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Gastric mucosal integrity depends upon the balance between ,,aggres- 
sive” factors and ,,defensive” mechanisms. The formation of mucosal 
lesions results from the disruption of defense lines, including the breaking 
of unstirred mucus layer, the reduction of surface hydrophobicity, extensive 
exfoliation of surface epithelium, penetration of offending agents deeply 
into the mucosa and damage to the microvessels. The release of proinflam- 
matory and vasoactive mediators such as leukotrienes (LT), thromboxanes, 
platelet activating factor (PAF), endothelins and others has been thought 
to be involved in the pathomechanism of mucosal injury, especially damage 
to the microvascular endothelium, increased vascular permeability, reduct- 
ion in mucosal blood flow, vascular stasis, tissue ischemia and glandular 
cell necrosis. This paper reviews the mechanisms and possible pathogenetic 
implication of two related compounds, LT and PAF in acute mucosal 
injury by topical irritants such as ethanol, aspirin, bile salts and by stress. 
LT and PAF arise from similar membrane phospholipids and may regulate 
the biosynthesis of one another in the damaged mucosa. Although pharma- 
cological studies have clearly demonstrated the noxious effects of cysteinyl 
LT and PAF on the mucosa, especially when exposed to topical irritants, 
recent publications have challenged the primary role of these mediators 
in the pathogenesis of mucosal lesions and ulcerations because the treatment 
with agents that selectively antagonize their biosynthesis or the receptor 
sites at the target cells did not always interrupt the chain of events leading 
to mucosal injury. The role of these mediators in the mucosal repair proces- 
ses has been little studied but both cysteinyl LT and PAF seem to delay 
the restitution and healing of the mucosa. Further studies are necessary 
to clarify to what extent the biosynthesis of LT and PAF and the phar- 
macological inhibition of their action on the target tissues is related to 
noxious, protective and reparative events in the mucosa exposed to mild 
irritants and ulcerogens. 

Key words: cytoprotection, microvasculature, phospholipids, leukotrienes, platelet 

activating factor. 
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INTRODUCTION 

Previous research related fo acute gastric mucosal lesions has been 
largely centered on the aggressive environment of the gastric lamen, 
particularly gastric acid, pepsin and bile salts. Over the last 15 years, 
a great many studies have been focused on the protective actions of 
prostaglandins (PG) and cytoprotection (1). The recent surge of interest in 
mucosal protection has shown that gastric mucosal integrity is dependent 
upon the balance between the „aggressive” factors and „defensive” prop- 
erties of the mucosa. 

Gastric mucosa is exposed to the constant action of a variety of ir- 
ritants of exogenous or endogenous origin which may induce mucosal 
damage (1, 2). The maintenance of mucosal integrity involves several lines 
of defense such as the mucus-alkaline secretion, an unstirred layer at the 
mucosal surface, mucosal barrier, surface hydrophobicity, rich blood flow 
and rapid mucosal cell restitution aud replication, all working in concert 
to withstand continual aggressive assault (1—-4). 

The exposure of the stomach to topical irritants and ulcerogenie agents 
results in characteristic morphological, ultrastructural and - functional 
changes which reflect an imbalance between aggressive factors and defen- 
sive mechanisms. Such an imbalance is accompanied by the disruption of 
the unstirred layer, the reduction of surface hydrophobicity and excessive 
exfoliation of the surface epithelial cells. These changes permit offending 
augents and aggressive factors to penetrate the mucosa, to injure mucosal 
microvessels and glandular cells, and to release proinflammatory factors 
and vasoactive substances such as leukotrienes (LT), platelet activating 
factor (PAF), thromboxanes (TX), endothelins and others. Injury to the 
microvascular endothelium leads to microvascular stasis and cessation 
of oxygen and nutrient delivery, thus adding an ischemic component to the 

direct toxic injury of the mucosal cells (4). Within a few minutes after the 

exposure of the mucosa to topical irritants, an excessive exfoliation of 

surface epithelium occurs and concomitantly rapid restitution or migration 
of mucosal cells from the preserved area of gastric pits to the denuded 

basement membrane takes place. This is followed by a more prolonged 
renewal of gastric epithelium due to the proliferation of the progenitor 

yneck” cells, which normally lasts up to several days (4—6). The process 

of the re-epitheliazation of the damaged mucosa involving both rapid 

restitution and cell renewal is helped by the microclimates created by 

a gelatinous layer composed of mucus, desquamated epithelial cells and 

mucosal exsudate on the mucosal surface. Such a protective cover or 

„mucoid cap” enables also local disposal of irritants, especially hydrogen 

ions, by the release of bicarbonate ions (7, 8).
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More aggressive agents such as high concentration of acid, bile salts, 
aspirin, stress or necrotizing substances result in more extensive damage 
including deeper mucosal vasculature (9). Stasis, vasocongestion and 
thrombus formation lead to macroscopic hemorrhagic erosions and necrosis 
that are a characteristic picture of acute mucosal damage (9—12). The 
mucosal damage is followed by rapid repair and healing that involve 
a variety of locally generated humorals (13). The aim of this paper is to 
review the role of leukotrienes and platelet activating factor in the mucosal 
damage and repair. 

