin-in-
duced lesions in doses as small as 2 x 35 pg daily, rioprostil at 2 x 300 ug daily, and
misoprotol at 4 x 200 ug daily [1, 3, 9a, 12, 14, 23, 27, 30, 32].

With a dose which is still just barely antisecretory (e. g., 2 x 7 ug enprostil daily), the
protective action is only partly present, with nonantisecretory doses it is not evident at
all.
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Table 5. Endoscope studies

Autor Irritant PG Protective
dose (ng)
Gilbert et al. [14] ASS Arbaprostil >202
Silverstein et al. [30] ASS Misoprostol 4200
Stiel [32] ASS Enprostil 2x 352
4x 352
Cohen et al. ASS Enprostil 2x 702
2x 7*
Navert [27] ASS Enprostil 2x 352
Detweiler et al. [12] ASS Rioprostil 4 %300
Lanza [23] Tolmetin Misoprostol 4 x200?
Aadland et al. Naproxen Misoprostol 4 %2002
Agrawal et al. [3] Athanol Misoprostol 4 %200
Simmons [3] NSA Arbaprostil 3x 407

2 Antisecretory

Summary

Prostaglandins have various pharmacological effects on gastric mucosal epithelium in
man. Besides inhibiting acid secretion (and inhibiting the release of gastrin), they
stimulate the mucus and alkali secretion of the surface epithelia, speed up the cell
regeneration rate, and promote the gastric mucosal blood flow. In addition we have
found in animal experiments that they also have “mucosal protective® properties
which concern primarily the deeper layers of the epithelium.

Therefore we have been very interested in pursuing the use of prostaglandins in ulcer
treatment. It has been clearly shown that the ulcer-healing effect of these substances
is closely linked to the degree of acid inhibition. The supplementary effects (such as
alkali and mucus secretion) are of little therapeutic use.

Up to now, no answer has been found to the question of whether prostaglandins can
prevent mucosal damage caused by agents other than nonsteroidal antirheumatic
agents or other irritants (ethanol). This hypothesis sounds plausible since it has been
conjectured that the inhibition of endogenous biosynthesis is at the center of the
pathogenetic mechanism of the mucosal-damaging effect of nonsteroidal anti-inflam-
matory drugs. In this sense the lesions would be an expression of an endogenous shor-
tage of prostaglandin.

In the meantime it has been shown, however, that there are many different causes
leading to the formation of these lesions and that there is also a significantly per-
missive role given to the degree of damage of the hydrochloric acid in the lumen of the
stomach.

The findings achieved by various authors using the direct endoscopic method of
proof alow us recognize that prostaglandins can only prevent mucosal damage if they
are applied in antisecretory doses. Weak antisecretory doses only have a partial, if any,
protective action. The endoscopic findings are upheld by the results of the indirect
methods of proof (fecal blood loss, etc.).
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The PD-stabilizing properties point, however, to an additional effect of prostaglan-

dins on gastric mucosa in man, which is not inherent to other ulcer-treating drugs. This
effect is already evident in low nonantisecretory doses. The transmucosal PD is an ex-
pression of the sum of various ionic flows through the gastric mucosa. It is imaginable
that such processes are inhibited by nonsteroidal antirheumatic drugs and restituted by
prostaglandins. We cannot, however, infer general protective effects from the PD-
stabilizing effects: our own studies with the PGE-analogue FCE 20700 have shown
that in nonantisecretory doses it prevents the aspirin-induced drop in PD, but not the
indomethacin-induced mucosal damage.
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Clinical Aspects of the Protective Effects of
Prostaglandins on Non-Steroidal Anti-Inflammatory
Drug-Associated Mucosal Injury

D. Y. GRAHAM

Introduction

Major clinical problems that occur in patients receiving non-steroidal anti-inflam-
matory drugs (NSAIDs) include dyspepsia, gastric (and possibly duodenal) ulcer,
gastrointestinal bleeding, and gastric or duodenal perforation. Another problem is
that many physicians feel compelled to treat visible mucosal damage associated with
the administration of aspirin or other NSAIDs. The pathogenesis of NSAID-induced
mucosal damage is still unclear; important variables include NSAID dosage, dosing
interval, route of administration, formulation, and the solubility of the compound in
the acid milieu of the stomach.

A large body of information is available from observations derived from studies in
which NSAIDs were administered orally to normal healthy volunteers (acute studies)
with the effect on the gastric mucosa being evaluated by endoscopy [1-8]. These en-
doscopic studies have been used to compare various NSAIDs and to investigate
whether particular agents could reduce or prevent mucosal damage. It is frequently im-
plied that results from the acute studies can be used to predict the effect of chronic ad-
ministration of NSAIDs. The acute endoscopic studies have demonstrated that
NSAIDs differ in their propensity to damage the gastric mucosa; aspirin is the most
damaging drug, while many of the newer agents are difficult to distinguish from
placebo [2]. Dose response effects can be demonstrated for most drugs, i.e., the degree
of damage increases as the amount of drug administered is increased (the peak damage
may vary greatly between agents) (Fig. 1). The degree of mucosal injury produced can
be reduced, or in some instances eliminated, by the co-administration of prostaglan-
dins or H,-receptor antagonists. NSAID-associated mucosal injury is largely acid-
dependent ; therefore antisecretory doses of H,-receptor antagonists and prostaglan-
dins usually appear more effective than cytoprotective doses.

Therapy with an NSAID

It could be speculated that chronic therapy with an NSAID, that was rarely associated
with acute mucosal damage, should not cause evidence of mucosal damage such as
ulcers or gastrointestinal bleeding. Unfortunately, that is not the clinical experience.
Endoscopic inspection of the gastric mucosa of arthritic patients reveals mucosal ero-
sions or mucosal hemorrhages in at least half the individuals, with approximately 10%
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Fig. 2. The proportion of rheumatoid patients with various gastric mucosal lesion. Data derived from
65 patients with rheumatoid or osteoarthritis endoscoped at the VA Medical Center Houston. MH,
mucosal hemorrhages

also having a chronic gastric ulcer [9-14, (Fig. 2)]. Thus, the results of acute studies
in normal volunteers have little predictive value; there seem to be negligible differences
between the prevalence of chronic gastric ulcer in patients receiving aspirin as com-
pared to those receiving one of the new agents. This statement holds even for those
drugs that can not be distinguished from placebo in acute studies.

Several facts are worth noting about damage induced by NSAIDs. First, the degree
of damage increases with increased dosage (Fig. 1). Similarly, dose response effects are
evident for both the analgesic effect of various NSAIDs [15, Fig. 3] and the anti-in-
flammatory response [16-19]. In general, the dose required to achieve maximum
analgesic effect is quite low compared to the dose required to achieve maximum anti-
inflammatory effect {20] (the latter may be above the dosages commonly employed in
clinical medicine). Finally, the percentage of patients who develop clinically significant
side effects, such as gastric ulcers, perforation, or bleeding, is related to drug dose
(Fig. 4, 5). As higher levels of drug are needed for anti-inflammatory effect, a method
of reducing or preventing the untoward effects associated with NSAID use would be
very desirable. One possible approach would be to co-administer small doses of several
NSAIDs, thus avoiding a high dose of a single agent. Unfortunately, available evidence
suggests that the amount and severity of damage with a combination of agents is at
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Fig. 4. Risk of developing a chronic gastric ulcer to the amount of aspirin consumed per week. Based

on distribution of aspirin use among patients in studies reported by Cameron ; from Graham and Smith
[8]. The horizontal line shows the relative risk of 1

Fig. 5. Frequency of gastrointestinal side ef-
fects and peptic ulcer relative to prioxicam
dosage in patients with rheumatic disease;
from Brogden et al. [16]
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least additive [21]. Therefore, the co-administration of several NSAIDs may lead to
worse injury than administration of higher doses of a single agent.

