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Abstract

The aetiology of human peptic ulcer disease is multifactorial. Its association 

with anti-prostaglandin drugs has lead to the suggestion that mucosal 

deficiency of prostaglandins, which are known to be protective to the 

gastrointestinal tract, may be an aetiological factor.

The thesis documents a short history of duodenal ulceration and previous 

work into its pathogenesis and epidemiology. The history of prostaglandins 

in the gastrointestinal tract, the phenomena of mucoprotection and the 

evidence for the protective role of these substances are explored. A method 

for using endoscopic biopsies to assess the endogenous ability to synthesise 

prostaglandin E2  (PGE2 ) is described and validated. Synthesis of iPGE2  

(immunoreactive PGE2 ) in the upper gastrointestinal tract in control 

subjects is detailed and the effect of demographic factors explored. Synthesis 

of iPGE2  in patients with duodenal ulceration is estimated and related to all 

stages of the disease and to histological and histochemical analyses.

The human work suggested a deficiency in iPGE2  in patients with duodenal 

ulceration, and the timing of this deficiency in relation to ulcer formation is 

explored in the cysteamine rat model of duodenal ulceration.
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Introduction

"There is the greatest practical benefit in making a few failures early in life."

TH Huxley, On Medical Education, 1870.

I started my career in medical research investigating the anti-secretory 

properties in humans of loxtidine, a new member of the histamine2  

receptor antagonists. It is a potent anti-secretory agent, approximately five 

times more potent, weight for weight, than ranitidine (Zantac, Glaxo), and 

produces an insurmountable blockade of the histamine 2 receptor. During 

my background reading on gastric acid secretion and anti-secretory agents 

my attention was directed towards prostaglandins (see Acknowledgements). 

I became increasingly interested in these compounds, which seemed to 

possess even more potent anti-secretory activity than the agent I was to 

investigate. Amongst the papers I read was one by Johansson and 

Bergstrom (1982) who detailed the anti-secretory activities of the 

prostaglandins and also their other properties of mucosal protection and 

mucoprotection.

My enquiries into loxtidine were destined to failure since this agent, 

together with other insurmountable blockers of the histamine2  receptor, 

was found to be associated with a high incidence of argentafin tumours of 

the gastric mucosa during life-long toxicity studies in rats.

When loxtidine was withdrawn from human studies I turned to 

prostaglandins. Re-reading Johansson and Bergstrom (1982) I noted their 

conclusion that the importance of endogenous prostaglandins in the 

pathophysiology of gastroduodenal disease had been insufficiently 

examined. The laboratory where I was based had already been involved in

19.



the radioimmunoassay of prostaglandins. It seemed that fate had taken a 

hand.

"Unseen, in the background, fate was quietly slipping the lead into the 

boxing glove." PG Wodehouse, Very Good, Jeeves, 1930.
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Hypothesis and plan of research

This thesis will investigate and attempt to prove the following hypothesis:-

Prostaglandin E2  (PGE2 ), being the major PG in the upper 

gastrointestinal tract and a potent stimulator of mucosal resistance to 

damage, may be deficient in the duodenal mucosa of patients with 

duodenal ulcer disease and thereby reduce mucosal resistance which 

would, in combination with lumenal factors of acid and pepsin, cause 

and maintain the formation of duodenal ulcers and encourage their 

relapse after treatment.

In order to investigate this hypothesis a plan of research was formulated:-

To perform a thorough review of the existing literature to ensure that 

the hypothesis had not been investigated, or disproved by other 

workers, and to increase the author's knowledge of the area.

To identify, adapt or develop a method of assessing mucosal PG 

synthesis that was biochemically sound and suited to the processing 

of large numbers of samples.

To validate the method and establish a normal range for PG synthesis 

ability in man and in the rat.

21.



To estimate PG synthesis ability in patients with all stages of 

duodenal ulcer disease.

To relate any changes in PG synthesis found to other markers of 

abnormality, such as patient demography and histological 

abnormalities.

To establish if any changes found were causally related to the 

formation of duodenal ulcers or their relapse after treatment.
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Chapter 1

History, epidemiology, and pathogenesis of duodenal 

ulceration.



v ^ u u p i v i  X

Short history of duodenal ulceration

The history of m any diseases can be traced back through Roman and Greek 

history and often even as far as the Pharaohs of Egypt. However, DU has 

not been described until fairly recently in medical history. This m ay be 

because of the changing nature of peptic ulcerative diseases, or because of 

their hidden site deep inside the abdomen and previous religious 

injunctions against post-mortem examination of patients. M any medical 

w ritings date back to the thirtieth century BC but in those writings 

discovered, no mention has been made of any ulcerative conditions of the 

foregut. Indeed, Babylonian medical writings so far discovered make no 

reference to the stomach or duodenum  at all. In ancient Egypt the stomach 

and the small intestine do not seem to have been preserved by 

mummification and therefore the incidence of disease of this part of the 

body cannot be estimated, even in retrospect, by m odern Egyptologists.

The duodenum  was first described by the hum an anatomists of Alexandria 

around 300 BC w hen Herophilus term ed it the 'dodecadactylone' which 

means 12 fingers breadth in length. This name was later shortened to the 

duodenum  and has so rem ained despite attempts to have its title changed 

from the merely anatomically descriptive to alternative names which 

suggest its functions. Alternative names that have been suggested are the 

'bile gut' or the 'pancreatic gut' after the two ducts that enter into the 

duodenum  during its length.

M any hundreds of years were to pass before anatom y became popular in the 

Italian medical schools w hen the anatomical details of the duodenum  and 

its blood and nerve supply were further explored.
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The first description of a disease of the upper gastrointestinal tract was by 

Celsus (30 BC - 25 AD) who writes that:

"you may know an ulcer exists by blood, pus or scabs of a sore being vomited 

up."

Since that time various physicians of ancient-times have described 

symptoms which to the m odern doctor might suggest dyspepsia or peptic 

ulceration. However, because of the nature of the disease and the lack of 

post-mortem studies, such diagnoses could not be confirmed, especially the 

delineation between gastric disease and DU. It has also been suggested that 

w hen post-m ortem  examinations were perform ed they often took place 

several days after death. Because of the lack of refrigeration the digestive 

tract w ould then have been in a state of advanced putrefaction, so for social 

reasons the stomach and duodenum  may not have been opened, or if they 

had been opened, autolysis m ay have hidden the changes of upper 

gastrointestinal tract disease.

Certainly, Galen (130 - 200 AD) makes no reference in his post-mortem 

notes to any ulcers present in the stomach or duodenum . Neither do the 

Italian pathologists and physicians of the thirteenth, fourteenth and 

fifteenth centuries. The first reported case of a DU is that of D onatus who in 

1586 described a 59 year old m an who vomited all food and drink and who 

was dissected after death and found to have an ulcer at the pylorus w ith 

probable pyloric stenosis (Jordan 1985).

From the end of the seventeenth century onw ards cases of peptic ulceration 

and, occasionally, DU were recognized and reported. The two ways that 

such ulcers became manifest, other than with symptoms of dyspepsia, were 

w ith perforation and haemorrhage. In m any cases of perforation, the death

25.



w as sudden and a post-mortem was occasionally perform ed for medico-legal 

reasons and the perforated ulcer discovered. Rawlinson (1727) describes a:

"preternatural perforation" in the stomach "about the middle space betwixt 

the two orifices. "

The first textbook of morbid anatomy in English was by M atthew Baillie, 

published in 1793, which contains an illustration showing a perforated DU 

in the first part of the duodenum. However, although GUs were becoming 

increasingly recognized throughout this period, DU remained either rare or 

rarely recognized.

Throughout the nineteenth century, post-mortems were perform ed more 

frequently and hum an and animal experimentation investigated the 

physiological function of the stomach and described its acid secretion and its 

ability to digest proteinateous substances (Beaumont 1833). Abercrombie 

(1834) gave an account of dyspeptic symptoms and described the natural 

history of peptic ulcerative diseases and their tendency to go into 

spontaneous remission. Krauss (1865) reported 38 cases of DU and stated 

that the frequency of the condition was under-estimated because the 

duodenum  was often not opened during post-m ortem  examinations unless 

there was an obvious perforation. Krauss thought that DUs were a result of 

poor vascularisation of the stomach and duodenum  which prevented the 

removal of acid gastric juice and allowed the mucosa to be dam aged by the 

digestive juices of the stomach.

Clark (1867) reported 6 cases of perforation of DUs (4 fatal) in a series of 

articles based on his experiences as Lecturer of Medicine at the London 

Hospital. As treatment, he recommended bed rest, nil-by-mouth for at least 

48 hours, sedation with opium, and maintenance of fluid balance by moist 

cloths on the belly and nutrient enemas. In the fatal cases, post-mortem

26.



examinations were perform ed and perforated DUs were found w ithin 0.5 to 

1.5 inches of the pylorus.

In the series of DU patients reported by Krauss and by other workers, it is 

clear that in the mid-nineteenth century, GU was far more frequent than 

DU and both seemed to occur in men more frequently than in women. It is 

not clear w hat proportion of patients presented w ith perforation or 

gastrointestinal haem orrhage but it is clear that both of these complications 

carried a high mortality. That of gastrointestinal haem orrhage had a 

mortality of about 20%, whereas perforation was estimated to have a 

mortality of between 50 and 100%.

By the late nineteenth century the pathology of DU was becoming more 

clearly defined. In 1894 Perry and Shaw reported from Guy's Hospital on a 

review of diseases of the duodenum  discovered in post-mortems perform ed 

at that hospital since 1826. Ulcers were found in 0.4% of all post-mortems, 

and 83% of the DUs discovered occurred in the first part of the duodenum . 

Of the patients w ith DU, nine had died from haemorrhage, eight from 

perforation and three from obstruction, leaving about 80% who had died 

from  other conditions.

By 1892 the pathology and medical understanding of GU and DU had 

advanced sufficiently for them to be accorded a subsection of their ow n in 

William Osier's textbook of 'The Principles and Practice of M edicine/ In this 

early and well regarded textbook, Osier described that DU was less common 

than GU and most frequently occurred in males. It was

"usually situated just outside the ring in the first portion of the g u t "
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Osier suggested that DU and GUs have an identical origin being associated 

w ith hyper-acidity of the gastric juice and certain predisposing causes which 

w eaken the gastric and duodenal mucosa (Osier 1892).

Osier's symptomatology attributable to GU and DU included dyspepsia, 

haem orrhage, pain, tenderness of the epigastrium  and general symptoms of 

w eight loss and anaemia. He described one case where the anaemia 

associated w ith DU produced a red blood cell count of 700,000 mm-3 

(approximately equivalent to a haemoglobin of 2g dl_1).

Osier continued, in his section on peptic ulceration, to describe no less than 

eight individual clinical forms of ulcers depending on which pattern  of 

symptomatology was most prevalent. He described that the course m ay be 

very protracted and that the disease m ay persist for over 20 years.

Diagnosis in life was difficult and was made clinically by the pattern of 

symptomatology and occasionally confirmed by haematemesis. Osier noted 

that haematemesis was usually followed by the appearance of melaena but 

that occasionally melaena occurred in DU w ithout haematemesis.

The treatment he suggested was absolute bed rest and a bland milk diet. He 

suggested that medicinal measures were of very little value. However, he 

did describe the use of 'Carlsbad salts' which contain sodium bicarbonate, 

and also suggested that bism uth salts can be given, but despite the evidence 

of the beneficial effect of this drug in m odern days, Osier concluded that:

"they... (bismuth salts)... influence the associated conditions rather than the 

ulcer."

By the early twentieth century, DU was being diagnosed more frequently but 

it was still thought to be a rare condition and, indeed, it was suggested that
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there was one DU for every 45 GUs (Jordan 1985). The increasing practice 

and safety of surgical procedures on the gastrointestinal tract m eant that the 

diagnosis was often made at laparotomy which was in m any cases 

perform ed as a result of perforation or haemorrhage. The advent of the 

'bism uth meal' allowed for radiological diagnosis bu t this was often used 

merely as a pre-operative investigation.

Also in the late nineteenth and early tw entieth centuries investigations on 

the pathogenesis of peptic ulceration began to concentrate more and more 

on acid and pepsin production, leading in 1910 to Schwartz's still often 

quoted statement, "no acid, no ulcer." Thereafter in the early twentieth 

century, surgical and medical treatm ent of peptic ulcerative conditions 

concentrated on reducing or neutralizing acid secretion. Sippy (1915) 

thought that invasion by streptococci produced local mucosal malnutrition 

and necrosis, as a consequence of which the mucosa lost its usual resistance 

to acid digestion. Despite his belief that the prim ary defect was a mucosal 

one, he agreed that the principle of treatm ent was to shield the ulcer bed 

from "the corrosive effect of the gastric juice." His treatment consisted of 

bed rest for 2 to 4 weeks, a milky and bland diet and up to 100 grains 

(approximately 6.6g) of sodium bicarbonate every hour.

Until the late 1960s and early 1970s, the diagnosis of DU remained mostly a 

clinical one based on the symptoms and the presence of epigastric 

tenderness. This was confirmed, where necessary, by a radiological 

investigation of the stomach and duodenum  with barium  replacing 

bism uth as the radio-opaque contrast (Arens and Mesirow 1937).

Frequently, however, the diagnosis of DU or GU was made only at 

laparotom y.
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The medical treatm ent of DU remained unchanged for many years, being 

mainly bed rest and a bland milk diet1 for acute attacks. Hospital admission 

and the 'm ilk drip ' were used as late as the early 1970s (ironically it has been 

recently suggested that a milky diet actually interferes w ith healing [Kumar 

et al 1986]).

The surgical treatm ent of DU and GU developed rapidly from operations 

which m erely excised the ulcer and by-passed the lumenal flow, to 

operations which were specifically intended to reduce acid secretion.

Truncal vagotomy, initially trans-thoracic (Dragstedt and Owens 1943) and 

later trans-abdominal (Dragstedt et al 1947), led to various modifications of 

surgical procedures and culminated in selective and highly selective 

(parietal cell) vagotomies which are still used.

In the late 1960s and early 1970s, the diagnosis and treatment of peptic 

ulcerative conditions underw ent a renaissance w ith the appearance of an 

alternative method of diagnosis by w ay of flexible fibre-optic endoscopy, 

following the w ork of Hopkins and Kapany (1954) on flexible fibrescopes, 

and treatm ent w ith H 2  receptor antagonist drugs, and latterly w ith agents 

intended to increase mucosal resistance.

Epidemiology of duodenal ulcer

From the short history of DU detailed above, it can be seen that the 

frequency of diagnosis of DU has changed considerably throughout the 

history of medicine. W hen reasonably reliable clinical diagnosis was 

available in the nineteenth century it was considered that GU was by far the

1 Although others suggested a diet high in protein as being able to produce prolonged 
buffering of gastric acid (Nicol 1939).
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commonest peptic ulcerative disease, whereas in m odern clinical practice 

the reverse is thought to be true.

Evidence of the incidence of DU can be collected in various ways. The 

earliest statistics were garnered from mortality rates which may either 

represent deaths due to complications of DU disease such as perforation and 

haem orrhage, or are the results of post-mortem studies where active or 

healed DUs were observed. Therefore changes in the success or otherw ise of 

the treatment of the complications of peptic ulceration and changes in the 

frequency of post-mortem examinations will artificially alter the incidence 

of the condition as reflected by mortality statistics. Similarly, if surveys of 

death certification are undertaken, it should be remembered that it is not 

stated on the death certificate how the diagnosis was made. In life there 

m ay have been clear indications that the patient had an ulcer, or the 

diagnosis may merely be based on abdominal pain or dyspeptic symptoms.

Statistics derived from hospital admissions are very reliant on the mode of 

diagnosis. In earlier years it was difficult to confirm the presence or absence 

of a DU by other than clinical means, and initial radiological studies w ith 

single contrast barium  meals may have given misleading results. Even in 

later years w hen double-contrast barium  meals were used, distortion of the 

duodenum  often made it difficult to distinguish active ulceration from 

inactive scars. Even with endoscopy, ulcers may be missed or the 

anatomical site of an ulcer misplaced from the antrum  to the duodenum  or 

vice versa.

Bearing these im portant factors in mind, the incidence of DU has been 

surveyed since the late nineteenth century. A report from Guy's Hospital 

based on a post-mortem survey found that active DUs were present in 0.5% 

of all post-mortems and 3.3% of post-mortems for patients dying  of severe



v u a p m  x

burns. The report discussed 70 patients who were found to have DU, of 

which 50 had died of coincidental diseases and 20 from the complications of 

their DU (Perry and Shaw 1894).

During the early years of the tw entieth century the incidence of clinically 

evident GU disease remained approximately stable, whilst the incidence of 

DU increased dramatically so that by the end of the Second World War DU 

was two to three times as common as GU. It was also noticed that DU 

occurred earlier in life than GU and was more particularly a disease of men 

than women, whereas the sexes were equally represented in GU (Langman 

and Walt 1986).

Since the probable peak in the mid 1950s however, DU disease seems to be 

declining in frequency amongst men and staying approximately stable or 

rising in women. In the mid 1950s there was a ratio of about 5:1 between 

men and wom en for the rate of DU and by the 1970s this had fallen to a ratio 

of about 3:1. These statistics were derived from hospital in-patient 

admissions and probably represent an accurate measure of the incidence of 

severe DU disease. The treatment throughout these years consisted mostly 

of bed rest, long periods of hospitalization, attention to diet, and bland 

milky foods. Thus in-patient admissions could reflect quite closely the 

incidence of the disease in the community. The improvement in medical 

treatment of DU since the mid 1970s has made subsequent admission data 

unreliable. Similarly, the rate of complications of DU disease has also fallen 

over the same period of time. Perforation of the ulcer is a condition which 

nearly always requires surgery and therefore the diagnosis can be proved at 

laparotomy. Because the condition causes severe abdominal pain it is 

probable that very nearly 1 0 0 % of patients w ith this condition enter 

hospital. Therefore, hospital admission rates for ulcer perforation probably 

very closely approximate to the incidence of this condition in the
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community. Data for the perforation rate in DU disease for men and 

w om en throughout the decades of the 1960s and 1970s show a steady decline 

in men, whereas the perforation rate in wom en has stayed approximately 

the same, but m uch lower than in men. Once again, in the late 1950s, the 

incidence of perforation gave a ratio, betw een m en and women, of 

approximately 5:1 and fell to a ratio of about 2 : 1  in the early 1980s (Langman 

and Walt 1986). However, this study in overall rates of perforation masks 

an age effect. Elderly women, as a group, have shown an increasing rate of 

perforation of DU since the late 1960s.

Bonnevie (1975) reported that, in a large study in Denmark, the average 

yearly incidence of DU was 0.13% in individuals over 15 years and there was 

a male to female ratio of 2.2:1. He also dem onstrated that there was a 

marked association with age, increasing rapidly from a mean annual 

incidence of about 0.1 per 1,000 at 15 years of age, rising to a peak incidence 

of 3 per 1,000 at the age of 70, and thereafter declining.

It is not clear w hy the incidence of DU disease should have increased so 

dramatically in the tw entieth century, nor w hy it now  appears to be 

declining. Similarly, its association with age and sex is also not clear. The 

reducing incidence of perforation may either be explained by a reduction in 

the incidence of the disease itself or of a decrease in the severity of the 

condition. No long-term longitudinal studies have been perform ed to 

enable us to answer this question, and w ith the availability of powerful anti

ulcer drugs such studies w ould now be unethical. Therefore, it is unlikely 

that evidence on the changing nature of the current natural disease will 

become available.

It is possible to speculate, however, about which aetiological factors may 

have changed in the community so as to reduce the incidence of DU in the
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last 30 years. The most immediately obvious changes are the rates of 

smoking am ongst men and women. This habit was rare before the 

tw entieth century, increased rapidly especially during the two World Wars, 

and was more marked amongst m en than women until recent times. In the 

last two decades, however, the num ber of men who smoke has started to 

decline, w hereas the num ber of wom en who smoke has increased.

However, population studies show no significant correlation betw een the 

smoking and perforation rates (Langman and Walt 1986). Another 

suggested factor is the increase in prescriptions of non-steroidal anti

inflam m atory drugs (NSAIDs) which have been especially prescribed in 

elderly w om en w ho suffer more than men from osteoarthritis. However, 

once again, it is difficult to prove a clear association between the increasing 

incidence of DU and its complications in elderly females and the increasing 

prescription rate of NSAIDs in that group (Langman and Walt 1986).

In conclusion it seems likely that there has been a real increase in  the 

incidence of DU disease since the beginning of the twentieth century and 

that this increase is not explained merely by increased clinical awareness or 

improved efficiency of diagnosis. However, w hy this increase should have 

occurred and w hy it now  seems to be declining remains obscure. Similarly, 

the preponderance of the disease in men is also difficult to explain. The 

recent decrease in this preponderance seems to result from a decreased 

incidence of the disease in men, rather than an increase in w om en (other 

than that seen in elderly women). Despite the complication of the advent of 

very  efficient anti-ulcer drugs, it seems clear that the natural history of the 

condition has not changed and that it is still a disease of relapses and 

remissions which continues over a long period of time (perhaps as long as 

2 0  or more years) and in which the life-threatening complications of 

perforation and gastrointestinal haem orrhage can still occur.
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Pathogenesis of duodenal ulcer 

Introduction

The ability of the gastroduodenal mucosa to protect itself against dam aging 

agents present in the lumen is a physiological requirement. The 

gastroduodenal mucosa is constantly exposed to various factors which, if 

not combated, would damage its integrity and prevent its function. The 

most obvious of these agents are the gastric secretions of hydrochloric acid 

and pepsin. However, another endogenous source of irritation and damage 

is that of bile which m ay reflux from the second part of the duodenum  up 

through the duodenal bulb and into the stomach.

The commonest exogenous source of damage that the stomach and 

duodenal mucosa have to combat is food. This may be a highly hypertonic 

substance which m ay be presented to the stomach in m any different forms. 

The food may contain various additives and preservatives, as well as 

irritant spices. More recently, the gastroduodenal mucosa has frequently 

become the first part of the body to be exposed to the administration of 

various drugs.

Amongst the abilities of the gastroduodenal mucosa, those which might 

play a part in its protection are the production of copious mucus which 

offers a lubricant to physically irregular and abrasive ingested substances 

and also an initial barrier to mucosally damaging chemicals such as acid and 

pepsin. The secretion of bicarbonate could also be protective by neutralizing 

the lumenal acid and preventing back diffusion of hydrogen ions. The
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ability to rapidly renew  its surface and replace dead or damaged cells could 

also be beneficial. A copious gastric mucosal blood flow would provide 

nutrients to the gastric mucosa and help to remove any hydrogen ions 

which had diffused back into the mucosa and w ould also carry away, for 

detoxification, any absorbed drugs.

Chronic epithelial ulceration is know n to occur in m any parts of the body. 

Chronic leg ulcers, thought to be due to chronic venous insufficiency, may 

remain unhealed for m any years. Elsewhere in the body, and especially in 

the gastrointestinal tract, the pathogenesis of chronic ulcerative conditions 

remains less clear.

The whole length of the gastrointestinal tract m ay be involved in one or 

more conditions which have breaches in the mucosal integrity as part of 

their clinical picture. The chronic oral ulceration associated w ith many 

gastrointestinal conditions has an unknow n aetiology, as does the 

ulceration associated w ith the inflammatory diseases of ulcerative colitis 

and Crohn's disease. Despite the general poor understanding of conditions 

which result in chronic ulceration, it has always been presum ed that 

ulceration in the upper gastrointestinal tract is dependent on the formation 

of gastric acid. Indeed, for m any years Schwartz's dictum of 1910, "no acid, 

no ulcer" was the bed-rock of all discussions on the pathogenesis of the so- 

called peptic ulcerative conditions of the upper gastrointestinal tract and 

especially that of DU disease. Because of this, much of the w ork into the 

pathogenesis of DU has been spent looking at the 'aggressive' secretions of 

acid and pepsin by the stomach.
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Abnormalities of acid secretion

M any studies have been perform ed to m easure acid secretion and its 

association w ith DU disease. Abnormalities have been found in most 

aspects of acid secretion. Kirkpatrick and Hirschowitz (1980) looked at basal 

acid output and found that in m any patients w ith DU disease, it was 

considerably elevated above normal. This was not an effect of greater 

parietal cell mass since w hen ratios of peak acid output to basal acid output 

were compared, the effect was still apparent. However, many other patients 

w ith DU disease did not show any abnormalities of basal acid output. 

Nevertheless, Kirkpatrick and Hirschowitz (1980) concluded that excessive 

basal acid output m ight contribute to the formation of the ulcer in this 

group of DU patients and that excessive secretion was due to a high 

cholinergic contribution which could be abolished either by vagotom y or by 

the adm inistration of atropine.

Other investigators have looked at peak acid output by various means 

including the response to insulin-induced hypoglycaemia and the response 

to sham feeding. However, the most frequent m ethod of achieving peak 

acid output is by  the administration of pentagastrin. Isenberg et al (1975) 

showed that the m ean rate of acid secretion in 20 patients w ith DU was 

greater than in 2 0  normal individuals. M alagelada et al (1977), showed that 

the post-prandial secretory response was prolonged in DU patients 

compared to that of normal volunteers following a standardised meal. Both 

groups achieved similar post-prandial acid secretions in the first hour but 

thereafter the DU group produced significantly more acid than the normal 

v o lun teers.

The pathophysiological mechanisms of the increased acid secretion seen in 

some patients has been only partially explored. Schoon et al (1978)
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suggested that there was a failure in the normal negative feed back control 

mechanisms of acid secretion in DU patients as compared w ith healthy 

controls. They found that in healthy control subjects antral distension 

reduced pentagastrin-stim ulated acid secretion but that in DU subjects this 

inhibitory effect was reduced. Brandsborg et al (1978) found an increased 

sensitivity to adrenaline for gastrin release in DU patients. They suggested 

that this m ight be a mechanism w hereby physiological processes such as 

exercise, hunger, fear etc. could aid ulcerogenesis by increasing acid secretion 

via gastrin release.

Recent studies on duodenal pH  in vivo using micro pH  electrodes have 

shown, however, that increased secretion under test circumstances does not 

necessarily imply increased acidity in vivo. Bendtsen et al (1987) reported that 

sim ultaneous duodenal and antral pH  m easurem ents revealed no 

differences betw een healthy controls and DU patients even w hen the later 

patients were know n to hypersecrete gastric acid under laboratory test 

conditions. Similarly, Kerrigan et al (1988) simultaneously m easured pH  in 

antrum , bulb and loop of duodenum  in healthy controls and patients w ith 

active or healed DU. They found that in established DU the duodenal pH  

was neutral. They also looked at the length of time that the duodenal pH 

was less than 4.0 and found that either under fasting conditions or post- 

prandially it was below 4.0 for longer in healed DU patients than  for active 

ulcer patients or healthy controls. Kerrigan et al (1988) suggested that the 

neutral pH  in active ulcers aids healing and that the acid pH  in healed ulcer 

aids relapse.

A lthough acid secretion has been investigated for many years it is clear that 

its role in DU, once considered to be central, is far from completely 

elucidated.
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Abnormalities of pepsin secretion

As the term  peptic ulceration w ould suggest, in the past it has been 

considered that the action of the proteolytic enzymes, collectively term ed 

pepsin, at acid pH  also contributed to the formation of the ulcer. Samloff et 

al (1975) looked at the level of serum  pepsinogen I in normal healthy 

volunteers and patients w ith DU disease. They found that in general males 

had higher levels of pepsinogen I in their serum  than did females, and DU 

patients had approximately twice as m uch pepsinogen than normal 

controls. It was thought that these serum  levels indicated that pepsinogen I 

levels in gastric secretion would be similarly elevated and that at pH  values 

less than 4.0, pepsinogen I would be activated to pepsin and contribute to 

the erosive capacity of gastric acid secretion.

Qualitative changes in pepsin secretion have also been found in association 

w ith DU. Walker and Taylor (1980) found an increase in pepsin 1 secretion 

in DU patients which increased w ith acid secretion so as to displace pepsin 3 

as the major pepsin secreted. They suggested that increased pepsin 1, which 

is more proteolytic than pepsin 3 tow ards ovalbumen and collagen at low 

pH, may make the gastric juice of DU patients more aggressive.

Abnormalities of pylorus function

Other investigators have considered the speed at which gastric contents 

leave the stomach and enter the duodenum . Lam et al (1982) found that 

amongst DU patients there was an tendency for the gastric contents to leave 

the stomach more quickly than in norm al volunteers and this tendency
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persisted no m atter w hat the pH  of the gastric contents. They suggested that 

abnormalities in gastric em ptying and pyloric function contributed to the 

increased exposure of the duodenum  to acid and pepsin and that this was an 

aetiological factor in the formation of DUs.

Abnormalities in duodeno-gastric reflux have been shown in DU patients. 

Thomas (1984) found that 11 of 15 patients w ith DU had demonstrable 

duodeno-gastric reflux w hen assessed scintigraphically. Duodeno-gastric 

reflux was virtually absent in healthy controls. He also found that 12 of 14 

GU patients also had significant duodeno-gastric reflux and suggested that 

this reflux m ight be related causally to peptic ulceration. An equally viable 

alternative view m ight be that the presence of the ulcer interfered w ith 

normal motility and caused the reflux. Borgstrom and Arborelius (1978) 

found an abnorm ality of duodenal motility w ith a defect in retrograde 

peristalsis and suggested that this might lead to a failure of neutralization of 

the duodenal bulb.

Once again studies into the pathophysiology of DU seem to conflict and it is 

difficult to reconcile Borgstrom and Arborelius' (1978) findings, which 

would imply a reduced incidence of duodeno-gastric reflux w ith those of 

Thomas (1980) which suggested an increase incidence. N either concur with 

the duodenal pH  studies mentioned above. If duodeno-gastric reflux were 

common then alkaline pH s would have been seen in these studies. 

Alternatively, if retrograde peristalsis were essential for duodenal bulb 

neutralization, then acid duodenal pH s w ould have been seen.
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Mucosal protection

The role of PGs in the maintenance of mucosal protection will be discussed 

in Chapter 2 . In this section abnormalities of mucosal protection which 

have been described in patients w ith DU disease will be detailed. Langman 

et al (1983) reviewed the understanding of DU and GU. Although they 

found some advances in the knowledge of gastric mucosal defence they 

concluded that little was know n about duodenal defences.

Mucus and bicarbonate secretion

M uch of the defensive capacity of the gastroduodenal mucosa is thought to 

lie in the secretion of mucus and bicarbonate which remains close to the 

mucosa's surface as an unstirred layer which maintains a pH  gradient such 

that the juxta-mucosal pH  is not much different from  that found w ithin the 

mucosal cell, while the lumenal pH  may be lower than 2.0. H eatley (1959) 

first suggested that mucosubstance was a barrier to diffusion of hydrogen 

ions, and, following a description of the physical properties of mucus, 

suggested the presence of a pH  gradient. Allen (1981) showed that mucus 

slightly decreased the rate of acid back diffusion and that the adherent 

quality of the mucus gel limited the mixing of lumenal acid w ith the 

relatively smaller mucosal bicarbonate secretion and this helped m aintain 

the pH  gradient. The presence of this gradient was confirmed by Williams 

and Turnberg (1981) in studies on rabbit gastric mucosa show ing a lumenal 

pH  of 2.36 compared to a juxta-mucosal pH  of 7.59. However, the thickness 

of the mucus layer is in dynamic equilibrium with the proteolytic activity of 

the acid-pepsin-containing lum enal contents and m ucus production. 

Guslandi et al (1978) looked at the soluble fraction of mucus w ithin  the
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gastric juice and divided this into acid mucoprotein complex and neutral 

glycoprotein mucoprotease complex. From the ratio of these two, they 

derived a figure which they term ed the mucoprotective index. They found 

that in DU patients the mucoprotective index was less than that of norm al 

controls, and was not increased by healing w ith cimetidine. If anything, the 

levels were further reduced by treatm ent w ith cimetidine. Later, using 

similar methods, Guslandi et al (1981) confirmed that DU was associated 

w ith a low mucoprotective index but in this study they found that following 

treatm ent w ith ranitidine, gastric mucus secretion was not adversely 

affected as had been seen in their previous study with cimetidine.

However, both of these studies use analysis of soluble mucus products in 

gastric juice which has an unknow n association w ith the adherent mucus 

which is actually the protective layer. Similarly, the derived 

mucoprotective index has no definite association w ith mucosal protection, 

nor any proven association w ith DU. Bell et al (1985) studied more closely 

the physical properties of mucus. Using rheological studies they found that 

adherent mucus perform ed like an elastic gel which was capable of 

reforming after being breached, whereas solublized mucus (as tested by 

Guslandi et al 1978, 1981) behaved as a viscous fluid. The adherent mucus 

was capable of resisting bile, acid, ethanol and hypertonic solutions. These 

protective properties of mucus could be reduced by peptic proteolysis or 

reduction of the disulphide bonds by mercapto-ethanol.

Studies by Isenberg et al (1987) have shown reduced bicarbonate secretion in 

DU patients, and Quigley and Turnberg (1987) have shown that DU patients 

have an impaired ability to m aintain the juxta-mucosal neutral zone in the 

face of lumenal acid. Defects in mucus and bicarbonate secretion in DU 

patients would contribute considerably to the formation and maintenance 

of an ulcer.
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Other protective factors

The maintenance of gastroduodenal mucosal blood flow has been found to 

be of importance in animal models of DU as will be discussed later. 

However, any attempts to m easure this factor or any abnorm ality present in 

DU patients are not know n to the author. Similarly, abnormalities in 

cellular regeneration or intracellular resistance have not been widely 

explored in hum ans.

Non-gastrointestinal factors which may contribute to ulcerogenesis

Since the beginning of studies on recurrence and pathogenesis of peptic 

ulceration it has been know n that certain non-gastrointestinal factors seem 

to be associated with the frequency of peptic ulcers. As discussed elsewhere 

in this thesis, it is know n that DUs are commoner in males than females 

and have an incidence that rises w ith age to a peak in the late 60's. They are 

thought to occur more frequently in north Europe and in N orth  America, 

although this may be a false finding due to the availability of m odern 

medicine and diagnostic techniques. Certainly, in other areas, most 

markedly in China and Japan, the relative incidence of DU and GU is the 

reverse of that seen in Europe and America with GU being more common 

than DU.

Amongst the other factors which m ay be associated w ith DU are 

psychological factors and especially w hat a lay person w ould describe as 

stress. Indeed, the association betw een ulcers and a stressful job has passed 

into folklore and President Trueman once silenced a critic by  claiming that
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he held "only a three ulcer job." Despite this commonly held opinion, the 

role of stress in the development of peptic ulcer disease has not been made 

clear by clinical research. Piper et al (1981a) looked at the frequency of life 

events during the two years before an exacerbation of ulcer symptoms in a 

DU population and compared this frequency over the same time period in 

an age/sex-m atched sample of the community population. Overall, the 

num ber of stress events was similar in both groups. W hen the stress events 

w ere divided into sub-groups, only change of residence was found to be 

significantly different between the groups. They concluded therefore that:

"an excess of stress as measured by the number of life events does not appear

to be a risk factor for the exacerbation of chronic DU."

This concurred w ith their earlier w ork (Piper et al 1980) which showed that 

although chronic peptic ulceration was associated with depression it seemed 

that the chronic illness precipitated the depression rather than vice versa. 

Peters and Richardson (1983) detailed two case reports of patients w ho had a 

positive correlation between stressful events in their lives and increases in 

peak acid and basal acid outputs. D uring times of high stress these acid 

outputs were far above the normal range but, as the problems resolved, 

these returned to within normal limits.