Role of LT in acute gastric mucosal damage 

Arachidonic acid (AA), that is liberated from membrane phospholipid 
stores by the action of phospolipases, may be metabolized via several 

pathways. In the cyclooxygenase pathway, ‘AA is transformed to unstable 

endoproxidase intermediates PGG, and PGH, ,which are subsequently 

metabolized to prostaglandin PGE, PGFyair, PGI,, PGD, and TXA,. 

PG have been shown to possesse a wide range of gastrointestinal effects 

among which the most remarkable is their ability to protect the gastroin- 
testinal mucosa against the damaging effect of various noxious agents 
(1, 2, 4, 11—13). 

In 1974, an alternative pathway of arachidonate metabolism was 
described (14) and the biosynthesis of a family of highly biologically acti- 

ve compounds, named leukotrienes (LT) was identified (14—16). This 

pathway is catalyzed by various lipoxygenase enzymes and results in 

the formation of noncyclized monohydroxy acids and hydroperoxy 

acids (HETEs and HPETEs) and LT. 5-HPETE, which is formed from 
AA by the action of 5-lipoxygenase, is either enzymatically or nonenzy- 

matically processed to 5-HETE or acts as precursor in the LT biosyn- 
thesis. Further conversion of 5-HPETE by 5-lipoxygenase yields the 

unstable intermediary 5,6-epoxide LTA, which can be enzymatically 
hydrated to form biologically active LTB, or can be spontaneously no- 
nenzymetically hydrolyzed to several distinct 5,12-dihydroxyeicosate- 
traenoic acids (5,12,diHHETE) showing only minor biological activity 

(Fig. 1). 
An alternate pathway of LTA, metabolism is mediated by enzyme 

glutathione-S-transferase and leads to the formation of LTC,. Succes- 

sive shortening of the peptide side-chain results in the conversion of LTC, 

to LTD, and further to LTF,. These compounds are named cysteinyl 

or sulfidopeptide leukotrienes. 
The initial step in the metabolism of LTC, involves the removal of
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Fig. 1. Metabolism of arachidonic acid via the 5-lipoxygenase pathway. 

the gamma-glutamyl group by the membrane-bound enzyme gamma-glu- 
tamyl transferase leading to the formation of LTD,. Removal of the 

glycine residue of LTD, by dipeptidases results in the formation of LTE,. 

The latter can be further metabolized to LTF, by addition of glutaminic 

acid to cysteine residue under the influence of gamma-glutamyl trans- 

ferase. The structure of LT metabolites in vivo and their routes of ex- 

cretion is species specific. In rodents, cysteinyl LT are excreted mainly
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in bile as N-acetyl LTE, while in humans they are excreted in urine in 
the form of LTE,. 

LTC,, LTD, and LTH, exhibit some differences in their biological ' 
activity but they convert from one active form to another by simple 
peptide cleavage. LTB, has very potent chemokinetic and ageregating 
activity on human and rodent polymorphonuclear cells. It is a potent 
chemotactic agent for leukocytes, eosinophils, monocytes and fibro- 
blasts. In addition, LTB, causes adherence of leukocytes to the vascu- 
lar endothelium followed by diapedesis and stimulates the release of 
lysosomal enzymes. LTB, induces plasma exsudation in various experi- 
mental models by a leukocyte-dependent mechanism and enhances the 
vascular permeability (15, 16). 

The primary actions of the cysteinyl leukotrienes are directed to 
smooth muscle, blood vessels and secretory cells (15—17). The spasmo- 
genic activity of these LT was recognized long ago as the smooth muscle- 
-contracting activity of the slow-reacting substance of anaphylaxis (SRS-A) 
released by the anaphylactic reaction. LT contract the smooth muscle. 
cells of the blood vessels, pulmonary airways, gastrointestinal tract and 
the myocardial and endothelial cells. These contractions are characte- 
rized by a slow onset and prolonged course. Regional differences have 
been found regarding the effects of LT on the rat gastrointestinal tract. 
Both LTC, and LTD, elicited concentration dependent contractions of 
the isolated rat stomach and colon and these effects were inhibited by LT 
receptor antagonist FPL 55712 (17). In contrast, the duodenum and 
ileum failed to respond to LT possibly due to the lack of LT-specific 
receptors in these regions of the gut. 

Effects of LT on gastric blood flow were studied in rats and in dogs. 
The first observation that some LT exert a vasoconstrictive effect on 
gastric vasculature was made by Whittle et al.in 1985 (18) using direct 
microscopy of the gastric submucosal vessels. They showed that LTO, 
caused almost immediate and pronounced dose-dependent contraction of 

the arterioles and venules characterized by a segmental and focal nature. 
LTB, and LTD, had no significant vasoactive effect on the rat submu- 
cosal microcirculation. The vasoconstriction by LTC, was not due to the 

release of an AA cyclooxygenase product such as TXA, because pretreat- 
ment with indomethacin did not affect the vascular changes induced by 