Is NSAID-induced gastroduodenal injury a clinically important problem ?

Dyspepsia is common and is important in some patients receiving NSAIDs [22].
Although the occurrence of dyspepsia does not predict the presence of gastroduodenal
injury, it often precludes use of a particular agent. Dyspepsia usually begins soon after
starting therapy with an NSAID; consequently, patients, who take an NSAID
chronically, usually have found a product that is both effective and not associated with
abdominal discomfort. Some patients can not find an NSAID that does not cause
dyspepsia. A drug that would allow such patients to take needed NSAIDs by reducing
or eliminating associated dyspepsia would certainly be of value.

The point prevalence of gastric ulcers in arthritic patients receiving NSAIDs is
10-15% [9-14]. Gastric ulcers in these patients are usually silent and become evident
only when bleeding or perforation occurs. It is not clear that silent gastric ulcer is a
significant clinical problem, or that reduction in the frequency of such lesions would
improve the care or the longevity of arthritic patients. It is my personal belief that
many newer NSAIDs, although appearing less damaging than aspirin in acute studies,
cause more problems than aspirin did in the past. For example, although the consump-
tion of aspirin has steadily fallen in the UK, the frequency of major upper
gastrointestinal hemorrhage has increased with much of the increase in bleeding being
seen in the older population in whom NSAID use is common [23]. The increase in the
frequency of NSAID-associated clinical problems may have several explanations. The
newer NSAIDs may be intrinsically more dangerous, doses higher on the dose-response
curve may be given, or the dose-response curve for untoward effects may be sharper
with newer drugs. It is possible that the actual amount of aspirin taken in the past was
less than prescribed. Aspirin is associated with dyspepsia more frequently than are the
newer NSAIDs and the presence of aspirin-induced dyspepsia may have reduced the
dose actually ingested.

Do arthritic patients frequently die of gastric ulcer, bleeding or perforation?

There has been a slight but steady increase in the proportion of arthritic patients dying
because of gastrointestinal problems [24-32]. However, even with the increase in fre-
quency, the magnitude of the problem remains quite small. In the most recent study,
gastrointestinal causes accounted for 6% of all deaths in arthritic patients compared
to approximately 4% of deaths in the general population [32].

Is it possible to prevent the mucosal damage associated with NSAID use?
Can the lesions that are present be healed ? What will be the cost of NSAID-associated

mucosal injury measured both in monetary and social units? What will be the cost of
prevention both in terms of money and in drug-associated side effects caused by the
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combination of the NSAID and an agent designed to reduce morbidity and mortality
associated with the use of NSAIDs? Can we identify a patient population at special
risk for the development of complications related to NSAID use [33-36]?

Conclusion

The ideal agent to prevent NSAID-associated mucosal injury would be one with few
side effects of its own, one that would not add to the cost of therapy, and one that could
be combined with any NSAIDs. The perfect drug should heal existing mucosal damage
and completely prevent new mucosal injury. Are prostaglandins such agents?
Cytoprotective doses of prostaglandins have not been shown to yield complete protec-
tion against acute mucosal injury associated with NSAID use. It is not clear that an
agent able to reduce or eliminate acute changes will be effective in reducing or
eliminating the mucosal injury associated with chronic administration of NSAIDs.
Preliminary analyses suggest that cytoprotective doses of prostaglandins are not as ef-
fective as dosage that mediate significant acid suppression (as monitored on the basis
of visible mucosal damage). Reduction in mucosal damage would be a less important
achievement than reduction in the frequency of serious side effects of NSAIDs such as
hemorrhage or perforation. Unfortunately, it is very difficult to prove reduction in fre-
quency of an already infrequent event. We do not recommend the routine use of any
agent with the intent of preventing NSAID-associated gastrointestinal side effects [8].
Ideally, we would prefer to limit treatment to a high-risk population (if such a popula-
tion could be identified). This approach would at least ensure that the cost of preven-
tion would not be significantly greater than the experience of the problem we are at-
tempting to prevent.
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Discussion Following the Report of Prof. Graham

LANGMAN

If I look at the United Kingdom, there is no doubt that a group of patients for whom
a prophylactic prevention of NSAID-induced adverse reactions seems more important
than for other groups of the population. And I am fortified in my belief that the rate
of adverse reactions in the elderly is probably unacceptable. I think in younger patients
the rate of side effects is so low that one could never show conclusively the benefit of
prevention. In the elderly this could more likely be done. In this group 2000-3000 ad-
missions a year with serious bleeding and perforations is a relevant problem. I do not
think it really matters whether they have an ulcer history or not.

SIMON

You have described an adaptation of the gastric mucosa to the damaging effect of
aspirin when given over some weeks. Did you see the same adaptive mechanisms with
newer nonsteroidal anti-inflammatory drugs?

GRAHAM

We have shown in a prospective study that mucosal adaptation to ASA does occur, but
it is dose-dependent. The gastric mucosa will not adapt to very high doses of aspirin.
With other NSAID the occurrence of lesions may be basically different. While during
short-term treatment no lesions may be observed, however they do appear under long-
term treatment. I do not know how to explain why gastric mucosal lesions occur almost
exclusively under long-term treatment with NSAID. Prostaglandin inhibition and the
other changes we have talked about may offer the answer to this phenomenon.

RACHMILEWITZ

Would you recommend a concomitant administration of a protecting agent during
NSAID treatment ?

GRAHAM

I would not take a drug to prevent something that probably is not going to occur. I
think the nonsteroidal anti-inflammatory drugs can be made safer by formulation
changes alone. I would not take anything unless I had had an NSAID side effect. And
those who have had side effects under NSAID treatment may represent a subgroup
which concomitantly needs protective drugs.

BIANCHI PORRO

I perfectly agree with you. According to our experience there is in fact one subgroup
of patients in whom we always expect troublesome side effects, namely those with a
history of duodenal or gastric ulcer (especially duodenal ulcer). When we perform en-
doscopy and find a scar, and the patient has to take anti-inflammatory drugs, we
always fear major clinical problems due to a recurrence of the ulcer. I think in this
subgroup it would be worthwhile to prescribe a “protective* drug (of any kind).
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GRAHAM

Let me add one thing about aspirin I have not mentioned. I think that aspirin is much
safer than the new NSAID. If you consider the United Kingdom data, it is evident, that
the frequency of aspirin used has gone down remarkably. Yet the frequency of bleeding
has increased. I thing aspirin is probably intrinsically safer, partially because you can-
not increase the dose too much without developing marked symptoms, which in turn
prevents patients from taking very high doses. But this is not true for the other NSAID.
Also the combination of low doses of aspirin and another NSAID is not necessarily
safe. On the contrary, you can even expect a higher frequency of untoward events.