It is also a commonly held belief amongst patient groups that family history 

is a strong predictor of DU disease. McConnell (1966) found evidence of a 

polygenic inheritance in DU and GU. This was confirmed by Rotter and 

Rimoin (1981) w ho showed that peptic ulcer disease was two to three times 

more frequent in individuals who had a first degree relative w ith ulcer 

disease. Studies on the possibility of a genetic m arker for this familial 

association have revealed that peptic ulcer disease is 30-40% greater amongst 

patients w ith blood group O, especially if they are non-secretors (do not
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secrete blood group substances in their gastric acid secretion) Rotter (1980). 

Peptic ulceration is also associated w ith other genetically transmitted 

syndrom es, especially multiple endocrine abnorm ality syndromes and those 

associated w ith hypercalcaemia.

Epidemiological surveys have indicated that smoking cigarettes increases 

the likelihood of suffering from a peptic ulcer by about 100%. The risk 

seems to be related to the numbers of cigarettes smoked per day (Freidman 

et al 1974) and mortality studies of DU disease have also show n an increased 

risk associated w ith the numbers of cigarettes smoked (Harrison et al 1979). 

The association between cigarette smoking, PG synthesis and DU is 

discussed at length in Chapter 5.

The association between DU and ingestion of certain drugs has been debated 

for some time. Certainly it is know n that ingestion of aspirin and other 

NSAIDs is associated with increased dyspepsia and increased occult blood 

loss in the stools. However, such symptoms are common in the general 

population and while the incidence of dyspeptic symptoms associated w ith 

NSAIDs seems to be quite high, the incidence of true ulceration is much 

lower. Piper et al (1981b), however, found a positive correlation between 

analgesic ingestion and peptic ulcers. They found a relative risk of 29.5 

overall, and 51.8 in females (as calculated by the ratio of the risk of the 

exposed subjects to the risk of the unexposed controls). As far as the 

complications of DU are concerned, a recent study on the associated factors 

w ith bleeding peptic ulceration showed that, by far, the strongest correlation 

was w ith the use of aspirin or other NSAIDs in the previous three days 

before the onset of gastrointestinal haemorrhage. However, this study 

could not determ ine w hether the taking of a NSAID had caused the ulcer or 

encouraged an established ulcer to bleed (Matthewson et al 1988).
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Possible infective causes of duodenal ulcer

The possibility that DUs and other peptic ulcers could be caused by chronic 

infection has been considered for m any years. There has been recent 

evidence to suggest both a viral and a bacterial causative organism.

The suggested viral cause of chronic DU is herpes simplex type 1  virus.

There are certain clinical similarities between infections w ith herpes 

simplex viruses and recurrent ulcers. In a review article on the aetiology 

and pathogenesis of peptic ulcer, Wormsley (1986) described the finding of 

antibodies against herpes simplex type 1  virus which increased in titre 

during ulcer exacerbations and the finding of higher titres during ulcer 

exacerbation than during attacks of herpes labialis. In addition, he described 

that patients w ith DU have very  high levels of IgA antibodies to herpes 

simplex type 1 virus in their duodenal secretions.

The bacterial causative organism  for peptic ulcerative conditions is the 

recently described Helicobacter pylori. For many years spiral bacteria had 

been seen lying on the surface of the mucosa in post-mortem specimens and 

in gastrectomy specimens for peptic ulcerative conditions. However, it was 

not until 1975 that the presence of this bacterium was described in 

association with a peptic ulcerative condition, namely acute gastritis 

(Marshall and W arren 1984), since w hen these organisms have been seen in 

association with other peptic ulcerative conditions.

In 1984, Steer described the finding of bacteria in association w ith DU. He 

found in endoscopic biopsies from the duodenal cap and pre-pyloric areas 

that 73% of patients w ith DU had bacteria related to the epithelial surface.

He noted that the bacteria are related only to the surface of gastric type
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epithelial cells located at areas of gastric metaplasia in the duodenal bulb or 

in the pre-pyloric region of the stomach. He described these bacteria as being 

of two morphological types, a kidney-shaped bacillus and an S-shaped 

bacillus.

This organism has now  been more fully described microbiologically and has 

been accorded a new  species as Helicobacter pylori. It can be found in gastric 

biopsies and in duodenal biopsies of gastric metaplastic mucosa. At high- 

pow er microscopy it can be seen that Helicobacter pylori colonises the space 

betw een the bicarbonate-rich mucus layer of the epithelium  and the mucus- 

secreting epithelial cells. Helicobacter pylori can be cultured in the 

laboratory on simple blood agar plates in a hum id micro-aerophilic 

atmosphere. Microscopically the organism w hen fully form ed is a gram  

negative S-shaped bacterium  w ith four sheathed flagella and produces both 

catalase and large quantities of urease. It differs from members of the 

Campylobacter species (with which it was previously grouped) by the 

num ber of flagella it contains, its cellular wall components, lack of cross 

reactivity between it and antibodies to pathogenic Campylobacter, and DNA 

content.

Marshall and co-workers at the Royal Perth Hospital in Western Australia 

have carried out considerable amounts of research on this organism  and the 

upper gastrointestinal conditions which he and his co-workers believe are 

associated with its infection (Marshall 1986). He described the organism  as 

being non-invasive bu t capable of producing cytopathic changes. The gastric 

epithelial cells which the organism  attaches itself to are unable to maintain 

their usual flat lumenal surface and their intracellular mucus stores are 

decreased. Following these cytopathic changes, a mixed cellular infiltrate 

occurs in the epithelium and this produces changes characteristic of active 

chronic gastritis.

47.



It has been hypothesized by Hazell and Lee (1986) that the cytopathological 

activity of the organism  is directly linked to its powerful urease enzyme. 

Sarosiek et al (1988) found that extracellular material elaborated by 

Helicobacter pylori caused a rapid degradation of mucus glycoprotein 

polymer to glycopeptides w hen incubated together in vitro. This degradation 

was associated w ith a decrease in mucus viscosity. They suggested that this 

m ay be a contributing factor in the pathogenesis of gastritis and peptic ulcer. 

Most recently Levi et al (1989) have suggested that there is an association 

between the presence of Helicobacter pylori, hypergastrinaem ia and acid 

hypersecretion in some patients w ith DU. They presented the hypothesis 

that Helicobacter pylori urease produces an alkaline micro-climate near the 

surface of the antral mucosal cells and thus interferes w ith the normal 

negative feed-back loop of lumenal acid and gastrin production.

Infection w ith Helicobacter pylori is associated w ith type B antral gastritis 

and also w ith an acute infection which is characterized by epigastric 

discomfort, bloating, nausea, mucus vomiting and halitosis. Acute 

infections have been seen in laboratory workers who have undergone 

multiple gastric intubations and in volunteers who have ingested the live 

organism. Following the acute infection there may be hypochlorhydria 

which persists for up to four months. Infection w ith the organism  may be 

cleared spontaneously or m ay persist as a chronic state associated with 

chronic gastritis.

As far as DU is concerned, 93% of patients have active chronic gastritis of 

the antrum  w ith Helicobacter pylori infection, and in the duodenum  

infection is seen colonizing islands of ectopic gastric mucosa on or near the 

ulcer border in 83% of patients (Carrick et al 1989). However, not all
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colonizations of ectopic gastric mucosa produce DUs, nor are all DUs 

associated w ith the presence Helicobacter pylori in ectopic gastric mucosa.

Following the identification and characterization of Helicobacter pylori, 

methods to eradicate this organism  have been sought. Amongst the most 

effective seems to be treatm ent w ith bism uth type compounds. It has been 

found that tri-potassium  di-citrato bism uthate (De-Nol, Brocades) cleared 

the organism from  biopsies w ith associated resolution of gastritis. 

Subsequently M cNaulty et al (1986) have shown that bism uth salicilate also 

has this effect and that in a placebo-controlled trial the bism uth compound 

cleared 14 of 18 patients of the organism, compared to only 1 of 15 who 

received the antibiotic erythrom ycin.

It has been postulated that continuation of infection with Helicobacter m ay 

explain the relapsing nature of DU disease. Coghlan et al (1987) looked at 39 

patients w ith endoscopically healed DU and took antral biopsies after 

healing and one year later. They found that the post-treatment Helicobacter 

status was a significant predictor of endoscopic relapse. Seventy nine per 

cent of patients who rem ained culture-positive had a relapse com pared w ith 

only 27% of culture-negative patients. Similarly, relapse was m ore likely in 

patients w ith a recurrence of Helicobacter infection after apparent 

eradication than in those who rem ained negative. They suggested that 

these findings suggested an im portant role for Helicobacter in DU  relapse in 

the year following treatment. However, it can be seen from these figures 

that although Helicobacter status m ay be part of the pathogenesis and 

relapse of DU disease, it cannot be the whole story since 27% of patients who 

relapsed were still culture-negative.
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Summary

Despite over 150 years of enquiry into the nature and pathogenesis of DU 

disease, no single pathological factor has been found that can explain this 

condition. In a review of pathogenesis Baron (1982) admitted that:

"Approximately two thirds of patients with DU are normo-secretors and their

pathophysiology remains obscure."

Despite further research this statement is still true. It seems most likely that 

pathogenesis and maintenance of ulceration is multifactorial. It m ay be that 

following weakening of mucosal resistance by smoking, life events and 

infections or by an inherent biochemical problem with mucus and 

bicarbonate secretion, proteolytic gastric secretions can initiate the formation 

of a DU. However, even this multifactorial theory has a considerable 

weakness, since it is know n that artificially induced breaches in duodenal 

mucosa, such as are formed by mucosal biopsies, do not persist or become 

chronic but heal rapidly.

A major problem in DU disease would seem to be a failure of the normal 

healing processes of the mucosa and that research to date which has 

concentrated on the initiation of the ulcer process may be looking at only 

one end of the problem. Animal studies suggest that after acid injury, 

breaches in the mucosa normally heal rapidly by m igration of epithelial 

cells from nearby villi over the defect leaving surrounding villi shorter and 

broader (Feil et al 1987). An attem pt to accelerate the healing of laser- 

induced GU in the rat found no benefit from cimetidine (Tagamet, Smith, 

Kline and French) or 15 (S) 15-methyl PGE2 . Indeed the ulcer increased in 

size up to day 4 and 50% perforated (MacLeod et al 1982). In another study it 

was found that the healing of cryo-ulcers was accelerated by omeprazole and
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delayed by indomethacin. However, adm inistering high or low dose PG 

produced trophic changes but did not accelerate healing (Inauen et al 1988). 

In hum ans it has been found that normally healing polypectomy ulcers 

have increased PG synthesis in surrounding mucosa (Kobayashi et al 1982a). 

Models of chronic ulceration are less often used than models of acute 

ulceration and usually involve continuous adm inistration of an  ulcerogen 

(cysteamine etc). Dubois et al (1985) reported the results of mucosal damage 

in monkeys that had total body irradiation (800 rads gamma). In these 

animals biopsy sites did not heal as usual, bu t form ed ulcer craters which 

had damaged surface epithelial cells and an inflammatory infiltrate. This 

obviously very artificial model m ay just represent the effect of radiation on 

rapidly dividing epithelial cells but it does also indicate the degree of 

abnormality of function which is required, in a primate, to prevent healing 

of mucosal damage.

It is clear that any study on the pathogenesis of peptic ulceration m ust also 

look at healing as well as ulcerogenesis.
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Chapter 2

History of PGs, their biochemistry and physiology and 

mucosal protection phenomenon.



History of PGs

PGs are ubiquitous derivatives of essential fatty acids which share common 

biochemical attributes; they contain a 2 0  carbon skeleton, a cyclopentane 

ring, are initially derived from unsaturated fatty acids and, therefore, 

contain double bonds. In the 60 years since they were initially described they 

have been found in extracts of virtually every tissue of the body and have 

been implicated in m any functions. Amongst the tissues which have been 

found to be particularly rich in PGs are the uterus, lungs, brain, thymus, 

pancreas, gastrointestinal tract and kidneys. They have been found to be 

present in blood, urine and seminal fluid.

PGs have many actions; on secretion, smooth muscle tone, vasodilatation 

or constriction, bronchial dilatation or constriction, renal function and 

actions on the female reproductive tract. It was the action of PGs contained 

in seminal fluid on uterine muscle which led to their presence first being 

suspected.

Kurzrok and Lieb (1930) found that strips of hum an uterus relaxed or 

contracted when they were exposed to hum an semen. They had initially 

noticed that artificial insemination w ith hum an seminal fluid caused 

strong uterine contractions in some women, and reproduced this effect in 

vitro in strips of hum an uterine muscle. Goldblatt (1935) reported that 

seminal fluid possessed muscle-contracting and vaso-depressor activities. 

Von Euler (1936) identified that the active agent was present in the lipid- 

soluble component of seminal fluid. Acting on the presum ption that this 

came from the prostate gland, he nam ed the material 'p rostaglandin /
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In the 1960s Bergstrom and his co-workers in Sweden investigated the 

biochemical structure of this lipid-soluble material and found that PG 

activity was due to several related compounds. They isolated the first two 

PGs, one of which they nam ed PGE, because it was ether-soluble, and, the 

other, PGF because it was soluble in an aqueous phosphate buffer 

(phosphate = fosfat in Swedish). Further w ork by Bergstrom and colleagues 

identified the classical structure of a 2 0 -carbon skeleton, a cyclopentane ring 

and the presence of double bonds. Further PGs were identified and nam ed 

alphabetically, either w ay from the E and F series, mainly according to 

differences in the cyclopentane ring. Proof that PGs were derived from the 

essential fatty acids was found in 1964 w hen Bergstrom and Van Dorp 

synthesised PGE2  from arachidonic acid, using homogenates of sheep 

seminal vesicles. Since then various members of the PG series have been 

synthesised in the laboratory and have been found to derive from three 

essential fatty acids.

Eicosatrienoate) is the source of the series 1 PGs (ie, PGEi, PG Fiq, etc).

Arachidonic acid (or eicosatetraenoate in the same nomenclature)

gives rise to the series 2 PGs.

Eicosapentaenoate is the source of the series 3 PGs.

In the 1970s, two other groups of related substances similarly derived from 

fatty acids were discovered. These are the thromboxanes (TXs) (which, 

though derived from the same PG precursors, contain an oxane ring,) and 

tw o other arachidonic acid derivatives, the hydroxy-eicosatetraenoic acids 

(HETEs) and the hydroperoxy-eicosatetraenoic acids (HPETEs).

Another major group of arachidonic acid derivatives are the leukotrienes.
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Biochemistry of PGs and other eicosanoids

Prostaglandins are a group of oxygenated, polyunsaturated fatty acids based 

on a 20-carbon skeleton and containing a cyclopentane ring. Prostaglandins 

are not stored in tissues, and release immediately follows synthesis. The 

prostaglandins are formed from free (non-esterified) fatty acids bu t the most 

common substrates (linolenic and arachidonic acids) are present in the 

highest amounts as esters in phospholipids. The first step of biosynthesis is, 

therefore, the freeing of the acid substrate from the phospholipid pool by a 

phospholipase.

The free fatty acids are converted to prostaglandins in the high-speed 

particulate fraction of cells by an  enzyme-complex know n as fatty acid 

cyclooxygenase or, commonly, just cyclooxygenase. There are several 

intermediate steps. A dioxygenase enzyme converts the fatty acid to a cyclic 

endoperoxide (PGG) which contains a hydroperoxy radical at C l5. PGG is 

enzymatically reduced to the hydroxy compound PGH. Both PGG and PGH 

are unstable in aqueous solution and spontaneously decompose to form 

PGE2 , PGD2 , PGF2 q  and non-prostaglandin chemicals (Salmon and Flower 

1979). The endoperoxides can also be converted enzymatically into PGs or 

TXs depending on the cell of origin.

The biosynthetic pathw ay is shown for PGE2  (Figure 2.1). From this diagram  

it can be seen that arachidonic acid is released from the phospholipid pool 

(here represented by the cell membrane) by the action of phospholipase A2  

(which can be blocked by corticosteroids). This is then acted on by the 

various enzymes in the cyclooxygenase series (which can be blocked by
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NSAIDs) to form the unstable cyclic endoperoxides (prostaglandins G2  and 

H 2 ) and thence to PGE2  either enzymatically by PGE isomerase or by 

spontaneous decomposition of the endoperoxides.

O ther prostaglandins are form ed in various ways. PGAs are formed from 

PGEs in acid conditions, while PGBs are formed from  PGEs in basic 

conditions. PGDs are form ed from the endoperoxides by PGD isomerase. 

PGF is formed from endoperoxides by reduction. PGI2  (originally know n as 

prostacyclin because of the presence of a second ring in its structure) is 

formed by its own enzyme present in, especially, vascular endothelial cells. 

It is unstable and decays, in mildly acidic conditions, to 6 -keto-PGFiQ.

Thromboxanes are form ed from the relevant endoperoxide by enzymatic 

action. Endoperoxides derived from arachidonic acid are converted to TXA2  

which decomposes rapidly to TXB2 .

Leukotrienes are form ed from  arachidonic acid via the lipoxygenase system. 

This system initially forms a 5-hydroperoxy derivative (5 -HPETE) which is 

dehydrated to leukotriene A4  (LTA4 ) by a soluble dehydrase. LTA4  is an 

unstable epoxide and is acted on enzymatically to form  the other members 

of the leukotriene family. Hydrolysis forms LTB4  and then oxidation forms 

2 0 -hydroxy-LTB4  and 2 0 -carboxy-LTB4 . A lternatively LTA4  is converted to 

LTC4  via glutathione-S-transferase which acts at C6 . LTD4  and LTE4  are 

then formed by other enzymatically controlled steps (Salmon and Flower 

1982).
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Figure 2.1 Biosynthesis of PGE2 from arachidonic acid.
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N om encla tu re

Eicosanoids

P ro stan o id s

P ro stag lan d in s

T hrom boxanes

L eu k o trien es

Series 1  Prostanoids

All compounds based on a 2 0 -carbon skeleton 

and derived from fatty acids are contained in 

this overall classification.

This term  encompasses all the products of the 

cyclooxygenase enzyme system, that is, the PGs 

and the thromboxanes but not the leukotrienes.

These compounds, based on a 20-carbon 

skeleton, all contain a pentane ring and 1-3 

double bonds and are products of the 

cyclooxygenase system.

These compounds, based on a 20-carbon 

skeleton, all contain an oxane ring and are 

similarly products of the cyclooxygenase system.

These compounds, based on a 20-carbon 

skeleton, are derived from fatty acids via the 

action of the 5-lipoxygenase pathw ay and do not 

contain a ring in their skeleton.

These compounds are derived via the 

cyclooxygenase system from eicosatrienoic acid 

and contain one double bond (eg, PGEj and 

PGFl a ).

Series 2 Prostanoids These all derive from arachidonic acid via the

cyclooxygenase pathw ay and contain two



------1----

double bonds (eg, PGE2 , PGF2 a  and 

throm boxane B2 ).

Series 3 Prostanoids These all derive from the eicosapentaenoic acid

and contain three double bonds (Eg, PGE3 ).

M etabolism

Prostaglandins of the E and F series are readily metabolised in vivo. In 

plasma, 97% of PGE2  is metabolised w ithin 90 seconds (Salmon and Flower 

1979). The first stage is the oxidation of the 15-hydroxyl group by 15- 

hydroxy-prostaglandin dehydrogenase (which dehydrogenates PGAs, PGEs, 

PGFs and PGI2  but not PGDs). This enzyme is present in large quantities in 

the lung, and more than 95% of PGE2  is biologically inactivated in a single 

pass through the lungs. The second stage is saturation of the C l 3-14 double 

bond by prostaglandin-reductase. Oxidative processes then give rise to 

dicarboxylic acids which are excreted in the urine. Various PGs may be 

converted into other PGs by the action of specific enzymes.

Dietary deficiency in essential fatty acids

The importance of fatty acids in the diet was first examined in the 1920s 

w hen dietary factors for rat fertility were explored. It was found that rats fed 

a fat-free diet developed an acute deficiency syndrome which was 

characterised by scaly skin and im paired reproduction. The pattern  of 

abnormalities was suggestive of a vitam in deficiency, that is a lack of an 

essential nutrient. Fatty acids which w ere required in the diet for normal 

functioning were therefore term ed the essential fatty acids. Linoleic and
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linolenic acids were the first of these to be described. It m ay well be that, 

given the ubiquitous nature of PGs and their involvement in m any vital 

functions of the body, the major requirem ent for essential fatty acids is for 

eicosanoid biosynthesis.

Inhibition of prostaglandin synthesis

Prostaglandin synthesis can be considerably reduced by various agents. The 

first of these to be noted was aspirin (Vane 1971). It has become clear that in 

general all NSAIDs seriously impair the ability of the cyclooxygenase system 

to generate prostaglandin endoperoxides, w ithout which none of the 

resulting prostaglandins or thromboxanes can be formed.

Corticosteroids interfere w ith the action of phospholipase and prevent the 

release of free fatty acids from the phospholipase pool. There are, however, 

low concentrations of free fatty acids in the cytoplasm from other sources.

Physiological and pharmacological effects of PGs

The actions of the various members of the PG series on the organ systems of 

the body vary according to the type of PG.

PGE2  in the gastrointestinal tract.

Action on muscle

PGE2  has variable action on vascular, pulmonary, gastrointestinal tract and 

reproductive tract muscles. It is a relaxant of smooth muscle except in the
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gastrointestinal tract where it contracts the longitudinal muscle and relaxes 

the circular muscle. This combination of effects increases gastric emptying.

Gastrointestinal secretion

The PGE series (which is the most examined series of PGs in the 

gastrointestinal tract) has m any effects on gastrointestinal secretion. It 

decreases gastric acid secretion bu t increases gastric mucus and bicarbonate 

secretion. Such actions led to interest in PGs as possible anti-peptic ulcer 

treatments and the development of synthetic PGs. Robert et al (1976) 

reported that 15-methyl-PGE2 and 16, 1 6 -dimethyl-PGE2  were both more 

potent anti-secretory agents than natural PGE2 , and suggested them as anti

ulcer agents. Since then several such agents have been developed, all of 

which are potent inhibitors of acid secretion (Deakin et al 1986; Wills et al

1986).

Further dow n the gastrointestinal tract in the small intestine, PGE2  inhibits 

absorption and increases secretion of w ater and electrolytes. These two 

activities can cause severe diarrhoea. These effects are probably responsible 

for the commonly found side-effects of abdominal pain and diarrhoea w hen 

PGE compounds are used pharmacologically.

The physiological roles of PGs in the stomach and duodenum

The hypothesis that mucosal PGs are part of a physiological defence 

mechanism of the gastroduodenal mucosa has also been investigated.

Dial and Lichtenberger (1986) investigated suckling rats and  found that PG- 

mediated mucosal protection against acid injury appeared in the second
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w eek of life, just before acid production started. They further investigated 

the production of PGs in the neonatal period (Dial and Lichtenberger 1988) 

w hen they found that mucosal hydrophobicity developed at about three 

weeks of life in suckling rats, and before that PGE2 -induced mucosal 

protection w as not possible.

An artificial state of PG deficiency has been induced in animals used to raise 

antibodies against members of the PG series. Olson et al (1985) consistently 

found that rabbits used to raise high titres of anti-PGE2  and anti-PG Fia 

antibodies produced gastroduodenal ulcers and erosions which perforated 

in 70% of cases. Redfern et al (1987) found that the ulcerogenic capacity 

could be transferred passively between rabbits by transfusion of 

hyperim m une serum. Recipients of such serum  developed ulcers w ithin 

nine days. If rabbits were immunised against both PG Fiq  and PGE2  more 

serious ulceration developed which was frequently fatal. 1 Redfern and 

Feldman (1989) suggested that the PG antibodies bound to endogenous PGs 

within the mucosa and reduced their mucosal protective effects. Beinborn 

et al (1989) found evidence that rabbits producing anti-PG antibodies 

acclimatised by a process of "PG-receptor up-regulation" and  that the gastric 

mucosal plasma membranes of such animals had significantly higher PGE2 - 

binding capacity.

Histamine 2 receptor stimulation and acid secretion

Befrits et al (1984) suggested that endogenous PGs w ere the m ediators of 

inhibition of gastric acid secretion which follows antral acidification, and 

dem onstrated that such inhibition w as prevented by indom ethacin. 

Arakawa et al (1986c) showed that stim ulation w ith histam ine increased the

^Redfern et al (1986) have failed to find spedfic binding of serum to PGE2, PGF2a and 6- 
keto-PGF;ia in patients with peptic ulcer.
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am ount of PGs extracted from gastric biopsies, and protected against 0.6 N  

hydrochloric acid. This protection was prevented by pre-treatm ent w ith 

indomethacin or cimetidine. This, therefore, suggested that endogenous 

PGs were stim ulated by an H 2  receptor-dependent m echanism  w hich could 

be inhibited either by  an H 2  receptor antagonist (cimetidine) or by a 

cylcooxygenase inhibitor (indomethacin). An increase in secretion of 

mucosal PGs in response to an increase in gastric acid secretion, is obviously 

of physiological importance if PGs mediate the mucosa's defence.

Wollin et al (1976) had previously show n that both histamine and PGs 

stimulated cyclic adenosine m onophosphate (cAMP) in the guinea-pig 

gastric mucosa. This implies that the interplay of histamine and PGs, in the 

control of acid secretion, m ay occur distal to the histamine 2  receptor, at the 

intra-cellular level, and involve the actions of cAMP This common 

mediator has also been implicated in the control of PG-stimulated gastric 

mucus secretion (Guslandi 1980). Further w ork by Chen et al (1988) suggests 

that PGs bind w ith "inhibitory guanosine tri-phosphate-binding protein of 

adenylate cyclase" and thereby inhibit any histamine-stimulated acid 

secretion.

M otility

It has been suggested that PGE2  alters the interdigestive motility complex so 

as to reduce gastric em ptying and increase duodenogastric reflux (Dooley et 

al 1985). Such an action w ould protect the duodenum  (by slow ing entry of 

acidic gastric juice into the duodenum ) bu t injure the stom ach (by allowing 

reflux of bile salts). They also showed that aspirin (which w ould reduce 

synthesis of mucosal PGs) had similar actions to PGE2 , and, therefore, it is 

difficult to interpret this finding as a part of PG-induced mucosal protection.
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Duodenal bicarbonate secretion

Both lumenal acid and PGE2  stimulate duodenal bicarbonate secretion in 

the rat. The effect of lumenal acid can be abolished by indomethacin and 

restored by PG and suggested that endogenous PGs help mediate duodenal 

bicarbonate response to lumenal acid (Isenberg et al 1985). Similar w ork has 

been perform ed in m an using a complex of tubes and balloons to isolate a 

four centimetre section of duodenum. Aspirates were corrected for losses 

using a marker. The bicarbonate content of aspirates was found to increase 

in response to lumenal acid, and to instilled PG, in both the distal and 

proximal duodenum  (Isenberg et al 1986).

Eating

Using an elegant method Satoh et al (1984) looked at the response of 

mucosal PGs to feeding. They gave indomethacin before and after re

feeding and showed that re-feeding reduces indomethacin-induced dam age 

and that this protection was, itself, reduced by pre-treatm ent w ith 

indomethacin. They suggested that re-feeding stimulated mucosal PG 

synthesis, and supported this hypothesis by showing that in vitro synthesis of 

PG Fiq and PGF2 q  were increased by re-feeding. Bunnett et al (1983) also 

looked at this area using dialysis tubes which were implanted into the dog 

gastric mucosa. Dialysate returned from  the tubes was assayed for PGE2 by 

radioimmunoassay, and it was found that feeding increased antral, but not 

fundal, interstitial fluid PGE2  by a factor of 2.5. Pre-treatment w ith 

indom ethacin reduced this food-induced increase in interstitial fluid PGE2 .

Permissive action of corticosteroids

Szabo et al (1983) looked at the effect of adrenalectomy on mucosal 

protection. They found that total adrenalectomy reduced mucosal
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protection previously induced by PGs. Replacement corticosteroids restored 

the protection, while sub-total adrenal medullectomy was not associated 

with reduction in mucosal protection. Production of mucosal PGE2  and 

PGI2  was m easured by in vitro synthesis techniques (after the m ethod of 

W hittle and Salmon 1980) and found to be unaffected by total 

adrenalectomy. It was therefore show n that corticosteroids, endogenous or 

exogenous, were required for mucosal protection. The reduction in 

mucosal protection caused by adrenalectomy and the absence of 

corticosteroids was not mediated through a reduction in mucosal PG 

synthesis. The exact mechanism of this permissive effect of corticosteroids 

on mucosal protection is not clear and not further explored by Szabo et al 

(1983).

Diet

Using modified diets, Schepp et al (1988) altered rat gastric mucosal PGE2  

release and investigated the effect that this had on gastric acid secretion and 

stress-induced mucosal damage. They used a diet which was deficient in 

essential fatty acids and which was shown to reduce PGE2  release by 77%. 

Gastric secretory studies showed that pentagastrin-stimulated acid secretion 

was increased in these animals by 133% and basal secretion by 93%. W hen 

these animals, fed a deficient diet, were subjected to cold-restraint, the 

surface area of the ulcers so formed was increased by 280% compared to 

ulcers in control animals. Using diets high in essential fatty acids (10% of 

calories) they found that gastric acid secretion was reduced both to 

pentagastrin stimulation and basal stimulation and that 80% protection was 

afforded to gastric mucosa in the cold-restraint model. This w ork correlates 

well w ith  that of Auguste et al (1987) w ho found that oral arachidonic acid 

induced increased mucosal PGE2  and that this protected against cold- 

restraint mucosal damage in rats. Grant et al (1988) also supported the
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findings of Schepp et al (1988) w hen they reported that 14-20 days of dietary 

supplem entation with linoleic acid increased PGE output in gastric juice 

and decreased m ean maximal gastric acid secretion (although basal acid 

output was not effected). Together these reports suggest that the content of 

essential fatty acids in the diet can m odulate both gastric acid secretion and 

m ucosal protection.

W hittle (1981) had already show n that reducing mucosal PG synthesis alone 

did not induce damage. In a study that looked at PGI2  form ation in the rat 

gastric mucosa, after treatment w ith indomethacin, he found equal 

inhibition in small intestinal mucosa which was not accompanied by 

ulceration, and concluded that cyclooxygenase inhibition alone did not 

produce the mucosal damage but allowed damaging agents to injure the 

m ucosa.

In summary

It seems that response to mucosal PG appears very early in the neonatal rat 

and this protective response precedes acid production. Histam ine receptor- 

m ediated increases in gastric acid secretion are also accompanied by an 

increase in mucosal PGs. Feeding causes an increase in mucosal PGs. The 

inhibition of mucosal PGs alone does not cause mucosal dam age but 

perm its other damaging agents which m ay be present to injure the mucosa 

unopposed.
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X

NSAIDs and peptic ulceration

Since Vane (1971) first suggested that part or all of the pharmacological 

action of aspirin is mediated by inhibition of PG synthesis, there has been 

considerable interest in this mechanism as a possible cause of peptic 

u lceration.

K onturek et al (1981c) measured endogenous mucosal PGs in rats w ith 

aspirin-induced gastric ulcers. They used a method developed by W hittle 

and Salmon (1982) and found that both PGE2  and PGI2  were reduced in 

mucosa exposed to aspirin. They also showed that aspirin-induced damage 

could be prevented by intravenous injection of PG. Later the same centre 

(Konturek et al 1984) showed, using the same method, that mucosal PGE2  

was similarly reduced in hum ans following aspirin or indomethacin 

adm inistration and the mucosal damage seen was proportional to the 

degree of inhibition of PG synthesis. Others have also attem pted to m easure 

the effect of aspirin on mucosal PG formation. Roost et al (1986), using 

m ethodology previously published by Wright et al (1982), m easured 

mucosal PGE2  content in healthy volunteers before and 90 m inutes after 

dosing w ith various damaging or anti-ulcer agents. The validity of their 

results is questioned in Chapter 3 but, for completion, it is mentioned here 

that they also showed a decrease in mucosal PGs following aspirin.

The use of aspirin and non-aspirin NSAIDs by patients w ho subsequently 

develop peptic ulcers has been noted by epidemiologists. Catford and 

Simpson (1986), reporting the results of a confidential enquiry into deaths 

from peptic ulcer, found the evidence of the prior use of NSAIDs by m any 

patients to be compelling, and advised that their use be curtailed, especially
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in the elderly. M uch of the mortality is due to bleeding. In a 230-patient 

study, com paring patients w ith bleeding peptic ulcers with age- and sex- 

matched com m unity controls, Faulkner et al (1988) found that patients 

taking aspirin w ere three times more likely to be admitted w ith a bleeding 

peptic ulcer. Aspirin and non-aspirin NSAIDs accounted for a third of all 

bleeding ulcers in the elderly. Similarly, in a prospective endoscopically- 

controlled study of bleeding and non-bleeding ulcers, M athewson et al 

(1988) found the prior use of NSAIDs to be the most im portant factor.

The mechanisms by which NSAIDs might cause mucosal damage has been 

explored by  m any workers using a variety of methods. McCormack and 

Brune (1987) found that accumulation of the NSAID in the gastric mucosal 

cells and inhibition of cyclooxygenase activity were equally im portant 

factors in gastric mucosal damage. Once in the mucosal cell, the NSAID 

produces a variety of changes which m ay promote damage. Simon and 

Kather (1979) showed that in hum an gastric mucosa, NSAIDs reduced both 

PG formation and the responsiveness of PG-sensitive adenylate cyclase. 

Other changes, which have been found in response to NSAIDs, are an 

increase in permeability of inter-cellular tight junctions (Meyer et al 1986), 

reduction in cell-surface hydrophobicity (Lichtenberger et al 1985) and an 

increase in ingress of hydrogen ions in acid pH  (Cheung et al 1985).

Outside the cell, basal acid secretion was increased and sensitivity of acid 

secretion to histamine stimulation was also increased in response to 

NSAIDs (Levine and Schwartzel 1984). Gastric mucosal bicarbonate 

secretion was reduced by indomethacin in isolated rabbit gastric mucosal 

preparations (Rees et al 1984), an action which was only partly counteracted 

by treatm ent w ith PGs. A similar reduction produced by aspirin was not 

counteractable to any degree. Del Soldato et al (1986) have show n that pre

treatm ent w ith indom ethacin increased sensitivity to the dam aging effects
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of free radicals, an effect which was only partially inhibited by pre-dosing 

w ith lumenal PGE2 . The sum m ation of these effects was to reduce the 

resistance of the mucosa such that ulceration occurred during normal 

physiological functions such as feeding (Satoh et al 1981).

N ot all of the mucosally dam aging effects of NSAIDs and similar agents are 

due to reduction in mucosal PG formation. The dam aging effects may not 

be completely overcome by dosing w ith 16, 16-dimethyl PGE2  (Ohno et al 

1985). O ther agents, such as sodium  salicylate (which has little inhibitory 

activity in vitro W hittle et al 1980), may produce similar effects to NSAIDs 

which do inhibit PG synthesis (Rowe et al 1987).

Rainsford (1986) looked at structural damage and changes in eicosanoid 

form ation following adm inistration of NSAIDs, by time-course analysis, 

and found that changes were coincidental rather than sequential, suggesting 

either that damage followed almost instantaneously after reduction of PGs 

or that a fall in PGs was related to the damage rather than vice versa. Others 

have also suggested that the role of PG inhibition, in mucosal damage 

following administration of NSAIDs, is not proven. Ligumsky et al (1983) 

found that an 85% inhibition of mucosal PGs did not cause lesions w hen 

aspirin was given intra-peritoneally. They also found that the damage 

induced by lumenal bile salts w as not enhanced by intra-peritoneal aspirin. 