LTC,. Venular vasoconstriction caused by LTC, led to extensive stasis 

and sluggish blood flow resembling the vascular changes induced by 

necrotizing substances such as ethanol (9). Using canine ex vivo stomach 
preparation in a lucite chamber, we confirmed that, indeed, LTC, infu- 
Sed i.a. resulted in a dose-dependent reduction in total and mucosal blood 

flow to the stomach accompanied by the inhibition of gastric acid res-
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Fig. 2. Effects of gradually increasing doses of LTC, infused i.a. on systemic blood’ 
pressure, gastric blood flow, gastric mucosal blood flow (measured by H,-clearance) : 

and histamine-induced gastric acid secretion from the fundic portion of the stomach. 
in lucite chamber of anesthetized dogs. Mean +SEM of 5 experiments on 5 dogs. Asterisk 

indicates significant change as compared to the control value obtained with histamine- 
alone. 

ponse to histamine (19). Systemic blood pressure tended to increase (Fig. 2)... 

Arteriovenous oxygen difference was unaffected but the calculated oxy- 
gen consumption declined in these experiments mainly because of mu-- 

cosal vasoconstriction and increased gastric vascular resitance. It should be 

emphasized that only LTC, and LTD, showed a characteristic reduction 
in gastric circulation, oxygen consumption and acid secretion, wiiereak: 

LTB, was completely ineffective (19).
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The gastric inhibitory effect of LTC, was also observed in conscious 
dogs with Heidenhain pouch and gastric fistula stimulated by histamine 
pentagastrin and other stimuli (20). This inhibitory effect was probably 
secondary to the diminution of the blood flow to the stomach because 
tn vitro isolated gastric glands showed no change when LTC, was added 
to the incubation medium (20) nor did the inhibition when stimulated 
by histamine, carbachol and DBcAMP. In other studies (21), LTC,, LTD, 
and LTE, also did not affect basal acid production from the enriched 
rat isolated parietal cells but potentiated prestimalated secretion. Only 
high concentrations of LTC, end LTD, were found to inhibit acid secre- 
tion but at lower concentrations a typical augmentation of the secretion 
prestimulated by histamine, forskolin or DBcAMP was observed. LTB, 
had no effect on basal or prestimulated acid production. It was conclu- 
ded that in rats, cysteinyl LT have a direct effect on the partietal cells 
by interacting with intracellular mechanisms which are activated by 
membrane histamine-H, or muscarinic receptors. The difference in the 
action of LT on acid secretion may represent the species specific effect 
of these agents on the parietal cells or might be explained by the existence 
of functionally different LT receptor subtypes in the gastric mucosa. 
It is of interest that LTC, in the canine stomach induced the stimulation 
of alkaline secretion that was partly mediated by endogenous PG be- 
cause pretreatment with indomethacin reduced this effect. This increase 
in alkaline secretion was not caused by mucosal damage and passive 
bicarbonate diffusion from the plasma because the mucosal integrity 
was not affected as determined by measurement of the transmucosal 
potential difference (PD) in the stomach in these experiments. It should 
be mentioned that despite these remarkable alterations in the gastric 
circulation no visible mucosal damage was observed in animals recei- 
ving LT. | 

Our in vitro studies with isolated gastric glands have also demonstra- 
ted that LTC,, which showed only a slight effect on acid production, 
did not affect the viability of the glands exposed to indomethacin, their 
survival time or the release of the cytoplasmic enzyme LDH. Pretreat- 
ment with PGE, prolonged the bioviability of the glands and markedly 
inhibited the leakage of LDH from these glands, while LTC, was ineffec- 
tive in this respect (Fig. 3). This indicates that LTC, has no direct dama- 
ging action on the mucosal cells. 

The question remains whether LT are generated in the gastric mu- 

cosa in sufficient amounts to contribute to the damage observed after 

topical irritants and whether the alterations in the microvasculature 

are involved in this injury. Numerous studies have demonstrated that 
tissues of the gastrointenstinal system have a capacity of generating
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Fig. 3. Viability of isolated rat gastric glands as measured by the Fast Green exclusion 

assay and the release of LDH from these glands after their exposure to 1.5 mM indometh- 

acin alone (control) or indomethacin plus PGE, (10-7M) or LTC,(10-5M). Means+-SEM 

of 6 separate preparations of gastric glands. Asterisk indicates significant change as 

compared to the control value. 

not only cyclooxygenase but also lipoxygenase products of arachidonate 

metabolism (13, 25). As shown by Peskar and her colleagues (13, 25) 

LT release from the human and guinea pig gastric mucosa is greatly 

enhanced after antigen challenge and this effect can be prevented by 

pretreatment with FPL55712. Mucosa of the glandular portion of the 

rat stomach has a particularly high capacity of generating spontaneously 

LT, ond this generation is not affected by ionophore A23187 indicating 

that phospholipase and 5-lipoxygenase are not affected by an influx 

of calcium ions (Fig. 4). LT generated by the fragments of the gastro- 

intestinal mucosa under basal or stimulated conditions consisted mainly 

of a mixture of LTC,, LTD, and LTE,. Fragments of the mucosa in the 

incubation medium rapidly converted exogenous LTO, to LTD, and
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Fig. 4. Profile of cysteinyl LT released by human guinea pig and rat gastrie mucosa. 
LT formation was stimulated by ionophore A2187 (human and guinea pig) orin vivo 

exposure to ethanol (rat). LT were determined by specific RIA using antiserum that 

recognizes LTC,, LTD, and LTE, [from Peskar (13)]. 