WALAN

Dr. Langman, did you find an increased incidence of peptic ulcer history in patients
who bled or perforated under NSAID treatment compared to those NSAID users who
had no bleeding history?

LANGMAN

I cannot answer the question properly. But there is a fair proportion of NSAID users
with no gastrointestinal history at all who turn up with lesions out of the blue.
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Gastrointestinal Microbleeding and Ulcerogenic Drugs:
Prevention by Co-Administration of Prostaglandins

C. JOHANSSON

Introduction

It is known empirically and from a larger number of clinical studies that treatments
with steroids or non-steroidal anti-inflammatory drugs (NSAIDs) are associated with
development of bleeding erosions and peptic ulcerations in the upper gastrointestinal
tract [1, 2, 3]. More recently it was demonstrated that such treatments are ulcerogenic
also to the human colonic mucosa [4, 5]. This is a brief summary of some clinical and
pathophysiological aspects on drug-induced mucosal lesions and their prevention par-
ticularly by co-administration of prostagiandins.

Clinical Studies of Drug-Induced Damage

Damage of the human gastric mucosa following intake of acetylsalicylic acid was
recognized in 1935 [6]. Since then, many clinical studies have confirmed the
ulcerogenic effects of steroids and NSAIDs. Different approaches have been used, such
as systemic registration of side effects during drug therapy [7], endoscopic examination
with grading of lesions [8], measurements of fecal blood loss [9, 10], and determina-
tion of hemoglobin [11] or DNA [12] in gastric washings.

In short term studies with aspirin or indomethacin almost all healthy subjects have
signs of mucosal damage [2, 3, 8, 9-11].

Long-term treatment with NSAIDs or steroids is associated with a high prevalence
of gastric ulcers and erosions [13, 14], 50-86% of the patients having endoscopically
verified lesions. Others have failed to find a connection between steroid treatment and
gastric ulcerations [15], but after correction for variable treatment times these data
demonstrated that long-term steroid treatment did, indeed, increase the risk to have a
peptic ulcer [16].

Studies, like those cited, have met with criticism due to their retrospective design,
small patient groups, lack of adequate controls, and failure to separate prevalence from
incidence. In the single large prospective and controlled American aspirin myocardial
infarction study a more than fivefold incidence of peptic ulcer was found in patients
on active treatment [17].

The study does not provide a safe estimate of the incidence of ulcerations during
long-term aspirin treatment, since in this polulation the incidence of ulcerations in
placebo treatment patients was only 1/3 of that usually reported for western popula-
tions.
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Thus, even if criticism can be raised against single resports, the summarized infor-
mation from a large number of short- and long-term clinical studies is convincing. It
is safe to conclude that NSAIDs and steroids are ulcerogenic to the gastroduodenal
mucosa. The exact incidence of drug-induced lesions in patients on long-term treat-
ment remains to be determined.

Clinical Relevance of Drug-Induced Lesions

The impact of drug-induced lesions for clinical medicine, as questioned by Ingelfinger,
may partially be a matter of position [16]. Prescription of a drug that increases peptic
ulcer incidence tenfold means that a rheumatologist will encounter 18 peptic ulcers per
1000 patients annually of which 6 are asymptomatic. Understandably, he will tend to
overlook the problem. In contrast, the gastroenterologist, who finds that up to 30%
of severe bleedings from the GI tract were preceded by aspirin intake [18], is probably
more apt to emphasize the morbidity following antiphlogistic drugs. For patients on
continuous treatment with NSAIDs even a moderate daily increase of fecal blood loss
may contribute to anemia. As pointed out [4], the very old seem to be more sensitive
to ulcerogenecity by NSAIDs.

Physiological Aspects on Drug-Induced Mucosal Lesions

It is assumed that NSAIDs and steroids are ulcerogenic because they inhibit the en-
dogenous prostaglandin formation, thereby reducing the mucosal resistance to nor-
mally present and potentially harmful agents.

The human gastroduodenal mucosa has a large capacity to metabolize arachidonic
acid. The formation of prostaglandins in vivo can be followed in luminal contents, that
can be atraumatically sampled [19]. Indomethacin reduced luminal concentrations of
PGE, in the basal state [2] and less so after challenge [20]. Arachidonic acid
metabolism in human mucosal biopsies is suppressed [2, 3]. Direct support for the
hypothesis that NSAIDs are ulcerogenic because they inhibit the endogenous pro-
staglandin formation and not because of other unspecific properties is provided by
studies demonstrating that NSAID-induced gastroduodenal lesions or bleeding in ex-
perimental animals [21] and in man [9, 10] can be prevented by concomitant sup-
plementation with a prostaglandin devoid of acid antisecretory action.

Blocking of the mucosal prostaglandin formation with NSAIDs is followed by sup-
pression of several recognized mucosal defense factors. The drugs inhibit basal and
stimulated bicarbonate transport in various species including man [19, 22] and reduce
the thickness of the protective pH-mucus barrier that overlays the mucosal cells [23].
Indomethacin-treated experimental animals have reduced production and release of
mucus glucoproteins [24] and atrophic changes of gastroduodenal epithelia (Uribe et
al 1986 personal communication). In addition, indomethacin reduces cytoprotection
by certain endogenous compounds, which partially act by increasing endogenous pro-
staglandin levels.

Animal studies suggest that reduction of mucosal resistance through suppression of
defense factors can not alone account for the ulcerogenic actions of cyclooxygenase-
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blockers. NSAIDs produce bleeding gastric erosions in the rat only when gastric acid
is present [25]. In analogy, NSAIDs are not ulcerogenic in the small intestine if the bile
is diverted [26] and is not harmful to the colonic mucosa of germ-free animals [27].

Role of Endogenous Prostaglandins in Mucosal Defense

The ulcerogenic actions of cyclooxygenase-blockers is indirect evidence that en-
dogenous formation of certain prostaglandins may be the key event in the defense of
the gastroduodenal mucosa. Exogenous prostaglandins, in particularly E- and I-series,
stimulate bicarbonate secretion in experimental animals and in man [20, 22] and in-
crease the thickness of the gastric pH-mucus barrier [23] and luminal mucus content
[28]. Natural PGE and stable analogs have trophic actions on gastrointestinal epithelia
in the rat [29] and in man [30] by reducing cell losses from the mucosal surface with
secondary slowing of cell migration and reduced new cell production [31]. Prostaglan-
dins, including those without acid antisecretory action, are cytoprotecitve [32], that is,
they prevent mucosal damage in lesion models resistant to gastric acid inhibition.

Challenge of the mucosal defense is associated with increased endogenous pro-
staglandin formation. Brief exposures of the duodenal mucosa to acid in experimental
animals [33] and in man [20] result in dose-related stimulation of the bicarbonate
secretion with a parallel increase of luminal PGE,, whereas indomethacin produces
the reverse effects.