Amioka et al (1987) found that aspirin reduced PG levels in the gastric juice 

of rats w ith mucosal lesions induced by aspirin, ethanol or hydrochloric acid 

and ethanol, but that this did not impair healing. They questioned the role 

of endogenous PGs in the form ation and healing of such lesions. Inauen et 

al (1988), however, found that the healing of cryo-ulcers in the corpus of the 

stomach of rats was delayed by indomethacin. Administration of 

omeprazole (a parietal cell proton pum p inhibitor) increased the healing
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rate of cryo-ulcers, while low and high dose 16, 16-dimethyl PGE2  produced 

trophic changes but did not increase rate of healing.

One explanation of these mixed findings is that aspirin, and other NSAIDs, 

reduce mucosal resistance but that ulceration or damage does not occur in 

the absence of a dam aging agent. The damaging agent might be the NSAID, 

itself, or might be lum enal acid a n d /o r  bile salts in vivo.

W here peptic ulcers develop in patients on NSAIDs, treatment w ith the 

acid-reducing H 2  receptor antagonist cimetidine (Tagamet, Smith, Kline and 

French) (800mg per day) induced healing after eight weeks in 87% of 

duodenal ulcers and 75% of gastric ulcers, despite the continued 

adm inistration of the NSAID. Once healed, maintenance w ith a low er dose 

of cimetidine (400mg at night) prevented re-ulceration for the duration of 

the six-month follow-up (Biljlsma 1988). Prevention of ulceration in 

patients receiving NSAIDs has also been investigated. Graham  et al (1988b) 

found that 21.7% of patients on such agents developed gastric ulcers larger 

than 3mm in diameter. Co-administration of misoprostol (Cytotec, Searle) 

(200 meg four times daily), a PGEi analogue, reduced the incidence of gastric 

ulceration to 1.4%. Using ranitidine (Zantac, Glaxo), in a co-administration 

trial w ith NSAIDs, Ehsanullah et al (1988) found that duodenal lesions were 

largely prevented bu t that gastric lesions still occurred. These reports 

suggest that a combination of acid and reduced PGs are necessary for 

duodenal ulcers in patients on NSAIDs but that reduced PGs alone (or w ith 

another unknow n factor) produce gastric ulcers.

In summary, NSAIDs are potent factors in the formation of bleeding and 

often fatal peptic ulcers. They injure the mucosa by several different 

actions, some of which are m ediated by a reduction in endogenous mucosal 

PGs. Reduced mucosal resistance, induced by NSAIDs, perm its further
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damage by other agents such as food, bile, pepsin, acid or the drug itself. The 

role of lumenal acid seems im portant in the formation of NSAID-induced 

duodenal lesions, because they can be prevented by ranitidine. Gastric 

lesions are less dependent on acid and can be prevented by co

adm inistration of misoprostol. The majority of gastric and duodenal 

lesions can be healed by cimetidine despite continued administration of the 

NSAID.

Mucosal protection1 

Introduction

This thesis deals w ith the protective role of endogenous PGs in the 

gastroduodenal mucosa and their possible deficiency in peptic ulceration. 

This section deals w ith the evidence that these substances protect the 

gastroduodenal mucosa and demonstrates that PGs have been show n to be 

involved in many protective functions. M anipulation of endogenous PGs 

can both encourage damage, if they are reduced, or protect the mucosa, if 

they are increased.

History of 'cytoprotection' (mucosal protection).

In 1976 Andre Robert detailed the anti-secretory, anti-ulcer and mucosally 

protective properties of PGs. He reviewed the evidence that PGs were 

potent inhibitors of gastric acid production and that adm inistration of these

^ h is section discusses a phenomenon previously erroneously termed cytoprotection. It is 
now clear (see end of section) that not all cells are protected and, indeed, some may be 
sacrificed during this phenomenon. The term cytoprotection is therefore misleading.
There is no generally accepted replacement term but 'mucosal protection' does imply that 
it is mucosal integrity that is maintained . Occasionally in this section the term 
cytoprotection is retained for historical accuracy; it then appears in inverted commas.
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substances healed artificially and naturally occurring ulcers. He also 

described an ability of these substances to be, w hat had been termed by 

Jacobson, 'cytoprotective/ Reporting evidence from his own experiments, 

he showed that administration of PGs E2 , F2 p, A2 , B2  or D2  inhibited, to 

various degrees, the gastric mucosal damage usually induced by the 

adm inistration of indomethacin or flurbiprofen, both of which are potent 

inhibitors of cyclooxygenase (Robert 1976). At this time, Robert loosely 

defined the property of 'cytoprotection' as:

"The property of PGs to protect the mucosal epithelium of the stomach and 

the small intestine against non-steroidal anti-inflammatory compounds."

Although, in this early report, Robert accepted that much of this protection 

m ight be due to the antisecretory effects of PGs on acid secretion, he also 

pointed out that two PGs with no know n antisecretory action, PGE2 q  and 

PGF2 p, w ere still 'cytoprotective.' At the same time, M uryobayashi et al

(1976) reported that synthetic analogues of PGE2  (16-methylene and 16, 16- 

dimethyl PGE2 ) reduced acid production in rats and protected against stress- 

induced ulceration.

At this stage it was generally accepted that the majority of the protective 

ability of PGs lay in their antisecretory effect. However, Carmichael et al

(1977) investigated other antisecretory substances (glucagon and secretin) in 

aspirin-induced erosive gastritis in rats and found no protection. Similarly, 

Kenyon et al (1977) found that cimetidine given in an antisecretory dose 

( 2 0 0  mg intravenously or per orally) did not prevent the damage caused by 

bile salts to the gastric mucosa of antrectomised dogs. Further, the increased 

flow of sodium  and pottasium ions induced by these agents was not 

lessened by the co-administration of cimetidine. Returning to this theme, 

Carmichael and his co-workers (Carmichael et al 1978) show ed that methyl
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PGE2  protected rat gastric mucosa independently of acid secretion bu t that 

cimetidine did not. In contrast, however, Kauffman and Grossman (1978) 

concluded that protection by PGs and cimetidine, in an acidified-aspirin 

model of gastric mucosal damage in the rat, were both mediated by an effect 

other than decreased acid secretion. Guth et al (1979) produced similar 

results in the same model. They found that cimetidine and propanthine, as 

well as PG, protected the mucosa in the presence of acid.

Exploring the antisecretory and protective effects of PGs, Cheung et al (1978) 

looked at the topical effects of 16, 16-dimethyl PGE2 . They used an animal 

model which involved the production of two Heidenhain pouches in the 

same dog. They looked at hydrogen ion secretion, gastric mucosal potential 

difference and sodium  efflux in both pouches. They instilled the PG 

analogue into one pouch and found that hydrogen ion secretion was 

markedly reduced, together w ith a reduction in gastric mucosal potential 

difference and an increase in sodium  efflux. No effect w as seen in the other, 

untreated, pouch. This suggested that, w hen topically administered, the 

effects of PGs were limited to their immediate location. Using the same 

experimental model Miller and H enagan (1981) found that 16, 16-dimethyl 

PGE2  prevented ethanol-induced damage in a Heidenhain pouch w ith a net 

increase in secretion of sodium ion and gastric juice into the pouch.

Robert et al (1979) detailed the protective ability of PGE2  against a range of 

noxious substances, including high-concentration ethanol, hydrochloric 

acid and sodium hydroxide, as well as hypertonic saline and therm al injury. 

They detailed that while PGE2  was protective, other antisecretory 

compounds were not (methscopolamine brom ide and cimetidine). They 

found that the effect of PGE2  was maximal betw een 2.5 and 30 m inutes after 

giving the dose orally and that there was no residual effect after five hours.
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In this paper Robert et al (1979) refined the definition of 'cytoprotection' to 

be:

"The property of many PGs to protect the mucosa of the stomach and the 

intestine from becoming inflamed and necrotic when this mucosa is exposed 

to noxious agents."

They further stated from their studies that mucosal protection is separate 

from, and unrelated to, the inhibition of gastric secretion. They suggested 

that the mucosally protective effect of PGs may be due to a sudden increase 

in mucus secretion, a stimulation of the sodium pump, a direct effect on 

epithelial cells and an effect on gastric mucosal circulation. The protective 

effect of PGs, independent of acid secretion, was confirmed by other authors. 

Marti-Bonmati et al (1980) confirmed, using an ulcer model in the rat which 

involved the exogenous use of acid and pepsin, that only PGE2  protected 

whereas atropine and cimetidine did not, and Purunen (1980), who used an 

ethanol model of gastric mucosal damage in the rat, showed that PGE2  

given intravenously reduced mucosal damage while cimetidine and 

atropine did not. This dispute continued for some years and still may not be 

fully resolved. Rovati et al (1982) published data suggesting that, in the 

acidified aspirin model of mucosal damage in the rat, PG was not alone in 

its ability to protect the mucosa but other antisecretory agents such as 

atropine, pirenzepine (Gastrozepin, Boots; an  anti-cholinergic) and 

vagotomy were also protective.

W hen considering experiments involving mucosal protection and  the effect 

of PG administration, differences in methods should be borne in mind. 

Prostaglandin requirem ents may be different in different models of mucosal 

damage. Garrick et al (1986) found that PG requirem ents w ere greater for 

protection in cold-restraint models than in alcohol models of mucosal
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damage. They found that w hereas 5 meg kg -1  16, 16-dimethyl PGE2  protected 

the mucosa against injury from ethanol, 2 0  meg kg-1  w as required to protect 

against injury in the cold-restraint model.

Most mucosal protection studies use models of acute mucosal damage and 

single doses of PGs. However, tolerance m ay develop if the PG is 

adm inistered chronically. Javor and Mozsik (1984) found PG tolerance in an

ethanol-induced model of mucosal damage. They tested the mucosally

protective ability of PGF2 a  after adm inistration of that agent for a week.

They found a decrease in its ability to protect rat gastric mucosa from 

damage by ethanol, and suggested that a possible effect on receptor sites was 

responsible.

Finally, PGs are not the only eicosanoids which may adapt the mucosal 

response to injury. Work has been recently published on the role of

leukotrienes. Konturek et al (1988) have investigated the action of LTC4  and

found that it significantly increases the area of damage produced by 

ulcerogens. This action is prevented by an agent (FPL 55712) which is 

believed to act as an anti-leukotriene. However, the protection afforded by 

FPL 55712 can be partially counteracted by indomethacin. This implies that: 

FPL 55712 has some PG-mediated activity, or that inhibition of the 

cyclooxygenase pathw ay may, by some other mechanism, overcome the 

anti-leukotriene effects of this compound, or that indomethacin is causing 

damage independent of eicosanoid-associated mechanisms. O ther naturally 

occurring agents m ay also be involved. A recently described potent 

ulcerogen is platelet-aggregating factor (PAF) which can be released by many 

cells involved in inflam m atory responses. It causes platelet aggregation, 

vasodilatation, increases vascular permeability, degranulation of 

neutrophils and release of lysosomal enzymes. Rosam et al (1986) have 

dem onstrated the ability of this agent to cause haem orrhagic mucosal injury
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which appears to be independent of platelets, PGs, histamine blockade or 

blockade of alpha-adrenergic receptors. Others have also commented that 

mucosal damage by this agent could not be prevented by PGs (Steel et al

1987).

Adaptive mucosal protection

The role of endogenous PGs in mucosal protection was suggested by 

C haudhury and Robert (1980). They published evidence that mild irritants 

(such as weak acid, low-concentration ethanol and low-concentration bile 

salts) w hen given before a noxious agent (high-concentration taurocholic 

acid) prevented the damage that would normally have occurred. They 

further found that pre-treatm ent by indomethacin prevented the protective 

effects of mild irritants. They suggested that the mild irritant encouraged 

the formation of endogenous PGs which then mediated the mucosally 

protective effect against a noxious substance given later. They term ed this 

protection "adaptive cytoprotection" and suggested that this m ay be a 

normal physiological response to irritants in the stomach such as food, etc. 

Although at the dose used indomethacin did not cause mucosal damage on 

its own, an additional injurious effect could not be excluded.

Mechanisms of mucosal protection

Accepting the existence of mucosal protection by PGs, later w orkers sought 

to explore the mechanisms by which PGs might mediate their protection.
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Mucosal bicarbonate secretion

An effect on bicarbonate secretion was suggested by McGreevy and Moody 

(1980) who used chambered wedges of canine stomach. They found that PGs 

protected against acidified aspirin, bu t w hen the pressure was increased 

inside the chamber, which reduced bicarbonate secretion and blood flow, 

then the protective effects of PG were no longer found. This suggested that 

bicarbonate secretion, blood flow or both were part of the mechanism of 

mucosal protection. Kollberg et al (1981) noted that pre-treatm ent w ith 

acetazolamide (an inhibitor of carbonic anhydrase) reduced the protective 

effect of PG on rat gastric mucosa treated w ith indomethacin. Similarly, 

dosing w ith indom ethacin and acetazolamide (without PG) enhanced the 

dam aging effects of indomethacin, and clearly suggested that there was a 

role for bicarbonate secretion in mucosal defence independent of exogenous 

PGs.

Reichstein and Cohen (1982) investigated the role of bicarbonate in rat 

whole stomach chambers. They found that pre-dosing with PG increased 

bicarbonate secretion and they attempted to block this using acetazolamide 

but found this agent only partially reduced the increased bicarbonate 

secretion. They postulated that PGs and acetazolamide had different 

m echanisms of action.

Flemstrom and Kivilaakso (1983) looked at the pH  gradient on the lumenal 

surface of rat duodenum  in vivo and noted its dependence on mucosal 

alkaline secretion. They found that, as lumenal pH  fell, mucosal alkaline 

secretion increased (to increase the mucosal bicarbonate barrier) so that the 

juxta-mucosal pH  rem ained near neutral, even w hen the lum enal pH  was 

as low as 2.0. Pre-treatm ent w ith PG increased mucosal bicarbonate 

secretion and the thickness of the juxta-mucosal zone of near-neutral pH.
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Treatment w ith acetazolamide reduced the stimulated secretion of 

bicarbonate (in response to an increase in lumenal acid or to administration 

of PGs) bu t did not affect basal secretion of bicarbonate. Pre-treatment w ith 

aspirin, however, prevented an increase in bicarbonate secretion in 

response to lum enal acid, and this suggests that endogenous PGs may be 

im portant in m ediating the bicarbonate secretory response to increased 

lum enal acidity.

Ross and Turnberg (1983) found that the bicarbonate concentration in 

mucus was increased both by PGs and by increasing the lumenal acid 

concentration. However, very  high lum enal acid levels eventually 

decreased the bicarbonate concentration. The increase in bicarbonate 

secretion, stim ulated by PGs, w as only partially reduced by co

adm inistration of acetazolamide (Reichstein and Cohen 1984). Since all 

routes of bicarbonate secretion m ay be expected to utilize carbonic 

anhydrase, it m ay be that part of the action of PGs is to prevent re-absorption 

of bicarbonate, thus increasing the net outflow of bicarbonate from the 

m ucosa.

Secretion of bicarbonate was also show n to be a component of adaptive 

mucosal protection in response to hypertonic saline. N obuhara and 

Takeuchi (1984) showed that w hen stomachs of anaesthetised rats were 

perfused w ith molar saline solution the potential difference fell, and the pH  

rose due to an increase in titratable bicarbonate secretion. Pre-treatment 

w ith indomethacin prevented the bicarbonate response and delayed 

restoration of the mucosal potential difference once perfusion w ith saline 

was discontinued. N obuhara and Takeuchi (1984) suggested that 

endogenous PGs mediated the bicarbonate secretion and recovery of the 

potential difference.
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The importance of bicarbonate in mucosal protection was emphasised by 

Rowe et al (1985). Using frog stomachs in Ussing chambers they found that 

increasing the concentration of bicarbonate in the nutrient solution gave 

relative protection against aspirin-induced injury and that damage was 

prom oted by increasing lumenal acidity. Later studies by Patronela et al 

(1988) found a more complicated pattern using chambered stomach 

preparations in the dog. They m easured mucus depth and pH  gradient in 

response to increased lumenal acid or administration of PGE2 . They found 

that the mucus pH  gradually decreased as lumenal acidity was increased 

until the lum enal pH  reached less than 1.0 and then the mucus pH  

increased due to the release of intra-cellular contents from damaged 

superficial cells. Pre-dosing w ith PGE2  increased the mucus pH  gradient and 

prevented superficial cell damage. The authors suggested that, in the 

absence of PGE2 , mucus pH  was maintained by cell degradation, and by 

bicarbonate secretion in the presence of PGE2 .

Heylings et al (1985) used stripped frog mucosa to assess duodenal 

bicarbonate secretion. They found that duodenal mucosa secreted 

bicarbonate in a metabolically dependant m anner which was proportional 

to the PG content of the serosal solution (containing endogenously released 

PG or exogenous PGE2 ).

N obuhara et al (1985) investigated gastric bicarbonate secretion in stomach 

preparations in the rat. Treatment w ith prednisolone was found to reduce 

bicarbonate secretion and, the authors suggested, this was a m echanism  for 

steroid-induced lesions. They found that prednisolone or indom ethacin 

prevented the induction of endogenous PG formation. The suggested 

mechanism was that prednisolone prevented mobilisation of free fatty acids
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from  the phospholipid pool, PG synthesis was reduced and, therefore, PG- 

dependent bicarbonate secretion was also reduced.

The w ork of Takeuchi et al (1986a) made it clear that bicarbonate secretion 

was not the only factor involved in mucosal protection. They found that 

although 16, 16-dimethyl PGE2  increased bicarbonate secretion, its protective 

effect, in the cold-restraint model was still present after this bicarbonate 

secretion had been reduced by the addition of acetazolamide. They explored 

this further (Takeuchi et al 1986c) and found that although acetazolamide 

reduced duodenal and gastric bicarbonate secretion there was no 

concomitant reduction in PG-mediated protection. They concluded that the 

protective effect of PGs m ust involve other mechanisms.

The use of acetazolamide, as an inhibitor of carbonic anhydrase, in such 

studies is subject to a confounding effect w hich was explored by Konturek et 

al (1983b). M any agents (detailed below) can induce endogenous PG 

formation and such is the case with acetazolamide. Konturek et al (1983b) 

found that pre-dosing w ith acetazolamide increased mucosal PGs and 

reduced ethanol-induced mucosal damage in the rat. However, they found 

that it did not protect against acidified aspirin. This suggested that 

acetazolamide protected by inducing endogenous PGs (adaptive mucosal 

protection) and that protection afforded by PGs was multifactorial, so that 

reduction of the bicarbonate component by the acetazolamide w as not 

enough to prevent protection. This confounding effect can be overcome 

using very high dose acetazolamide (1 0 0 - 2 0 0  m g kg -1  SC), w hen the 

dam aging effect on the mucosa is very severe (Chen et al 1984). In this 

model, carbonic anhydrase activity was show n to be m arkedly reduced, PGE2

levels were unchanged and there was an associated increase in serotonin, 

which, the authors believed, mediated the mucosal damage.
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In summary, both endogenous and exogenous PGs increase mucosal 

secretion of bicarbonate in a dose-dependent and metabolically active 

m anner and may mediate the bicarbonate response to increased lumenal 

acidity. Part of the increase in lumenal bicarbonate m ay be due to a 

reduction in re-absorbtion. Although bicarbonate m ay be an im portant 

component of PG-mediated mucosal protection it is not essential.

Mucus secretion

Mucus traps bicarbonate secretion and maintains a near-neutral pH  close to 

the epithelial surface. Adherent mucus also protects against physical 

trauma, by lubricating the mucosa, and against chemical trauma, by binding 

to substances such as heavy metals. Reinhart et al (1983) showed, in the rat, 

that dosage w ith a PGE2  analogue (16, 16-dimethyl PGE2 ) over 2 1  days 

increased mucus thickness. Lamont et al (1983) showed that mucin release 

could be increased by exogenous PGs. They also showed that low dose 

cysteamine increased mucin release but that this effect was prevented by 

pre-dosing with indomethacin, suggesting that endogenous PGs were part of 

the mechanism of the cysteamine-induced increase in mucin release.

The exact mode of action of PG was explored by Jentjens et al (1984), who 

measured galactose, glucosamine and serine incorporation into rat gastric 

mucosal cells. They found that pre-treatm ent w ith a synthetic analogue of 

PGE2  (16 ,16-dimethyl PGE2 ) stimulated incorporation of galactose and 

glucosamine but not of serine. As serine is used in the form ation of 

glycoproteins, this result suggested that PGE2  increases mucus formation by 

utilising pre-existing glycoprotein. Garner et al (1984) also suggested that 

PGs increased release of pre-formed m ucus which increased gel thickness.
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D uane et al (1986) found that stirring the unstirred layer exacerbates 

mucosal dam age by bile salts w hen m easured by hydrogen ion back 

diffusion, bile salt accumulation and sodium  losses. It is, therefore, not just 

the thickness of the mucus layer which is im portant bu t also the physical 

characteristics of an unstirred layer which help to form a barrier to diffusion 

of bicarbonate into the lumen, and of acid into the mucosa.

Mucosal blood flow

The maintenance of the integrity of the gastroduodenal mucosa is reliant on 

an adequate blood flow. This provides the highly metabolically active 

epithelium w ith nutrients, carries aw ay waste products and assists in inter

cellular and intra-cellular acid-base homeostasis by allowing rapid clearance 

of intra-mucosal hydrogen ions into the large buffering capacity of the 

blood. Gerber and Nies (1982) found that w hen PGE2 , PGI2 , H i and H 2  

receptor agonists were infused intra-arterially they caused dilatation of 

stomach vessels in the dog. This effect was independent of gastric secretory 

status. G uth et al (1984) found that PG-induced mucosal protection, in the 

alcohol model of gastric mucosal damage in the rat, was associated w ith 

preservation of the deep microcirculation and prevention of stasis. They 

found that although the surface of the epithelium was damaged by the 

alcohol, deep necrosis was prevented and rapid regeneration occurred from 

the preserved crypts.

The importance of preventing stasis in the gastric circulation w as confirmed 

by Gaskill et al (1984). They used a complex ulcer model in m iniature 

swine. Ulcerogenic bile and acid were applied to the gastric mucosa in 

pylorus-ligated m iniature swine which were then subjected to 

haemorrhagic shock. The mucosal blood flow was assessed by m easuring 

the passage of microspheres which had been introduced into the circulation.
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Using this technique focal ischaemia, which was ultimately associated with 

ulceration, was noted. A parallel group of animals were pre-treated w ith 16, 

16-dimethyl PGE2 , their focal ischaemia was avoided and ulceration was 

reduced. Using a similar model Fink et al (1987) produced gastric-mucosal 

lesions by haemorrhagic shock but found that in vitro synthesis of PGE2  was 

still increased in mucosa sampled 30 minutes after induction of 

haemorrhagic shock. In the later study the in vivo and the in vitro s itu a tio n  

m ay be different. The reduced tem perature of the gastric mucosa in vivo m ay 

have reduced enzymatic activity which w ould be normal in the Erlenmeyer 

tubes which were used for the in vitro culture at 37°C. The two studies do 

agree, however, that stasis or reduction of mucosal blood flow promotes 

mucosal damage.

The strong association of reduced mucosal blood flow with the form ation of 

ulcers was confirmed by Leung et al (1985a) who looked at mucosal blood 

flow in ethanol-induced lesions. They found that the mucosal blood flow 

was reduced or absent at the site of the lesion and unchanged in the 

unaffected areas. Given w ithout ethanol, PGE2  also reduced mucosal blood 

flow but when given prior to ethanol it prevented the initial stasis that was 

usually seen w ith ethanol. M urakami et al (1985) found similar changes in 

the cold-restraint model in the rat and concluded that the mucosal damage 

was caused by increased blood viscosity which reduced mucosal blood flow. 

Damage, however, only occurred in the presence of lumenal acidity. Leung 

et al (1985c) looked at mucosal blood flow in a haemorrhagic hypotension 

model in the rat. They found that gastroduodenal blood flow decreased in 

proportion to the fall in systemic blood pressure. The incidence of duodenal 

mucosal lesions was inversely related, in a linear manner, to blood flow but, 

in the stomach, lesions appeared only after mucosal blood flow had  fallen by 

40%.
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The mechanism of aspirin-induced mucosal lesions was examined by 

Kitahora and G uth (1987). They found that in the rat gastric mucosa aspirin- 

induced back diffusion of hydrogen ions caused micro-thrombi and 

constriction of submucosal arterioles. Mucosal red blood cell movement 

ceased and haem orrhagic areas formed in the mucosa. They suggested that 

this had a causal role in the formation of subsequent mucosal lesions.

Trier et al (1987) also looked at mucosal capillaries in rat gastric mucosa and 

found that surface capillaries were badly dam aged by ethanol w hereas those 

deeper than 256 pm  were relatively less damaged. Pre-treatment w ith 

PGF2 q  reduced the depth and severity of damage but did not prevent it. 

Similar protection w as found using oral cysteamine. The effect of ethanol 

on gastric blood supply in the rat was studied by Oates and Hakkinen (1988). 

In contrast to Kitahora and G uth (1987), Oates and H akkinen found ethanol- 

induced arterial dilatation and venule constriction. The resulting 

hyperaem ia was associated w ith early degranulation of mast cells. These 

changes w ere prevented by lipoxygenase inhibitors but not by 

cyclooxygenase inhibitors. They suggested that histamine released from 

mast cells produced mucosal hyperaem ia which led to haem orrhagic 

subm ucosal necrosis.

However, Gronbech et al (1988) found that the hyperaemic response w as 

im portant in gastric mucosal repair. They looked at gastric mucosa which 

had been dam aged by hypertonic saline, and measured coeliac blood flow 

during instillation of hypertonic saline in the cat. They found that coeliac 

blood flow was increased and that normally there was resolution of dam age 

w ithin 90 minutes. Coeliac artery flow was then restricted by 60% and  this 

was associated w ith m arked gastric mucosal damage and delay in repair. 

Gronbech et al (1988) suggested that the gastric mucosal damage w as not
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caused by the decreased blood flow but that coeliac artery restriction 

prevented gastric hyperaem ia which was part of mucosal repair.

The use of a multiplicity of animals and ulcer models complicates this area. 

However, the general consensus seems to be that stasis in gastric mucosal 

blood flow is associated w ith subsequent formation of mucosal lesions. 

Prevention of stasis by PGs, at least in the deeper parts of the gastric mucosa, 

is one of the mechanisms of mucosal protection. W hether gastric mucosal 

hyperaem ia is part of the mechanism of damage, as suggested by  Oates and 

H akkinen (1980), or is part of the mucosal repair process, as suggested by 

Grombech et al (1988), remains to be elucidated.

Mucosal cell turnover

Rapid replacement of dead or dam aged mucosal cells by increased cell 

replication will aid mucosal repair. This component of mucosal defence 

was also examined by Reinhart et al (1983) w hen they considered mucus 

thickness (see above). They found that 21 days treatment w ith 16, 16- 

dimethyl PGE2  ( 1 0 0  m eg/kg) produced an increase in mucosal thickness, a 

high mitotic rate, and hyperplasia.

Tarnawski et al (1985) found that 16, 16-dimethyl PGE2  prevented deep 

necrosis in the rat alcohol model of gastric mucosal injury, and preserved 

the mucosal proliferative zone. Epithelial replacement was achieved, in the 

PG-treated group, by m igration of epithelial cells from the proliferative 

zone.

Synthetic PGs have been show n to affect mucosal cell proliferation.

Goodlad et al (1989) showed that a PGEi analogue (misoprostol) caused a 

36% increase in stomach weight, w ith an increase in mitotic counts and 

DNA synthesis in the dog gastric mucosa.
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Preservation of tight junctions

Preservation of the integrity of the inter-cellular tight junctions prevents 

the back-diffusion of hydrogen ions into the inter-cellular fluid space. Code 

et al (1981) stated that impermeability of tight junctions and apical 

membranes to back diffusion was im portant in mucosal defence. They 

found increased resistance to back diffusion following previous injury or 

following application of PGE2 .

In summary

Five factors (bicarbonate secretion, mucus secretion, mucosal blood flow, 

cell replication and tight junctions) thought to be im portant in mucosal 

defence have been shown to be modified by exogenous PG. The protective 

effect of this modification has been dem onstrated in some animal models of 

mucosal damage.

Mucosal protection by other substances

Once mucosal protection had been described with PGs, other substances, 

especially anti-ulcer agents were investigated for their 'cytoprotective' 

abilities. An early study by Konturek et al (1981a) confirmed protection by 

PG in an acidified-aspirin model in the rat and found that ranitidine and 

probanthine, in non-antisecretory doses, were also protective.

Carbenoxolone

The effect of carbenoxolone on PG synthesis and catabolism was first 

explored in animals (Peskar et al 1976) and then in hum ans (Peskar 1980) in 

vitro using mucosal biopsies. They found that, at clinical doses, it had no 

effect on PG synthesis but that it did reduce PG catabolism by inhibiting 15- 

hydroxy-PG-dehydrogenase and PG-reductase. These effects occurred at

86.



V - l l U ^ V V l  M

tissue levels which were compatible w ith the in vivo situation and suggested 

that an accumulation of tissue PGs might occur in vivo and mediate some of 

the beneficial effects of this agent. Derelanko and Long (1981) showed that 

carbenoxolone protected rat gastric mucosa against ethanol-induced 

necrosis. However, the nature of this protection was not explored. Rees et 

al (1981) showed that carbenoxolone had no effect on bicarbonate secretion 

and did not resist hydrogen ion back diffusion or reduction in bicarbonate 

secretion caused by bile salts in the rat. This was in contrast to the effects of 

PGE2  in the same model. Nevertheless, carbenoxolone was further 

investigated by M artin et al (1983) who found it to be mucosally protective 

in the rat and found that, after incubation in Krebs' medium, 

carbenoxolone-treated gastric mucosa had an increased release of PGE.

Rask-Madsen et al (1983) m easured the PG content of gastric juice secreted in 

response to vagal and pentagastrin stimulation in peptic ulcer patients 

before and after treatment w ith carbenoxolone. They found that the PG 

content of gastric juice during stimulation was increased following 

carbenoxolone therapy. This suggests that the in vitro findings of Peskar 

(1980) might also occur in vivo. Later, Wan and Gottfried (1985) 

dem onstrated the mucosally protective action of carbenoxolone in ethanol- 

induced rat gastric damage. They showed that the protective ability was 

abolished by pre-treatm ent w ith indomethacin and suggested that 

endogenous PGs might mediated this affect. However, Bennett et al (1985) 

found that treatm ent w ith carbenoxolone had no effect on prostanoid 

synthesis in an ex vivo study of rat gastric mucosa.

Bismuth compounds

Another substance which has been extensively investigated for its mucosal 

protective effect is tri-potassium di-citrato bism uthate (De-Nol, Gist
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Brocades). M alandrino et al (1984) showed that there was prevention of 

gastric mucosal lesions in the rat by a chemical they described as 

tripotassium dicitrato bismuthate, although this was not formally identified 

in their paper as being the anti-ulcer preparation De-Nol. They investigated 

protection against a range of damaging agents; high concentration alcohol, 

sodium hydroxide, and acidified indomethacin, and showed that pre

treatm ent w ith tri-potassium di-citrato bism uthate preserved the gastric 

mucosa and they attem pted to measure prostacyclin synthesis in vitro by 

incubating minced gastric mucosa in tris buffer and found that in vitro 

prostacyclin synthesis was preserved, but not increased, by pre-treatm ent 

w ith tri-potassium  di-citrato bism uthate.

Hall and Van Den Hoven (1986a) repeated some of the w ork that 

M alandrino et al (1984) had performed using an alcohol model of mucosal 

damage in the rat. They confirmed that the anti-ulcer preparation De-Nol 

protected the mucosa and that this protection was associated w ith the 

maintenance of normal PGE2  in vitro synthesis.

Konturek et al (1986a) also investigated the protection by tri-potassium di- 

citrato bismuthate against alcohol, acidified aspirin, water immersion and 

restraint ulcer models in the rat. They found that the active component of 

De-Nol (which they described as colloidal bism uth subcitrate) was more 

potent than sucralfate in protecting the gastric mucosa, whereas bism uth 

subnitrate was not effective. Bismuth subnitrate is one of the components 

of an anti-ulcer preparation called Roter (Roterpharma). Konturek et al

(1986) also measured in vitro mucosal synthesis of PGE2  and found that it was 

increased in a dose-dependent m anner after treatment with tri-potassium 

di-citrato bism uthate and by sucralfate. Later, they repeated this w ork 

(Konturek et al 1987a), adding acidified indomethacin to the ulcer models 

considered, and found that tri-potassium di-citrato bismuthate was up to 20
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times more potent, on a weight basis, than sucralfate. They also confirmed 

that pre-treatm ent w ith indomethacin prevented the protective effect of 

bismuth. In this paper they did not measure in vitro synthesis of PGs 

induced by tri-potassium di-citrato bismuthate. Hall and Van Den Hoven

(1987) perform ed similar studies and m easured PG synthesis using the 

method of Whittle and Salmon (1982). They showed that tri-potassium  di- 

citrato bism uthate was associated w ith an increase in PGE2  synthesis which 

was maximal at 15 minutes and persisted for up to six hours.

In contrast to Konturek's work, Pugh et al (1988) found that bism uth 

subnitrate, previously investigated by Konturek et al (1986), was protective 

in the rat alcohol model of mucosal damage. They found that pre-treatm ent 

w ith bism uth subnitrate preserved normal PGE2  synthesis. One of the 

explanations for the difference between this result and that of Konturek et al 

(1986) is the preparation of the bism uth subnitrate. In Konturek's work, 

ordinary laboratory salt was used, whereas in Roter, bism uth subnitrate is 

prepared by micronisation so that the particle size is very small. The 

particle size of tri-potassium di-citrato bism uthate (bismuth subcitrate) is 

also small (it is a colloid). This factor was previously investigated by Lavy 

et al (1976) who found that non-processed non-colloidal tri-potassium di- 

citrato bism uthate (the same bism uth salt as used in colloidal form in De- 

Nol) was not effective in preventing ulcers in the shay rat model. Sezer et 

al (1975) had already shown that the bism uth in Roter Tabs had a small 

particle size (1-4 microns) and formed a colloid in the stomach. Later w ork 

by Coghill et al (1983) found that the small particle size of tri-potassium di- 

citrato bism uthate in De-Nol (20-120 nm) perm itted it to pass between enter 

mucosal cells. This w ork on particle size and intra-cellular and inter

cellular distribution implies that a small particle size perm its an action at 

the cellular level.
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Other metal salts

D upuy and Szabo (1986) had earlier found that iron, zinc and copper salts 

w ere protective in the alcohol model of gastric mucosal damage in the rat. 

They thought that part of this protection might be due to reduction, by 

binding w ith the metal salt, of sulfhydryl groups which were usually 

released by alcohol damage. To investigate this theory further they used N- 

ethylmaleimide, which is a sulfhydryl-alkylating agent. The use of this 

substance reduced the protective effect of the metal salts and enhanced 

damage. They could not explain further how  protein sulfhydryls were 

involved in m ucosal injury.

In an alcohol model of mucosal damage in chambered rat stomachs it was 

found that haemorrhagic ulceration was accompanied by increased loss of 

sodium, potassium and protein into the lumenal solution, w ith loss of 

mucus from  the epithelium and hydrogen ions from the chamber (Wong et 

al 1986). Treatment with zinc sulphate prevented these changes. PGE2  also 

protected the mucosa but failed to prevent sodium, potassium and protein 

leakage. The authors speculated that zinc stabilized mucous membranes 

and had a PG-independent action, but neither measurements of 

endogenous PGs, nor pre-treatm ent w ith indomethacin were perform ed to 

prove this point.