LTE,. These findings indicate that the mucosa contains the enzymatic 

machinery to produce and metabolize cysteinyl leukotrienes. 
The role of LT in the vascular changes observed during acute gastric 

mucosal damage has been the subject of extensive investigations. Pihan 

et al (22) reported that close i.a. infusion of LTC, or LTD, caused wi- 

despread vascular damage as revealed by monastral blue labelling of 

gastric microvessels. We used protein leakage into the chamber and 

Evens blue leakage into the gastric mucosa as the indicators of vascular 

permeability and PD as an overall index of mucosal integrity. As shown
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in (Fig. 5), LTC, used in a dose of 1 vg/kg/min infused i.a. did not affect 
vascular permeability or mucosal integrity but the exposure to ethanol 
resulted in marked changes in both these parameters. 

Our findings that LTC, and LTD, do not affect the permeability of 
mucosal capillaries in the canine stomach are largely consistent with 
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the hypothesis that LT cause an extensive vasoconstriction and this may 
result in tissue anoxia with increased susceptibility of the mucosa to 
damage rather than cause direct injury to the endothelial or mucosal 
cells. (18, 19). Thus, while cysteinyl LT do not seem to be ulcerogenic 
by themselves, they may potentiate the noxious effects of damaging 
agents. 

This notion is supported by our finding (23) that LTC, given to rats 
did not cause any substantial damage to the intact mucosa but only 
augmented the mucosal injury induced by absolute ethanol, bile salts, 

aspirin or stress (fig. 6). Although this increase in the mucosal suscepti- 
bility to damage was dose-dependent and started with a dosage as low 

as 10 pg/kg of LTC,, it is not clear whether this LT is generated in suf- 
ficient amounts in the mucosa to induce alterations in the gastric micro- 
vasculature and to predispose the surrounding mucosa to lesions by 
various irritants. Since an intact microcirculation is fundamental to the 

functional and structural integrity of the mucosa (9—11), the actions
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Fig. 6. The effects of s. e. administration of LTC, (10 ug/kg-h) on the mean area of 
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on 8—10 rats. Asterisk indicates significant (P < 0.05) increase above the vehicle control 

value ([from Konturek et al. (29)]. 

of leukotrienes on the vasculature may be of importance in mediating 
or promoting gastric injury or ulcerations. It is well established that 
various models of acute gastric mucosal damage such as that induced 
by ethanol, bile salts, aspirin or stress conditions are accompanied by 
marked vascular damage (9—14). As shown by Guth (9) and Szabo and 
his colleagues (10—12) or Oates (24), the alternations in mucosal mi- 
crovasculature in ethanol-induced damage of mucosa closely resemble 
those observed after direct application of LTC, to the rat gastric mucosa 
suggesting a possible involvement of this vasoactive LT in the vascular 
cffects of ethanol in the mucosa. 

Peskar et al (25) provided a major contribution to the concept of 

LT being involved in the pathophysiology of gastric ulcerations by sho- 

wing for the first time that gastric mucosa produces large quantities of 

immuncreactive LTC, They also demonstrated that LT generation in- 
creased dose-dependently upon the exposure of the mucosa to increasing 

concentrations of ethanol. The increase in the mucosal biosynthesis of 

LTC, is closely correlated with the degree of hemorrhagic damage to 

the mucosa produced by ethanol, whereas the mucosal formation of cy- 
cloxygenase products such as TXB, or PGE, was unchanged (25). Certain
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gostroprotective agents such as carbenoxolon or nordihydroguiaretic acid 

(NDGA,) dose dependently reduced the area of mucosal damage produ- 

ced by ethanol and the release of LTC, by the mucosa. The maximal 
jncrease in mucosal release of LTC, was observed as early as 1 min after 

exposure to cthanol (25). It is, therefore, reasonable to assume that the 

nucrocirculatory changes caused by ethanol may be at least in part me- 

diated by cysteiny! LT. This effect may represent a selective activation 

of the 5-lipoxygenase pathway of arachidonate metabolism because other 

products of arachidonate metabolism such as TXB, or PGE, were not 

affected by ethenol. 

The finding that the exposure of the gastric mucosa to ethanol increases 

nucosal production of LTC, while causing mucosal damage has been amply 

confirmed by various investigators (13, 23, 26—30). We fcnnd (23, 29) that 

such ethanol-induced mucosal damage with accompanying increase in LTC, 

release may be prevented by pretreatment of the agent FPL 55712, which 

entagonizes the cysteinyl receptors (Fig. 7). This prevention by FPL 

55712 occurred without‘ alteration in the generation of LTC but with 
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significant increase in the biosynthesis of PGE,. Indomethacin, which 

almost completely suppressed mucosal PGE, production, partly reversed 

the protective effects of FPL 55712 but again did not affect the enhanced 

production of LT. It is of interest that FPL 55712 reduced not only etha- 

nol-induced gastric damage but also that produced by other ulcerogens 

and was the most effective against stress-ulcerations (23). These effects 

might be attributed to the enhancement of PGE, formation by FPL 

55712 rather than to the antagonism of LTC receptors by this agent. 