Prevention of Drug-Induced Gastrointestinal Lesions

Since blockers of prostaglandin biosynthesis are ulcerogenic in the gastroduodenal
mucosa only in the presence of acid, such damage is expectedly prevented both by
stimulators of defense mechanisms and by inhibitors of gastric acid. In contrast,
several drastic agents like absolute ethanol, hyprosmotic solutions of hydrochloric
acid, and sodium hydroxide, will induce gross mucosal damage irrespective of gastric
pH and secretory state. Such gross damage may be prevented by cytoprotective agents
like prostaglandins [32]. The nature of cytoprotection is yet not known ; cytoprotection
by prostaglandins is established within moments and has been demonstrated against
damage of several organs outside the GI tract and with isolated cells [34]. A suggested
association between cytoprotection and the mentioned mucosal defense factors is
therefore less likely. The importance of cytoprotection for gastroduodenal mucosal
defense in man is difficult to evaluate. The only valid model is acute challenge of the
human gastric mucosa with 40-50% ethanol [35, 36]. One approach has been to use
natural PGE, that has little acid antisecretory effect. It has been repeatedly
demonstrated that drug-induced mucosal erosions of gastrointestinal bleeding are
prevented by co-administration of small doses of PGE, in healthy subjects [3, 10, 35]
and in patients with rheumatic disease [9]. In addition, natural PGE, seems to ac-
celerate healing of ulcerations [34].

Stable analogs of PGE share the defense-stimulation properties, are cytoprotective
and, in addition, have acid antisecretory actions. Such compounds should be even
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more effective in preventing gastroduodenal lesions and gastrointestinal blood loss
following prostaglandin depletion.

Several other endogenous compounds [37, 38] and drugs [36, 39, 40, 41] have pro-
staglandin — like cytoprotective properties in animal and human experimental models.
Their effects are at least partially exerted by stimulation of prostaglandin biosynthesis
and their long-term efficacy in the prostaglandin-depleted stomach remains to be ex-
amined.
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Discussion Following the Report of Prof. Johansson

DOMSCHKE

How shall we proceed in the clinical setting until the problem has been definitely
resolved ? Shall a patient who is to be put on a long-term treatment with nonsteroidal
anti-inflammatory drugs be advised to take simultaneously H, blockers, or shall he
take concomitantly a prostaglandin preparation? What would you recommend ?

JOHANSSON

I am not prepared to answer this question. There are too few clinical studies to support
coadministration with H,-receptor blockers or with prostaglandins. Of course, if you
deplete the stomach of prostaglandins, it seems more logical to give a prostaglandin as
supplementary therapy than any other compound. Yet, this has to be found out in
clinical trials.

DOMSCHKE

So at present it seems to be an open question as to which prophylactic means should
be preferred in NSAID therapy, either concomitant H, blocker or prostaglandin ad-
ministration. Is this correct?

JOHANSSON

We do not have sufficent clinical data. There is no study in rheumatoid arthritis pa-
tients in which long-term treatment with NSAID has been combined with either an H,
receptor-blocking agent or a prostaglandin. We have coadministered PGE, for a
period of 6 weeks in an open study of a limited number of RA patients. Apparently,
2.5 mg PGE, daily does not counteract the beneficial effect of the nonsteroidal anti-
inflammatory drug on the joint symptoms.

COHEN

I have a comment on the question that you have just asked, whether an H, blocker
would be an appropriate drug to use for the prevention of injury in a patient taking
non-steroidals. I think we should remember that there is at least theoretical evidence
that an H, blocker might, in fact, be harmful here; while, on the one hand, it reduces
the amount of acid present in the lumen, on the other, it turns off active secretion.
There is also at least experimental evidence that a mucosa, where secretion is inhibited,
is a mucosa which is more susceptible to damage by non-steroidal anti-inflammatory
drugs.

JOHANSSON

This is an acute experiment, and it still has to be proven whether also correct in the long
run. Achlorhydria is common in patients with rheumatoid arthritis, which may ac-
count for the fairly low prevalence of gastric lesions. For this reason such patients may
have less, not more, need of protection against lesions during NSAID treatment.
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BIANCHI PORRO

Also concerning this specific point, it could be interesting to know the results of a dou-
ble-blind trial that we have just completed. We treated more than 250 patients with
osteoarthritis and rheumatoid arthritis. They were endoscoped at the beginning, show-
ing a normal gastroduodenal state, and then were randomized to ranitidine or to
placebo and treated with anti-inflammatory drugs for 4 weeks, after which time en-
doscopy was repeated. In summary, we were not able to show any difference between
the group “protected* with ranitidine and the group treated with placebo. The percen-
tage of lesions of different degrees of severity was very similar; it was even a little
higher in the ranitidine group.

JOHANSSON

This is the sort of studies we need in order to evaluate a possible beneficial effect of
coadministered protective drugs.

RACHMILEWITZ

Just to complete the issue. Yesterday Professor Simon showed data, which we have
recently collected in patients treated for 1 week either with indomethacin (150 mg/day)
and concomitantly with cimetidine (400 mg, 800 mg) or placebo. We managed to show
in an endoscopic study that cimetidine, but only the 800 mg dose, very significantly
decreased the number of patients affected, and that in those affected, the severity of
the damage was reduced. We also did a similar study with randitidine showing no pro-
tective effect.

DOMSCHKE

This is quite an interesting aspect, as it shows in this specific situation a superiority of
cimetidine over ranitidine.

JOHANSSON
Or just different proportions of achlorhydric patients, in the two treated groups.

GRAHAM

I have a question for Dr. Rachmilewitz. Not that you have done that study, but what
have you learned?

RACHMILEWITZ

I believe this is related to the quesion I asked you yesterday. I think that if I had to take
a nonsteroidal anti-inflammatory drug for an acute reason today, I would take it
together with cimetidine 800 mg/day.

DOMSCHKE
Thank you for this very definite answer.

SZABO

You presented a nice review, and you seem to ascribe a general role to bicarbonate secre-
tion, but Dr. Flemstrom was more specific yesterday. He made the point that bicar-
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bonate and mucus are the first defense against acid and pepsin but not against ethanol
and lesion-inducing drugs. I am surprised that you did not mention your own nice
model and study, which you published recently in a letter to the Lancet, showing that
local application of prostaglandins to leg ulcers accelerated the healing. Firstly, this
was a human model, and, secondly, you could exclude bicarbonate and mucus and
nevertheless had an accelerated healing — probably due to epithelialization, granular-
tissue proliferation, or increased blood flow. What is the bottom line there? What do
you think is the mechanism of action, and did you continue your studies?

JOHANSSON

The reason for using PGE, as a local treatment of skin ulcers was to examine whether
ulcer-healing properties of the compound were a general phenomenon. If locally ap-
plied PGE, accelerates healing of a long-standing leg ulcer, it can hardly be attributed
to its acid (HCI) antisecretory effects. This was an open study, including 14 patients
with chronic leg ulcers resistant to all other medical treatment for at least 2.5 years. The
results are promising and a controlled study is now planned. Moreover, it is a clinical
situation, in which one knows that the given compound reaches the ulceration.

SzAaBO ,
Have you included new patients into the study?

JOHANSSON

Only 14 so far. These studies last very long, for healing in skin ulcers is much slower
than in peptic ulcers. One therefore needs a lot of patience.