Sucralfate

Other workers have investigated the ability of sucralfate (Antepsin, Ayerst) 

to protect mucosa in various animal models of mucosal damage. Hollander 

et al (1984) found that pre-treatm ent w ith sucralfate protected the gastric 

mucosa against ethanol-induced injury in the rat. They looked at the PGE2  

content of gastric juice prior to instillation of alcohol and found it to be
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increased following treatment w ith sucralfate. In control experiments they 

used a mixture of indomethacin and sucralfate and found that this 

combination was not protective and prevented the sucralfate-induced rise 

in PGE2  content of gastric juice. This, they felt, confirmed that a part, at 

least, of sucralfate protection was PG-mediated. Hollander et al (1985) 

observed alcohol-induced lesions over 24 hours. Pre-treatment w ith 

sucralfate reduced macroscopic damage and prevented mucosal necrosis. 

Norm al mucosal integrity was re-established at approximately six hours.

Shea-Donohue et al (1986) investigated the gastric protection of sucralfate in 

the rhesus monkey. An untreated control group and a sucralfate-treated 

group both received aspirin subcutaneously. Gastric damage, mucus 

quantity and quality and endogenous PGs were measured. They found that 

the sucralfate-protected mucosa produced more mucus but that the 

sucralfate pre-treatm ent did not prevent the inhibition of mucosal PGs by 

subcutaneous aspirin. PG synthesis was estimated by m easuring mucosal 

PG content by sonication in aspirin and ether, purification by passage dow n 

silicic acid columns and radioimmunoassay. As will be discussed in later 

chapters, 'content' methods show a high degree of variability and this result 

ought to be viewed in the light of these methodological difficulties.

Crampton et al (1986) looked at the effect of sucralfate on PGE2  synthesis in 

gastric and duodenal mucosa. Homogenates of gastric and duodenal 

mucosa were cultured with co-factors and arachidonic acid, and it was found 

that addition of sucralfate increased PGE2  synthesis and catabolism.

However, the increase in catabolism was small and the overall effect was to 

increase PGE2  availability.

Crampton and co-workers later looked at bicarbonate secretion by gastric 

mucosa in the frog in response to sucralfate and its components
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aluminium, sucrose and sulphate (Crampton et al 1988). They found that 

both sucralfate and aluminium, but not sucrose or sulphate, increased 

bicarbonate secretion. This effect was not prevented by pre-treatm ent w ith 

indomethacin and, therefore, in contrast to their earlier work, they 

suggested that the action of sucralfate was PG-independent.

Other substances

As well as the accepted anti-ulcer agents, various other substances have 

been investigated for their ability to protect the gastroduodenal mucosa in 

animal models of mucosal injury. Konturek et al (1982) found that both 

paracetamol and sodium salicylate protected the gastric mucosa against 

e thanol-induced  and aspirin-induced damage in the rat. They m easured the 

in vitro production of endogenous PGs. They found that absolute ethanol, 

paracetamol and sodium salicylate increased PG synthesis. Pre-dosing with 

indomethacin prevented the protection of these substances and also reduced 

in vitro synthesis of mucosal PGs. The interpretation of this paper is difficult. 

It may be that, by acting as mild irritants, paracetamol and sodium salicylate 

induced adaptive mucosal protection, but absolute ethanol, which also 

increased mucosal PGs, was not protective. An explanation for this 

apparent contradiction is difficult to provide. However, it is clear that 

reduced endogenous PG synthesis with indomethacin was associated w ith 

reduced protection by paracetamol and sodium  salicylate.

Interestingly, Satoh et al (1983) found that treatment w ith certain antibiotics, 

especially neomycin, reduced indomethacin-induced gastric lesions in the 

rat. However, pre-treatment w ith indomethacin did not prevent the 

protective effect of the antibiotic. Germ-free rats were not found to be 

resistant to indomethacin damage. The authors concluded, therefore, that 

protection was not due to either abacteriocidal effect or induction of



endogenous PGs formation. The exact mechanism of protection was not 

explored further but it seems that factors in addition to mucosal PGs may be 

im portant in mucosal defence.

Milk, a long-standing component of previous ulcer diets, has been 

investigated for its mucosal protective abilities. Materia et al (1984) found 

that commercial milk preparations protected in the cold-restraint model in  

the rat. They found that the protective ability resided in the lipid fraction of 

milk and that this contained appreciable quantities of PGs. Prostaglandin- 

depleted milk was no longer protective. This result concurs w ith w ork by 

Dial and Lichtenberger (1984) who dem onstrated that raw  milk was 

protective to the gastric mucosa of adult and suckling rats but that fat- 

reduced milk was not. Further w ork by them (Dial and Lichtenberger 1987) 

confirmed that the protective factor was contained in the phospholipid 

fraction of raw  milk. W hereas hypertonic saline reduced mucosal 

hydrophobicity, the phospholipid fraction of raw  milk protected the mucosa 

and m aintained hydrophobicity.

Another m ainstay of ulcer treatm ent, alum inium -containing antacids, have 

also been tested and found to be protective against a variety of models of 

mucosal injury (Szelenyi 1984). The protective ability of aluminium 

antacids was associated w ith an increase in mucosal content of PGE. The 

ability of aluminium to induce PG synthesis is, possibly, as im portant as the 

antacid effect. Most recently Preclik et al (1989) have found that the ability of 

gastric and duodenal mucosa to synthesise PGE2 , A2  and B2  in m an was 

increased by 176% after three weeks of treatm ent w ith  an alum inium  

hydroxide/m agnesium  hydroxide antacid. The separate effects of 

aluminium and m agnesium  were not assessed.
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Cho et al (1987) found that a salicylate-containing agent, sulphasalazine 

(Salazopyrine, Pharmacia), protected the gastric mucosa against ethanol- 

induced damage in the rat. They found that PG release was increased after 

ethanol damage and that pre-treatm ent w ith sulphasalazine elevated this 

further and that associated with protection was an increased production of 

mucus. By splitting the sulphasalazine into its component parts, they found 

that protection was associated w ith the sulphonamide moiety rather than 

the salicylate component.

As well as chemotherapeutic agents, surgical procedures may also provide 

mucosal protection. A commonly perform ed operation for duodenal ulcer 

is still truncal vagotomy and pyloroplasty. Levine and Sirinek (1987) 

showed that truncal vagotomy, in an animal model, increased mucosal PGs 

and protected against cold-restraint-induced mucosal damage. (A sham- 

operated group showed no increase in mucosal PGs and no protection.) If 

this association is also present in hum ans it suggests that truncal vagotomy 

may prevent ulceration through tw in actions of reduced acid secretion and 

increased PG synthesis.

From the assorted collection of agents discussed here (and others such as 

cysteamine and acetazolamide mentioned elsewhere) it can be seen that it 

would be unwise to assume that any agent or procedure did not effect 

synthesis of mucosal PGs and, possibly, thereby induce mucosal protection. 

W hen making comparisons betw een agents it can no longer be assumed 

that any anti-ulcer treatment has a single mode of action. It m ay be, for 

example, that free access to aluminium antacids, in placebo-controlled trials, 

may explain the high healing rates sometimes seen in those groups.
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Alternative views on mucosal protection and the role of PGs

Several groups of workers have disputed the existence of mucosal 

protection as a PG-mediated phenom enon and doubt that it is an  im portant 

defence mechanism. Morris et al (1984) disputed that PGs protected the 

gastric mucosa. Using chambered-stomach preparations in the rat, potential 

difference and potassium  ion efflux were monitored during the application 

of aspirin. They noted a marked fall in the potential difference and an 

increase in potassium ion efflux. Far from preventing these changes, topical 

PGE2  actually increased the efflux of potassium. These workers noted, 

however, that topical PG prevented the formation of haemorrhagic ulcers 

and increased the rapidity of recovery of mucosal potential difference and 

potassium  ion efflux to control levels.

Robert et al (1985) used labelled ethanol in a study of mucosal protection in 

the ethanol-induced model of gastric mucosal damage in the rat. They 

found that PGE2  did not prevent the ingress of ethanol into the gastric 

mucosa and, therefore, exogenous PGs did not induce a simple barrier 

protection. Although the superficial cells were dam aged by ingress of 

ethanol, the deeper cells were protected. Robert et al (1985) suggested that 

lumenal factors (eg, mucus and bicarbonate) were of less importance, in PG- 

induced mucosal defence, than cellular defence and deep mucosal factors 

(eg, blood flow). This w ork was supported by Schmidt et al (1985) who also 

found that pre-dosing w ith PGs did not protect the surface mucosa but did 

reduce the depth of injury. The found that deep pit cells were preserved and 

suggested that PG-induced mucosal defence was actually rapid epithelial 

regeneration from preserved pit cells. Tarnawski et al (1985) found that pre

treatment w ith dimethyl PGE2  was associated w ith preservation of the 

mucosal proliferative zone and relatively better preserved function of
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hydrogen and sodium ion transport. They found that epithelial continuity 

was restored by migration of epithelial cells from the proliferative zone 

with restoration of normal function. Feil et al (1987) found that the normal 

pattern of healing of duodenal mucosa after acid-induced injury in the 

rabbit was migration of epithelial cells from preserved mucosa, to cover the 

defect, at the expense of the height of surrounding villi. They suggested that 

PGs m ay help m aintain this normal repair process.

Looking at isolated gastric mucosal surface cells in rabbits, Furukaw a et al 

(1985) suggested that PGs were not protective to all mucosal cells. They 

suggested that gastric mucosal cells m aintain an intra-cellular pH  

homeostasis by sodium-hydrogen ion exchange and bicarbonate production. 

In isolated surface epithelial cells, PGE2  reduced bicarbonate secretion. They 

suggested that PGE2  actually increased net secretion of bicarbonate from the 

mucosa by preventing re-uptake in individual cells. These surface cells 

were not able, therefore, to m aintain intra-cellular pH  homeostasis and 

became sensitive to damage by back diffusion of hydrogen ions. Furukawa 

et al (1985) suggested that this might be one mechanism whereby surface 

cells are not protected by PGs and, in fact, m ay be 'sacrificed' as part of the 

PG-mediated protective mechanism of the deep mucosa.

Also, Takeuchi et al (1987a) found that, far from being universally 

protective, a synthetic analogue of PGE2  (16, 16-dimethyl PGE2 ) actually 

aggravated the gastric mucosal injury induced by histamine. They found 

that combined histamine and PGE2  increased mucosal damage by increasing 

vascular permeability. They noted that damage occurred despite reduced 

acid secretion.

Ephgrave et al (1987) investigated mucosal protection by hyperosm olar 

glucose solutions in the cold-restraint model of mucosal dam age in the rat.
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They found that protection persisted despite probable inhibition of synthesis 

of endogenous PGs by indomethacin. The authors did not speculate 

w hether this m eant that hyperosm olar glucose had some special non-PG- 

m ediated mechanism of protection or that PGs were not essential (as others 

have suggested) for adaptive mucosal protection. One flaw in their study 

w as that they did not confirm that they had achieved inhibition of 

synthesis of endogenous PGs. A similar result was reported by Cram pton et 

al (1988) who found that sucralfate and aluminium protected the gastric 

mucosa of frogs despite pre-treatm ent w ith indomethacin.

H aw key et al (1988)1 suggested that adaptive mucosal protection in the rat 

was not mediated by PGs. They found that a cap of desquam ated cells, 

formed after exposure to 20% ethanol, was the protective element w hen the 

same mucosa was re-exposed to absolute ethanol. This simple mechanical 

protection was effective despite an 84% reduction in PGE2  synthesis by 

indomethacin. It may be, however, that the rem aining 16% of PG 

production was still exerting a protective influence. Wallace (1988) looked 

at the same mechanisms and reached different conclusions. He found that 

after exposure to an irritant, a mucoid cap formed on the surface of the 

mucosa and that this helped prevent further damage. However, removal of 

the cap did not prevent PG-induced mucosal protection. A combination of 

removal of the mucoid cap and pre-treatm ent w ith indomethacin was not 

performed. It is therefore possible that there is a combined role for 

mechanical protection and PG-mediated protection of the deep mucosa in 

the phenom enon of mucosal protection.

1 This was not the first description of a protective cap or layer. Wallace and Whittle 
(1986) have described the formation of a mucoid cap comprising mucus, cell debris and 
plasma which aided re-epithelisation. They found that its removal, by mucolytic agents 
or physically, delayed re-epithelisation and reduced the mucosal potential difference. 
Despite the authors' interest in PGs they did not investigate the individual roles of PGs 
and the mucoid cap in mucosal protection.
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Further evidence that mucosal protection is an active metabolic process 

rather than a passive mechanical process is provided by Balint and Varro 

(1981) who found that pre-treatment w ith actinomycin (an anti-metabolic 

agent) prevented the mucosally protective effect of prostacyclin in the cold- 

restraint model of mucosal damage in the rat. However, it is clear from 

these studies that PGs do not afford a blanket protection to all mucosal cells. 

Rather they perm it the damage and death of superficial mucosal cells while 

preserving the integrity of the deep mucosa and its blood flow, and thereby 

perm it rapid regeneration under a cap of desquam ated cells.

Thus PGs in intact mucosa are not truly 'cytoprotective/ which suggests 

protection of cells, but are mucosally protective or pro-regenerative by 

helping to protect the deep mucosa and encourage regeneration. These 

actions may require an intact mucosa: Saario et al (1988) have show n that 

isolated gastric mucosa in the frog is not protected from ethanol-induced 

damage by dimethyl PGE2 . This may be because stripped mucosa is deprived 

of its blood supply. Although nutrients can be supplied in the bathing 

medium on the serosal surface, differential intra-mucosal changes in blood 

supply do no occur, and deeper cells cannot be protected.

Effect of PGs on isolated cells

As well as w ork on whole mucosal samples or biopsies, individual cells and 

cell viability have also been investigated. It was initially thought that PGs 

truly protected cells, as the term 'cytoprotection' suggests. Later work, 

however, showed that PGs achieve mucosal protection w ithout protecting 

superficial cells and this suggested that the term  'cytoprotection' is a
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misnomer. However, Terano et al (1984) showed that 16,16-dimethyl PGE2  

protected rat gastric epithelial cells in tissue culture from aspirin-induced 

damage, and they suggested that PGs may have some mechanism for 

protecting individual cells as well for protecting the mucosa.

Similarly, Arakawa (1986b) showed that mucosal protection w ith 16, 16- 

dimethyl PG preserved viability against ethanol damage in isolated gastric 

epithelial cells. Viability was assessed by the tryptan-blue exclusion test. 16, 

16-dimethyl PGE2  (1.32 junolar solution) reduced the damage by 30% 

ethanol, but, at lower and higher concentrations of 16, 16-dimethyl PGE2 , 

there was no statistically significant protection. The reasons for this 

concentration-dependent effect were not explored in this paper. Tarnawski 

et al (1986) also showed that PGE2  protected isolated gastric glands from 

damage w hen exposed to ethanol. The damage was assessed by histology, 

electron microscopy, a fast-green exclusion test and m easuring enzyme 

release. Pre-treatment with PGE2  prevented enzyme release and 

maintained the viable cell count, especially of neck and chief cells. They 

suggested that true cell protection contributed to the total mucosal 

protection seen w ith PGs. Later w ork has shown, in gastric mucosal cell 

cultures, that taurocholate-induced damage is also prevented by PGs 

(Terano et al 1987).

Thus it appears that although in intact mucosa PG treatment does not 

protect all cells, an ability to strengthen the resistance of individual cells is 

part of the overall protective ability of PGs.
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PGs and mucosal protection in man.

Caution m ust always be employed w hen results of experimentation with 

animal models of disease are extrapolated to hum an conditions. Because of 

the nature of experiments on mucosal protection, it has been difficult to 

perform  parallel experiments in man.

Physiological actions

Some confirmation of the physiological actions of PGs has been provided by 

Ruppin et al (1981); they used high doses (1 mg) of natural PGE2  and 

m easured potential difference, soluble mucus, efflux of sodium  and 

chloride ions, acid secretion and cell shedding in the stomach. They found 

that the administration of PGE2  increased the potential difference and 

production of mucus, and also increased the efflux of sodium  and chloride 

ions, while decreasing acid secretion. They found no effect on cell shedding. 

Ethanol via a nasogastric tube was associated w ith an increase in cell 

shedding and reduced potential difference. These changes were prevented 

by pre-treatm ent with PGE2 . Taking chloride ion availability in gastric juice 

to be equivalent to bicarbonate secretion, they suggested that mucosal 

protection in m an was mediated by increased mucus and bicarbonate 

secretion.

Fich et al (1985) looked at the effect of duodenal ulceration and treatment 

w ith either misoprostol (Cytotec, Searle) or cimetidine (Tagamet, Smith 

Kline & French) on gastric cell labelling index. They took fundal and antral 

biopsies before and after treatm ent from patients w ith duodenal ulceration. 

They found that cimetidine treatm ent was associated w ith an increased 

antral and fundal cell labelling index w hen biopsies were incubated in
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radio-labelled medium. Treatment w ith misoprostol was associated with a 

decreased cell labelling index. This, they suggested, implied that PG-induced 

ulcer healing and protection was not due to an increase in cell turnover.

Mucosal protection in man

Mucosal protection studies involving healthy volunteers have used mildly 

dam aging agents such as low-concentration alcohol and therapeutic doses of 

aspirin or other NSAIDs. They have also used various methods of assessing 

damage; aspiration of gastric juice and analysis for micro-bleeding, 

quantification of faecal occult blood, changes in gastric mucosal potential 

difference, and direct mucosal inspection via gastroduodenal endoscopy. 

Reduction of damage, as assessed by these methods, has been quantified 

following administration of PGs, and also anti-ulcer drugs which are 

believed to increase endogenous mucosal PGs.

The first of these studies was by Cohen (1978) w ho assessed faecal occult 

blood loss w ith chromium-labelled red blood cells in healthy volunteers.

He found that aspirin treatment increased faecal occult blood loss, and that 

this increase was prevented using antisecretory doses of PGE2 . He suggested 

that this represented mucosal protection by PGE2 . Johansson et al (1979) 

perform ed a similar study in patients with chronic rheumatological 

conditions who were receiving indomethacin. They also m easured faecal 

occult blood w ith chromium-labelled red blood cells and found that co

administration of low-dose PG reduced faecal blood loss.

Cohen's earlier w ork was expanded in further studies on faecal blood loss 

using chromium-labelled red blood cells (Cohen et al 1980). They showed, 

in a multi-dose study, that the increased losses caused by administration of 

aspirin were reduced w hen PGE2  (1 mg four times a day) was co

administered. They took this w ork further w hen they showed that
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concurrent misoprostol (Cytotec, Searle) reduced faecal occult blood loss 

from aspirin, even w hen it was used at non-antisecretory doses (Cohen et al 

1985).

Another w ay of assessing damage due to aspirin uses changes in gastric 

mucosal potential difference. Muller et al (1981) used this m ethod and 

found that therapeutic doses of aspirin were associated w ith a drop in gastric 

potential difference and that changes were prevented by pre-dosing w ith 16, 

16-dimethyl PGE2  even w hen the PG was administered in non-antisecretory 

doses.

Gastric micro-bleeding, as an indication of mucosal damage, has been 

assessed using gastric washing. Konturek et al (1983a) used this method to 

show that both PGE2  and ranitidine reduced gastric micro-bleeding, and 

DNA loss, were caused by therapeutic doses of aspirin in man.

But most of the w ork on mucosal protection in m an has been done using 

direct mucosal inspection at endoscopy. Tarawski et al (1981) instilled either 

saline or 16, 16-dimethyl PGE2  into the post-bulbar duodenum . This was 

followed by 20 ml of 40% ethanol, and macroscopic and histological damage 

was assessed. They discovered that pre-treatm ent w ith 16, 16-dimethyl PGE2  

reduced by 50% the macroscopic and histological damage seen following 

instillation of ethanol.

Gilbert at el (1984) used endoscopic evaluation to assess the protection given 

by 15 (R), 15-methyl PGE2  against damage by a single dose of aspirin. Using a 

dose-response and double-blind study, they showed that pre-treatm ent w ith 

10 meg 15 (R), 15-methyl PGE2  reduced endoscopically visible injury 

following aspirin. Cohen et al (1985a) showed that enprostil (a synthetic 

PGE2  analogue produced by Syntex) gave protection against aspirin-induced 

antral and duodenal damage in a double-blind endoscopic study. Both anti-
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secretory and low non-antisecretory doses provided protection in the 

antrum  but only high antisecretory doses provided protection in the 

duodenum . This w ork was confirmed by Lanza (1986) who show ed that 

high-dose misoprostol reduced the num ber of endoscopically visible lesions 

in the gastric and duodenal mucosa that were induced by the oral 

adm inistration of tolmetin (Tolectin, Ortho-Cilag), a NSAID. Silverstein et 

al (1986) found similar protection by misoprostol against aspirin (1,300 mg 

per day) w hen the misoprostol was used in multiple doses (200 meg, five 

times per day).

Almost identical methodologies have been used w hen assessing the 

protective ability of various non-PG agents. The first of these studies was by 

Tesler and Lim (1981) who used an endoscopically controlled study of 

aspirin-induced mucosal damage. Pre-treatment w ith sucralfate in a 

double-blind cross-over study reduced the num ber of aspirin-induced 

lesions as assessed by a blinded-count of erosions in endoscopic 

photographs. Sucralfate was studied by Konturek et al (1986b) using micro

bleeding assessed by gastric w ashing following aspirin. A double-blind 

placebo-controlled study was used and sucralfate was found to reduce 

aspirin-induced microbleeding and DNA loss. The PGE2  content of gastric 

washings was increased by pre-treatm ent w ith sucralfate. The PGE2  content 

was reduced w hen aspirin was given as a pre-treatm ent but, even in such 

circumstances, sucralfate was still protective, suggesting that protection with 

this agent was not wholly due to induced endogenous PGs.

Using similar methods, the non-dam aging (or even protective) effect of 

administration of paracetamol (acetaminophen) has been assessed. Stern et 

al (1984) used a combination of methods to assess the effect of paracetamol 

on gastric mucosa and its protective effect against aspirin- and ethanol- 

induced damage. They used gastric mucosal potential difference and
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aspiration of gastric juice from the pylorus-occluded stomach, as well as 

direct inspection via endoscopy. They found that pre-dosing with 

paracetamol reduced ion flux, maintained gastric mucosal potential 

difference and reduced the endoscopic changes that were usually seen 

following ethanol or aspirin administration. Protection was reduced by pre

treatm ent w ith indomethacin which suggested that endogenous PGs were, 

in part at least, the mechanism of protection.

Graham  and Smith (1985) found different results. They showed that there 

was no protection when an aspirin-paracetamol combination was used in 

comparison with an aspirin-only preparation. Using endoscopy in healthy 

volunteers, equivalent degrees of mucosal damage were seen with either 

treatment. This may imply that paracetamol is not mucosally protective or 

m ay indicate that, for an agent to be protective, it m ust be given before the 

dam aging agent rather than at the same time.

Alternative views on mucosal protection and the role of PGs in man

As in animal studies, the suggestion that PGs are mucosally protective or 

that the protective action of other drugs is mediated by endogenous PGs has 

been questioned. Mavligit et al (1987) showed that misoprostol (Cytotec, 

Searle) did not prevent gastroduodenal mucosal injury following hepatic 

arterial perfusion of chemotherapeutic agents in patients w ith liver 

metastases. They infused mitomycin and 5-FUDR into the hepatic arteries 

of such patients and found that gastric mucosal damage was a constant 

feature. In a trial, involving small num bers of patients, they showed that 

pre-dosing with oral misoprostol gave no benefit. One interpretation of this 

study could be that misoprostol has failed to be mucosally protective because 

the anti-metabolic activity of the chemotherapeutic agents prevented the
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usual consequences of administration of a PG analogue. Alternatively, it 

m ay be that, as the dam aging agent was in the blood supply rather than on 

the lumenal surface of the stomach, the actions of a PGEi analogue would 

not be beneficial.

It has been shown that the gastroduodenal mucosa has an ability to adapt to 

a dam aging agent. Graham et al (1988a) showed that, in studies using 

endoscopic assessment of the stomach during continuous aspirin 

administration, gastric mucosal damage healed despite continued 

adm inistration of aspirin. The mean time to resolution of gastric mucosal 

damage was one week w hen aspirin was administered at a dose of 1300 mg 

per day and 4.5 weeks at 2600 mg per day. Despite the healing of the gastric 

mucosal lesions, microbleeding remained elevated and DNA loss was 

found to be increased shortly before resolution. They suggested that 

resolution of the mucosal abnormalities was due to increased cell 

regeneration rather than endogenous PGs (which would be reduced by 

aspirin  adm inistration).

More recently, Grant and Palmer (1988) have suggested that endogenous 

PGs do not protect the hum an gastric mucosa. Linoleic acid (3 g per day) was 

given to volunteers and the release of soluble mucus was increased. 

Endogenous PGs were not m easured in this study but in another study 

(Grant et al 1988) PG output in gastric juice was found to be increased after 

similar treatment w ith linoleic acid. They found that pre-treatm ent with 

linoleic acid did not protect against aspirin-induced damage, as measured by 

loss of labelled red blood cells, or from the damage produced by alcohol in 

an endoscopic study and suggested that:

"This questions the cytoprotective effect of gastric endogenous PGs."
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A significant study is that of Euler et al (1987) who showed failure of a non- 

antisecretory dose of a PGE2  analogue (arbaprostil) to heal acute duodenal 

ulcers. They showed no difference in its healing abilities to that of the 

placebo group. Their relatively high placebo healing rate (45% at four 

weeks) may have masked a low healing response in the treatm ent group 

(50% healing at four weeks). Nevertheless, this suggests that whereas 

mucosal protection can prevent damage to the gastroduodenal mucosa, 

healing established damage by non-antisecretory doses is not an inherent 

consequence of the mucosal actions of PGs.

In summary

The w ork in man, therefore, confirms that exogenously administered PGs 

(both naturally occurring series and synthetic analogues) can protect against 

dam aging drugs (aspirin and ethanol). The role of endogenous PGs in man, 

however, is less easily proved, especially w hen it can be shown that initial 

damage can resolve despite continuation of an anti-PG agent.

The therapeutic use of PGs and their synthetic analogues

Initial physiological studies led to the suggestion that PGs m ay be useful as 

therapeutic agents and accelerate the healing of peptic ulcers. Early studies 

began over a decade ago and but only recently has the first such agent 

(misoprostol; Cytotec, Searle) received a full product licence in the UK.
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In 1974 Fung et al reported that 15 (R), 15-methyl PGE2  healed three out of 

ten patients w ith gastric ulcer in two weeks. Karim and Fung (1976) then 

reported the healing effects of natural PGE2  and 15 (R), 15-methyl PGE2  in a 

placebo-controlled study of gastric ulcer patients. All patients were treated 

by enforced bed rest, and their ulcer size assessed before and after two weeks 

of therapy. The synthetic analogue reduced ulcer size by 63.3%, and PGE2 by 

40.6% compared to the placebo group whose ulcer size reduced by only 

17.1%. Gibinski et al (1977) also studied this analogue and a closely related 

one (15 (S), 15-methyl PGE2 ). W hen compared to placebo, both treatments 

accelerated the healing of gastric and duodenal ulcers, bu t they were also 

associated with diarrhoea which required dose reduction in 17 of 26 patients 

taking 15 (S), 15-methyl PGE2  and 11 of 25 taking 15 (R), 15-methyl PGE2 . 

Gibinski et al (1977) found that both analogues significantly reduced gastric 

acid secretion w ithout any change in serum gastrin levels.

Following this early w ork PGs were rather neglected as therapeutic options. 

D uring the following years the investigation and use of the H 2  antagonists 

predominated. Hawkey and Rampton (1985) in their major review of the 

importance of PGs in the function, disease and treatm ent of the 

gastrointestinal tract, detail another 14 trials of PG therapy in peptic ulcer 

disease up to 1985, the majority of these having been reported after 1982. 

M any of these studies fail to show a superiority of PG treatm ent over 

placebo and none show a superiority over cimetidine. A further 14 trials are 

reviewed by Hawkey and Walt (1986), who consider that PG analogues are 

competent, but not outstanding, ulcer-healing drugs. They suggested that 

they are generally inferior to the H 2  antagonists in healing rates and not 

particularly effective for pain relief. In studies published since H aw key and 

Walt (1986), PGs have still not been shown to be superior to H 2  antagonists 

at healing (Mazure 1987) or at maintaining remission (Lauritsen et al 1987).
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They have been suggested as being useful in patients w ith ulcers refractory 

to H 2  antagonists (Corboy et al 1987; N ew m an et al 1987) but in these studies 

healing rates were compared to placebo rather than continued H 2  antagonist 

and the definition of refractory was failure to heal after four or eight weeks 

rather than three months as suggested by Bardhan (1984). The use of PGs 

has gained some success in the prevention of gastric mucosal damage 

induced by NSAIDs (Lanza et al 1988).

Four named PG analogues have been used in trials of efficacy in duodenal 

or gastric ulcer healing; these are arbaprostil, trimoprostil, enprostil and 

misoprostol. In general they are associated with an increased incidence of 

diarrhoea (which reached 34% in the case of arbaprostil Van Trappen et al 

1982), a failure to increase healing at mucosal protective doses and frequent 

dosage (up to four times a day). These disadvantages make them  unlikely 

(and Hawkey and Walt (1986) suggest unworthy) to replace H 2  antagonists as 

the agents of first choice in the treatm ent of peptic ulceration.
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Chapter 3

Historical review of the methodology for assessing endogenous 

PG synthesis



X

Introduction

This thesis examines the role of endogenous PGE2  in the pathogenesis and 

treatm ent of peptic ulceration. The intention was to look at large numbers 

of patients at various stages of duodenal ulceration. A historical review was 

therefore perform ed of the various methods that had been used to assess 

endogenous PG synthesis so that an appropriate m ethod could be devised 

for this thesis.

A suitable m ethod had to be biologically sound, reproducible and reliable 

and, because large num bers of patients and samples were to be processed, 

should preferably be quick and inexpensive. Samples suitable for the 

m ethod would have to be readily obtained from patients w ithout risk, 

appreciable morbidity and if possible, obtained during a procedure which 

was clinically necessary (eg, upper gastrointestinal endoscopy, surgery or 

assessment of gastric secretory status).

W hen assessing the previously used methods, certain features of PG 

physiology were considered. It is already know n from physiological 

experimentation that surgical traum a causes a m arked elevation of PG 

synthesis and that PGs are not stored but synthesised 'on dem and' (Robert 

1981). Storage methods are im portant because PG synthesis is know n to 

continue at tem peratures as low as 4 °C. Storage at -20 °C is not associated 

with any appreciable change in PG levels (Dray et al 1975).
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Earliest published method

The earliest published example of an attem pt to m easure endogenous PGs, 

as far as the author is aware, is that of Bennett et al (1968). They excised 

portions of hum an stomach at least 6 cm from any macroscopic pathological 

lesion. These samples were obtained fresh from subjects undergoing gastric 

surgery. They were transferred to the laboratory in ice cold Krebs' solution. 

Mucosa and sub-mucosa were dissected from the muscle and samples were 

either extracted immediately or stored at -20 °C.

Extraction took place using ethanol and the extract was then partitioned 

with diethyl ether and acidified ethanol. PGs were identified by 

chrom atography and bioassayed on rat stomach strip preparations.

In the light of later knowledge, it is clear that much of the PG finally 

m easured would have been synthesised during the traum a of surgery, 

dissection and early stages of extraction. The extraction techniques may 

have been relatively inefficient and no measure of losses during extraction 

were possible.

Subsequent attempts

Further attempts to measure endogenous PG synthesis used one of four 

sample sources; gastric juice, plasma or serum  derived from venous blood 

and samples of mucosa obtained at surgery or by upper gastrointestinal 

endoscopy.
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Using gastric juice

The quantitative determination of PGs in gastric juice is attractive. Gastric 

juice is a relatively easy and safly obtained fluid to obtain and w ith the use 

of pentagastrin or other gastric secretory stimulants, relatively large 

volumes can be obtained prior to processing or extraction.

Bennett et al (1973 b) obtained gastric juice under basal conditions and after 

stimulation w ith histamine or pentagastrin. The gastric juice was extracted 

w ith chloroform and the PGE2  content of the samples was bioassayed on rat 

fundal strips. They found significant quantities of PGE2  in the gastric juice 

samples which was not increased by pentagastrin or histamine stimulation.

Peskar et al (1974) aspirated gastric juice in eight, 15 minute periods before 

and after subcutaneous injection of pentagastrin. Extraction for PGs was 

perform ed immediately using silicic acid chromatography. Tritiated PGs 

were added to determine efficiency of recovery and samples were then 

further extracted using a mixture of ethyl acetate, isopropanol and 0.1 M 

HC1. Extracts were further purified by chrom atography and passage down 

silicic acid columns. The extracted samples were assayed using 

radioimmunoassay. The efficiency of the extraction was betw een 55% and 

65%. D uring radioimmunoassay, solvent residues were thought to interfere 

non-specifically. More importantly, this experiment, on the recovery of 

tritiated PGE2  introduced into the stomachs of volunteers, showed that 

there was considerable conversion of PGE2  to PGA. This conversion was 

noted to be strongly pH -dependent w ith a conversion of 38.6% of PGE2  to 

PGA at pH  less than 2.5 and only 13% at pH  greater than 6.0. Zero 

conversion occurred at pH  greater than 7.5.
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Rask-Madsen et al (1981) looked at the PG content of gastric juice using 

aliquots obtained during periods of basal secretion, and following sham 

feeding and stimulation by pentagastrin. Extraction was not perform ed 

immediately and no inform ation is given as to the m ethod of storage. 

W ithin two weeks of being obtained, the samples were extracted and 

purified by chrom atography on Sephadex micro-columns. The PG content 

was then assayed by radioim m unoassay validated by gas chrom atography 

and mass spectrometry. This methodology was also used by Speelman et al 

(1985) to look at PG levels in jejunal juice obtained from subjects w ith acute 

cholera. McCreedy et al (1985) have looked at the effect of smoking on the 

release of PGE2  into gastric juice. Samples were obtained in 15 minute 

aliquots and placed in an iced w ater bath. Samples of gastric juice were then 

titrated w ith sodium  hydroxide to a pH  of between 3 and 3.5. Tritiated PGE2  

was added to determine recovery and the samples were then extracted with 

ethyl acetate and purified by passage dow n silicic acid columns and assayed 

by radioimmunoassay. Arakawa et al (1986d) have used gastric juice to 

estimate PG production in cirrhotic patients. The juice w as collected under 

basal and pentagastrin-stim ulated conditions. No further details of sample 

handling are given.

Despite the early w ork by Peskar et al (1974), none of the subsequent papers 

give details of any attempt to prevent conversion of PGE2  into PGA by the 

highly acid gastric juice that was aspirated. Even in the case of McCreedy et 

al (1985), the gastric juice was only titrated only to a pH  of betw een 3 and 3.5, 

a level at which it had been show n that between 30% and 38% of PGE2  

would be converted to PGA. Assay by highly specific radioim m unoassay for 

PGE2  would not detect this converted prostaglandin.
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As a m ethod for following patients w ith peptic ulceration, the aspiration 

and analysis of gastric juice has several undesirable biological features. 

There is no clear understanding of the proportion of PG synthesised by the 

gastric mucosa that is actually released in the gastric juice. The temporal 

association of the synthesis of PGs by gastric mucosa and the appearance of 

these PGs in the gastric juice is not known. Despite efforts to correct for 

pyloric losses and gains, the anatomical origin of the m easured PGs is 

always in doubt. Gastric juice represents the pooled secretion of PG from 

both diseased and normal mucosa and therefore if abnormalities only exist 

in a small proportion of the gastric mucosa (ie, only near to an ulcer) then 

this abnorm ality may not be detected by the analysis of gastric juice alone. 