In the aspirin-treated stomach, the increase in LT generation was relati- 

vely small, but unlike other types of mucosal injury aspirin caused almost 

complete suppression of mucosal biosynthesis of PGE, so that the ratio 

of LTC,/PGE, was greatly increased. This increase might be responsible 

for the proulcerogenic effect of aspirin. 

Important evidence supporting the involvement of LTC, in the path- 

ogenesis of acute gastric mucosel lesions derived from studies with gastro- 

protective agents affecting the formation of LT in ethanol-treated mucosa. 

There is a close relationship between the gastroprotection obtained with 

a number of drugs and the inhibition of LT formation (13, 23, 25, 26, 29). 

There is a long list of gastroprotective agents including carbenoxolone, 

NDGA, sodium salicylate, sulfhydryl containing substances such as cyste- 

amine, colloidal bismuth (30). However, other gastroprotective durgs 

including Al/Mg-containing antacids or sucralfate, which are known to 

stimulate mucosal PGE formation, fail to affect enhancement in the 

production (by ethanol) of LTC, generation in the gastric mucosa (13). 

These findings indicate that ethanol-induced stimulation of gastric mucosal 

LTC, synthesis may occur despite pronounced protection, implying that 

the increased biosynthesis of LTC, may not be a secondary phenomenon 

resulting from gastric mucosal injury. 

Proofs of LT involvement as a mediator of acute mucosal damage 

should be obtained from experiments using highly selective inhibitors of 

the 5-lipoxygenase pathway. Although it is the most informative of all the 

approaches undertaken in such studies, it has proved to be the most 

difficult and the results so far obtained are very divergent. A number of 

inhibitors of lipoxygenase have been shown to prevent gastric mucosal 

damage. We showed that NDGA reduced the ethanol-induced mucosal 

damage and increased the LTC, release by ethanol (29), but this inhibitor 

is not specific and its protective effects may possibly be related to the 

enhancement of mucosal PG generation or to some other actions such 

as anti-oxidant or free radical scavenging (25). 

Whittle and his associates (27) used acetohydroxamic acids such as 

BWAAC, which was found to be a highly effective inhibitor of both LTB, 

and LTO, formation, indicating inhibition of the common 5-lipoxygenase



120 

enzyme pathway. This inhibitor is specific for 5-lipoxygenase as it does 
not affect the biosynthesis of PG cycloxygenase. BWA4C was completely 
ineffective as a protective agent against ethanol damage (27). Another 
5-lipoxygenase inhibitor, BW755C, also suppressed the LTC, formation 
and did not affect PG biosynthesis, but was highly protective against 
ethanol damage (28). However, this drug caused gastroprotection at a dose 
much lower than that required for the inhibition of LT formation. Again, 
gastroprotection by BW755C may occur through a mechanism that appears 
to be unrelated to the inhibition of LT synthesis and possibly results from 
the scavenging of oxygen free radicals or from the inhibition of 12- or 
15-lipoxygenase which are only weekly inhibited by BWA4C (27). It is 
likely that the products of these enzymes such as hydroperoxy metabolites 
or free radicals, are involved in ethanol-induced damage. For comparison, 
indomethacin was used in another series of experiments and caused only 
suppression of PG formation without major changes in the LT formation 
and of course, without gastroprotection (39). At a high dosage there was 
significant inhibition of LTC,. This could be ascribed to the inhibition by 
indomethacin of phospholipase A, with subsequent reduction in the availa- 
bity of arachidonic acid for both cyclo- and lipo-oxygenase enzymes (31). 

Wallace et al (26) compared the gastroprotective and LTC suppressing 
effects of numerous agents and confirmed that following exposure to 
ethanol there is an increase in LTC formation. Certain agents such as 
BW755C reduced in parallel fashion the formation of gastric ulcerations 
and of LTC biosynthesis. Other substances such as L651392 (LT biosyn- 
thesis inhibitor) or dexamethasone strongly suppressed LTC biosynthesis 
but failed to show any gastroprotective activity. Rioprostil, PGE, analog, 
and FPL 52694, mast cell stabilizer, were protective without inhibiting 
LTC formation (26). Thus, there was no significant correlation between 
mucosal protection and the inhibition of LT formation, so the inhibition 
of 5-lipoxygenase does not necessarily confer protection on the gastric 
mucosa. These studies led to the conclusion that LTC, is unlikely to play 
an important role as mediator of ethanol induced gastric mucosal damage. 