REES

May 1 just come back to your slide on the American myocardial infarction study ? It
is a small point, but I think we have to be very careful when interpreting these findings.
I have been in correspondence with an author of this study, and it is a shame that, while
this was potentially a superb study to look prospectively at the effects of aspirin on the
healthy stomach, the study was designed by cardiologists and not by gastroentero-
logists, and the incidence of peptic ulcer disease was evaluated using barium meal and
not endoscopy. This may well account for the very low incidence of PU in the groups.
Secondly, they examined different numbers of placebo-treated and aspirin-treated pa-
tients, i.e., they studied symptomatic subjects and not equal numbers of each group.
So I think we have to be very careful in the interpretion because of the methods used
and the way in which they analyzed the patient groups. If you look at it in further
detail, there are also some curious findings. For example, the incidence of hematemesis
and melena was not different in the two groups, while acute rectal bleeding was
significantly higher in the aspirin group.

JOHANSSON

You are perfectly correct. It was a study just of ulcer symptoms during aspirin treat-
ment. However, it is the only prospective study available. It seems improbable that the
very low incidence of peptic ulcers in treated patients (compared to the incidence in
most Western countries) could be attributed entirely to methodology.
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GRAHAM

One other point about the same study, the one I showed yesterday, is that the relative
risk for a diagnosable ulcer, relates to dosage intake. The cardiovascular studies by and
large used relatively low doses. The fact is that there is a dose-response curve responsi-
ble for the FDA recommending even a lower dose for the prevention of cardiovascular
events. So I think it also explains the low ulcer frequency.

LANGMAN

In examining aspirin studies, you come back to what the risk is. And if this is only a
doubling or a tripling, then, as we said yesterday, you must have an enormous study
to show something is there. This is why nonsteroidal anti-inflammatories are shown to
be free of gastric side effects when they are released.

DOMSCHKE

Just an extension of this topic: What do you think of starting with low doses of aspirin,
to take advantage of this potential adaptation phenomenon which you have alluded to
during your presentation? Moreover, with regard to clinical practice, I should like to
ask : What do you think about these microencapsulated formulations of acetylsalicylic
acid? Are they less harmful?

JOHANSSON

As to your first question, I think this has to be clinically investigated before we can
answer to it. As to the second, I am not so sure. Intestinal lesions have been reported
following treatment with nonsteroidal anti-inflammatory drugs. If you take a slow-
release drug and happen to swallow it just before an interdigestive migrating complex,
you will propulse the drug to a certain level in the intestine, where it will stay for
another 90-150 min., probably giving rise to a very high local concentration of the
ulcerogenic drug. This is likewise the case with slow-release potassium tablets. Per-
sonally, I would rather take soluble aspirin than any slow-release form.
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Introduction

Prostanoids inhibit gastric acid secretion and exert cytoprotective properties. In pa-
tients with active duodenal and gastric ulcers [1, 2] decreased endogenous prostanoid
synthesis was reported. Synthetic prostanoids are effective in the treatment of
duodenal ulcer though healing rates are somewhat lower than those achieved with
H,-blockers [3]. In patients with gastric ulcer, hyperacidity is probably less important
than in patients with duodenal ulcer, and therefore synthetic prostanoids may be of
special value in the induction of healing.

The present report sumimarizes the results of published [4-6] clinical trials in which
the efficacy of synthetic prostanoid analogues, misoprostol and enprostil, in the heal-
ing of gastric ulcer was compared to that of placebo and H,-blockers.

Misoprostol, a synthetic PGE, analogue, inhibits the secretion of gastric acid and
pepsin in man [7] and increases duodenal bicarbonate and mucus secretion [7-8]. It
does not decrease gastric blood flow [9] nor modify the gastrin response to a standard
test meal [10]. Misoprostol protects against the damaging effects of bile [11], alcohol
[12], and aspirin [13, 14]. Enprostil is a synthetic analogue of PGE,. It also inhibits
gastric acid secretion, stimulates mucus secretion, but is claimed to inhibit antral
gastrin release.

Comparison of Misoprostol and Cimetidine

Patients had at least one benign gastric ulcer with a diameter of 0.5-2.5 cm which was
proven endoscopically. The study was a multicenter double-blind, parallel-group com-
parison of two doses of misoprostol (50 pug and 200 ug) with 300 mg of cimetidine. Pa-
tients were treated four times daily and the duration of treatment was 4 weeks when
endoscopic assessment was repeated. Healing rates were analyzed for three cohorts of
patients :

1. the intent-to-treat group, in which all eligible patients who received at least one dose
of study medication were included and all withdrawals and losses to follow-up were
regarded as failures;

2. similar to the first cohort but excluding petients lost to follow-up and

3. similar to cohort 2, but also excluding patients withdrawn for reasons unrelated to
treatment.
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The healing rate was analyzed using log linear models to examine treatment dif-
ferences. Global pain was graded as none, mild, moderate, or severe at each visit. The
two-paired comparisons were performed separately at 2 and at 4 weeks using the
Mann-Whitney test.

Study Population

A total of 628 patients received treatment, 14 of them did not meet the inclusion
criteria and were therefore ineligible. As a result, the intent-to-treat cohort consisted
of 178 patients in the misoprostol 50 pg group and 218 in each of the other two treat-
ment groups. Five patients in each group were lost to follow-up. Seven patients in the
misoprostol 50 pg group and five in each of the other two groups were withdrawn for
reasons unrelated to treatment. Thus cohort 3 comprised 166 patients in the
misoprostol 50 pug group and 208 patients in each of the other two groups.

Demographic Details. There were no marked differences in age or occupation between
the three groups, but there were more men than women in each group. The proportion
of men in the misoprostol 50 png, 200 pg, and cimetidine groups was 67%, 63%, and
59%, respectively. The distribution of cigarette smokers to nonsmokers and of alcohol
consumption was also similar in the three treatment groups.

Healing Rates

The difference in healing rates was similar in all three cohorts : misoprostol 200 pg was
significantly better than 50 pg but not different from cimetidine (Table 1). Tobacco,
alcohol usage, and gender had no statistically significant effect on treatment com-
parison (Table 2). At 4 weeks, however, the differences in the healing rates in smokers
were quite marked, at 32% for misoprostol 50 g, 46% for misoprostol 200 pg, and
58% for cimetidine.

In all three treatment groups, the incidence and severity of pain before therapy was
similar, and there was a reduction in pain over time. At 2 weeks, cimetidine relieved

Table 1. Healing effect of 4-weekly therapy with misoprostol and cimetidine on gastric ulcer healing

Treatment group Cohort 1 Cohort 2 Cohort 3
(n) (%) ) (%) (n) (%)
Misoprostol ( 50 ng) 70/178 393 70/173 40.5 70/166 42.2
Misoprostol (200 pg) 112/218 51.4 112/213 52.6 112/208 53.9
Cimetidine (300 mg) 126/218 57.8 126/213 59.2 126/208 60.6

Statistical significance
Misoprostol (200 ng)
vs. 50 pg (one-sided) P = 0.008 P = 0.008 P = 0.013

Misoprostol vs.
cimetidine (two-sided) P =0.16 P =0.15 P = 0.13
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Table 2. Effects of tobacco, alcohol consumption, and gender on gastric ulcer healing

Healing rate

Misoprostol Misoprostol Cimetidine Overall

(50 pg) (200 pg) (300 pg)

(%) (%) (%) (%)
Tobacco 32 46 58 46
No tobacco 54 60 57 57
Alcohol 37 58 61 53
No alcohol 40 49 57 49
Men 41 48 60 50
Women 36 57 55 51

pain significantly better than misoprostol 200 pg (P = 0.047), but at 4 weeks there was
no significant difference. Misoprostol 200 pg relieved pain significantly better at 4
weeks than did the 50 ng dose (P = 0.019). However, pain is not always present when
there is an active ulcer, and sometimes it is present when there is no ulcer [15, 16].