The PG content of gastric juice m ay have no relevance w hatsoever to 

duodenal ulcer disease. The actual procedure of collecting gastric juice 

samples is uncomfortable for the subject and time consuming for the 

researcher, and may cause the release of PGs etc; it is now  no longer 

perform ed routinely in patients w ith peptic ulcer disease.

Using venous blood

The assessment of PGs in peripheral blood has also been perform ed and 

would seem a simple w ay of assessing general PG synthesis ability in 

subjects w ith various gastrointestinal diseases. However, the collection of 

blood from a peripheral blood vessel m ay stimulate local aggregation of 

platelets (Silva et al 1973) and unless blood samples are rapidly separated 

into plasma and cells, the cellular components of the blood (white blood 

cells especially) will continue to synthesise PGs at a variable rate dependent 

on traum a of sampling, cellular content, d rug  content and other factors. It
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has also been suggested that synthesis of PGs varies between EDTA- and 

heparin-anticoagulated samples (Dray et al, 1975).

Orczyk and Behrman (1972) m easured PGs in blood samples obtained from 

sacrificed rats. The samples were extracted by mixing w ith ethyl acetate, 

isopropanol and 0.1 M HC1 and further extracted using mixtures of ethyl 

acetate, benzene and methanol. The extraction procedure was found to be 

80% efficient by recovery of radiolabelled PGFia . Purification of the PG 

sample was achieved by passage dow n silicic acid columns. Recovered PGs 

were then assayed by radioimmunoassay.

PGs were later estimated in hum an plasma by D ray et al (1975). They 

collected their blood samples into EDTA-anticoagulated tubes, platelets were 

rem oved immediately by centrifugation, and extraction was perform ed 

immediately or the sample stored at -20 °C. However, prior to further 

extraction, the plasma was acidified to pH  3.0 and then extracted w ith 

mixtures of cyclohexane and ethyl acetate, purified by passage dow n micro

columns of silicic acid and assayed by radioimmunoassay. Recovery was 

estimated to be greater than 90% in all cases. Inter-assay reproducibility w ith 

this m ethod gave a coefficient of variation of 7% for the estimation of PGEi, 

E2  and F2q- Validation experiments showed that the traum a of good 

venepuncture did not interfere w ith the levels of PGs measured. The use of 

a torniquet did not alter assayed levels of PGs, but further PGs w ere 

synthesised following collection of the blood sample. Delay in 

centrifugation of the sample caused a rise in PG levels and the authors 

concluded that speed was essential to eliminate all blood cells, including 

platelets. Storage of plasma at -20 °C did not significantly alter the PG 

content.
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Baker et al (1979) used plasma concentrations of PGE and PGF to assess the 

possible deficiency of plasma PGE in duodenal ulcer patients. Samples were 

extracted using ethyl acetate, isopropanol and 0.1 M HC1 and purified by 

passage dow n silicic acid columns. Assay was again by radioimmunoassay. 

Results showed large variabilities w ith standard errors of the means of 

betw een 9% and 20%.

Most recently, Kauffman et al (1982) have looked at gastric venous PG 

concentrations by specific cannulation of the draining vein of a 

segmentalised portion of the gastric fundus. After allowing 90 minutes for 

equilibration following the traum a of the surgical procedures, samples were 

collected into EDTA-anticoagulated bottles, immediately centrifuged and 

platelet-poor plasma stored at -20 °C. The samples were extracted into 

acetone and then chloroform and purified by thin-layer chrom atography 

prior to highly specific radioimmunoassay.

Blood levels of PGs, unless taken selectively from veins draining the upper 

gastrointestinal tract, may not be representative of synthesis in the gastro- 

duodenum , as m any other tissues of the body (eg, kidneys) synthesise PGs 

and passage through other organs (eg, lungs) can remove some PGs from 

the blood (eg PGI2  is not removed). Though blood samples are readily 

obtainable from subjects, the meticulous sampling required, the rapid 

centrifugation and separation of sera from all cellular components 

including platelets and the lengthy extraction and purification steps, make 

this m ethod difficult to do well and in most cases this leads to a high 

variability.
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Using mucosal samples

The other sample source for the estimation of PG synthesis is mucosal 

tissue. Once obtained, the tissue can either be extracted immediately for its 

PG 'con ten t/ or can be allowed to continue the synthesis of PGs in vitro by 

organ culture or other means.

However, obtaining tissue samples involves traum a which will stimulate 

PG synthesis. Aly et al (1984) confirmed that traum a and tissue handling 

w ere potent stimulators of PG formation. As there is generally thought to 

be no storage site for this substance, estimations of content actually measure 

recently synthesised PGs.

PG 'content' of mucosal tissue samples.

Bennett et al (1973a) looked at the formation of PGE2 -like substance in 

hum an gastric mucosa as discussed earlier. They recognized that the PG 

m easured was formed during homogenisation and noted that less PG was 

measured w hen the sample was homogenised in the presence of 

indomethacin or in acidified ethanol. The traum a of sampling and of 

dissection and division into small pieces prior to homogenisation was not 

standardised and preformed PGs were not eliminated, although washing 

prior to processing may have removed some preformed PGs. Bennett et al 

(1973b) homogenised gastric mucosal samples in Krebs' buffer and estimated 

the am ount of PG present by bioassay on rat fundal strips. They took 

sections of hum an stomach cut parallel to the mucosal surface and found 

maximal ability to synthesise PGE in the mucosa and sub-mucosa at depths 

less than 1.2 mm.
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Later, Bennett et al (1977) reported further results using a similar method 

where surgically obtained samples were separated into mucosal and sub

mucosal samples and homogenised for 30 seconds in either Krebs' solution 

or Krebs' solution mixed with acid ethanol. PG-like material was extracted 

into chloroform, dissolved into Krebs' solution and assayed against PGE2  on 

rat gastric fundus strips. Results obtained from tissues homogenised in acid 

ethanol Krebs' were taken to indicate basal levels and results obtained from 

homogenisation in Krebs' solution taken to represent total levels. Basal 

levels were then subtracted from total levels to give amounts synthesised 

during homogenisation. The results were then expressed as nanogram s of 

equivalents of PGE2  per gram of tissue. Results between patients were 

extremely variable w ith standard errors of the means of up to 150% of the 

mean. This m ethod attempts to allow for the effect of traum a in the 

sampling and preparation of the sample. However, variability betw een 

patients is still extremely high.

Wright et al (1982) published data on gastric mucosal PGE levels in patients 

with gastric ulcer disease and carcinoma. Their samples were obtained at 

endoscopy and stored after sampling in phosphate buffered saline at 0 °C. 

After washing, the samples were homogenised in isopropanol, ethyl acetate, 

0.1 M HC1 and phosphate-buffered saline. The homogenate was then 

extracted as previously described by Orczyk and Behrman. After purification 

by passage dow n silicic columns, the PGE content was assessed by 

radioimmunoassay. Validation experiments w ere perform ed w hich 

showed a coefficient of variation for the m ethod of 24 ± 6.14%. Protein 

content correlated with the initial w et weight of the sample (R = 0.85); 1 mg 

of protein was found to be equivalent to 17.12 m g wet weight.
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These extraction procedures do not actually m easure only PG content of the 

biopsy but also PGs synthesised either during the traum a of sampling or the 

traum a of the homogenisation or other extraction methods. Despite the 

attempts of Bennett et al (1977) to allow for this, their results w ere still 

variable between patients. Extraction techniques also still require relatively 

large am ounts of tissue and may not be suitable for endoscopically obtained 

biopsies.

In vitro synthesis using mucosal tissue samples

Tissue samples can also be used for in vitro synthesis of PGs. The tissue can 

either be used whole or homogenised to provide an enzyme source.

In vitro synthesis following homogenisation

Peskar (1977) took biopsies obtained gastroscopically and then transferred 

them into ice cold 0.1 M potassium phosphate buffer at pH  7.4. In the 

laboratory the samples were weighed and homogenised in ice cold buffer. 

The homogenate was then centrifuged at 10,000 xG at 4 °C for 15 minutes, 

the supernatant recentrifuged at 100,000 xG at 4 °C for one hour and the 

resulting pellet was taken up  and homogenised in ice cold buffer containing 

EDTA, adrenaline and glutathione. The suspension was used as an enzyme 

source and incubated at 37 °C with an excess of arachidonic acid. Enzymatic 

reaction was stopped by incubation in boiling w ater for one minute. Zero 

time incubations were perform ed by boiling samples immediately after 

mixing the enzyme source and substrate. The zero time incubations 

produced an appreciable am ount of PGs which Peskar suggested originated
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from conversion of arachidonic acid during the heating of the incubates 

prior to denaturation of the enzyme. Following cessation of incubation, the 

samples were recentrifuged and PGs determined in the supernatant by 

radioimmunoassay. The results were expressed as nanogram s of PG formed 

per milligram of protein of the enzyme source.

Boughton-Smith and W hittle (1983) used homogenisation to give a tissue 

preparation for incubation. The tissue preparation was incubated by 

vortexing for 30 seconds in calcium tris buffer and then ultra-centrifuged 

and the supernatant collected on ice prior to 6 -keto-prostacyclin assay.

Ahlquist et al (1983) used endoscopically obtained biopsies which were 

washed in ice cold phosphate and borax buffer prior to hom ogenisation in 

the same buffer in a Potter tissue grinder. An aliquot of the tissue 

preparation was then incubated w ith radio-labelled arachidonic acid in a 

shaking w ater bath for 30 m inutes at 37 °C. Synthesis was term inated by 

acidification to pH  3.0 with citric acid. The authors commented that added 

substrate exceeded endogenous free arachidonic acid by some thirty-fold, 

and they presum ed that the labelled products therefore reflected enzyme 

activity rather than substrate availability.

Aly et al (1984) used homogenates of gastric mucosa cultured in 1 4 C-labelled 

arachidonate in a study designed to investigate which of the PG series were 

synthesised and which experimental factors and culture co-factors 

influenced the production of PGs. They found that only PGE2 , F2 a /  6 -keto 

PG Fiq and thromboxane B2  could be demonstrated; tissue handling and 

traum a were potent factors in the am ount of PG formed and that substrate 

concentration and co-factors readily influenced the outcome. They advised 

that studies on the role of PGs in gastrointestinal mucosa should be limited
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to those PGs they identified and primarily PGE2  and PGF2 a- Aly et al (1984) 

also recom m ended that:

"To be able to detect possible differences between various conditions such

studies should involve a minimum of tissue manipulation."

H aw key (1986) also used an homogenate as his enzyme source. Endoscopic 

biopsy specimens were homogenised on ice immediately after sampling in 

tris buffer at pH  7.4. Aliquots of the homogenate were extracted 

immediately into chloroform for determ ination of prostanoids synthesised 

from endogenous stores. O ther aliquots of the homogenate were incubated 

with arachidonic acid for 30 minutes at 37 °C before extraction into 

chloroform. After extraction the samples were resuspended in phosphate 

buffered saline and stored at - 2 0  °C prior to radioimmunoassay.

Coefficients of variations for the methods were 14% for samples 

immediately extracted into chloroform and 1 0 % for the samples incubated 

w ith added arachidonic acid. This m ethod allowed preparation of a reliable 

enzyme source and gave good reproducibility.

Preclik et al (1986) used homogenised samples of rabbit gastric mucosa in a 

study to examine the effect of co-factors on PG synthesis. Aliquots of the 

homogenate were immediately cultured in 39 nM arachidonic acid labelled 

w ith 1 4 C. The cultures were then extracted w ith a mixture of organic 

solvents and separated by thin-layer chromatography. Tryptophane, 

adrenaline and hydroquinone were added as co-factors in various 

concentrations and found to generally stimulate PG synthesis w ithout 

altering the PG profile. Their method is only briefly reported in this abstract 

but, by using radiolabelled substrate, PGs formed by the traum a of biopsy 

handling can be eliminated but the continued presence of preform ed PGs 

may have an unknow n effect on enzyme activity or other factors..
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Cram pton et al (1987) also used endoscopically obtained biopsies which were 

homogenised in ice-cold phosphate buffer prior to incubation in enriched 

buffer containing noradrenaline, glutathione, hydroquinone and 

haemoglobin as well as arachidonic acid, and tritiated PG as a recovery 

marker. Incubation was short-lasting and was stopped after two minutes by 

addition of citric acid to reduce the pH  to 3.0. This was followed by 

immediate extraction into diethyl ether. Following thin-layer 

chromatography, the region corresponding to PGE2  was identified and 

m easured by radioimmunoassay. No values are given in the results for 

reproducibility.

The preparation of homogenates from endoscopic biopsies allows for the 

sample to be split into separate aliquots and in vitro synthesis under various 

conditions measured. However, all methods use the addition of various co

factors and especially of arachidonic acid as a substrate. Differing results 

betw een groups therefore are due to variable enzyme contents of the 

original tissue and the rate of enzymatic conversion of the substrate.

Possible in vivo rate-limiting factors such as availability of substrate are not 

assessed by these methods.

In vitro synthesis in whole mucosal tissue samples

Biopsy samples and other tissue samples of mucosa can also be used as 

sources for in vitro synthesis w ithout prior homogenisation.

Ligumsky et al (1979) looked at mucosal samples obtained from rabbits. The 

mucosa was separated from the underlying layers, kept at 4 °C prior to 

culturing, which was initiated w ithin 20 to 30 minutes of sampling. Organ
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culture was used in enriched culture m edium RPMI 1640. The incubating 

m edium  was changed after the first hour of incubation and culture carried 

out for 22 hours. Aliquots of the m edium  were collected at stages 

throughout the incubation. PG content of the culture medium was assessed 

by radioim m unoassay w ithout prior separation or purification. After the 

first hour of culture, the synthesis of PG was found to be constant 

throughout the 2 2  hours.

Basso et al (1983) also used mucosal samples from laboratory animals. 

Samples of gastric mucosa were taken w ith the aid of micro-scissors under a 

dissecting microscope. Samples were placed in 1 ml of normal saline and 

frozen to -80 °C. After exactly three weeks storage, the mucosal specimens 

were thawed, rinsed and placed in 10 mM phosphate-buffered saline at pH  

7.4 and incubated for four hours at 37 °C. No exogenous precursors were 

added and at the end of the incubation period, the mucosal samples were 

removed and PGs were extracted from the tissue following homogenisation 

and purification by passage through silicic acid columns. PG concentrations 

were also measured in the incubation medium. The PGs extracted from the 

homogenised mucosal sample were thought to represent the content of that 

tissue. The authors did not suggest that the measured PGs had been formed 

during homogenisation and no steps were taken to standardise this 

procedure. Similarly, no w ashout period was allowed prior to collection of 

the incubation m edium  and therefore some of the PG present would have 

been formed by the traum a of sampling and dissection, and the thermal 

shock of freezing and thaw ing the sample.

Sharon et al (1983) used endoscopic biopsies, obtained from patients 

undergoing diagnostic endoscopy, for organ culture. RPMI 1640 was used as 

the organ culture m edium  and was changed every 30 minutes for the first
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one and a half hours and every 60 minutes thereafter for a further three 

hours. The aliquots of the medium were kept at - 2 0  °C prior to assay which 

was perform ed by radioimmunoassay w ithout prior extraction or 

purification. Once again, no attempts were made to account for the traum a 

of sampling and the culture medium from the first 30 minutes of culture 

was assayed. Unlike Ligumsky et al (1979) Sharon et al (1983) found that the 

rate of form ation of PGs in the last three hours was less than in the first 90 

minutes. This may have been due to the w aning effect of sampling trauma.

Hillier et al (1985) also used duodenal mucosal biopsies obtained at 

endoscopy. Following sampling, the biopsies were immediately frozen in 

liquid nitrogen and stored at -70 °C. Following thawing, the specimens were 

pre-incubated at 37 °C for 15 minutes in Krebs' solution at pH  7.5. Fresh 

solution was then added and incubated for a further 60 minutes at 37 °C.

The supernatant following this period was extracted w ith diethyl ether and 

m easured by radioimmunoassay. The pre-incubation stage was an attem pt 

to allow the formation of PGs due to the traum a of sampling to return  to 

basal rates, and unenriched medium was used so that the in vitro synthesis 

approximated as near as possible to the in vivo situation.

DeRubertis et al (1985) used organ culture in a Dubnoff metabolic shaker 

containing Krebs'-Ringer bicarbonate buffer for 60 minutes at 37 °C. At the 

end of this period, the buffer was frozen at -20 °C and assayed subsequently 

by radioimmunoassay without further purification or extraction. This 

method uses large samples of tissue obtained, in this case, from sacrificed 

rats. No w ashout period was included to allow for the exclusion of 

preformed PGs, and the buffer, although it did not contain substrate, did 

contain an energy source and therefore does not closely represent the in vivo 

situation.
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Rachmilewitz et al (1986) used culture of endoscopically obtained m ucosal 

biopsies, in RPMI 1640 medium. The m ethod was essentially the same as 

previously reported by Sharon et al (1983). Fink et al (1987) looked at 

mucosal samples obtained from sacrificed rats which were further dissected 

into small pieces and placed in Erlenmeyer flasks containing Krebs'- 

Henseleit glucose buffer. The flasks were incubated in a Dubnoff shaker at 

37 °C for 30 minutes. At this stage, and again after 60 minutes of incubation, 

the incubating m edium  was changed. The aliquots of incubation medium 

were stored at -80 °C until radioimmunoassay w ithout prior extraction or 

purification. Separate results are expressed for the initial incubation period 

and the second incubation period, and show that much more PG was 

formed in the first 30 m inutes than the second 30 minutes. This is possibly 

due to the effect of the large amounts of traum a involved in the preparation 

of the sample.

Hawkey et al (1988), using mucosal samples from sacrificed rats, excluded 

the homogenisation stage of their previous methods and incubated for 50 

minutes at 37 °C in a sealed tube containing gassed Krebs' solution without 

additional substrate. No washout period was included. The PG content of 

the incubation m edium  was measured by radioimmunoassay. The authors 

quote that prelim inary experiments showed that the release of PGE2  was 

linear over 15 minutes and was inhibited by 75% by 1 m g ml-1  

indom ethacin .

These organ culture m ethods using whole biopsies often do not allow for a 

washout period and therefore the effect of sampling traum a will be apparent 

in the quantities of PGs measured in the incubating media. Although some 

of the media used were complex organ culture media such as RPMI 1640, 

even the use of a simple m edium  such as Krebs' solution, although it does
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not contain substrate, differs from the in vivo situation by allowing the 

presence of an external energy source.

In vitro synthesis using vortexed whole tissue samples

An alternative form of in vitro synthesis was initially suggested by W hittle et 

al (1980). The sample was incubated in phosphate buffer by vortex mixing 

for only one m inute and then ultra-centrifuged, as the only extraction stage, 

prior to bioassay for PGE2  by inhibition of hum an platelet aggregation.

This m ethod was further refined w hen published by Whittle and Salmon 

(1982), the biopsy was washed and re-washed prior to short-lasting 

incubation by vortex mixing as previously described. Once again, high

speed centrifugation was the only extraction stage prior to bioassay. The 

m ethod was further refined by the addition of indomethacin following the 

vortex incubation to reduce further cyclooxygenase activity.

This m ethod has been used in hum an samples by other workers. Konturek 

et al (1981b) used mucosal samples obtained endoscopically in an adaption 

of the Whittle method. An additional centrifugation stage was added prior 

to the short vortex incubation stage in a further attem pt to separate the PGs 

formed by traum a of sampling from the PGs intentionally form ed during 

the vortex incubation. After incubation, further synthesis was stopped by 

the addition of indomethacin prior to the second ultra-centrifugation stage 

and bioassay. Basista et al (1986) used the method of Whittle and Salmon 

(1982) w ith endoscopically obtained biopsies, and Hall and Van D er Hoven 

(1986) used a very similar method, although they did not acknowledge it as 

being derived from  Whittle and Salmon.
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This m ethod has the attractions of excluding PGs formed by the traum a of 

sampling and preparation. It uses only plain phosphate-buffered medium 

without energy source or substrate and has a simple extraction stage of ultra

centrifugation prior to assay. The total time spent on preparation, 

incubation and extraction prior to assay is less then three minutes per 

sample and several samples can be processed simultaneously, m aking this 

method very time-efficient and suitable for use in large num bers of 

sam ples.

This m ethod was chosen for further validation and adaptation and these are 

detailed in the following chapters.
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Chapter 4

Description of method



P rep a ra tio n s

Before obtaining samples, preparations were made in the laboratory for 

their rapid processing. An adequate supply of standard tris buffer (0.15 M) 

was prepared and adjusted to pH 8.4. Tris buffer was prepared daily and 

stored in a refrigerator giving a constant tem perature of 4 °C. A supply of 

sample tubes (LP3) was prepared. Each contained 1ml of the tris buffer and 

was capped before being placed in a polystyrene container filled with 

crushed ice. This container was taken to the animal house or to the 

endoscopy suite to receive samples. If taken to the animal house an 

additional quantity of tris buffer was also taken, in crushed ice, for washing 

mucosal samples. Indomethacin solution was prepared daily in ethanol in 

a concentration of 50 pmoles indomethacin ml-1 ethanol and also stored at 

4 °C.

Obtaining samples 

Humans

Samples were obtained either from patients undergoing routine diagnostic 

endoscopies or as part of a clinical trial. In either case the obtaining of 

biopsies for study had been discussed and approved by the Ethics Committee 

of University College Hospital (see Appendix). If the patient was being 

endoscoped for diagnostic purposes, permission was sought from the 

patient prior to the procedure and w ritten consent obtained (see Appendix). 

If the patient was being endoscoped as part of a clinical trial, it was made 

clear at the time of initial consent that biopsies would be taken. In either 

case, it was made clear to the patient w hat a biopsy was, w hat the risks were 

and that the sample would be used for research purposes from which the
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patient w ould obtain no gain and which w ould not advance the patient's 

diagnosis or treatment.

The patient was then placed on the left side and the oropharynx sprayed 

liberally w ith 2% lignocaine spray. A m outh guard was placed between the 

teeth. Venous access was obtained from the left antecubital fossa and the 

patient sedated with a variable dose of Diazemuls (diazepam in intralipid 

buffer, 5mg ml-1, Kabi Vitrum) until a blink reflex to brushing the eyelashes 

could no longer be obtained ( 2  - 20mg diazepam). In a very few cases the 

patient refused sedation and the procedure was carried out w ithout 

Diazemuls sedation. A standard fibre-optic upper gastrointestinal gastro- 

duodenoscope was then passed gently into the upper oesophagus. A variety 

of instrum ents were used during the course of the study but the majority of 

patients were endoscoped with an Olympus OES-IO gastro-duodenoscope. 

This instrum ent has a 1 1 mm external diameter and a 2 . 8  mm biopsy 

channel. In all cases however, standard biopsy forceps were used. These 

were Olympus biopsy forceps with oval fenestrated jaws and central spike. 

These forceps obtain consistently good biopsies of the gastro-duodenum  

(Danesh et al 1985).

Following passage of the gastro-duodenoscope, a full upper gastrointestinal 

endoscopy was carried out to the ampulla of Vater. A careful search was 

made for evidence of any pathology, especially inflammation and ulceration 

in any part of the oesophagus, stomach and duodenum  to the ampulla. If 

the patient's endoscopy was completely normal, biopsies were obtained 

from the second part of the duodenum  opposite the ampulla, the duodenal 

bulb (usually the anterior surface), the antrum  (more than 5 cm aw ay from 

the pylorus on the greater curve side) and the oesophagus (more than 2  cm 

above the oesophago-gastric junction).
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If the endoscopy was not normal then, in addition to the above biopsies, a 

biopsy was taken adjacent to the site of pathology and the usual biopsy for 

that area taken as remote from the site of pathology as possible, provided 

that this area was endoscopically normal in appearance. In the case of 

duodenal ulcers a matched biopsy from the bulb often could not be obtained 

because of confluent duodenitis. Because of patient compliance, and time 

constraints, a full set of biopsies sometimes could not be obtained. In such 

cases biopsies were preferentially taken from the duodenal bulb and antrum  

in norm al endoscopies and from a position adjacent to the lesion and 

remote from the lesion in abnormal endoscopies. Immediately after the 

procedure, a careful note was made of the results of the procedure, and the 

biopsy sites, on a standard form designed for the study (see Appendix).

Animals

In every experiment using animals, care was taken to abide by the Home 

Office guide-lines for experimentation upon animals, and the author 

obtained a licence from the Home Office for all the experiments described in 

the thesis (See Appendix). The animals chosen for experim entation were 

standard outbred Wistar female rats which weighed 150-200g at the time of 

the study. The individual experiments are described in their relevant 

chapters, but at the time of sampling the same procedure was followed in 

each case. The animal was stunned by a sharp blow to the occiput and 

immediately killed by cervical dislocation. The abdomen was then 

immediately opened by a single incision from xiphisternum  to pubis. The 

abdominal organs were identified and the stomach and a length of small 

intestine removed after careful but rapid blunt dissection. The rem oved gut 

was opened along the greater curvature side. The lumenal surface w as then
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gently washed with the ice cold tris buffer and a note made of the findings. 

Samples were then taken as relevant to the experiment being performed. In 

each case, however, the sampling technique was the same. A small fold of 

mucosa was lifted by gentle traction with a pair of non-toothed dissection 

forceps and removed by scissors.

The samples 

Transfer

Immediately the samples were transferred to capped polyethelene tubes 

(LP3), containing 1ml of tris buffer (pH 8.4), and stored in crushed ice. They 

were transferred to the laboratory as soon as possible and if transfer could 

not take place within one hour the samples w ere discarded.

W eighing

In the laboratory the sample was washed in buffer, blotted on W hatm an's 

No 1 filter paper and weighed using an electronic balance (Metier AC100). 

The technique of weighing was standardised and scrupulously followed.

The sample was removed from the transfer tube using a 19G hypoderm ic 

needle and placed on a disc of clean dry  filter paper. The sample was moved 

to further dry  areas until no further buffer could be blotted from the sample. 

The sample was then passed to a second disc of filter paper and the whole 

(disc and sample) weighed and a note made of the result. The sample was 

then removed from the disc of filter paper and placed in a fresh centrifuge 

tube pre-charged with 1 ml of tris buffer and stored in crushed ice. The disc
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of filter paper was then re-weighed and weight of the sample obtained by the 

difference of the two weights. In samples obtained at endoscopy of patients 

the range of weights was 1 . 2  - 1 1 . 2  mg, which is similar to the range of 

weights found by Danesh et al (1985). In samples obtained at necropsy of 

animals the range was 3.9 - 17.2 mg. In each case sample handling was kept 

to a minimum and the whole procedure was perform ed as quickly as 

possible while obtaining an accurate weight. Formal timings were not made 

but the whole procedure certainly took less than one minute in every case.

PG synthesis

In vitro PG synthesis was measured using an adaptation of the method of 

Whittle and Salmon (1982). After weighing, the sample was resuspended in 

lm l of tris buffer and ultra-centrifuged for 15 seconds in a fixed speed 

Hawksley microhaematocrit centrifuge (10,000 xG at maximum rpm). The 

supernatant was discarded by careful pipetting and replaced w ith 0.05 ml tris 

buffer and the sample vortexed for an accurate 60 seconds using a bench 

vortex mixer. The formation of PGs was stopped by the addition of 0.01ml 

of indomethacin in ethanol (to give a final concentration of 1 0  pg 

indom ethacin  m l -1 buffer and ethanol1) and the total volume made up to 

lm l by the addition of 0.94 ml of tris buffer2. The whole was then 

recentrifuged as above and the supernatant carefully pipetted off and 

divided into two aliquots and stored at -2 0 °C in capped polyethelene tubes 

(LP3).

^Hollberg (1981) suggests that a concentration of 0.05-0.3 pg ml'1 is sufficient to prevent 
prostaglandin formation, however this effect is concentration- and time-related. The 
concentration used in the method was suggested by Whittle (personal communication) to 
produce very nearly 100% inhibition virtually immediately.
^Shen and Winter (1977) confirm that indomethacin is soluble and stable at the pH used.
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Radioimmunoassay

Aliquots were batch assayed at UCL by highly specific radioim m unoassay for 

im m unoreactive-PG E 2  in two dilutions and w ith sample blanks. The final 

results are expressed as pg iPGE2  m g -1 weight of sample. Adequate 

quantities of buffer and solutions were prepared in advance.

Potassium phosphate buffer

0 . 1  M solutions of KH2 PO4  (13.6gH) and K2 HPO4  (17.4gH) were prepared 

and mixed in a ratio of 1:4 and the pH  adjusted by addition of further 

volumes of either solution to give a final pH  of 7.4. The buffer was stored at 

4 °C.

Radioimmunoassay buffer

Using the potassium phosphate buffer described above, stock 

radioim m unoassay buffer was prepared by the addition of sodium azide 

(l.Og) and gelatin (l.Og) to each litre of phosphate buffer. As gelatin is poorly 

soluble at room tem perature the solution was prepared on a 

thermostatically controlled electrically heated hot-plate at 60 °C. The 

solution was then cooled to room tem perature and stored at 4 °C.
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Tritiated PGE2

This was obtained from  Amersham and diluted in ethanol to give 5 pCuries 

m l-1. This stock solution was stored at -2 0 °C and w orking solutions 

prepared freshly for each assay by diluting w ith stock radioimmunoassay 

buffer to give a checked 1 . 2  x 1 0 4  decays per m inute (0 .1 ml stock to 8 .0 ml of 

buffer).

Antiserum

Highly specific anti-serum  against PGE2  was obtained from Sigma and 

stored, freeze dried, in vials. On the day of the assay antiserum  solution was 

prepared by dilution with radioimmunoassay buffer. Information from 

Sigma describe this antiserum  as highly specific w ith a cross reactivity of less 

than 4% with PGEi and less than 0.5% w ith other PGs , leukotrienes and 

arachidonate.

Standard PGE2

Highly purified PGE2  was obtained from Sigma and a stock solution 

accurately prepared in ethanol to give 100 ng PGE2  ml-1 and stored at -20°C. 

On the day of the assay an aliquot from the stock stock solution w as further 

diluted in assay buffer to give 1 0 0 0  pg ml-1, and the following standards 

prepared; 500, 400, 300, 200,150,100, 50 and 25 pg ml-1 equivalent to 50, 40,

30, 20,15,10, 5 and 2.5 pg PGE2  per tube.
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Charcoal mixture

0.025g of dextran T70 and 0.25g of charcoal Norit A were added to 100ml of 

assay buffer immediately before use and stored at room tem perature on a 

magnetic mixer to ensure uniform  mixing.

Standard curve

The tubes for the standard curve were prepared as follows:-

Tube Contents Measured

1-3 0 .1 ml 3 H-PGE2  (no charcoal) Total count

4

5-6

O.lm l 3 H-PGE2  (with charcoal) Non-specific binding
(NSB)

O.lml 3 H-PGE2

O .lm l an tiserum B lank

7-8 O.lml 3 H-PGE2

O.lml an tiserum 50 pg standard

O.lml 500pg PGE2  ml-1 standard

9-10 O.lml 3 H-PGE2

O.lml an tiserum 40 pg standard

O.lml 400pg PGE2  m l -1 standard
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11-12

13-14

15-16

17-18

18-20

21-22

O.lml 3H-PGE2

O.lml an tiserum

O.lml 300pg PGE2  ml-1 standard

O.lml 3 H-PGE2

O.lml an tiserum

O.lml 200pg PGE2  ml-1 standard

O.lml 3 H-PGE2

O.lml an tiserum

O.lml 150pg PGE2  ml-1 standard

O.lml 3 H-PGE2

O.lml an tiserum

O.lml lOOpg PGE2  ml-1 standard

O.lml 3 H-PGE2

O.lml an tiserum

O.lml 50pg PGE2  ml-1 standard

O.lml 3 H-PGE2

O.lml an tiserum

O.lml 25pg PGE2 ml-1  standard

30 pg standard

2 0  pg standard

15 pg standard

1 0  pg standard

5 pg standard

2.5 pg standard
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All omissions were replaced by an equal volume of assay buffer. Tubes 23 
and above were the samples and consisted of:

23 O.lml 3 H-PGE2  

O.lml sample 

O.lml assay buffer

NSB of sample

24 O.lml 3 H-PGE2  

O.lml sample 

O.lml an tiserum

Sample duplicate 1

25 O.lml 3 H-PGE2

O.lml sample

O.lml antiserum

Sample duplicate 2

This pattern was continued for all samples and 1: 2 dilutions of the samples. 

All tubes were agitated gently to ensure complete mixing and allowed to 

equilibrate for 10 minutes at room tem perature, and for two hours at 0°C.

In as short as time as possible (and in any case within three minutes) lm l of 

well-mixed charcoal mixture was added to all tubes, allowed to equilibrate 

for 10 minutes and then centrifuged at 0°C and 2.2 x 103xG for five minutes. 

The supernatants were then decanted into scintillation tubes, 3ml scintillant 

added and mixed by agitating gently. They were then counted on a Packard 

Tri-Carb 2000CA Liquid Scintillation Analyzer which automatically 

provided decays per minute.

From these raw  counts, maximum percentage binding was calculated:

( blank - standard NSB) x 100 = percentage binding 
average of total count. 1
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M aximum percentage binding varied between assays but was never less 

than 50% and with new  anti-serum was around 80%. The percentage 

binding of the standards was similarly calculated and plotted against the 

standards on semi-log paper. A best fit straight line was draw n and 

aregression co-efficient calculated using "Statsease" statistical package (Icon 

technology, Jarrom St, Leicester) on an Apple He computer. The standard 

curve was passed only if this coefficient was greater than or equal to 0.95.

The percentage binding of the samples was then calculated using a similar 

form ula to the above:

(sample count - sample NSB) x 100 = percentage binding of sample 
average of total count. 1

A sample was rejected if the duplicates varied by more than 5% or if the 

non-specific binding count was greater than 1 0 % of the sample counts. The 

iPGE2  (im m unoreactive-PGE 2 ) content of the sample was then calculated 

from the standard curve (see Figure 4.1) using "Statsease." iPGE2  content 

were separately calculated for each dilution and these results averaged 

before the final result was calculated by dividing the average by the weight 

of the original tissue sample. The results were then expressed as pg iPGE2  

m g-1.
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Figure 4.1 Example standard curve - Standard (pg PGE2 ) (log scale) 

against radioimmunoassay percentage binding.
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To be acceptable as a standard curve the results, w hen plotted on semi-log 

paper, had to produce a straight line w ith R^0.95.
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Validation of the radioimmunoassay

The assay described above was set up in the laboratory by a previous 

researcher who validated the assay against a standard technique of bioassay 

(Rampton et al 1980). The assay, as used by the author, did not differ in any 

w ay from that originally set up; reagents were still obtained from the same 

sources and the same laboratory equipm ent was used. One criticism of RIA 

as an assay m ethod for PGs is the likelihood of cross-reactivity betw een 

immunologically similar members of the PG family. In RIA for PGE2 , cross 

reactivity w ith PGEj is often thought to be a problem (Hawkey 1986). Others 

have suggested caution when using 'hom e grow n' antiserum  since 

specificity may alter from animal to animal immunised, and from one 

venesection to the next in the same animal (Auletta et al 1974). For this 

reason the highly-specific antiserum  supplied by Sigma was used. This has 

a cross reactivity of <4% with Ej (Sigma, information held in data bank).