In this issue of the Journal, the paper of Peskar (30) demonstrates 

that the selective inhibition of 5-lipoxygenase does not confer protection 
against gastric mucosal damage induced by non-anti-inflammatory drugs 

such as indomethacin or topical irritants other than ethanol. It seems 

unlikely that the mucosal LT system is involved in the injurious action 

of non-steroidal anti-inflammatory compounds (30) since the pronunced 

reduction of LTC, generation caused by 5-lipoxygenase blocker, A-63162 
did not result in any significant mucosal protection against indomethacin 
damage. Furthermore, hypertonic solutions such as 25%, NaCl or chemical 
noxious agents such as 0.2 N NaOH, 0.6 N HCl or acidified taurocholate
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did not cause any consistent increase in mucosal LTC, generation despite 

the extensive mucosal damage. This suggests that the increased release 

of LTC, from the gastric mucosa exposed to ethanol is not just a conse- 

quence of cell necrosis and damage (30). Interestingly, PGE, (31, 32). 

or capsicin (33), which exhibit gastroprotective activity, failed to affect 

the increased LT formation induced by absolute ethanol, indicating that 

the protection may be gained even in the presence of full stimulation of 

LT biosynthesis. This is almost in agreement with a previous report (28) 

showing that oral treatment with PGE, prevented hemorrhagic mucosal 

damage caused by ethanol without reducing LTC biosynthesis while 

16, 16 dimethyl-PGE, prevented both the gastric mucosal lesions and the 

increase in mucosal LT formation. The difference in the effects of these 
PG may be related to the nature and dose of PGE, used in this study (28). 

Recently Osada et al (34), using the HPLC system demonstrated that 

a measurable amount of LT could be detected after 1 h of 0.6 М На 

administration, whereas mucosal lesions appeared only within 15 min 

after exposure to the damaging agent. In our hands (Fig. 8) the introduction 

  

  

  

  

              

o 
200; 

= 

5 
5 100; 
CN 

> 
| т т 

< = ETOH alone 

= 80- ETOH +L-663,536 
u R 5mg/kg p.o. 
<x 
= 40 
© 
м 
— | 

0 25 50 100 

ETHANOL (%) 
Fig. 8. Meaan are of gastric lesions and mucosal generation of PGE, and LTC, following 

intragastric administration of 1 ml of ethanol alone in gradually increasing concentrations 

without and with pretreatment (30 min before ethanol) with L-663, 536, a potent 5-lipoxy- 

genase inhibitor. Mean+SEM of 8—10 experiments on 8—10 rats. Asterisk indicates 

significant decrease below the control value obtained with ethanol alone. 

2 — Journal of Physiology and Pharmacology



122 

of ethanol into the stomach resulted in a dose-dependent increase in mucosal 

damage and concomitant increments in the mucosal generation of LTC, 

(but not PGE,). Pretreatment with a potent and selective 5-lipoxygenase 

inhibitor (L-663,536) almost completely abolished increments in the 

mucosal formation of LTC, but failed to affect mucosal damage by exposure 

to ethanol. Severs] studies support the hypothesis that LT are not the 

primary mediators of the gastrie ulcerogens but that extensive mucosal 

injury may result in the increased formation of LT (35, 36). | 

Although endogenous LT are unlikely to play a key role in the patho- 

genesis of acute gastric lesions, little is known about the effects of LT 

on the repair end healing of acute gastric lesions and chronic ulcerations. 

As mentioned in the introduction, the processes of mucosal repair and 

healing following acute gastric damage dependent on the protection of 

denuded gastric mucosa from the damaging effect of the gastric environm- 

ent, such al luminal acid and other noxious agents (6, 37, 38). Kuroiwa 

et al (39) reported recently that the maintenance of the mucosal blood 

flow by PG greatly contributes to mucosal healing of stress lesions. It is 

expected that LT may markedly impair the restitution process by reducing 

  

      

  

  

  

  

  

STRESS ULCERATIONS 

PROTECTION HEALING (after 12h) 
I 

30; 

a | a 
с TR | 

со 20- | a 
2 | ° 
> т 

= | 
ыы | G 10 | 
—} 

~ | 
| 
|                         

  

CONTROL AS53612 TCV309 _ CONTROL A53612 TCV-309 — 
(SOmgfguaifOo/kgtp) (SOma/kg на) МОроико ур) 

Fig. 9. The effect of intragastric administration of A-53612, a potent 5-lipoxygenase 

inhibitor, or intraperitoneal administration of TCV-309 a potent antagonist of PAF 

receptors, on the formation (protection) or healing of acute gastric mucosal lesions induced 

by water immersion and restraint stress. Both agents prevented in part, the formation 

of lesions and significantly enhanced the repair of damage as observed 12h after with- 

drawal of stress. Means-+_SEM of 8—10 tests on 8—10 rats. Asterisk indicates significant 

decrease of ulcer number as compared to control rats treated with vehicle.
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blood flow and the delivery of oxygen and nutrients to the gastric tissue, 

However such a study has not yet been undertaken and even the finding 

that PG promote the restitution of surface epithelium is difficult to in- 

terpret, since these compounds may also reduce the severity and depth of 

the cell damage in the regeneration zone rather than to have a direct 
effect on the restitution process (37, 38). Recently, we (39) found that 

pretreatment with a potent inhibitor of 5-lipoxygenase, A 53612, markedly 

reduced the formation of stress lesions and improved the healing of these 

lesions (fig. 9). Further studies are needed to determine the mechanism 

of action of LT and their role in the repair and healing processes of the 

mucosa damaged by various irritants and ulcerogens. It is possible that 

the balance of protective PG and proulcerogenic LT is a relevant factor 
in the mucosal protection and repair. 