Side Effects

The number of patients reporting increased frequency of bowel function at 2 and 4
weeks was not significantly different between the treatment groups. The bowel habits
of the majority of patients did not change. The only potentially important change in
the biochemical variables was an increase in mean serum creatinine in the cimetidine
group from 83.5 pmol/liter to 90.0 pmol/liter and 88.8 pmol/liter at 2 and 4 weeks,
respectively. The increase was statistically significant in the misoprostol groups.

Comparison of Misoprostol and placebo

This was a multicenter randomized double-blind study in which two doses of
misoprostol 25 ng q.i.d and 100 pg q.i. d were compared at 2, 4, and 8 weeks. Healing
rates were analyzed according to the three cohorts previously described. A total of 304
patients entered the trial, five of whom were not eligible for analysis. The proportion

Table 3. Healing effect of 8-weekly therapy with misoprostol and placebo on gastric ulcer healing

Treatment group Cohort 1 Cohort 2 Cohort 3

(n) (%0) (n) (%0) () (%0)
Misoprostol 25 ug 52/104 50.0 52/95 54,7 59/94 54.3
Misoprostol 100 pg 57/92%* 62.0 57/85 67.1 54/79 68.4
Placebo 46/103 44.7 46/86 53.5 44/80 55.0

* P < 0.042 between treatment groups
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of subjects healed at 2 and 4 weeks was greater in the misoprostol 100 pg q.i.d group,
though it reached statistical significance only at 8 weeks and only in the intent-to-treat
group, i.e., cohort 1 (Table 3). There was no difference among the three treatment
groups in the decrease of ulcer pain. Mild self-limiting diarrhea was noted in 9.8% of
patients treated with the high misoprostol dose, in 7.7% of patients treated with the
low dose and in 1.9% of placebo — treated patients.

Efficacy of Enprostil

A total of 128 gastric ulcer patients were randomly assigned to receive treatment with
either enprostil 70 pg b.i.d., enprostil 35 pg b.i.d., or with placebo. Patients were en-
doscoped following 2, 4, and 6 weeks of treatment. Ulcer healing rates are detailed in
Table 4: there were no statistically significant differences in healing rates among the
three groups at 2 and 4 weeks. At 6 weeks, the healing rate with enprostil 35 pg b.i.d
was significantly better than with placebo (P < 0.008). The most common side effect
was diarrhea which was mild and transient. In a second study 50 patients with gastric
ulcer were randomly allocated to receive treatment with enprostil 70 pug b.i.d or with
ranitidine. Endoscopy was repeated monthly for 3 months or until healing. Healing
rates were similar in the two treatment groups.

In a third study, 100 patients with active gastric ulcer were randomized to receive en-
prostil 35 pg b.i.d. or ranitidine 150 mg b.i.d.. Endoscopy was performed biweekly
for 2 months or until healing. Healing rates in the enprostil group were 22%, 58%,
80%, and 86% at 2, 4, 6, and 8 weeks. In the ranitidine-treated patients the correspon-
ding healing rates were 22%, 66%, 84 %, and 89% (Table 4). The differences were not
statistically significant.

In conclusion, the synthetic prostanoids misoprostol and enprostil appear to be safe
and effective in the treatment of gastric ulcer. However, their effects do not seem to be
different from those of H,-blockers.

Table 4. Effect of enprostil and ranitidine on gastric ulcer healing

Healed ulcer at week

Treatment group (n) 2 4 6 8 12
(%) (%) (%) (%) (%) (%)

Enprostil 70 pg b.i.d. 36 17 50 71

Enprostil 35 pug b.i.d. 35 17 53 82

Placebo 32 16 35 52

Enprostil 70 ng b.i.d. 25 64 92 92

Ranitidine 150 mg b.1.d. 25 52 88 100

Enprostil 35 pg b.i.d. 50 22 58 80 86

Ranitidine 150 mg b.i.d. 50 22 66 84 89
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Exogenous Prostaglandins and their Analogues
in Duodenal Ulcer Therapy

S. J. SONTAG

Introduction

The role of prostaglandins (PGs) in the gastrointestinal tract, especially concerning
regulation of gastric secretion and protection of the mucosa, has recently captured the
interest of the scientific community [1, 2].

After PGs of the E series were found to be potent inhibitors of basal and stimulated
gastric acid in man [3, 4], investigation of their effects on ulcer disease followed. These
naturally occurring PGs, however, were short lived and were rapidly inactivated by en-
zymes in human tissues [5]. Therapeutically useful compounds would have to be longer
acting and able to resist rapid destruction. To solve this problem, various PG analogs
were developed that were resistant to normal enzymatic metabolism, making them ac-
tive in oral form and more potent than their naturally occurring counterparts. These
synthetic analogs of PGE, and PGE,, when administered orally in microgram
amounts, inhibited histamine-, pentagastrin-, and food-stimulated gastric acid for up
to five hours [6, 7].

The antisecretory properties of PGs, the ability of PGs to protect the gastric mucosa
aganist a variety of noxious agents [§-12], and the evidence suggesting that ulcer is a
PG deficiency state [13-15] theoretically provide a rationale for the therapeutic use of
exogenous PGs in ulcer disease.

In an effort to determine whether administration of PG analogues would heal
gastroduodenal ulcers, a number of pharmaceutical companies have begun clinical
ulcer healing trials with newly developed synthetic PGs of the E series (Fig. 1).

To date, only four PG analogues have been subjected to double-blind controlled
duodenal ulcer trials large enough to provide meaningful efficacy data: arbaprostil,
enprostil, misoprostol, and rioprostil. Entrance and exclusion criteria were essentially
similar for all studies. The characteristics of the study designs are shown in Table 1.