The author did not carry out independent validation experiments on the 

assay because these had already been perform ed on this assay by a previous 

researcher, and results from the assay, were published in a peer-reviewed 

journal (Rampton et al 1980). These validation experiments had show n a 

cross-reactivity of 3.2% with PGEj and less than 0.5% with other PGs. In 

retrospect, validation against a standard bioassay or mass spectrom etry 

w ould have helped confirm the nature of the substance assayed. In the 

results of this thesis the measured substance will therefore be referred to as 

'im m unoreactive-PG E 2 ' (iPGE2 ).
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Validation of the method of in vitro synthesis of PGs .

As discussed previously (see Chapter 3), the m easurem ent of endogenous

PGs is bedevilled by pitfalls. This m ethod is no exception. These are:

1 . Sampling of the mucosa will induce form ation of PGs which m ay 

continue for some time while the sample is cooling in the ice-cold 

buffer; indeed the thermal shock of heating or cooling is a potent 

stimulus for PG formation.

2. Delay in processing may cause deterioration in the sample and 

exhaustion of endogenous energy sources and substrate.

3. Excessive handling of the sample during the process, induces further 

form ation of PGs in an uncontrolled manner.

4. Centrifugation of the sample will induce PG formation.

5. Vortexing of the sample m ay produce variable quantities of PG if the 

length of time and vigour of vortexing are not closely controlled.

6 . Formation of PGs will continue following cessation of vortexing.

7. Indomethacin, despite being a potent inhibitor of PG formation, will 

take some time to reach maximal inhibition of synthesis.

8 . Following centrifugation, the supernatant m ay still contain cell 

fragments which may interfere w ith radioim m unoassay by increasing 

non-specific binding.

9. Weighing of the sample in a hydrated form may not give a true 

reflection of tissue content in samples from inflamed areas.
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In adapting the m ethod these potential pitfalls were borne in mind and 

minimised w herever possible. Sample handling was kept to an absolute 

minimum and all transfers were perform ed at 0  °C to minimise 

uncontrolled formation of PGs. Following the first centrifugation, the 

sample was not handled before the critical vortexing step. Vortexing was 

perform ed as carefully as possible to ensure identical stimulus to each 

sample. Following vortexing, indomethacin was added in high 

concentration to a small volume of bathing solution to ensure inhibition of 

PG synthesis as quickly as possible. The bathing solution was then diluted. 

Following the second centrifugation the sample was transferred to the heart 

of a pre-chilled freezer, giving at least -2 0 °C, in small aliquots to ensure 

rapid freezing. To ensure that these measures were adequate the following 

validation checks were performed.

1 . In an initial animal study, ten samples were processed. Aliquots of 

buffer were taken immediately prior to the critical vortexing step.

Following centrifugation and discard of supernatant, 0.55ml of tris buffer 

was added, mixed and immediately 0.5ml removed to leave the usual

0.05ml for the vortex step. Following vortexing, the formation of further 

PGs was prevented in the usual w ay and the sample and buffer re

centrifuged. The supernatant was then collected. The iPGE2  contents of the 

pre-vortex sample and the post-vortex sample were estimated by RIA and 

are detailed in Table 4.1. This gives an estimate of the am ount of iPGE2  

which is carried over from sample handling despite initial centrifugation 

and of the am ount formed during vortexing.
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Table 4.1 iPGE2  content of pre- and post-vortex solutions.

Sample Pre-Vortex Post-Vortex Ratio %

1 47.5 1250 3.8
2 6.9 313 2 . 2

3 1 2 . 1 585 2 . 0

4 1 0 . 0 431 2.3
5 9.3 537 1.7
6 5.2 370 1.4
7 45.5 902 5.0
8 15.0 422 3.5
9 9.1 552 1 . 6

1 0 13.2 838 1 . 6

Mean 2.5
SD 1.2

Pre-Vortex - iPGE2  content of bathing solution (pg iPGE2  mg-1) before 
vortexing.
Post-Vortex - iPGE2  content of bathing solution (pg iPGE2  m g '1) after 
vortexing.
Ratio % - ratio of pre-vortex content to post-vortex content as a percentage.

This validation study shows that, on average, only 2.5% of the final iPGE2  

content of the supernatant was formed prior to vortexing and indicates that 

the measures taken to minimise transfer of previously formed iPGE2  to the 

post-vortex stage were effective.

2. The reproducibility of the whole method from sampling to 

radioim m unoassay was tested. The intention was to compare PGE2  

synthesis during treatm ent and healing of peptic ulceration. A high intra

sample variability would have made such comparisons invalid. To ensure 

that the complete method was reproducible, multiple biopsies were taken 

from various areas of normal patients. Five patients were studied. In each 

case prior written informed consent was obtained and diagnostic endoscopy 

performed. If the endoscopy was entirely normal multiple biopsies were
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taken from a single anatomical site. The biopsies were taken near to each 

other but each was at least 1  cm from the nearest adjacent biopsy site to 

prevent the earlier biopsies altering the PG synthesis abilities of the later 

biopsies. Six biopsies w ere obtained from each patient. Each biopsy was 

processed separately. The ability to synthesise iPGE2  was calculated for each 

biopsy and is detailed in Table 4.2.

Table 4.2 Reproducibility and coefficients of variation in duplicate results 

(pg iPGE2 mg’1) from control subjects.

Oesophagus Antrum 1 Antrum 2 Duodenum 1 Duodenum 2

1 134 1 2 0 1 0 1 94 135
2 147 113 116 135 170
3 151 117 119 99 149
4 154 103 116 149 146
5 186 106 1 0 0 123 126
6 181 1 2 1 87 99 149

M ean 159 113 106 116 146
SD 2 0 . 0 7.4 1 2 . 6 2 2 . 6 13.6
CV 1 2 . 6 6.5 11.9 19.5 9.3

The average coefficient of variation was 12%. This m ay be produced either 

by variability in the method, a n d /o r  by biological variation between 

biopsies. This reproducibility compared favourably w ith other methods (see 

Chapter 3) and confirmed that the m ethod was suitable for the planned 

study.

3. The efficiency of the centrifugation steps was confirmed by 

microscopic examination of the supernatant under high-pow er light 

microscopy. No cells, cell organelles or cell fragments were identified.
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4. The degradation of PGs in aqueous solution at -20°C is generally 

considered to be extremely slow. But it is theoretically possible that variable 

lengths of storage time could introduce a variation in results. To minimise 

this samples were assayed as soon as possible after synthesis and nearly 

always w ithin one month. Samples were not grouped by pathology, but 

assayed in the same order as sampled (this aided blindedness and reduced 

inter-assay variability). As detailed in the method, the supernatant was 

stored in two aliquots and this enabled assays to be repeated if a standard 

curve was rejected or if a sample had a high non-specific binding. It also 

enabled repeat assays to be perform ed after an interval to check on 

degradation. One such assay was perform ed and showed no significant 

variation in m easurable iPGE2  over a three-m onth period.

5. The w ater content of biopsies was assessed in uninflamed and 

inflamed areas. Ten pairs of biopsies were collected, using the usual 

sampling techniques, at diagnostic endoscopy of 1 0  patients w ith acute 

duodenal ulcer. One of the pair was taken from near to the ulcer rim, 

w here inflammation could be presum ed to be most severe. The other was 

taken from aw ay from the ulcer and any area of inflammation which was 

endoscopically visible. In the laboratory the biopsies were weighed as usual 

and then freeze-dried to a constant weight. The biopsies were then re

weighed on the same balance. The two weights (before and after freeze- 

drying) were compared and the percentage w ater content calculated. The 

results are detailed in Table 4.3.
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Table 4.3 Weights (mg) of biopsies from inflamed and non-inflamed areas 

pre- and post-freeze drying, with calculated percentage water content.

Patient
Pre

Inflamed 
Post % Water Pre

Uninflamed
Post % Water

1 4.3 0.9 79.0 6.7 1.2 82.1
2 7.1 1.4 80.3 6.3 1.3 79.4
3 6.8 1.5 77.9 4.1 0.8 80.5
4 3.7 0.7 81.1 3.0 0.5 83.3
5 2.8 0.5 82.1 4.7 0.9 80.8
6 3.9 0.7 82.0 5.8 1.1 81.0
7 5.7 1.4 75.4 3.7 0.7 81.1
8 6.1 1.2 80.3 5.0 0.9 82.0
9 4.0 0.7 82.5 6.8 1.5 77.9

10 5.4 1.0 81.5 1.8 0.5 72.2

Mean
SD

80.2
2.2

80.0
3.1

There is no significant difference betw een the two means. Given the very 

small weights and the methodology used, the very  small standard deviation 

is surprising. One explanation is the very similar treatm ent that the 

biopsies received. The act of biopsying uses small forceps which pinch the 

mucosa forcibly; m ust express a certain am ount of inter-cellular water. The 

biopsy and forceps are then pulled up  1 .2 m of narrow  biopsy channel which 

often takes considerable effort by the endoscopist. The biopsy is then 

suspended in ice-cold buffer of fixed tonicity. The tem perature is 

deliberately below that of metabolic activity. This means that metabolically 

maintained concentration gradients will equilibrate. This equilibration will 

happen quickly in view of the high surface area to mass ratio of the very 

small biopsies. Thus, by the time that the biopsies come to be weighed, their 

percentage w ater content will be very similar. The main errors in the
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m ethod may then be the two weighing steps which could account for the SD 

of 2.2% and 3.1% seen. This result suggests that differences in initial w ater 

content in vivo will be standardised by the time the biopsy is weighed and 

processed. Work by Sharon et al (1979) suggests that protein content and 

weight correlate closely (R = 0.92). The am ount of PGE2  synthesized was 

therefore compared to the biopsy weight.

This method having been developed and validated was used as described in 

the following chapters.
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Chapter 5

Normal values for iPGE2 in the rat and man



Rats

Introduction

H aving devised and validated the method as detailed in Chapter 4 the 

m ethod was further tested in the field prior to its use in hum an subjects.

The reasons for this were:-

1. To practise the practical steps involved in routinely processing

numbers of samples and thereby minimise the risk of wasting hum an 

samples because of logistical errors.

2. To ensure that the method gave reproducible results in w orking

circum stances.

3. To define the normal range using the m ethod in a laboratory animal.

Method

Standard laboratory out-bred female W istar rats were used. Their weights 

ranged from 170 - 200g at the time of the experiment. None of the animals 

were prepared in any way. They had been kept in standard cages w ith wire 

bases to prevent coprophagia and were fed on standard rat chow (MRC, 41B) 

and allowed w ater ad libitum. The animals were not fasted prior to the 

experim ent.

Each animal was taken from the cage and examined for external signs of ill- 

health. If it appeared healthy it was killed by stunning and cervical 

dislocation. The abdominal and thoracic cavities were opened by a single
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incision and a rapid inspection made of the internal organs. The stomach 

and duodenum  were removed and opened along the greater curvature, 

they were then very gently washed in ice cold tris buffer (as described in 

Chapter 4). Two samples were taken from each animal.

1. The anti-mesenteric border of the duodenum  0.5cm below the 

pylorus.

2. The lesser curve of the antrum  0.5cm above the pylorus.

Both biopsies were stored as detailed in the method. Twenty animals were 

examined in this way. After all samples had been collected they were 

transferred to the laboratory and further processed as detailed in Chapter 4. 

The supernatants remained stored at -20°C for 1 week and were then 

thaw ed and iPGE2  content assayed by the radioim m unoassay described.

Results

The weight of sample, the iPGE2  content assayed per tube and iPGE2  m g -1  

weight of sample are detailed in Table 5.1 and 5.2.
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Table 5.1 Normal iPGE2 values for duodenal samples in  female Wistar rats

Duodenal samples

Rat Wt (mg) pg iPGE2 per tube pg iPGE2 mg-1

1 7.9 847 107
2 9.0 951 106
3 3.1 678 219
4 3.6 420 117
5 13.5 1190 88
6 7.2 114 158
7 8.6 922 107
8 3.3 424 128
9 4.8 645 134

10 4.4 450 102
11 8.6 1410 164
12 11.2 1420 127
13 8.9 1060 119
14 2.1 198 94
15 4.8 483 101
16 14.6 1990 136
17 5.7 619 109
18 7.1 702 98
19 4.9 553 120
20 8.8 1350 153

Mean 7.1 124
SD 3.4 30.7
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Table 5.2 Normal iPGE2 values for antral samples in  female Wistar rats

Antral samples

Rat Wt (mg) pg iPGE2 per tube pg iPGE2mg_1

1 5.0 722 144
2 2.8 313 112
3 4.8 585 122
4 5.9 431 73
5 5.7 537 94
6 3.6 379 103
7 5.2 902 173
8 5.0 422 84
9 4.7 552 117

10 3.7 839 227
11 3.8 420 110
12 5.0 584 117
13 4.0 336 84
14 4.5 368 82
15 4.6 610 133
16 5.2 644 124
17 8.2 1380 168
18 6.2 575 93
19 9.4 929 99
20 8.0 1050 131

Mean 5.3 119
SD 1.6 37.0

The m ean biopsy weight was 5.3 m g for antral samples and 7.1 m g for 

duodenal samples. The antral samples synthesized a m ean of 119 pg iPGE2  

m g -1 and the duodenal samples a mean of 124 pg iPGE2  mg-1. There was no 

significant difference between either of these means (P<0.5).
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D iscussion

Several other investigators have published data on PG synthesis by healthy 

laboratory animals. Sharon et al (1979) looked at mucosal PG content in the 

H ebrew  University strain of male rats weighing 150-200g. Jejunal mucosal 

scrapings of 20-30 mg were homogenised in ice-cold tris buffer at pH  7.0.

The homogenate was extracted twice with two volumes of ether and the 

aqueous phase stored at -20°C for radioimmunoassay. Their results are 

rem arkably similar to the those detailed above: (mean ± SD 116 ± 16 

pg PGE2  m g -1 weight of tissue, n=23). In reality this result does not measure 

'con ten t' but the response of the jejunal mucosal tissue to the traum a of 

scraping. The method used in this thesis also uses traum a to initiate PG 

formation and this m ay explain the closeness of the results.

Basso et al (1983) used a more complex method. Mucosal specimens were 

frozen in 0.9% saline at -80°C for three weeks and then thawed. They were 

then incubated for four hours at 37°C in lOmM phosphate-buffered saline 

(pH 7.4). At the end of the incubation period the biopsies were 

homogenised and extracted by silicic acid chromatography. Recovery was 

standardised with autologous tritiated standards. Extracted PGE2  was 

measured by radioimmunoassay. The PG released into the incubation 

m edium  was m easured by radioim m unoassay w ithout prior extraction.

The 'content' of the mucosal sample (in reality probably formed during 

homogenisation) was (mean ± SD 231 ± 31.0 pg PGE2  mg-1, n=20). This 

higher result m ay be due to the added traum a of the thermal shock of 

freezing and thaw ing as well as homogenisation.
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H aw key et al (1988), in a study on the nature of mucoprotection, used an 

incubation technique of 15 minutes duration in gassed Krebs' solution. 

Released PG was m easured by radioimmunoassay. Their results were 

(mean ± SD 301 ± 55 pg m g -1 15 min -1  n=5) As the method intentionally or 

otherwise does not involve traum a to stimulate PG formation it is not 

directly comparable to the method used here.

Man

Introduction

Before a measurem ent can be used to follow a disease process its range of 

values in health and possible alteration by demographic factors m ust first be 

described. Duodenal ulcer disease is know n to be a disease of men rather 

than women, of all age ranges but mostly the middle years, of smokers and 

possibly of alcohol drinkers. Therefore these factors were considered in 

subjects w ith healthy upper gastrointestinal tracts.

Subjects and Methods 

Subjects

D uring the diagnostic endoscopies by two endoscopists (SP and KDB - see 

acknowledgements) over a two-year study period, biopsies were taken from 

subjects w ith healthy-looking upper gastrointestinal tracts.

A subject was only considered suitable if there was no evidence of any 

disease process, past or present, after full and careful endoscopic inspection 

dow n to the ampulla of Vater. Any past medical history of upper
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gastrointestinal disease was also an exclusion, as was a d rug  history of 

ingestion of NSAIDs, anti-ulcer agents, antacids or dyspepsia cures w ithin 

the previous three days.

The age and sex of the subject was recorded in all cases; and cigarette and 

alcohol consumption was noted in most cases (not routinely at early 

endoscopies). This information was noted on a standard result sheet 

together w ith the endoscopic diagnosis and the site of any biopsies taken 

(see Appendix). Each subject was given a sequential num ber regardless of 

diagnosis and this was also noted on the standard form.

Biopsies

Biopsies were taken and processed in the m anner described in Chapter 4. 

Results were calculated blind w ithout the nature or site of the biopsy being 

identified. The results were then entered onto the subject's result sheet.

Collection, stratification and statistical analysis of data.

All the information on the result sheet was entered into a computerised 

database (Filemaker II, Claris, USA). Printouts from the program  form the 

hum an raw  data (see Appendix). This database allows searches to be made 

by multiple criteria (such as diagnosis, age, sex etc.). W ithin the database 

format, sum m ary cells automatically calculate means, standard deviations 

and numbers for the subset derived by search criteria.

The results of the database calculations were random ly checked by manual 

calculation and in no case found to be in error. Differences betw een groups 

of results were manually analysed by a two-tailed Students' t test for
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unpaired data and t values translated into P values using standard tables of 

distribution of t (Table III, Fisher and Yates: Statistical Tables for Biological, 

Agricultural and Medical Research. Longman Group, London).

Results

By the end of the two-year study period, 49 subjects who fitted the criteria 

for normal controls, had been recruited. Because of practical difficulties, 

time constraints and patient compliance it was not always possible to biopsy 

all areas of the upper gastrointestinal tract. W hen there were difficulties, 

biopsies from the duodenal bulb were obtained in preference to other areas.

Passing the endoscope into the second part of the duodenum  was not 

always possible, and in a few cases was uncomfortable for the patient and 

the endoscope had to be w ithdraw n prior to biopsy. There were, therefore, 

less biopsies from this area.

Demography

The 49 subjects (average age ± SD, 46.5 ± 19.9 years) consisted of 24 m en 

(average age ± SD, 43.0 ± 18.6 years) and 25 w om en (average age ± SD, 49.8 ± 

20.5 years). Of all subjects where the data is available 41% were non- 

smokers and non-drinkers, 23% drinker non-smokers, 18% non-drinker 

smokers and 18% drinkers and smokers. But this was not equally 

distributed according to age or sex. The non-smokers and non-drinkers 

w ere older (mean ± SD, 64.8 ± 24.2 years) and the smoker drinkers were 

younger (mean ± SD, 2 1 . 6  ± 8 . 1  years) (P < 0.02). Males and females were 

equal consumers of cigarettes bu t the males (mean ± SD, 1.4 ± 1.3 Units
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(U ) 1 alcohol d a y 1) were heavier drinkers than the females (mean ± SD, 0.25 

± 0.43 U day-1) (P < 0.02). Within the age groups the social habits were 

different. The under-40-year-olds smoked and drank more than those aged 

40-60 or >60 years. The results of synthesis of iPGE2  for all control subjects is 

detailed in Table 5.3.

Table 5.3 iPGE2 synthesis (pg iPGE2 mg_1) in control subjects

Site Mean SD n

Oesophagus 118 40.0 24
A n tru m  119 28.1 35
Duodenal bulb 108 26.5 48
2nd part Duodenum  147* 56.8 10

*Different from duodenal bulb (P < 0.01)

Similar results were obtained at all sites except the second part of 

duodenum  which synthesized more than the duodenal bulb (P < 0.01).

The results were analysed according to sex and are displayed in Table 5.4

^ n its  of alcohol (U) as defined by the World Health Organisation. 1U is equivalent to 
5g of alcohol, a half pint of beer, a single pub measure of spirits or a standard glass of 
wine.



Table 5.4 iPGE2 synthesis (pg iPGE2 mg"1) analysed according to sex.

Sex Oesophagus Antrum Duodenum
Bulb 2nd Part

Male M ean 114 1 2 0 103 204
SD 35.2 27.7 23.8 26.3
n 13 18 2 2 2

Female M ean 122* 118* 113* 133*
SD 44.5 28.3 27.8 53.4
n 1 1 17 26 8

*Not significantly different from male result (P<0.5)

No significant difference between the sexes in synthesis of iPGE2  was found 

at any site.

The effects of social habits are considered next and are detailed in Table 5.5. 

Because of the size of the original groups, and their further sub-division, 

only duodenal bulb results are considered.

Table 5.5 Duodenal 1PGE2  synthesis (pg PGE2 mg"1) analysed according 
to social habits

N S & N D S & N D D & N S S & D

Mean 106* 92.6* 98.4* 86.4*
SD 18.4 9.3 32.6 28.6
n 1 2 1 0 15 14

(N)S - (non) smoker, (N)D - (non) drinker.

*Not significantly different from each other (P< 0.5).

Although there appears to be a trend towards reducing ability to synthesize 

iPGE2  in the smoking groups this is not significant (P< 0.1 for smoker non

drinkers compared with non-smoker non-drinkers, P< 0.5 for smoker non

drinkers compared w ith  non-sm oker non-drinkers)
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The effect of age is next compared. For ease of comparison the subjects are 

divided into three age groups, <40, 40-60 and >60 years. The results are 

detailed in Table 5.6 and shown graphically in Figure 5.1.

Table 5.6 iPGE2  (pg iPGE2  mg"1) synthesis analysed according to site of 

biopsy and age grouping

Age (years) Oesophagus Antrum Duodenum
Bulb 2nd Part

>40 M ean 124 116 113 152
SD 45.8 25.9 22.5 30.8

n 1 0 14 2 1 3

40-60 M ean 107 113 96.5 141
SD 35.2 23.2 32.8 6 6 . 6

n 6 9 1 2 3

>60 M ean 118 127 1 1 2 95.9
SD 33.5 33.1 24.4 18.9

n 8 1 1 13 2

No significant difference betw een groups (P<0.5).

At no biopsy site or age grouping is there a significant difference or trend.
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Figure 5.1 Scattergram of age (years) against duodenal bulb iPGE2  

synthesis (pg iPGE2 mg_1) in control subjects
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There was no correlation between age and resulting PG synthesis.
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For further validation of the method, three further sub-sets were

considered.

1. Subjects recruited from UCH were compared to those recruited from 

Rotherham DGH (Table 5.7). Demographically, the two centres did 

not differ significantly, although there was a trend for the subjects at 

Rotherham to be heavier smokers and drinkers. Ages were (mean ± 

SD) 49.8 ± 20.9 years at UCH and 42.7 ± 17.8 years at Rotherham 

(P<0.5). Cigarettes smoked per day were (mean ± SD) 3.8 ± 6.4 cpd at 

UCH and 7.1 ± 8.3 cpd at Rotherham (P<0.5), while drinking was 

(mean ± SD) 0.4 ± 0.48 U d a y 1 at UCH and 0.85 ± 1.3 U day -1 at 

Rotherham  (P<0.5).

2 . Subjects recruited early in the study were compared to subjects 

recruited towards the end of the study (Table 5.8). There were 19 

control subjects were found in the first 50 subjects recruited and 18 in 

the last 100. Less control subjects were being recruited towards the 

end of the study because attention was focused on disease and 

treatm ent groups. Also, those control subjects who were recruited 

had less biopsies taken from the antrum  and oesophagus because the 

study was concentrating on duodenal pathology.

3. Non-aspirin NSAID users who had normal endoscopies were 

compared to the control subjects. Twelve subjects taking NSAIDs 

w ere included either deliberately or discovered after biopsy (but before 

assay) to be taking an agent know n to decrease PG production.

Because subjects were fasted the last dose was taken 8-12 hours pre

biopsy (Table 5.9).
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Table 5.7 iPGE2 (pg iPGE2 mg-1) synthesis analysed according to

recruitment centre

Centre Oesophagus

UCH M ean 124
SD 31.2

n 19

RDGH M ean 94.4
SD 57.4

n 5

Antrum Duodenum
Bulb 2nd Part

125 112 77.1
26.7 29.6 0.0
23 24 1

108 104 155
27.1 22.3 54.6
12 24 9

No significant difference between centres at any biopsy site (P<0.5).

Table 5.8 iPGE2  synthesis (pg iPGE2  mg-1) in control subjects from the 

beginning and end of the study period

Oesophagus Antrum Duodenum
Bulb 2nd Part

Early M ean 119.9 125.1 116.3 171.0
SD 47.7 32.7 25.0 0.0

n 14 18 19 1

Late M ean 94.9° 116.6° 94.8* 143.6°
SD 29.8 21.6 20.5 62.8

n 4 9 18 8

’‘'Different from early result (P < 0.01)
° Not significantly different from early results (P<0.5)



 r

Table 5.9 iPGE 2  synthesis (pg iPGE 2  mg"1) in  subjects tak ing  NSAIDs 

com pared to control subjects.

O esophagus A n tru m D u o denum
Bulb 2nd Part

N SA ID M ean 42.1 36.9 31.4 55.6
SD 3.2 13.7 9.4 40.6

n 3 7 8 3

C o n tro ls M ean 118* 119* 108* 147°
SD 40.0 28.1 26.5 56.8

n 24 35 48 1 0

^Different to result in comparable NSAID group (P < 0.001) 
°Different to result in comparable NSAID group (P < 0.05)

There was no significant difference in iPGE2  synthesis betw een the UCH 

and the Rotherham DGH populations. In the comparison of control 

subjects recruited early in the study compared to those recruited late in the 

study there was less iPGE2  synthesised from biopsies taken from the 

duodenal bulb in the subjects recruited later. Regression analysis was 

perform ed for PG synthesis according to recruitm ent num ber (early recruits 

had low numbers, later recruits high numbers). Figure 5.2 shows 

graphically the comparison. There was a poor correlation between them  (R 

= 0.026, P<0.5)

The comparison between controls and subjects taking NSAIDs (but w ith 

normal endoscopic appearance of their upper gastrointestinal tract) showed 

(as expected) a marked reduction in the ability of biopsies from treated 

subjects to synthesise iPGE2 -
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Figure 5.2 Scattergram of duodenal iPGE2  synthesis (pg iPGE2  mg-1) 

analysed according to recruitment number.
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Regression analysis did not find a significant correlation betw een the two 

factors (P<0.5).
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D iscussion

The overall results, as detailed in Table 5.2, show very similar synthesis 

abilities in physiologically very dissimilar parts of the upper gastrointestinal 

tract. The results in oesophagus (squamous epithelium), antrum  (simple 

columnar, single cell type) and duodenum  (simple columnar, m ultiple cell 

types) were not different, suggesting either that different epithelia were 

equally able to synthesize this PG, or that the majority of PG, in an 

endoscopic biopsy, is synthesized sub-epithelially. D anesh et al (1985) and 

personal experience suggest that endoscopic biopsies are usually limited to 

the mucosa and rarely include the submucosa. Bennett et al (1973) 

suggested that the depth of maximum PG synthesis is at 600 microns, which 

would place it sub-epithelially but w ithin the mucosa. The increased ability 

of the second part of the duodenum  to synthesize iPGE2  is difficult to 

explain but may be related to the subtle changes in histology that occur at 

this site with decreased numbers of B runner's glands and increased villus 

height and complexity of intestinal glands. (For further discussion and 

comparison with the results of other workers please see Chapter 7.)

There appears to be no difference betw een the sexes in their ability to 

synthesize iPGE2 - Crampton et al (1987) using incubation of homogenates 

prepared from endoscopic biopsies also found no difference between the 

sexes in PGE2  synthesis or degradation. Any difference in incidence of 

peptic ulcer disease between the sexes is, therefore, unlikely to be due to 

differing abilities to synthesise this PG.

Stratification according to social habits does not show any difference in PG 

synthesis ability. Smoking has been suggested as one of the risk factors for 

the development of a peptic ulcer. In a very large survey Feldman et al 

(1974) suggested that smokers were 2.1 times more likely to get a peptic ulcer
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than non-smokers. Similarly, McIntosh et al (1985) w ent further and 

suggested that cigarette smoking and the taking of NSAID analgesics were 

responsible for 80% of gastric ulcers. More recently in an endoscopic survey 

Ainley et al (1986) also found that duodenal and gastric ulcers (and gastric 

carcinoma) were more frequent in patients who smoked.

Barakat et al (1984) found poor healing of duodenal ulcers in smokers 

(45.1%) after six weeks of H 2  antagonist therapy, while Korman et al (1983), 

Sontag et al (1984) and Lee et al (1985) have found earlier relapse in smokers 

whose ulcers have been healed by H 2  antagonists compared with non- 

smokers. Sontag et al found 71% relapse in smokers compared to 2 1 % in 

non-smokers in the first year off treatment. This figure for non-smokers is 

surprisingly low. Kuman et al found 84% relapse in smokers and, a more 

reasonable, 54% in non-smokers in the same period.

Other research has explored the possible effect of smoking on 

gastroduodenal physiology. Valenquela et al (1976) found that smoking 

reduced pyloric sphincter pressure, and Grimes and Goddard (1978) found 

an increase in the speed of gastric em ptying associated w ith cigarette 

smoking. However, Miller et al (1989) did not confirm an increase in 

emptying; instead they found an increase in the duration of the initial lag 

phase and a delay in the initial em ptying of solids during active smoking. 

This action was believed to be independent of nicotine because nicotine 

alone, in the form of chewing gum, did not alter the lag or initial em ptying 

phases. Looking at secretory activity, M urthy et al (1977) found a short- 

lasting increase in basal acid secretion and a fall in bicarbonate secretion 

during active smoking. This effect persisted for 30-90 minutes after 

smoking and correlated with blood nicotine levels. In 24-hour studies of 

acid secretion, Boyd et al (1983) found impaired inhibition of nocturnal 

secretion amongst smokers. In combination with established peptic ulcer
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disease smoking increases pepsin 1 secretion (Walker and Taylor 1979) and 

this, w ith increases in acid secretion, may make the gastric juice more 

aggressive and delay healing of the ulcer.

The effect of smoking on PG synthesis and secretion was investigated by 

M cCready et al (1985), w ho found that lumenal PGE2  levels were reduced 

during active-smoking of three cigarettes by healthy volunteers. This effect 

only persisted for a short while after cessation of smoking. Avunduck- 

Bonnice et al (1985) endoscoped volunteers immediately after they had 

smoked 5 cigarettes and took biopsies for assessment of the ability to 

synthesize PGE2  and PG Fiq. D uring a 30-minute incubation period the 

biopsies from smokers synthesized significantly less PG Fiq than control 

subjects and there was a non-significant trend towards a lower synthesis of 

PGE2  as well.

Rachmilewitz et al (1986) stratified smokers into none, moderate (11-20 

cigarettes per day) and heavy (^>21 cigarettes per day) and found no 

difference between these groups in the PGE2  and 6 -keto PG Fiq synthesis 

abilities of endoscopic biopsies placed in organ culture. Cram pton et al 

(1987) also found no difference between smoker and non-smoker controls.

The results quoted in this chapter are in broad agreement w ith those of 

Rachmilewitz et al (1986) and Crampton et al (1987). Both of the groups that 

found a difference between smokers and non-smokers used samples which 

were collected either during smoking or shortly after. O ur study did not 

specifically encourage or discourage smoking in the m orning prior to the 

endoscopy but no smoking is allowed in the endoscopy suite and it is usual 

for patients to be called at least half an hour and, often, more than an hour 

prior to the investigation. Thus biopsies w ould not have been taken in the 

immediate post-cigarette period. As detailed above, M urthy et al (1977)

168.



found the physiological effect of cigarette smoking to be limited to 30-90 

minutes. Despite the differences betw een the methods, it seems most likely 

that time of biopsy or sampling in relation to cigarette smoking is the 

reason for the differences between the studies.

It is not clear w hether impaired PG synthesis can be implicated in the 

pathogenesis of peptic ulcer and in the poor healing and quicker relapse 

figures of smokers compared to non-smokers. It has been shown, however, 

that anti-ulcer agents which are not anti-secretory (and which are presum ed 

to cause healing by mucosal effects including increases in PG synthesis) heal 

the ulcers of smokers more quickly than H 2  antagonists and prolong 

rem ission.

Lee et al (1985) showed that tri-potassium di-citrato bism uthate (De-Nol, 

Brocades) is superior to ranitidine in the healing of duodenal ulcers of 

smokers compared to ranitidine (Zantac, Glaxo) and that, following 

w ithdraw al of treatm ent, tri-potassium  di-citrato-bism uthate-treated 

subjects who smoke have a lower one-year relapse rate than similar 

ranitidine-treated subjects. Similarly Lam et al (1987) found that sucralfate 

(Antepsin, Ayerst) is superior to cimetidine (Tagamet, SK&F) in healing the 

duodenal ulcers of smokers (82% healing after 6  weeks therapy with 

sucralfate compared with 63% healing following cimetidine).

Claims that misoprostol (Cytotec, Searle), a PGEi analogue, is superior to H 2  

antagonists in the healing of the ulcers of smokers has been rejected by 

H aw key and Walt (1987) who reviewed the evidence of misoprostol healing 

trials and found, overall, no evidence of an advantage of misoprostol over 

cimetidine in the treatment of smokers w ith peptic ulcers. The role of PG 

synthesis in vivo in the pathogenesis, healing and relapse of peptic ulcers in 

smokers remains in doubt and may be linked to the role of PGs in the
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pathogenesis and treatment of peptic ulcers overall. (For further discussion 

please see Chapter 6 ).

The effect of the use of alcohol on PG synthesis in hum an subjects has not 

been previously investigated. However the effects of alcohol in animal 

models is well known. High concentration alcohol (above 60%) causes 

irreversible mucosal damage (Saario et al 1988) and this is associated w ith 

reduction in the ability to synthesize PGE2  (Pugh et al 1988).

Robert et al (1979) first showed that such damage could be prevented by pre

dosing with PGE2  and he used the term  7 cytoprotection7 to describe the 

effect. Together w ith Chaudary he further showed that lower-concentration 

alcohol (1 0 %) prevented damage by more potent necrotising agents such as 

100% alcohol or boiling w ater (Chaudary and Robert 1980). They term ed 

this effect 'adaptive cytoprotection7 and, because pre-treatm ent w ith 

indomethacin prevented the protective effect, suggested that this was due to 

endogenous PGs.

More recently the role of PGs has been doubted in alcohol-induced adaptive 

mucosal protection. Hawkey et al (1988) found that low-concentration 

alcohol caused the formation of a protective cap of desquam ated cells and 

that adaptive cytoprotection was possible despite an indomethacin-induced 

84% reduction in PG synthesis. (Conversely, this could be taken to show 

that mucosal protection was still possible at 16% of normal PG synthesis.) 

Social drinking might be expected to protect against ulceration (at least in 

the stomach) by adaptive mucosal protection. The results in this study 

w ould suggest that if increased PG synthesis occurs, then it is a short-lasting 

effect and not present eight hours after the last drink (the minimum fasting 

time of our subjects). Alternatively, social drinking may increase the risk of 

ulceration by increasing acid secretion (Lenz et al 1983). To explore this
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point more accurately would require endoscopy and biopsy immediately 

after drinking. However, it might be that the traum a of biopsy would m ask 

any stim ulant effect of low-concentration alcohol.

This study agrees with Crampton et al (1987) who found no age-related 

effect on the ability of upper gastrointestinal mucosa to synthesize PGE2 .

This is not in keeping with the w ork of Bassista et al (1986) who used a very 

similar method (derived from Whittle and Salmon 1982). They found that 

the ability to synthesize PGs tended to increase w ith age and that this 

tendency was absent in patients w ith peptic ulcer. Their study had larger 

groups than that of Bassista et al but, otherwise, the discrepancy remains 

unexplained.

Comparisons betw een the two centres (UCH and Rotherham) shows no 

differences and the results were combined for the purpose of further 

analyses.