PAF in acute gastric mucosal damage 

PAF (1-0-alkyl-2-0-acetyl-sn-glycero-3-phosphocholine) is an endogen- 
ous low molecular weight phospholipid which is formed by a variety of 

cell types including macrophages, monocytes, neutrophiles, eosinophils 

and endothelial cells on activation of phospholipase A,. The same enzyme 

2lso liberates the eicosanoid precursor, arachidonic acid (41—43). PAF is 

not a metabolite of arachidonic acid and its immediate precursor, lyso-PAF 
is released from membrane-bound alkyl-phospholipids by the action of 

phospolipase A, (Fig. 10). Lyso-PAF is metabolized by acetylo-CoA 

transferase into PAF acether and this is finally broken down back to 

lyso-PAF by acyl hydrolase (42). The induction of the PAF biosynthesis 

is thus controlled by the activation of phospholipase A, (41-44). Since 
this enzyme is inhibited by glicocorticoids (via polypeptide lipocortin) 
hence the glucocortycoids such as dexamethasone greatly reduces the 

biosynthesis of PAF and septic shock-induced gastrointestinal lesions 
as well hemoconcentration and hypotention (45—48). The catabolism 

of PAF is catalyzed by two enzymes; the plasma PAF is rapidly hydrolyzed 

by the acid labile enzyme, acetyl hydrolase, giving rise to lyso-PAF. 

Phospholipase A, can also convert PAF back to lyso-PAF. 
PAF has been found to be released systemically to act as putative 

mediator of the circulatory changes observed e. g. during endotoxin shock 

(septic shock) and inflammation (49). There is ample evidence supporting 

the important role of PAF as mediator of many symptoms of septic 

shock (49—51). Injection of PAF into laboratory animals produced 
various symptoms of septic shock, including systemic hypotention due to 

peripheral vasodilation, pulmonary hypertension, bronchoconstriction, 
2*



124 

increased vascular permeability, stimulation of platelet aggregation, 

enhancement of blood coagulation and stimulation of neutrophil aggreg- 

ation and degranulation, and stimulation of lysosomal enzyme release into 

the circulation (49—54). The fact that only the naturally occuring stereois- 

omer (R) is biologically active suggests that PAF acts via specific receptors. 

High affinity binding sites for PAF have been recently identified on platel- 

ets, neutrophiles, lung membranes, liver and endothelial cells (47). 

A feature of septic shock is widespread gastrointestinal hemorrhages 

and lesions (49—-54, 51). All these effects may be ameliorated by pretreat- 

ment with dexamethasone which inhibits PAF formation (54). A second 

line of evidence supporting the role for PAF in septic shock is that the 

release of PAF increased after the administration of endotoxin to animals 

and endotoxin produced similar gastric damage to the of PAF (52). Fur- 

thermore, several groups (44, 45) have reported that a PAF receptor 
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antagonist such as extract of Ginko biloba leaves may block the hypoten- 
sion and other systemic effects of endotoxin and reduce the gastrointestinal 
damage associated with endotoxin shock. We found that PAF infused into 
the artery supplying the fundic portion of the canine stomach in a lucite 
chamber resulted in a dose-dependent reduction in the mucosal blood 
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Fig. 11. Arterial blood pressure and mucosal blood flow of fundic portion of the stomach 
in the lucite chamber after close i. a. infusion of PAF in gradually increasing doses of 
anesthetized dogs without and with treatment with potent PAF receptor antagonist 
BN 62021 (10 mg/kg-h) or TCV 309 (20 ug/kg-h). Mean+SEM of 5 tests on 5 dogs. 
Asterisk indicates significant change as compared to the value obtained with PAF 

alone 

flow (as measured by H,-hydrogen gas clearance) and in a fall in arterial 

pressure. These effects were prevented, in part, by the pretreatment with 

PAF receptor antagonists such as BN 52021 or TCV-309 suggesting that 

they are mediated by specific receptors in the gastric vasculature (Fig. 11). 

Rosam et al (57) were the first to report that close intra-arterial in- 

fusion results in a dose-dependent increase in macroscopic and histologica 

damage to the gastric mucosa; a dose of about 10 ng/kg-min is the threshold 

dose for significant damage compared with a control. In a dose of 5 ng/kg- 

min histological damage was observed in the form of vascular congestion 
in the mucosa, subepithelial edema, glandular disruption, vasocongestion
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and hemorrhagic damage in the upper part of the mucosa. Systemic blood 
pressure started to decline at a dose of 25 ng/kg-min. Since the structurally 
related breakdown product lyso-PAF did not produce gastric damage (54), 
the effect of PAF cannot be considered as merely an effect of the lytic 
action of a small molecular phospholipid. 

In our hands, PAF alone injected i.p. a dose of 10 ng/kg caused only 
small gastric mucosal lesions but when combined with topical irritants 
such ag ethanol, taurocholate or aspirin, it greatly potentiated mucosal 
lesions. This effect could be almost completely prevented by pretreatment 
with a potent antagonist of PAF receptors such as BN 52021 (Fig. 12). 