Overall Healing Rates

Figures 2-5 show the 4 week duodenal ulcer healing rates for the PG analogs enprostil,
misoprostol, arbaprostil, and rioprostil and the comparative drugs, placebo,
cimetidine, and ranitidine.
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Fig. 1. Newly developed synthetic PGs of the E series

Enprostil

More than 700 patients from 10 countries have been enrolled in 4 controlled duodenal
ulcer trials of enprostil. Enprostil 35 mcg twice daily resulted in healing rates at 4
weeks of between 65% and 75% [23-26]. Although 70 mcg twice daily of enprostil
had a healing rate at 4 weeks of almost 80% [23], the high incidence of diarrhea (51%)
prevents its therapeutic usefulness. In 2 non-placebo controlled trials the 4 week heal-
ing rates of 35 mcg enprostil bid were similar to 400 mg cimetidine bid in one [25], but
statistically inferior to 150 mg ranitidine bid in the other [26].
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[ Placebo

¥4 35 mcg Enprostil bid
KA 70 mcg Enprostil bid
M 150 mg Ranitidine bid
F=1 400 mg Cimetidine bid

* Statistically Better Than Placebo
§ Statistically Better Than Enprostil

Fig. 2. Duodenal ulcer healing rates
with enprostil

Misoprostol

More than 2,000 patients from 20 countries have been enrolled in 6 controlled
duodenal ulcer trials. Four times daily of 50 mcg misoprostil, a dosage considered to
be non-antisecretory, was no better than placebo in healing duodenal ulcers [16, 20].
Healing rates expressed in terms of percent difference greater than placebo show a
definite dose response curve with virtually all qid doses above 50 mcg and the bid dose
of 400 mcg being effective in healing ulcers (Fig. 4).

Arbaprostil

One hundred seventy-three patients from 4 countries were enrolled in one duodenal
ulcer trial [22]. Although superiority of arbaprostil over placebo was demonstrated,
the trial was marred by inconsistent healing rates among investigators. Indeed, one

center entered only patients with refractory ulcers, resulting in considerably lower heal-
ing rates.
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Fig. 3. Duodenal ulcer healing rates with misoprostol

Fig. 4. Misoprostol healing as expressed as percent healed greater than placebo
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Fig. 5. Duodenal ulcer healing rates with
arbaprostil and rioprostil

Rioprostil

Two hundred and eight patients were enrolled in a controlled clinical trial of night-time
therapy only [27]. Ranitidine 300 mg hs was compared to rioprostil 600 mcg hs
(Fig. 5). Healing rates at 4 weeks were similar in both groups (90% vs 84%) suggesting
that one dose at night of a PG analog may be effective in healing duodenal ulcers.

From these studies, PGs are indeed effective in healing duodenal ulcers. The
mechanism by which healing occurs, however, is still not certain. For instance, for
misoprostol, the non-antisecretory doses that in other studies protected against aspirin
injury were not effective in healing duodenal ulcers. For duodenal ulcers, at least, it ap-
pears that antisecretory doses of PGs are needed to speed healing. Although it is possi-
ble that mucosal protection occurs only with some acid reduction, mucosal protection
as the mechanism of ulcer healing in these studies remains theoretical. For enprostil,
both doses (35 mcg and 70 mcg) that were effective in healing ulcers [23-26] also
significantly inhibited gastric acid secretion ; non-antisecretory doses were not studied.
Once again, mucosal protection alone as an ulcer healing mechanism was not
demonstrated with enprostil. For rioprostil, ulcers healed with a single antisecretory
dose at night ; daytime gastric acid was not significantly suppressed.

Effect of Smoking on Healing Rates
Cigarette smoking is a major risk factor for the development [28] and recurrence

[29, 30] of peptic ulcer. The effect of smoking on ulcer healing in studies large enough
to provide adequate data is shown in Figures 6-8.
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Fig. 6. Effect of smoking on ulcer healing: Enprostil trials

In the enprostil studies (Fig. 6), smokers consistently had lower healing rates than
non-smokers. Neither enprostil nor ranitidine appeared to protect smokers.

Misoprostol, on the other hand, at high doses appeared to provide some protection
for smokers (Fig. 7), with similar healing rates for smokers and non-smokers only at
the 200 mecg qid dose. It is interesting to note that smokers required 200 mcg
misoprostol gid to accomplish what misoprostol did in non-smokers at 100 mcg gid.
A second study [19] also showed that smokers and non-smokers had similar healing
rates when misoprostol was taken at a dose of 200 mcg or 300 mcg gid.

Fig. 7. Effect of smoking on ulcer healing
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Table 2. Effect of PGs on pain relief and antacid consumption

Study Pain relief Antacid consumption Ref.

E-35, E-70 P (b.i.d) E-35 Superior to P at No differences [23]
2 & 4 wks at night (£-70 b.i.d Trend)

E-35 P (b.i.d.) No differences No differences [24]

E-35, C-400 (b.i.d.) C Superior to £ Data not analyzable [25]
only at night

E-35, R-150 (b.i.d.) R Superior to £ only at - [26]
weeks S & 6

RIO-600, RAN300 (hs) No differences —

M-50, M-200 P (g.i.d.) No differences Signif for M-200 only [16]

during third week

M-100 P(q.i.d.) No differences - [17]

M-200, M-300 P(q.i.d.)* M Superior to P at 4 M Superior to P at {19]
weeks and beyond 4 weeks and beyond

M-50, M-200, C-300 (q.i.d.)* C Superior to M at 2 and — [20]
4 weeks

M-200, M-400 P (b.i.d.) No differences No differences {18]

Effect of PGs on Ulcer Symptoms

The effect on ulcer symptoms of PGs, H, blockers, and placebo is shown in Table 2.
Misoprostol [19] 200 mcg or 300 mcg, qid was superior to placebo in relieving pain at
4 weeks and beyond (Fig. 8). In another study [20], cimetidine 300 mg qid was superior

Fig. 8. Effect of cimetidine and misoprostol on ulcer pain
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to misoprostol 200 mcg qid in relieving pain. In the remaining 8 studies, no important
differences were apparent between the PG analog and either placebo or H, blocker.

Summary

Evidence available to date indicates that synthetic analogues of PGs heal duodenal
ulcers only in doses that suppress gastric acid. There has not yet been demonstrated any
consistent benefit to this class of drugs compared to already available conventional
agents in the treatment of duodenal ulcer disease. It is possible, however, that non-an-
tisecretory doses of PGs, by maintaining mucosal integrity and preventing ulcer recur-
rence, may eventually have a role in the treatment of ulcer desease.
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Discussion Following the Reports of Prof. Rachmilewitz
and Dr. Sontag

LANGMAN

Firstly, the evidence of prostaglandin deficiency in gastric ulcer is by no means com-
plete; Chris Hawkey in our laboratory, for example, shows mainly a difference between
having gastritis and not having gastritis, not related to ulcer. Secondly, I would like to
attribute the findings in Jerusalem to intervention by Jehovah, as you do, but I think
I must really attribute them to the failure of intervention by a statistician. What you
need, is to quote confidence intervals; I think this is true for all the studies, and you
can then get a better appreciation of different means between studies. The third point
I would like to make is in relation to enprostil. We have looked at relapse rates after
stopping treatment, and these do not look very different from the relapse curves for
ranitidine. It looks as though they are fundamentally the same (Hawkey CJ (1986) Syn-
thesis of prostaglandin E,, thromboxane B, and prostaglandin catabolism in gastritis
and gastric ulcer. Gut 27: 1484-1492).

RACHMILEWITZ

Just two comments. I definitely agree with you that the data about prostaglandin pro-
duction in gastric ulcer are not complete. As to your second point: I thought that as
a Briton you would have a sense of humor. No further comments.

WEIHRAUCH

I think, since the data on misoprostol and enprostil have been extensively reviewed, and
the rioprostil nocte study has been mentioned, it would be appropriate and maybe of
interest if Dr. Demol would give a short comment on the efficacy of rioprostil in
placebo-controlled studies and in studies contrasting cimetidine and ranitidine, for this
clinical program is also finished.