Less iPGE2  was synthesized by the mucosa from the duodenal bulb of 

control subjects recruited later in the study than of subjects recruited earlier. 

The reason for this is obscure. It could be that the accuracy of the method 

had changed over the study period. However, this is unlikely because the 

methodology and materials were the same throughout this period. It is also 

unlikely because the results at the other biopsy sites were not different.

It may be that control subjects recruited later in the study differed in some 

w ay from those recruited initially. Similarly strict criteria were, however, 

applied to the recruitm ent of control subjects throughout the study. 

Regression analysis found no significant correlation (P<0.5) betw een 

duodenal iPGE2  synthesis and the timing of recruitm ent as m arked by 

recruitm ent number. Control subjects and patients were recruited 

throughout the study period. If estimation of duodenal iPGE2  synthesis was
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reduced during the study because of a methodological problem this ought to 

have been reflected in the patient groups as well.

Comparison of control subjects with those taking NSAIDs shows a m arked 

reduction in the ability of the mucosa of the drug group to synthesise iPGE2 . 

This was an entirely expected result and confirms the ability of the m ethod 

to reveal the presence of an inhibitor of PG synthesis. The inhibitory effect 

of aspirin-like agents on PG synthesis was first suggested by Vane (1971) and 

has since been related to mucosal damage by Whittle et al (1980). Using a 

similar m ethod to this study, Konturek et al (1981) also showed reduced PG 

synthesis in the gastric mucosa of subjects receiving aspirin.

The normal range in control subjects having been described and the effect of 

demographic differences having been explored, the method was used in 

patient groups.
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Chapter 6

In vitro  mucosal iPGE2 synthesis in subjects with duodenal 

ulcer disease



------1----

Introduction

The dem ography and in vitro synthesis of iPGE2  in control subjects has been 

detailed in Chapter 5. It is know n that duodenal ulcer is associated w ith 

abnormalities of duodenal mucosal function. Less bicarbonate is formed 

(Isenberg et al 1987), and abnormalities in mucus secretion have been 

documented histochemically (Morrisey et al 1983). PGE2  is thought to be 

involved in both of these processes and in other functions which form part 

of mucosal defence mechanisms. A deficiency in PGE2  synthesis might 

decrease duodenal mucosal defences and promote the formation of 

duodenal ulcers. If the defect in PG synthesis did not return  to normal 

following healing w ith H 2  antagonists then this might contribute to the 

frequent recurrence of ulceration after healing with such agents. This 

chapter investigates the in vitro iPGE2  synthesis ability of duodenal, antral 

and oesophageal mucosa in subjects w ith different stages of duodenal ulcer 

disease and compares their results and demographic details w ith those of 

the control subjects discussed in Chapter 5.

Methods

Subjects

Subjects were recruited from the normal diagnostic endoscopy clinics of the 

author and KDB (see acknowledgements) during the same period of time as 

the control subjects detailed in Chapter 5. As w ith the control subjects, 

demographic information was obtained and entered onto the standard
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subject form (see Appendix). At endoscopy a careful examination was made 

of the oesophagus, stomach and duodenum  dow n to the ampulla of Vater. 

A note was made of any inflammation, ulcers or scars. Subjects were 

divided into clinical groups as a result of their past medical history, 

endoscopy findings and treatment status (See Table 6 .1 ).

Biopsies

Biopsies were taken and processed as detailed in Chapter 4.

Treatment

All patients were treated w ith histamine 2 receptor antagonists cimetidine 

(Tagamet, SK&F) or ranitidine (Zantac, Glaxo). Standard doses of both 

agents were used; healing (400 mg bd or 800 m g nocte cimetidine; 150 m g bd 

or 300 mg nocte ranitidine) and maintenance (400 mg nocte cimetidine or 

150 mg nocte ranitidine). Treatment was given by standard hospital out

patient prescription and continued by the patient's General Practitioner. 

Compliance was checked by questioning the patient w hen treatm ent details 

were noted.
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Table 6.1 Patient Groups

Short description 

Controls

Active ulcer

Active ulcer on treatment 

Healed on treatment

Healed off treatment 

Treatment controls

Full description

No past medical history of upper 
GI disease, no drugs, normal 
endoscopy. (See Chapter 5.)

Active duodenal ulcer only at 
endoscopy, not on treatment.

Active duodenal ulcer only at 
endoscopy, patient on treatm ent 
w ith an H 2  antagonist.

Healed duodenal ulcer at 
endoscopy in patient previously 
diagnosed by endoscopy. On 
treatm ent w ith an H 2  antagonist.

No active duodenal ulcer in a 
patient w ith past medical history 
of endoscopically proven 
duodenal ulcer. N ot on 
treatm ent.

N orm al duodenum  at endoscopy 
and no past medical history of 
duodenal ulcer. On treatment 
w ith an H 2  antagonist for gastric 
ulcer or oesophagitis.

Results

Demography

The subjects were analysed according to clinical sub-group (as in Table 6.1) 

and as a whole for sex, age, and social habits. Results are detailed in Table 

6.2.
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Table 6.2 Demographic details of duodenal ulcer subjects. Numbers of 

subjects in each description within each group (Rx = treatment).

Controls All DU Active 
DU (pre- 

Rx)

Active 
DU on 

Rx

Healed 
DU on 

Rx

Heah 
DU c 

Rx

All 51 259 59 52 82 43

Sex
M en 24 2 0 1 47 43 64 30

W o m en 27 58 1 2 9 18 13
Total 51 259 59 52 82 43

Age
<40 years 2 1 69 17 2 1 15 9
40-60 yrs 14 125 29 2 1 41 2 2

>60 yrs 14 49 1 0 9 17 8

Total 49 243 56 51 73 39

Social Habits
Smoker, n o n  3 2 0 8 3 6 1

drinker
N on-sm oker 4 26 4 3 8 1 0

D rinker
Sm oker, 3 6 8 16 16 2 1 1 0

D rinker
N on-sm oker, 7 25 4 1 8 1 0

n o n -d rin k er

Total 17 139 32 23 43 31
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Table 6.3 Statistical analysis of data in Table 6.2 using X2 analysis. P 

values < 0.05 in bold.

Controls Controls Active DU vs
vs All DU vs Active DU Healed off Rx

Sex <0.001 <0.001 <0.5

Age
<40 yrs <0.05 <0.5 <0.5
40-60 yrs <0.02 <0.02 <0.5
>60 yrs <0.5 <0.5 <0.5

Social Habits
Smoker, no n -d rin k er <0 . 0 1  <1.0 <0 . 0 2

N on-sm oker, d rinker <0.5 <0.5 <0.1
Smoker, d rinker <0 . 0 2  <0 . 0 0 1  <0.5
N on-sm oker, no n -d rin k er <0.05 <0.05 <0.1

Subjects with duodenal ulcer compared with control subjects

Com paring duodenal ulcer subjects, as a whole, w ith control subjects it is 

clear that there w ere m arked demographic differences.

There were considerably more men in the ulcer groups, less of the group 

w ere aged less than 40 years and more were aged 40 to 60 years. The older 

age range of over 60 years was equally represented in both groups. Social 

habits also differed. The ulcer groups contained more smokers, both as 

sm oker-non-drinkers and as smoker-drinkers. The proportion of non- 

smoker-drinkers was similar in both groups. There were more abstainers 

from cigarettes and alcohol in the control group than in the ulcer group.

Com paring control subjects w ith the active ulcer group of duodenal ulcer 

subjects a similar pattern  was seen. More men, more middle age range
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subjects, more smoker-drinkers and less abstainers occurred than in the 

control group.

Comparison within the duodenal ulcer subjects betw een the active ulcer 

group and the healed off treatment group showed no change in 

demographic pattern during the treatm ent of the ulcer except that there 

were less smoker-non-drinkers in the healed off treatm ent group than  in 

the earlier active ulcer group.

Quantitative demographic data of control subjects and the duodenal ulcer 

sub-groups.

The mean ages, cigarette smoking and alcohol consumption are detailed in 

Table 6.4. The mean ages were similar in all groups except the treatm ent 

control group which was older. Social habits were similar, except for 

smoking which was greater in the active ulcer groups and thereafter fell 

until, in the healed off treatment group smoking was similar to control 

subjects and less than in the active ulcer group. Because of these differences, 

the relationship between cigarette usage and iPGE2  synthesis was estimated 

in the uninvolved duodenum  of all patients w ith duodenal ulcer. Figure 

6.1 shows the resulting scattergram. Regression analysis showed a very 

weak, non-significant correlation.
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Table 6.4 Quantitative demographic data in control subjects 

and duodenal ulcer sub-groups.

Age Cigarettes Alcohol
Years Number per day IU per day

Controls M ean 46.5 5.2 0 . 6

SD 19.8 7.5 1 . 0

n 49 17 17

Active DU M ean 46.7 1 2 .8 * 1 . 1

SD 12.9 9.9 1.3
n 57 32 32

DU on Rx M ean 45.1 14.4* 2 . 8

SD 13.5 9.1 5.0
n 51 23 24

Healed M ean 49.4 10.4 1.3
on Rx SD 1 2 . 1 10.4 1 . 6

n 73 43 43

Healed M ean 49.8 5.7• 1 . 1

off Rx SD 1 2 . 0 8 . 2 1 . 1

n 39 31 31

Rx M ean 54.9* 8.9 0 . 6

Controls SD 14.2 13.8 1 . 0

n 54 25 25

* Compared to control subjects, P <0 . 0 1

• Compared to active ulcer, P <0.001
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Figure 6.1 Scattergram of cigarettes smoked versus duodenal bulb iPGE2  

synthesis (pg iPGE2 mg”1).
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Regression analysis showed R=0.001 (P<0.5).
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In vitro synthesis of iPGE2 analysed according to biopsy site and clinical 

group

The results of in vitro synthesis of iPGE2  are detailed in Table 6.5. For ease of 

comparison the control values detailed in Chapter 5 are duplicated in this 

Table.

With only three exceptions, each anatomical site of each duodenal ulcer 

group synthesised less iPGE2  than the comparable site in control subjects. 

The exceptions were the oesophagus in the active ulcer and healed on 

treatm ent group and the antrum  in healed off treatment group. In all 

groups all parts of the duodenum  (bulb, ulcer or scar and second part of the 

duodenum ) synthesised less iPGE2  than the control subjects (the results for 

the uninvolved duodenal bulb are graphically represented in Figure 6.2).

The treatm ent control group synthesised similar am ounts to control 

subjects in the duodenal bulb and second part of the duodenum .

The active ulcer group was compared to the clinically later healed off 

treatm ent group. The scar in the healed off treatm ent group synthesised 

more iPGE2  than did the ulcer rim of the active ulcer group The results for 

the other areas were similar.

In the four duodenal ulcer groups the ulcer or scar was compared to the 

uninvolved duodenal bulb in that group. Except for the healed on 

treatm ent group, each ulcer or scar synthesised less iPGE2  than the 

corresponding duodenal bulb.
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Table 6.5 In vitro synthesis of iPGE2 analysed according to site and 

clinical group

Oesophagus Antrum Duodenum
Bulb Ulcer 2nd Part

Controls M ean 1 1 119 108 - 147
SD 40.0 28.1 26.5 56.8
n 24 35 48 1 0

Active DU M ean 1 0 2 98.8 77.2 47.3 96.8
SD 53.7 44.0 34.4 2 0 . 8 52.7
n 1 2 23 41 53 24

DU on-Rx M ean 80.1 1 0 1 89.6 54.2 107
SD 28.8 2 2 . 2 36.6 2 1 . 1 36.2
n 6 18 38 38 14

Healed M ean 91.0 103 83.3 71.4 1 0 2

on-Rx SD 27.9 22.9 28.1 29.7 44.2
n 9 33 6 6 2 0 37

Healed M ean 66.5 116 83.0 65.4 115
off-Rx SD 2 1 . 1 30.1 29.7 30.9 58.6

n 3 7 39 19 28

Rx M ean _ 108 1 2 1

controls SD 33.7 33.2
n 35 6
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Table 6.6 Statistical analysis of Table 6.5 using Student's t test (two- 

tailed) for unpaired data

P values for each anatomical site compared to its partner in the control 

group. P values <0.05 in bold.

Oesophagus Antrum
Bulb

Duodenum
Ulcer 2nd Part

Active DU <0.5 <0.005 <0.001 <0.001 <0.05

DU on-Rx <0.05 <0.05 <0.01 <0.001 <0.05

Healed on-Rx <0.5 <0.02 <0.001 <0.001 <0.02

Healed off-Rx <0.05 <1.0 <0.001 <0.001 <0.05

Rx controls - - <1.0 - <0.5

P values for Active DU compared to Healed off Rx

<0.5 <1.0 <0.5 <0.01 <0.5

P values for bulb compared to ulcer or scar for each group

Active DU DU Healed Healed 
on Rx on Rx off Rx

Bulb vs Ulcer or Scar <0.001 <0.001 <0.5 <0.05
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Figure 6.2 Uninvolved duodenal bulb iPGE2 synthesis analysed by 

group. Showing means and standard deviations (for actual values see 

Table 6.5) (Rx = treatment with H2  receptor antagonists).
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All the ulcer groups show reduced iPGE2  synthesis compared to control 

subjects. Treatment controls were not significantly different to control 

subjects.

Discussion

Using the method validated and discussed in Chapter 4, the synthesis of 

iPGE2  has been estimated in the oesophagus, antrum , bulb and second part 

of the duodenum  in all stages of duodenal ulcer. The results of these
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estimations have been compared to the same areas in the control subjects 

detailed in Chapter 5.

Oesophageal results were not different from those of control subjects, except 

in the healed off treatm ent group. It has been suggested that duodenal ulcer 

is associated w ith reflux oesophagitis and this w ould suggest that there is an 

increased likelihood of inflammation in the oesophagus of patients 

suffering from duodenal ulcer. If one accepts that the presence of 

inflammation is likely to alter PG synthesis (Hawkey 1986) then an 

abnorm ality of PG synthesis would be expected in this area. No such 

abnormality was found. The relationship of PG synthesis w ith 

inflam m ation and other histological and histochemical abnorm alities will 

be discussed in Chapter 7.

The antral results showed a reduced synthesis of iPGE2  in the earlier ulcer 

groups but the healed off treatment group was not different from control 

subjects. It has been documented that duodenal ulcer disease is often 

associated w ith an antral gastritis (Earlam et al 1985) and this may be one 

explanation for the abnormality of PG synthesis detected. Alternatively, it 

may be a manifestation of a widespread biochemical abnormality of PG 

synthesis. O ther workers have looked at the antral synthesis of PGs in the 

presence of duodenal ulcer and produced variable results (see later in this 

section and Chapter 7).

In the duodenum  the results showed a m arked reduction in the ability to 

synthesise iPGE2 , both near to and remote from the duodenal ulcer, even 

w hen the biopsies away from the duodenal ulcer were taken very carefully 

to exclude areas of endoscopically visible inflammation. There was also a 

reduction in the ability to synthesise iPGE2  in the second part of the 

duodenum  where the mucosa was always endoscopically normal. Other
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workers have looked at PG synthesis both near to and remote from  a 

duodenal ulcer but none have looked at synthesis in the second part of the 

duodenum . Their results are discussed later in this section. In these results 

the reduction in the ability to synthesise iPGE2  was also present during the 

healing phases of the ulcer. This m ay be a finding specific to peptic ulcers 

because the mucosa around iatrogenic ulcers which follow endoscopic 

polypectomy showed an increase in synthesis of PGE2 , 1 2/ F la  an£i 

throm boxane A2 . This increase was maximal in days 4 to 7 post

polypectomy. These iatrogenic ulcers healed after 25.7 ± 7.4 days (mean ± 

SD) (Kobayashi et al 1982). No other workers have looked at PG synthesis 

during healing of duodenal ulcers. It is know n that administering 

exogenous PGs accelerates healing of duodenal ulcers bu t this is believed to 

be a m easure of their ability to reduce acid secretion rather than increase 

mucosal resistance (Hawkey and Walt 1986).

Treatment w ith H2  receptor antagonists seems to have no effect on mucosal 

PG synthesis. Treatment controls synthesised similar am ounts of iPGE2  

compared to the untreated control subjects). Using an extraction method to 

measure PG 'content' (see discussion below) in gastric mucosa from the rat, 

Arakawa et al (1983) found that pre-treatm ent w ith cimetidine reduced PGE2  

and I2  mucosal content. The results in this chapter do not agree w ith those 

findings and methodological differences, as discussed below, may be the 

explanation.

The results in the active ulcer group were further subdivided by sex, age and 

social habits. No significant difference was detected betw een the sexes.

W hen analysed by age, those under 40 years old showed no significant 

difference compared to the 40 - 60 years old group and the over 60 years old 

group. All age sub-groups of patients w ith duodenal ulcer synthesised 

significantly less than the comparable sub-group of control subjects.
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However, in those aged 40 - 60 years, perhaps because of the smaller 

numbers, this difference did not achieve significance in the uninvolved 

bulb or second part of the duodenum , nor in those aged over 60 years in the 

uninvolved duodenal bulb.

As a group the active ulcer patients smoked more cigarettes than did control 

subjects. There was no significant difference in their m ean age or mean 

alcohol consumption. W hen the active ulcer group was stratified by social 

habits, there was no difference of iPGE2  synthesis betw een them in the three 

areas biopsied within the duodenum .

The abnormalities of iPGE2  synthesis detected near to and remote from the 

duodenal ulcer and in the second part of the duodenum  were present 

throughout the various stages of treatm ent and healing of the duodenal 

ulcer. W hen the initial group of active ulcer was compared to the last group 

of healed off treatment, there was no significant difference in the ability of 

the uninvolved duodenal bulb or second part duodenal mucosa to 

synthesise iPGE2 - However, the ability of the healed off treatm ent scar to 

synthesise iPGE2  was greater than the active ulcer rim. At all the clinical 

stages of the disease, the uninvolved mucosa of the duodenal bulb 

synthesised significantly more iPGE2  than did the ulcer or scar in that 

clinical group.

Comparing the demographic data of the healed off treatment group w ith the 

active ulcer group there was no difference in the m ean age or alcohol 

consumption but the m ean num ber of cigarettes smoked was lower in the 

latter group. W hether this was as a result of the patients heeding medical 

advice, or w hether it was because heavy smokers had relapsed before 

reaching this clinical stage, is impossible to tell in a cross-sectional study.
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Although there were clear qualitative differences in dem ography between 

control subjects and the clinical sub-groups, these were less marked when 

compared quantitatively. Only the num ber of cigarettes smoked per day was 

significantly different between the control group and the clinical sub-groups. 

The effect of smoking on PG synthesis has been discussed in the previous 

chapter and it is likely that the differences in synthesis of iPGE2  betw een the 

control group and the clinical sub-groups were due to the presence of the 

duodenal ulcer disease process rather than due to demographic differences 

betw een the groups.

Early attempts to measure gastroduodenal PGs

The first attem pt to measure endogenous PGE2  synthesis was by Bennett et 

al (1968). Their method is discussed in Chapter 3 but briefly, PG was 

extracted from tissues obtained surgically and then purified by 

chrom atography before bioassay using rat stomach strips. All their samples 

were obtained from patients undergoing gastric surgery and therefore there 

was no control group. Four of their patients had duodenal ulcer, tw o had 

gastric ulcer, one patient had both duodenal and gastric ulcers and three 

patients had gastric carcinoma. They took samples from the body and 

pylorus of the stomach and expressed their results as PGE2  content in pg g _1 

of wet weight. Their samples were taken remote from the involved areas of 

the stomach and show no significant differences between the various 

diagnostic groups, except that two of the gastric carcinoma patients showed 

very much lower results than the other patients. Given the methodological 

and patient selection differences it would be unwise to attem pt any 

comparisons betw een this early attempt to measure endogenous PGs and 

this thesis.
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Hinsdale et al (1974) was the first publication where it was the specific 

intention of the authors to investigate the role of endogenous PGE in peptic 

ulcer disease. They investigated six normal volunteers and six patients with 

documented duodenal ulcer. The ulcer was radiographically proven but 

was asymptomatic at the time of the measurements. Gastric juice was 

aspirated via a nasogastric tube during basal secretory conditions and 

following stimulation w ith betazole. PGs were extracted, purified and 

m easured by radioimmunoassay. They found that patients w ith quiescent 

duodenal ulcer secreted less PGE during basal acid output than normal 

controls. However, during stimulated acid output there was no significant 

difference. They also m easured circulating PGE in the plasma of the two 

groups and found that, during both basal acid and peak acid secretory 

conditions, there was less circulating PGE in patients w ith duodenal ulcer 

than in controls. They suggested that:

"Patients with peptic ulcer disease have a deficiency of circulating and gastric 

juice PGE which may be of importance with regards to the pathophysiology 

of peptic ulceration

Since then there have been many attempts to investigate the role of 

endogenous PGs in the pathophysiology of peptic ulcer disease. For ease of 

comparison these attempts have been subdivided by their methodological 

differences.

Plasma PGs in peptic ulcer disease

Like Hinsdale et al (1974), other investigators have measured the plasma 

concentration of endogenous PGs in peptic ulcer disease. Baker et al (1979) 

published w ork on the plasma concentration of PGs E and F which had been 

m easured by radioim m unoassay in patients undergoing diagnostic
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endoscopy. Their results, therefore, were correlated against endoscopically 

diagnosed active DU at the time of sampling, unlike Hinsdale et al (1974) 

whose diagnoses w ere based on previous radiographic investigations. They 

endoscoped 159 patients of which 21 had active duodenal ulcer. These 

patients were re-endoscoped after 28 days treatm ent w ith cimetidine 

(Tagamet, Smith, Kline & French). Blood samples were obtained by simple 

antecubital venepuncture and collected into heparinised tubes and the 

plasma stored at -20°C until extraction and estimation of 

radioimmunoassayable PGs. They also looked at patients whose 

investigations were norm al, patients whose investigations revealed a 

scarred duodenum  (or in whom  they had previous endoscopic evidence of 

duodenal ulceration) and patients whose endoscopies showed active gastric 

ulcer. They found no difference between any of the groups at initial 

endoscopy and found no change following treatm ent w ith cimetidine. In 

their discussion they accepted that it was

"Unlikely that changes in gastric PG metabolism will be reflected in the

plasma, or that plasma PG levels will influence gastric secretory status".

Their m ethod can be criticised because they did not allow a period of time to 

elapse, after the placement of the cannula in the vein, so that PGs form ed by 

traum a of the endothelium  could be dispersed. They collected their samples 

into heparinised tubes which permit the formation of further PGs, even at 

4°C, and they did not state that their centrifugation, to separate plasma from 

cells, was perform ed at such a speed that the resulting plasma was platelet- 

poor. The methodological problems of m easuring plasma PGs and the 

unlikely relationship betw een plasma PGs and endogenous gastroduodenal 

PGs make this line of enquiry unlikely to be fruitful.
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Gastric juice PGs

M easurement of the PG content of gastric juice seems attractive to 

investigators because the sample is readily available. Tonnesen et al (1974) 

estimated the circadian variation of PGE in hum an gastric juice in ten 

controls and ten patients w ith duodenal ulcer. They found that PGE and 

acid outputs were higher in patients w ith duodenal ulcer. They thought 

that these changes were probably secondary to changes in gastric juice 

volume. In control subjects they found a circadian rhythm  of gastric PGE 

production which was in phase w ith gastric acid secretion. However, in 

patients w ith duodenal ulcer there was a disruption of PGE secretion and 

the rhythm  of acid production. A lthough they were unable to support the 

concept that PG deficiency was an aetiological factor in peptic ulcer disease, 

they considered that a disruption in circadian gastric PGE rhythm  might be 

of pathophysiological significance.

Cheung et al (1975) determ ined gastric PGE output during basal and 

stimulated acid secretion in four control subjects and nine patients w ith 

peptic ulcer disease. They found in control subjects that vagal stimulation 

(by insulin-induced hypoglycaemia) caused a progressive increase in PGE 

output that was in proportion to the increase in acid secretion. In ulcer 

patients they found that basal acid secretion was higher than in control 

subjects, as was PGE output, but that during vagal stimulation, although 

acid secretion rose, PGE output did not.

The results of Tonnesen et al (1974), Cheung et al (1975) and Hinsdale et al 

(1974) show m utual inconsistencies. W hereas Hinsdale found that during 

basal acid output the ulcer patients secreted less PGE, Tonnesen et al (1974) 

found no difference and Cheung et al (1975) found an increase. There is 

some agreement, however, between Tonnesen's group and Cheung's group
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that there is a disruption in the phase relationship betw een acid output and 

PGE output in patients w ith duodenal ulceration.

Rask-Madsen et al (1983) found an increase in gastric juice PGE2  content 

after stimulation w ith sham feeding or pentagastrin in patients w ith 

duodenal ulcer. They did not look at phase relationship to acid output, and 

their study contained no control group, the purpose of the study being to 

observe the effect of carbenoxolone (Duogastrone, Sterling-Winthrop) on 

gastric juice PGs.

The estimation of the PGE content of gastric juice can be criticised 

biologically as previously discussed in Chapter 3. The relevance of gastric 

secretion of PGs to duodenal ulcer disease is questionable, as is the relevance 

of free PGs in gastric juice to a mucosal condition. As previously discussed, 

Peskar et al (1974) found that the majority of PGE-like substances secreted 

into gastric juice were denatured rapidly by the acid environment.
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PGs in mucosal samples

Other investigators have considered the ability of intact or homogenised 

mucosal samples to synthesise PGs. With endoscopically obtained biopsies 

they have had the convenience of obtaining the sample at the same time as 

recording the subject's disease status. These groups of investigators can be 

further subdivided methodologically according to the handling of the biopsy 

following sampling. In some the PG 'content' of the biopsy was 

immediately extracted by various methods; in others the biopsy was allowed 

to form further PGs which were subsequently assayed. This latter group of 

in vitro synthesis can be further subdivided by the use of whole biopsies or 

homogenates and by the use of plain or enriched culture medium. It is 

proposed to deal w ith these groups in tu rn  w hen m aking comparisons w ith 

the results detailed in this chapter.

PG 'content' in mucosal samples

Several groups of investigators have attem pted to measure mucosal 

'content' in peptic ulcer patients. Schlegel et al (1977) used endoscopically 

obtained biopsies from ten patients w ith gastritis, ten w ith chronic atrophic 

gastritis, 13 w ith active gastric ulcer and 16 w ith duodenal ulcer. Eight 

subjects w ith normal mucosa served as controls. All biopsies were obtained 

from the antrum  at least 4 cm from any macroscopically observed lesion.

All biopsies were treated similarly by being placed in ice cold saline and then 

extracted with ethyl acetate, purified by chrom atography and assayed by 

radioimmunoassay. They found that biopsies obtained from patients w ith 

gastritis, atrophic gastritis and gastric ulcer contained significantly more PG 

than controls, whereas healed ulcer and duodenal ulcer patients were not 

different from controls. The authors concluded that there was no evidence 

that PGs were involved in the pathogenesis of peptic ulcer disease bu t that
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PGs seemed to be involved in the pathogenesis of gastric inflammation. It 

seems most likely that the PGs measured by these investigators w ere formed 

partly by the traum a of endoscopic biopsy and the thermal shock of being 

placed in ice cold saline. There is no comment in the m ethod that the 

extraction procedures took place at 0 °C. If not, and the biopsies were 

extracted at room tem perature, then further am ounts of PGs might have 

been formed. Since the biopsies were taken from a single site and 

deliberately away from any pathological lesion, then levels have only been 

estimated in uninvolved mucosa. No difference would have been found if 

changes were limited to the immediate site of the disease process.

Wright et al (1982) looked at gastric mucosal PGE 'content' in patients w ith 

gastric ulcer disease and carcinoma. They studied seven normal volunteers, 

28 patients w ith benign gastric ulcer and ten patients with m alignant gastric 

ulcer. Diagnosis was confirmed by endoscopy and biopsies were taken from 

near to the ulcer or cancer, from the antrum  and from the body of the 

stomach away from the diseased area. Biopsies were immediately placed in 

ice cold phosphate-buffered saline, w ashed and then extracted, purified by 

chrom atography and assayed by radioimmunoassay. The authors found 

that in biopsies taken from the gastric body and antrum  there was less PGE 

in the mucosa of patients w ith gastric ulcer disease and carcinoma than in 

the mucosa of patients with non-healing ulcers. Biopsies from the body and 

antrum  of stomach of patients w ith non-healing benign gastric ulcers, in 

turn, contained less PGE than those w ith healing ulcers. In the biopsies 

taken from near to the lesion there were no differences betw een healing and 

non-healing benign ulcers and malignant ulcers. The results from near to 

the ulcer were not compared with the results obtained from normal antrum  

or body mucosa in the results or discussion section of the paper. The 

authors agree that the reproducibility of the m ethod is critical to the
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interpretation of the study and accept that there was a wide scatter w ithin 

the different groups of the subjects.

The same criticisms of the method of Schlegel et al (1977) can be applied to 

the method of Wright et al (1982). However, W right et al (1982) attem pted 

to estimate the PG status of the mucosa near to the ulcer or cancer bu t then 

failed to compare this to the control values they had obtained. This paper is 

frequently quoted as showing a deficiency of PGE in relationship to both of 

the pathological states investigated. The authors suggested that this 

deficiency m ay be due to the coincidental presence of atrophic gastritis, 

which contradicts the results and conclusion of Schlegel et al (1977).

Kobayashi et al (1982) investigated patients w ith gastric or duodenal ulcer. 

However, they quote only results for those patients w ith gastric ulcer. 

Diagnosis was by endoscopy and endoscopic biopsy samples were obtained 

from the gastric body, the pyloric antrum  and the duodenal bulb. They were 

processed by extraction, purification and radioim m unoassay for PGE2 . The 

results are detailed in an unusual fashion but it appears that the PGE2  

mucosal content in chronic gastritic samples was lower in all regions 

compared to non-gastritic samples. The levels in patients w ith gastric ulcers 

were not compared to controls, but the authors state that the levels in 

uninvolved mucosa were higher in patients w ith ulcers at the angle of the 

stomach than those with ulcers in the body of the stomach. They also 

divided gastric ulcers into "intractable and tractable" cases and found that 

the PG level in the mucosa near to intractable gastric ulcers was lower than 

that of tractable ones. They concluded that PG level strongly affected the 

successful treatm ent of peptic ulcers.

Arakawa et al (1986) looked at endoscopically diagnosed gastric ulcer disease. 

Endoscopic biopsies were taken from the gastric body and antrum. They
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were frozen and extracted, and PGE2 , 6 -keto-PGFia  and thromboxane B2  

were determined by radioimmunoassay. They found that patients w ith 

ulcers in the gastric body had significantly less PGE2  and 6 -keto-PGFia  in  

the gastric body than controls. For subjects w ith a gastric ulcer in the 

antrum , they found significantly less PGE2  in the antral biopsies of those 

patients w hen compared w ith controls, w ith no difference for 6 -keto-PG Fia 

or thromboxane B2 . This, they suggested, showed a localised deficiency of 

endogenous PGE2  in gastric ulcer disease.

The discussion and comparison of the results, published by investigators 

who used extraction techniques, w ith those detailed in this chapter are 

difficult because the majority of such methods have been used in the case of 

gastric ulcer disease. W here duodenal ulcer disease was also investigated 

(Schlegel et al 1977) the biopsy was taken only from the stomach and not 

from the duodenal bulb. Flowever, the results detailed in this chapter 

would suggest that there is a reduction in the ability to synthesise PGE2  in 

the antrum  of patients w ith duodenal ulcer disease. This was not found by 

Schlegel et al (1977). However, their group contained fewer subjects (eight 

controls and 16 duodenal ulcer patients) and although the mean result was 

lower in the case of duodenal ulcer patients compared to controls, the 

difference was not statistically significant. It m ay have been that w ith larger 

num bers a difference would have been found. However, the differences 

betw een the method used in this thesis and the method of immediate 

extraction of biopsies are such that comparison of results m ust be extremely 

guarded.
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In vitro synthesis using mucosal samples 

Homogenates

Other investigators have attempted to measure in vitro synthesis of PGs 

using homogenates of biopsies. Aly et al (1982) studied the conversion of 

radiolabelled arachidonic acid to PGs in homogenates of gastric, duodenal 

and rectal mucosa in various disease groups, including patients w ith active 

duodenal ulcer and patients w ith gastritis. The biopsies, obtained 

endoscopically, were homogenised and incubated with radiolabelled 

arachidonic acid before extraction and analysis. They found that antral 

mucosal homogenates in duodenal ulcer patients and gastritis patients 

synthesised more PGE2  than those of controls. They concluded that 

mucosae containing inflammatory infiltrates have a higher PGE2  synthesis 

rate than healthy tissues.

Ahlquist et al (1983) looked at duodenal PG synthesis and acid load in health 

and in duodenal ulcer. Patients were diagnosed by endoscopy and biopsies 

obtained from the duodenal bulb, both in fasting conditions and following a 

Vivonex test meal. Ten patients w ith an active duodenal ulcer were studied 

and compared to eight healthy volunteers. Biopsies were homogenised and 

then incubated in the presence of radiolabelled arachidonic acid. The 

radiolabelled products of the incubation were separated by chrom atography 

and counted by liquid scintillation. Five prostanoid products were assayed; 

PGE2 , D 2 , F2 q , 6 -keto-PGFia and thromboxane B2 . A lthough the patient 

group were asymptomatic, eight of ten had duodenitis endoscopically but 

none had an active duodenal ulcer. All eight healthy volunteers had 

norm al endoscopies.
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Considering the raw  data, no significant difference was detected betw een 

duodenal ulcer patients and controls in the qualitative prostanoid synthesis 

profile. W hen all synthesised PGs were summated, mean fasting PG 

synthesis activity was seen to be greater in duodenal ulcer patients than in 

controls, whereas post-cibal values were similar in both groups. The 

authors noted, however, that whereas in the control groups there was a 

tendency for total PG synthesis to increase following the test meal, in the 

ulcer patients there was a tendency for it to decrease. They therefore 

considered the ratio of post-cibal to ante-cibal PG synthesis and, following 

investigation of the acid secretory status of their subjects, compared 

duodenal acid load w ith total prostanoid synthesis activity. They found, in 

the case of the ratio of post-cibal PG synthesis to ante-cibal PG synthesis, that 

this was higher in the control group than in subjects w ith duodenitis. They 

also found that, w hen comparing together the m easurem ents of acid 

delivery to the duodenum  and mucosal PG synthesis, patients and healthy 

subjects could be completely differentiated.

Put briefly, this m eant that there was a tendency for duodenal ulcer patients 

not to increase their PG synthesis in response to duodenal acid load to the 

same extent as healthy volunteers. Discriminant analysis using duodenal 

acid load and change in PG synthesis was then considered for duodenal 

ulcer patients and controls. W hereas the raw  data of the paper show that 

there is little difference betw een controls and duodenal ulcer patients, 

mathematical and statistical manipulation of the data showed differences 

which may be real or apparent. Results of eight control subjects and ten 

ulcer patients have been m anipulated to cover two pages of statistical 

analysis. It could be suggested that Ahlquist et al (1983) had over-interpreted 

their data. A lthough the suggestion that there is a defect in the ability of PG 

synthesis to respond to food or acid load in duodenal ulcer patients is
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interesting, the num ber of subjects involved is perhaps too small to draw  

firm  conclusions.