The characteristic feature of mucosal damage by PAF is vasocongestion 
accompanied by extensive damage to the vascular wall. Effects similar to 

these of PAF (100 ng/kg-min) can ben obtained by administration of E coli 

endotoxin (25 mg/kg) (51—53). Owing to vascular wall damage there is 

extensive leakage of plasma protein into the gastrointestinal lumen (51). 

These effects can be reduced by pretreatment with a PAF antagonist such 

aS CV-3988 (53) or BN52021 (58). PAF or endotoxin-induced plasma 

leakage in the gastrointestinal tract (except the colon) is consistent with 

the macroscopic and histological observation of extensive necrosis in these 

tissues (51). 

The result of plasma exsudation was profound hemoconcentration with 

increased hematocrit. Leukopenia preceded hemocontraction and this 

might probably be explained by neurotrophil aggregation and degranulation 

leading to the release of LTC, (44, 59). Significant hemoconcentration, 
a consequence of increased vascular permeability coupled with prolonged 

hypotention probably accounted for the sluggishness of the mucosal blood 

flow caused by PAF (59, 60). 

The mechanism by which PAF produces gastrointestinal damage is 

still unknown, nor is it clear whether PAF mainly originates from the 

circulating blood or locally in the gastric mucosa. It appears that PAF 

might originate from the mucosa itself but under certain conditions such 

as septic shock additional amounts could be formed in the body and 

released into the circulation. 
One convenient approach to test whether or not PAF contributes to 

acute gastric mucosal damage by various ulcerogeus is the use of a PA. F-re- 

ceptor antagonist such as BN 52021. PAF given alone i. v. in a dose 

(10 pg/kg) that caused only small mucosal damage, greatly enhanced the 

ethanol- taurocholate or aspirin-induced mucosal lesions (Fig. 12). This 

antagonist had, however, no influence on the extent of mucosal damage 

by any of these irritants alone (29). This indicates that PAF is unlikely 

to play a major role in the pathogenesis of acute mucosal damage induced 

by topical irritants. Braquet et al (61) reported that stress-induced damage
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could be reduced by a PAF receptor antagonist but this required a dose 

several times higher (61). We found that a potent PAF receptor antagonist, 

TCV-309, prevented in part the acute mucosal lesions provoked by water 

immersion and stress (see Fig. 9). 
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Fig. 12. Mean area of gastric lesions induced by 100% ethanol, acidified taurocholate 

(TC) acidified aspirin (ASA) and stress applied alone (vehicle) or in combination with 

PAF (10 ug/kg), BN 52021 (20 mg/kg) or PAF+BN 52021. Mean+SEM of 8—10 rats. 

Single asterisk indicate significant increase above control (vehicle) value obtained with 

ulcerogen alone. Double asterisks indicate significant decrease below the value obtained 

with the combination of ulcerogen plus PAF [From Konturek et al (20)]. 

Another condition where a PAF antagonist was found to be effective 

was endotoxin-induced gastric damage. This was originally described by 

Braquet at al (61) but according to our experience (Fig. 13) not only the 

PAF antagonist but also the thromboxane synthesis inhibitor. OK Y-1581, 

and the LTC, receptor antagonist, FPL-55712, were effective, suggesting 

that endotoxin-induced damage is mediated by TX and LT. It is of in- 

terest that PAF-induced mucosal damage in intact or ethanol-treated 

mucosa can be suppressed by LT synthesis inhibitor or LT receptor anta- 

gonist (29) indicating that PAF, like endotoxin, damages gastric mucosa 

via LTC,. Indeed, the more detailed studies of Peskar (62) on vascularly 

perfused rat stomach demonstrated that PAF releases dose-dependently 

LTC, and this can be partly blocked by NDGA which in our studies prev-
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ented PAF-induced mucosal damage (29). PAF also released TX and PG 
from the stomach and this, in turn, may explain the protective effect of 
TX inhibitor and the augmenting action of indomethacin on PAF-induced 
gastric damage. Similar increase in the release of LTC,, TX and PG was 
observed following the administration of endotoxin, suggesting that both 
PAF and endotoxin act via the liberation of various products of arachidon- 
ate metabolism (Fig. 14). 

The important role of LT in the gastric mucosal damage induced by 
PAF and endotoxin is supported by our finding that both these compounds 
greatly increased in vivo the generation of LTC, while increasing gastric 
damage. The combination of PAF plus ethanol or PAF plus endotoxin 
resulted in the augmentation of gastric lesions and further increments in 
mucosal biosynthesis of LTO, (Fig. 15). Other effects of PAF, not only 
gastric, but also intestinal lesions (63) and hemoconcentration, can be 
reproduced by LTC, and LTD,, thus reinforcing the notion that these LT 
mediate PAF-induced mucosal damage (54). 

Recent study by Cucala and Wallace (65) has demonstrated that 
intracerebroventricular administration of PAF resulted in potent inhibi- 
tion of acid secretion without causing gastric mucosal damage. These 
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effects of PAF were opposite to those of TRH which increased acid secretion 
and induced gastric damage. Furthermore, PAF applied centrally did not 
affect the blood pressure, suggesting that this membrene-active phospholi- 
pid may play a different role when administered either peripherally or 
centrally. These data also suggest the participation of membrane phospholi- 
pids as PAF in gastric modulatory system at the central level. 
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