DeEmMoL

Two slides, please. Here are some of the results that we obtained in gastric ulcer. This
is a multicenter European study comparing rioprostil (300 ug twice a day) with
ranitidine (150 mg twice a day). Endoscopy was done at 4 and 8 weeks ; in the first slide
are the patients with healed ulcer. As you can see, there was no difference between the
two treatments: 50% of patients were healed after 4 weeks and about 80% in both
groups after 8 weeks. Here we have done analyses with confidence intervals, and there
were no significant differences. The second slide shows the percentages of patients with
pain. As you can once again see, in gastric ulcer there was no difference between
rioprostil and ranitidine in relieving pain.

RASK-MADSEN

I should like to comment on Dr. Sontag’s contribution since we have just finished our
trial on ulcer recurrence during maintenance treatment with enprostil, 35 pg daily,
versus ranitidine, 150 mg daily, for up to 12 months in 142 patients who had healed on
either drug. There was a highly significant difference in recurrence rates at 3, 6, and
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12 months, as judged by endoscopy (intent-to-treat cohorts), favoring ranitidine treat-
ment also in the long term, since the recurrence rates observed in the enprostil group
were not different from those observed during folow-up off treatment. I would also like
to comment on the high healing rates observed in the Danish study. First of all, we have
observed similar healing rates in duodenal ulcer patients following treatment with H,
blockers in all trials based on patients from the Island of Funen, which has a popula-
tion of some 400000.

SONTAG
Were all the patients referred from the X-ray department?

RASK-MADSEN

No, they were not referred from the X-ray department but directly from general practi-
tioners who had no access tox-ray and did not have a specialist to refer to for en-
doscopy.

SONTAG

Were these patients the ones with the more difficult ulcers or did they more accurately
represent the general population?

RASK-MADSEN
As you suggest, the study reflected what is daily life among patients.

DOMSCHKE

This is in direct association with the differences in the placebo healing rates found in
Israel and the United States. Do you think this is a real difference, or could this rather
be due to the endoscopic activity which might be different in Israel and in the US? To
all evidence North Americans seem a bit more reluctant to perform endoscopies and
do them a bit later than is the case in most European countries. So it might be that a
negative selection of peptic ulcers is under therapy in the American studies as com-
pared to the Israeli. Would you be kind enough as to speculate on this point?

RACHMILEWITZ

I really do not know the answer. In duodenal ulcers we have recruited about 400 pa-
tients for various trials in the past 2 or 3 years. We had a healing rate with placebo
which reached about 66% ; with cimetidine we had 93%. Worldwide the mean healing
rate with H, blocker therapy is around 75%. I really do not have an explanation for
the fact that in Israel healing rates are higher, and I therefore used a joke in presenting
the data.

LANGMAN

I do agree fully with your point of view, because the situation in your country is quite
comparable to that in Central Europe. I should like to ask Dr. Sontag: How are the en-
doscopic activities practiced in your Veterans’ Administration Hospital in Hines?
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SONTAG

At Hines we offer endoscopy to almost everyone with abdominal pain, and the X-ray
department has much less work to do now. We usually perform endoscopy on the same
day as they present to us, because patients may have travelled for 20 miles to get to
Hines. If they come that far, they should have a definite answer. The placebo healing
rate may be lower in Chicago than in Jerusalem or Europe because many patients in
clinical trials in the United States are from lower socioeconomic groups ; they may have
more resistant ulcers.

RACHMILEWITZ

In America, as you know, at least from the physicians’ own economic point of view,
patients are endoscoped with great enthusiasm — though not in the VA system.

SONTAG
However, they do not often refer their private patients for the studies.

RACHMILEWITZ
That is correct.

REES

A question to both speakers. In the past, for the sake of cleanliness of the study, pa-
tients on nonsteroidal anti-inflammatory drugs have often been excluded from various
placebo-controlled studies of H, antagonists. Do you have any data to suggest that
patients with gastric ulcer or duodenal ulcer who are taking nonsteroidal anti-inflam-
matory drugs behave any differently in response to prostaglandin analogues? Clearly,
as we have already heard, this may be an important group of patients in the future for
clinicians to treat. Theoretically, I suppose this is an area in which prostaglandin
analogues may play an important role.

RACHMILEWITZ

This is a different matter ; you are right. They do not allow in all studies recruitment
of patients who are to receive a nonsteroidal anti-inflammatory drug while on the
study. And, to the best of my knowledge, there are no data available on healing rates
achieved in this group of patients.

SONTAG

We exclude from most studies the people who really need the drug, such as those who
have multisystem disease or who are taking NSAIDs. Therefore, the results of many
studies are not representative for the general population.

DOMSCHKE

This discussion brings me to the central point, namely what are the indications for pro-
staglandin therapy at the present? As I see the situation, H, blockers remain the gold
standard in peptic ulcer therapy, but there may be subpopulations of our peptic ulcer
patients who might benefit from prostaglandin therapy. Among these may be patients
taking long-term nonsteroidal anti-inflammatory drugs. A second group may include
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patients who are heavy smokers. And a third group of patients may be those with H,
blocker refractory peptic ulceration. I should like to ask whether you share this view ?
Do you see additional subgroups of peptic ulcer patients who might be particulary
susceptible to prostaglandin therapy? Let us concentrate the discussion on the ques-
tion of indications for prostaglandin therapy. Would you be kind enough as to help me
in answering this question, both of you, Dr. Sontag as well as Dr. Rachmilewitz?

SONTAG

I will be kind, but I can not help you answer the question. The specific indications for
prostaglandin therapy in ulcer therapies are strictly theoretical. To my knowledge, there
has been no study that has properly addressed this question. Patients who might
benefit from prostaglandin therapy include smokers and patients who have refractory
ulcers after 8 weeks of H, blocker therapy. The problem I see with prostaglandins is
that they came after H, blockers. Had they come 15 years ago, then H, blockers may
be having the same difficulty gaining acceptance. If one compares the healing rates in
most studies, one sees that the results of H, blockers and those of prostaglandins are
similar. There are no data to suggest that PGs are superior to available therapy, and
there are, as far as I know, no properly planned studies to answer this question. There
are studies appearing now, but I am not sure that they are designed to answer this ques-
tion.

RACHMILEWITZ

I think you have outlined the problem very well. And really, unless one is a shareholder
of Syntex or Searle, I think there is no real, objective justification to use any of the syn-
thetic prostanoids available as a first-line choice at present. All the other possibilities
have an “if” before them. Moreover, do not forget that with H, blockers we have great
experience. They have been given to millions of people, and billions of tablets have
been consumed, and I think we should be very happy with that. I think that objectively
there is no justification to prescribe anything else as a first drug choice, except for one
of the H, blockers.

GRAHAM

We have only anecdotal experience with nonsteroidal drug-associated ulcer patients.
‘We are endoscoping symptomatic patients and do treat a few. It is my impression that
they do heal quite well, despite the fact that a nonsteroidal anti-inflammatory drug is
continued. Some of the patients we give no therapy, and their ulcers also heal, but more
slowly. But the impression that I have, is that ulcers from patients treated with pr