H awkey (1986) looked at patients w ith gastritis and, using endoscopic 

confirmation of diagnosis and histological confirmation of the extent of 

gastritis, used endoscopic biopsies to estimate in vitro synthesis of PGE2  and 

throm boxane B2 . Biopsies were homogenised in ice cold tris and an aliquot 

taken, before allowing in vitro synthesis from added arachidonic acid. The 

initial aliquots represented PG formed from endogenous stores during 

biopsy and homogenisation, whereas concentrations of prostanoids found at 

the end of incubation were the total synthesised by biopsy procedure, 

homogenisation and incubation. The am ount synthesised by the 

incubation alone, therefore, was obtained by subtraction of the two results. 

Extensive efforts were taken to validate the radioim m unoassay and to 

control the quality of the in vitro synthesis techniques. In the results section, 

the groups were compared by diagnosis and by the presence and absence of 

inflammation in paired biopsies. A strong positive correlation was found 

w ith the presence of inflammation bu t not w ith the diagnostic group of the 

subject. Especially, no difference was found betw een biopsies taken from 

near to and remote from gastric ulcers. H aw key concluded that

"PGEz synthesis, as measured in the study, is increased in the presence of 

gastritis. After allowing for the influence of coexisting inflammation 

however, there were no significant differences between gastric mucosa from 

patients with or without gastric ulceration."

Cram pton et al (1987) assessed the ability of mucosal biopsies from the 

stomach and duodenum  to synthesise PGE2  in healthy subjects and in 

patients w ith gastric ulcer, gastritis and duodenal ulcer. Diagnosis was 

confirmed by endoscopy and biopsies were obtained from the gastric fundus,
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antrum  and the duodenal cap. The biopsies were snap-frozen in liquid 

nitrogen and further analysed, the following day, by homogenisation in ice 

cold EDTA phosphate buffer. Aliquots from the homogenate were used to 

determ ine PGE2  synthesis, degradation and protein concentration. PG 

synthesis was perform ed in the presence of co-factors and of excess 

arachidonic acid, together w ith labelled PGE2  as a recovery marker. 

D egradation was measured by supplying labelled PGE2 , together w ith co

factors. In gastric ulcer disease, fundal synthesis rates were found to be 

reduced compared to normal, whereas fundal, antral and duodenal 

degradation rates were decreased. In gastritis, fundal and antral synthesis 

rates were increased compared to normal, whereas duodenal synthesis rates 

were unchanged. Degradation rates were unchanged at all stages. In 

duodenal ulcer disease no difference was found at any site in synthesis or 

degradation ability. The authors concluded that their results provide some 

support for the hypothesis that relative PG deficiency may play a role in the 

pathogenesis of gastric ulcers but not duodenal ulcers.

W hen comparing the ability of homogenates to synthesise PGs w ith the 

results detailed in this chapter, the methodological differences m ust be 

borne in mind. Possibly the most im portant difference is that the biopsy has 

been homogenised. This extreme physical traum a will cause the synthesis 

of large quantities of PGs from the arachidonic acid liberated from 

fragmented cell membranes. Unless scrupulous care is taken to prevent 

carry-over of PGs formed during homogenisation, the totals assayed at the 

end of the synthesis stages m ay include PGs formed during 

homogenisation. Aly et al (1982) and Ahlquist et al (1983) allowed for this 

by using radiolabelled arachidonic acid as a substrate for the homogenate. 

Haw key (1986) m easured the PGE2  content of homogenates before and after 

synthesis, and Crampton et al (1987) attem pted to prevent form ation of PGs

201.



during homogenisation by perform ing this step in ice cold medium. 

However, no validating experiments are quoted in their papers to confirm 

that this technique was successful.

Another significant methodological difference betw een the use of 

homogenates and the method detailed in this thesis is that, because of the 

traum a of homogenisation, endogenous stores of arachidonic acid m ay be 

exhausted and therefore excess arachidonic acid m ust be added to the 

incubation medium. In the case of Cram pton et al (1987) co-factors were 

also added, such a noradrenaline, glutathione, hydroquinone and 

haemoglobin. The investigators argued that by the provision of excess 

substrate and co-factors, conditions are standardised for the incubation of 

PGs. However, it m ay be that these additions correct some deficiency state 

which may be present in vivo and which m ay be the rate-limiting factor in 

the in vivo synthesis of PGs. It has been recently shown that the addition of 

co-factors, especially tryptophane, adrenaline and hydroquinone, can 

increase PG synthesis (Preclik et al 1986). After the addition of co-factors and 

substrate only the enzymic activity can be assessed.

The results using homogenates contradict those detailed in this chapter.

Aly et al (1982) did not find any significant difference in duodenal mucosal 

synthesis between duodenal ulcer patients and controls, and indeed, found 

that their antral mucosal homogenates synthesised significantly more PGE2  

than controls. The results of Ahlquist et al (1983) showed no significant 

differences until numerical and statistical m anipulations had taken place. 

Hawkey (1986), who looked only at gastric ulcer and gastritis found that the 

synthesis of PGE2  was proportional only to the degree of inflammation 

present in the matched biopsies. However, pre-incubation levels of PGE2 , 

formed from endogenous substrate sources during homogenisation, did not 

differ between gastric ulcer and non-gastric ulcer subjects, although there
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was a trend, both in the uninflamed and inflamed groups, for the gastric 

ulcer subjects to make less endogenous PGE2  than the control subjects.

Of the studies quoted, that of Crampton et al (1987) is most comparable w ith 

this chapter; they had a duodenal ulcer group from which duodenal biopsies 

had been obtained. However, no difference was found betw een duodenal 

ulcer patients and normal controls. The addition of co-factors and excess 

arachidonic acid may explain the difference in results between Cram pton et 

al (1987) and this chapter.

Culture of mucosal samples

The biopsy can be used whole in a modified system of tissue or organ 

culture. Branski et al (1984) used whole endoscopic biopsies from patients 

w ith duodenal ulcer, and m easured accumulation of PGE2  and 6-keto- 

PGFioc in the bathing m edium  after 90 minutes. Mucosal biopsies were 

taken from subjects before and after four weeks of taking cimetidine. No 

control group was used. The authors found that after four weeks of therapy, 

the ability to synthesise the assayed PGs was increased and they concluded 

that this was a result of the cimetidine rather than an effect of healing.

Hillier et al (1985) used whole endoscopic biopsies to synthesise PGs. The 

biopsies were obtained from the duodenal mucosa of 32 subjects w ith active 

duodenal ulceration and 27 subjects whose upper-gastrointestinal 

endoscopies were found to be normal. Biopsies were taken close to the ulcer 

site, if present, and remote from the duodenal ulcer where possible. The 

specimens were pre-incubated in Krebs' solution for 15 m inutes (to collect 

PG produced by the traum a of biopsy) and then further incubated for 60 

minutes in fresh Krebs' solution. The quantity of PGE2  and PGF2 a  w as then 

assayed, after extraction, in the supernatant. The authors found that, in 

biopsies obtained near to an ulcer, significantly less PGF2a arid 6-keto-
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PG Fiq were synthesised compared to the control subjects. No difference 

was found in the synthesis abilities for PGE2  and thromboxane B2 .

Comparing biopsies from close to the ulcer site w ith those remote from the 

ulcer site no difference was found for any of the m easured prostanoids.

Sharon et al (1983) cultured duodenal and gastric mucosa from patients w ith 

normal endoscopies and from patients endoscopically diagnosed as having 

active duodenal ulcers. The biopsies were cultured in RPMI 1614 organ 

culture m edium  for a total of 4.5 hours. The medium was exchanged every 

30 minutes for the first 90 minutes and every hour for the last three hours. 

At each exchange the medium removed was kept at -20°C before 

radioimmunoassay. They found that the maximum rate of PGE2 , 6-keto- 

PG Fiq and thromboxane B2  accumulation was observed during the first 60 

minutes of culture and that, in general, gastric mucosa synthesised greater 

amounts of these prostanoids than did duodenal mucosa. There was no 

difference, in synthesis rates for any of the prostanoids m easured, betw een 

duodenal mucosal biopsies from controls and duodenal ulcer subjects. 

However, the gastric mucosa from patients w ith duodenal ulcer synthesised 

significantly less PGE2 , 6-keto-PGFicx and thromboxane B2  than controls.

Rachmilewitz et al (1986) looked at the role of endogenous gastric 

prostanoids in the pathogenesis and treatment of duodenal ulcer. At 

endoscopy, two mucosal biopsies were obtained from the body and tw o from 

the antrum  of patients w ith active duodenal ulcer and subjects with normal 

endoscopies. Coming from the same centre as Sharon et al (1983) this study 

used a similar method w ith the same culture medium. However, the organ 

culture was carried out for two hours only. At the end of the culture, the 

m edium  was kept at -20°C prior to extraction and radioim m unoassay for 

PGE2 . Some additional biopsies were also studied using the m ethod of 

Whittle et al (1980). Using the organ culture method, mucosa from patients
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with active duodenal ulcer synthesised significantly less PGE2  and 6-keto- 

P G F ia  than did antral and fundal biopsies from normal subjects. Where 

the m ethod of Whittle et al (1980) was used in the paired biopsies the results 

were compared to the results from organ culture. Correlation coefficients 

were R = 0.91 for antral biopsies and R = 0.96 for fundal biopsies.

The methodologically im portant points in organ culture m ethods are the 

steps taken to prevent carry over of PG formed by the traum a of biopsy, the 

nature of the m edium  used and the length of time of the culture. The 

results of Branski et al (1984) cannot be directly compared w ith those in this 

chapter because of the absence of a control group in their study. They also 

found, however, that the ability to synthesise PGs increased as the ulcer 

healed. They thought that this increase was due to the d rug  therapy rather 

than the effect of healing but there was no treatment control group.

The results detailed by Hillier et al (1985) are more closely comparable to the 

results in this chapter. A washout period was allowed at the beginning of 

the incubation and the organ culture took place in simple Krebs' medium. 

Hillier et al (1985) found a reduction in the ability to synthesise PGF2a and 

6-keto-PGFia , both close to and remote from the duodenal ulcer site. 

However, they did not find a reduction in the ability to synthesise PGE2  or 

throm boxane B2 . Hillier et al (1985) arg^ied that because PGE2  and 

throm boxane B2  synthesis was m aintained in their study, an overall 

reduction in cyclooxygenase enzyme activity or substrate availability was 

unlikely to be the cause of the decrease in synthesis which they found with 

the other prostanoids.

The reason for the dissimilar results between those of this thesis and of 

Hillier et al (1985) is not clear. Though the methods are not similar a 

comparable result might have been expected. The length of time of the
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culture and the absence of stimulation m ay explain the difference. The 

results of Sharon et al (1983) are not closely comparable, because they used 

an enriched medium, and are difficult to explain because of the dissimilar 

result they obtained betw een gastric and duodenal mucosal samples. It is 

difficult to understand w hy there is a clear reduction in the ability to 

synthesise PGE2  in the gastric mucosa in duodenal ulcer patients bu t not in 

the duodenal mucosa of the same patients. Looking more closely at the 

results, it is quite clear that there is a trend towards a reduction in the ability 

to synthesise PGE2  in the duodenal mucosa as well. However, because of 

the wide spread of a few results and the small num bers in the study, it may 

be that a Type 2 error has obscured a real difference. That being the case, 

their results and the results of this thesis are broadly in agreement.

Rachmilewitz et al (1986) used a similar method to that of Sharon et al 

(1983) but this time the used only gastric biopsies from the antrum  and 

fundus. Like the results in this thesis, there was a reduction in the ability to 

synthesise PGE2  in the antral mucosa of patients w ith duodenal ulcer. It is 

also interesting to note the close correlation that they found betw een the 

results obtained with their method and the technique of Whittle et al (1980) 

from which the method used in this thesis is derived.

Vortex stimulation of mucosal samples

A further refinement is the use of controlled and standardised traum a as a 

stimulation of PG synthesis. As discussed in Chapter 3 a m ethod using 

vortex-stimulated synthesis was first suggested by Whittle et al (1980) and 

subsequently refined by them. Adaptations and refinements to that method 

have now been used by several other groups of investigators, as well as in 

this thesis.
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K onturek et al (1981) used the m ethod of Whittle et al (1980) on biopsies 

obtained at endoscopy from patients w ith duodenal ulcer disease and 

healthy subjects. Biopsies were washed and weighed and then centrifuged 

at 9,000 G. The supernatant was then removed and a new volume of tris 

buffer was added to the residual tissue. Biopsy and buffer were then shaken 

together for an accurate 60 seconds using a steady speed vortex stirrer. 

Following this the biopsy and buffer were again centrifuged and the 

supernatant collected for assay. In this study the assay was perform ed using 

a super fusion rat stomach strip bioassay. Using this m ethod the 

investigators found a trend to reduced PGE2  synthesis in both the stomach, 

duodenal bulb and second part of the duodenum . However, possibly 

because of the small numbers of subjects in each group, these differences 

were not statistically significant. In actual num bers the results are greater 

than those in this chapter. However, they measured total PGE w hereas the 

values in this thesis refer only to iPGE2 - Results by Konturek et al (1981) are 

quoted as ng PGE g_1 weight of tissue which is equivalent to pg PGE2  mg^1 

quoted in this chapter. Their values for normal duodenal bulb were (mean 

± SD) 405 ± 88 ng PGE g-1, compared to 108.2 ± 26.5 pg iPGE2  m g-1 for this 

thesis. A similar difference exists for antral results (325 ± 54 ng PGE g-1 

compared to 119.2 ± 28.0 pg iPGE2  mg^1) and for the second part of the 

duodenum  (372 ± 48 ng PGE g-1 compared with 147.0 ± 56.8 pg iPGE2  mg^1).

Basista et al (1986) also used a m ethod derived from Whittle et al (1980) to 

assess the role of PGE2  in the duodenal mucosa of healthy subjects and 

duodenal ulcer patients. Biopsies were similarly w ashed and weighed, 

centrifuged prior to vortexing in fresh tris buffer, and then recentrifuged 

before the supernatant was bioassayed using the rat stomach strip 

superfusion technique. They took biopsies near to and remote from 

duodenal ulcers in 17 patients undergoing endoscopy and took biopsies
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from the normal mucosa of 17 control subjects. They found a significant 

reduction in the ability of duodenal mucosa remote from the ulcer to 

synthesise PGE2  w hen compared to the control subjects. However, the 

biopsies near to the ulcer showed no difference in synthesis ability w hen 

compared to controls. Their actual values for normal controls are of the 

same order as those of Konturek et al (1981) who also used a rat stomach 

strip superfusion technique to measure the PGE2  content of the supernatant.

The results of this thesis, although lower in absolute values, broadly parallel 

the results of Basista et al (1986) as far as duodenal mucosa remote from the 

duodenal ulcer is concerned. Their result near to the ulcer is surprising but, 

once again, if the results are reviewed it is seen that there is a trend towards 

reduced synthesis but the results are extremely variable. Basista et al (1986) 

quote standard differences of 90 and 95% of the mean. This suggests that 

their results are non-parametrically distributed and should have been 

analysed by non-parametric methods.

In summary

This chapter details the reduced ability of duodenal mucosa and antral 

mucosa of patients suffering from all stages of duodenal ulcer disease to 

synthesise iPGE2 - A lthough there are demographic differences between the 

patients and the control group it is unlikely that these explain the difference 

in synthesis abilities.

Other workers have attempted to m easure endogenous PGs in peptic ulcer 

disease. Few have looked at duodenal and antral mucosa, and only one 

paper reports an examination of mucosa from the second part of the
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duodenum . This is the first time that the various clinical stages of 

duodenal ulcer have been investigated in the same study.

M any of the apparent inconsistencies betw een the results of previous 

workers can be explained by methodological differences. Others have found 

trends which were not statistically significant possibly because of the small 

num bers of patients. No previous investigators have used such large 

groups as this thesis.

It is likely that the abnorm ality disclosed in this study represents a true 

biochemical effect which m ay promote duodenal ulcer formation in vivo and 

contribute to the relapsing nature of the disease. In the following chapter 

the iPGE2  synthesis results will be compared to histological features.

The results of this chapter have been published as a full paper (Pugh et al 

1989) (see Appendix).
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Chapter 7

PG synthesis compared to histology and histochemistry.



Introduction

Abnormalities of duodenal mucosal histology (Gregory et al 1982) and 

histochemistry (Morrisey et al 1983 and James 1964) related to active and 

healed duodenal ulcer have been described in small series. Abnormalities 

include goblet cell depletion, gastric metaplasia, increased PAS-positivity in 

goblet cells and epithelial cells, and blunting of villi. It has been suggested 

that ultra-structural abnormalities of the duodenal mucosal cell m ay persist 

after healing (Moshal et al 1979). It may be that histological abnormalities 

are related to reduced PG synthesis. H awkey (1986) suggested that 

infiltration w ith inflammatory cells may explain increased PG synthesis 

(because inflammatory cells are know n to synthesize large amounts of PGs). 

PG synthesis has been noted to be increased in the gastric and duodenal 

mucosa of patients w ith active superficial chronic gastritis (Andreone et al

1986). Villus atrophy may reduce PG synthesis (by reducing epithelial cell 

mass), and persisting micro-erosions may stimulate PG formation due to 

the presence of cell disruption (Robert 1981).

D uodenal histology and histochemistry were therefore compared, where 

possible, to iPGE2  synthesis in normal duodenal mucosa and ulcer-bearing 

mucosa, before, during and after successful treatm ent with H 2  receptor 

antagonists.

Methods

Patients

The same patients as detailed in Chapter 6  were used. Some of these 

also had matching biopsies taken for histological assessment.
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Table 7.1 Definition of patient groups

Controls

Active ulcer

Active ulcer on treatment

Healed on treatment

Healed off treatment

Entirely normal endoscopy, no past 
medical history of duodenal ulcer or use of 
anti-ulcer drugs. (31 patients)

Acute duodenal ulcer at endoscopy, not on 
any anti-ulcer treatment. ( 2 0  patients)

Active duodenal ulcer while on an H 2  

receptor antagonist. ( 1 0  patients)

Healed duodenal ulcer at endoscopy but 
still on treatm ent w ith an H 2  receptor 
antagonist. (27 patients)

Healed duodenal ulcer at endoscopy and 
no longer on an H 2  receptor antagonist. (9 
patients)

NB. In some patients not all areas could be biopsied due to the extent of 
the disease and logistical problems.

As before the patients were divided by clinical criteria into five groups 

(see Table 7.1). All patients were treated w ith an H 2  receptor antagonist 

(cimetidine or ranitidine).

Biopsies 

iPGE2 synthesis

This was as described in Chapter 4.

Histology and histochemical examination

The biopsy was placed in 10% formaline, embedded in paraffin wax and 

sectioned at 4 nm. The sections were de-waxed and stained w ith Alcian
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blue (8 GX) (AB) at pH  2 . 6  for acidic mucins, and w ith periodic acid-Schiff 

reagent (PAS) for neutral mucins.

The biopsies were microscopically examined by the author w orking with 

a skilled histologist (APJ - see acknowledgements), and scored for 

appearance and staining as detailed in Table 7.2. The observers were 

blinded as to the source and PG synthesis determ ination of the sample.

W herever possible objective counts or m easurements were made but 

w here this was not possible the changes were scored, by agreement, as 

normal (or none), slight, m oderate or severe. M easurements were 

made using standard magnification (x40) and m easuring grid to give 

m easurem ents in microns.
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Table 7.2 Histological and histochemical scoring of biopsies.

Feature
(with abbreviation)

Scoring m ethod

Goblet cell depletion N um ber of goblet cells per villus (2
(GC n) villi counted).

Goblet cell PAS staining 
(GC PAS gd)

Graded 1-4*

Villus w idth Blunting of villi. W idth of villus (2
(V At) villi m easured at widest points).

Colum nar cell height Height of columnar cell (height at m id
(CC ht) point along the length of 2 villi).

Epithelial cell PAS height M ean of thickest extent of PAS staining
(EC PAS ht) at 2 points.

Cellular infiltration grade 
(C Infl gd)

Graded 1-4*

Gastric metaplasia grade 
(G Met gd)

Graded 1-4*

Micro-erosion grade 
(Eros)

Graded 1-4*

*Where 1 = Normal or none, 2= Slight, 3= M oderate and 4= Severe.

S tatistical analysis

Student's t test for unpaired data was used for parametric data. Grades 

were analysed non-parametrically and compared by the Mann-Whitney 

U test. Correlation coefficients (R) were calculated and significance was 

estimated by regression analysis for parametric data; Kruskal-Wallis 

analysis of variance (ANOVA) was used for graded values. W here P 

values are given for groups of comparisons the least significant value is 

quoted. Significance was defined at the 5% level.
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Results

Histological and histochemical appearances.

See Table 7.3. Biopsies taken from near to an acute untreated duodenal 

ulcer (active ulcer group) show a significant reduction in the num bers of 

goblet cells per villus and an increase in height of columnar cells 

compared w ith controls (see Photomicrographs 7.1 and 7.2). They also 

show increased infiltration w ith inflammatory cells and increased 

gastric metaplasia (see Photomicrograph 7.3). Histochemical staining 

shows increased density of PAS staining in the epithelial cells and 

increased goblet cell PAS-positivity.

Biopsies taken remote from the ulcer in active ulcer patients do not 

show any significant changes in m easurem ents compared to control 

biopsies but do show differences from the biopsies near to the ulcer in 

the same group. Specifically, goblet cell numbers per villus were 

increased whereas villus w idth and density of PAS staining of epithelial 

cells were decreased.

N ear to the ulcer in the active ulcer on treatm ent group villi were 

blunted compared to controls and the gastric metaplasia grade was 

increased, In the same group, remote from the ulcer, columnar cells 

were taller and had more pronounced PAS staining than controls. In 

the rem aining clinical groups only one difference from control values 

was found: near to the scar in the healed off treatm ent group the villi 

w idth was increased compared to controls.
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Treatment w ith the H 2  receptor antagonists cimetidine or ranitidine had 

little effect on duodenal histology. N ear to the ulcer in the active ulcer 

on treatm ent group epithelial PAS positivity was reduced, and goblet 

cell numbers increased compared to the untreated active ulcer group. 

Remote from the ulcer, in the active ulcer on treatm ent group, villi 

were blunter than in same region of the active ulcer group.
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Table 7.3 Histological and histochemical measurements, and iPGE2  

synthesis results according to clinical group.

iPGE2 GCn. VAt. CCht. EC pas. CInfl. GMet. Eros. GCpas
pgmg-1 no. pm pm pm. Grade Grade Grade Grade

Controls Mean 104 4.9 44.3 8.8 2.1 Median 2 1 2 1
SD 36.0 3.5 31.4 4.12 5.2 range 1-4 1-3 1-4 1-3
n 28 31 31 31 31 n 31 31 31 31

Active ulcer Mean 53.91 1.91 60.2 10.41 7.11 Median 44 34 2 l 4
(near ) SD 12.9 2.0 34.8 10.7 6.8 range 2-4 1-4 1-4 1-4

n 18 20 20 20 20 n 20 20 20 20

Active ulcer Mean 93.52 7.12 32.32 9.8 1.82 Median 3 15 1 2
(remote SD 37.6 3.8 14.9 3.4 2.5 range 1-4 1-2 1-2 1-2

n 8 8 8 8 8 n 8 8 8 8

Active ulcer Mean 69.7* 3.92 66.51 9.1 2.82 Median 4 34 2 1
on treatment SD 41.3 6.3 25.5 4.9 3.7 range 1-4 1-4 1-4 1-3
(near) n 13 13 13 13 13 n 13 13 13 13

Active ulcer Mean 80.5 7.9 53.83 13.21 3.31 Median 2 2 1 1
on treatment SD 56.9 6.7 21.8 7.8 3.1 range 1-4 1-4 1-3 1-2
(remote) n 9 10 10 10 10 n 10 10 10 10

Healed Mean 78.91 6.6 56.7 11.0 2.2 Median 2 1 1 1
on treatment SD 29.9 5.2 30.1 5.8 2.4 range 1-4 1-3 1-3 1-2
(remote) n 26 27 27 27 27 n 27 27 27 27

Healed Mean 85.82 3.1 71.11 9.8 3.1 Median 2 1 2 1
off treatment SD 10.1 3.6 30.9 3.8 5.2 range 2-4 1-3 1-4 1-3
(near) n 8 9 9 9 9 n 9 9 9 9

Healed Mean 95.6 9.6 40.8 6.7 2.4 Median 2 1 1 1
off treatment SD 26.3 5.8 25.9 1.8 2.2 range 2-4 1-3 1-2 1-2
(remote) n 7 7 7 7 7 n 7 7 7 7

Student's t test for unpaired data
1 Differs from controls (P<0.05).
2 Differs from active ulcer (near) (P<0.05).
2 Differs from active ulcer (remote) (P<0.05)

Mann-Whitney U test
4 Differs from active ulcer (near) (P<0.05)
5 Differs from near ulcer in same group (P<0.05)



iPGE2 synthesis values.

The smaller groups in this study, as expected, showed a similar pattern 

to those in Chapter 6 . The ability to synthesize iPGE2  was reduced 

adjacent to the ulcer in active ulcer and in active ulcer on treatm ent 

groups. Remote from the ulcer, synthesis was impaired in the healed on 

treatm ent group. N ear to the scar in  the healed off treatm ent group the 

iPGE2  synthesis was not different from  control values and was greater 

than for the active ulcer group.
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Photom icrographs

PM 7.1 C ontrol duodenum

PAS and Alcian blue (x40). The biopsy is distorted but shows villi of 

normal thickness, normal crypt-to-villus ratio and a normal population 

of goblet cells. Histochemical staining shows no epithelial or goblet cell 

PAS-positivity.
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PM 7.2 Ulcer-associated duodenal mucosa

PAS and Alcian blue (x40). Biopsy from the duodenum  of a patient in 

the active ulcer on treatment g roup The villi are shorter and broader 

than normal, the goblet cell population is reduced, and there is scanty 

epithelial and goblet cell PAS-positivity.
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PM 7.3 Gastric M etaplasia

PAS and Alcian blue (x40). An area of gastric metaplasia is seen in the left 

half of the photom icrograph, there is lack of villi, absence of goblet cells 

and very intense epithelial PAS-positivity. To the right is a virtually 

normal duodenal villus a lthough some of the goblet cells show PAS- 

positivity.
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Association betw een histology and iPGE2 synthesis.

See Table 7.4. Associations w ith iPGE2  synthesis were found remote from 

the scar in the healed on treatm ent group for epithelial cell PAS staining 

and cellular infiltration grade, and the healed off treatm ent group for the 

micro-erosion grade. A strong association for gastric metaplasia grade and 

the related epithelial cell PAS-positivity w ith  iPGE2  was found w hen all 

biopsies were considered as one group (see Figure 7.1).
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Table 7.4 Association of histological and histochemical variables with 

iPGE2  synthesis measurements, within clinical groups and overall.

P values <0.05 in bold.

Clinical group GC n* 
no.

ECPAS *
[im.

Cell Infl ° 
grade

Gastr Met gd ° 
grade

Erosion0
grade

Controls <1.0 <0.5 <1.0 <1.0 <1.0

Active ulcer 
(near)

<0.5 <1.0 <0.5 <0.5 <1.0

Active ulcer 
(remote)

<1.0 <1.0 <1.0 <0.5 <0.5

Active ulcer 
on treatment 
(near)

<0.5 <1.0 <0.5 <0.5 <0.5

Active ulcer 
on treatment 
(remote)

<1.0 <1.0 <0.5 <1.0 <1.0

Healed 
on treatment 
(remote)

<1.0 <0.02 <0.02 <0.5 <0.5

Healed
off treatment
(near)

<0.5 <1.0 <1.0 <0.5 <0.5

Healed
off treatment
(remote)

<1.0 <1.0 <0.5 <0.5 <0.05

All samples <0.5 <0.001 <0.5 <0.001 <1.0

Regression analysis 
Kruskal-Wallis analysis of variance



Figure 7.1 Duodenal iPGE2  synthesis compared to metaplasia grade 

for all patient groups combined.
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Kruskal-Wallis analysis of variance found that iPGE2  values vary  

according to the grade of gastric metaplasia (PcO.OOl). Spearman rank  

correlation rs = 0.393 (PcO.OOl)
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Discussion

Histological changes in duodenal mucosa in the presence of duodenal 

ulceration have been previously described by Gregory et al (1982). They 

showed that goblet cells were reduced in number, villi were broadened 

and stunted, and mucus appeared in surface epithelial cells. M orrisey et 

al (1983) confirmed these findings and described increased PAS- 

positivity in surviving goblet cells and in surface epithelium. Both of 

these small studies concentrated on the mucosa close to the ulcer and 

the acute ulcer state, although M orrisey et al (1983) also looked at 

mucosa near to the scar of a healed ulcer. This study confirms, w ith 

larger numbers, these findings and suggests that histological changes 

also occur remote from the ulcer site.

In  the active ulcer on treatm ent group, mucosa remote from the ulcer 

showed increased epithelial cell PAS-positivity and an increase in 

columnar cell height. These changes m ay be patchy and transitory since 

these changes were only also found near to the ulcer in the active-ulcer 

group. Only one biopsy was taken from each site for histological 

analysis and it m ay be that multiple biopsies w ould probably give a 

more representative picture if these changes are not uniform 

th roughou t the duodenum .

Gastric metaplasia in healing duodenal mucosa has been seen in animal 

models of ulcer healing (Florey and H arding 1935) and in healing 

hum an ulcers (Patrick et al 1974). It has also been seen in response to 

hyper-acidity states such as the Zollinger-Ellison syndrome (James 1963).
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Patrick et al (1974) and Gregory et al (1982) suggested that these changes - 

tow ards an antral type mucosa - m ay a protective response.

Treatment w ith H 2  receptor antagonists seems to have little effect on 

duodenal histology. This study discovered only one difference between 

treated and untreated groups which was a decrease in villus w idth 

remote from the ulcer. One isolated change does not suggest a clinically 

significant effect. It has been suggested that this change regresses to 

normal w ith healing of the duodenal ulcer (Hassan et al 1981): the 

results in this chapter support that suggestion. The results in this thesis 

do not confirm previous w ork on soluble mucins in gastric juice which 

suggested that H 2  receptor antagonists might have a deleterious effect on 

mucus in duodenal ulcer patients (Guslandi et al 1981).

Previous workers have attempted to attribute changes in mucosal PG 

synthesis to histological differences. Early w ork by Wright et al (1982) in 

gastric ulcer suggested that mucosal 'content' of PGE2  was reduced near 

to the ulcer and suggested this was due to the presence of associated 

atrophic gastritis. Similarly H aw key (1986) found that

"Gastritis was the major influence on PG synthesis."

and described a strong positive correlation betw een PG synthesis and 

inflammation. H awkey concluded that

"There were fewer grounds for believing that a primary deficiency of PG 

synthesis account for the development of gastric ulceration. "

Andreone et al (1986) also found an increase in PG synthesis (using the 

method of Hillier et al 1985) in the gastric and duodenal mucosal of 

patients w ith active superficial chronic gastritis. This study does not 

support these papers' conclusions about PGE2  synthesis in general and
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finds no consistent association w ith the presence of an inflammatory 

infiltrate.

Similarly it might be expected that changes in cell population (a decrease 

in goblet cells) and alterations in biochemical activity of epithelial cells 

(demonstrated by an alteration in mucus production) might be 

associated w ith changes in other biochemical activities such as PG 

synthesis. The results of this study do not support such an association. 

Regression analysis and ANOVA between iPGE2  and other 

m easurem ents produced 5 associations out of the 45 tested. Epithelial 

cell PAS-positivity was negatively associated w ith iPGE2  form ation in 

only the healed on treatment group whereas in other groups w ith 

higher m easurements of PAS-positivity (Eg. active ulcer) no correlation 

was found. Similarly a difference in iPGE2  synthesis w ithin 

inflammatory infiltrate grades was found in only one group (healed on 

treatm ent remote from the ulcer). Previous w ork would suggest a 

strong association in all groups (Hawkey 1986, Andreone et al 1986). The 

presence of erosions (which theoretically might be expected to stimulate 

PGE2  formation) was associated w ith differences in iPGE2  synthesis in 

the healed off treatm ent group but any association between the two was 

negative. The strongest associations were found w hen all samples were 

treated as a single group: iPGE2  synthesis was found to vary  by gastric 

metaplasia grade and by epithelial cell positivity (see Figure 7.1). Such 

associations w ith iPGE2  synthesis as have been found in the individual 

groups are probably best explained by chance association, but the strong 

associations w ith gastric metaplasia and epithelial cell positivity, w hen 

the groups are combined, may indicate an indirect connection betw een 

iPGE2 synthesis and gastric metaplasia, although cause and effect cannot 

be assumed.
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In  Sum m ary

This study confirms earlier w ork on duodenal histology and histochemistry 

near to duodenal ulcers and suggests that such changes m ay be more 

widespread, but patchy, in the surrounding duodenum . Attempts to find 

associations betw een histological or histochemical markers and iPGE2  

synthesis have show n no consistent pattern in individual groups bu t w hen 

all groups are combined strong associations are seen betw een iPGE2 

synthesis and gastric metaplasia and epithelial cell positivity.

This study supports the proposition that reduction in iPGE2  synthesis is a 

prim ary biochemical abnormality in patients w ith duodenal ulceration and 

not secondary to histological or histochemical changes in the duodenal 

m ucosa.
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Chapter 8

iPGE2 synthesis and histological changes in the cysteamine 

model of duodenal ulceration in the rat



 r —  ~

Introduction

In Chapters 6  and 7 the changes in synthesis of iPGE2  and histological 

changes in hum an duodenal ulceration have been described. It has been 

show n that duodenal ulceration was associated w ith a reduced ability to 

synthesise iPGE2  near to and remote from the ulcer site, and that this 

change persists despite healing w ith an H 2  receptor antagonist. In Chapter 7  

it was show n that this deficiency was only related to convincingly to gastric 

metaplasia and epithelial cell PAS-positivity w hen all groups were 

com binedl.

The question remains, however, w hether the deficiency of iPGE2  synthesis 

precedes or follows the formation of duodenal ulceration.

Seeking the answer to this question with hum an studies poses practical and 

ethical problems. How can an investigator reliably identify a subject as a 

potential sufferer from duodenal ulcer disease? H ow  soon before ulceration 

would the PG synthesis need to be measured? To be sure of a statistically 

significant result a large prospective study of at risk subjects w ould be 

needed, w ith each subject having serial endoscopic or other investigations. 

Ethically this would be difficult to justify as a hum an volunteer study. The 

induction of duodenal ulcer disease in hum ans, even if it were possible, 

would also be ethically unsound given that, even w ith m odern treatments, 

perm anent cure could not be assured.

There are many animal models of ulceration but most of these do not 

approximate to the hum an condition. Because of the requirem ent to 

estimate iPGE2  synthesis during ulcerogenesis, models utilizing NSAIDs 

would not be suitable; neither would models which only induce gastric 

ulcers, or involve surgical procedures such as the Shay technique of gastric
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mucosal damage. Ulcerogenesis, in a suitable model, should proceed 

sufficiently slowly for samples to be taken post-induction but pre-ulceration, 

ideally even before microscopic evidence of abnormality had occurred. Two 

such models were considered, the cold-restraint model which produces 

gastric erosions, and the cysteamine model of duodenal ulceration. The 

cysteamine model was chosen for further attention because it reliably 

induced only duodenal ulcers over a 18 to 24 hour period, which would 

allow sequential sacrifices and sampling of duodenal mucosa.

The association of cysteamine and duodenal ulceration was first described by 

Selye and Szabo (1973), as an incidental finding, w hen they studied the effect 

of hormones on resistance to various toxins1. They noted that penetrating 

duodenal ulcers developed in rats given cysteamine (P -  

mercaptoethylamine. In rats w ith unlimited access to standard rat chow 

and water, cysteamine lmg mg -1 body weight, PO produced 100% ulceration 

at 48 hours w ith 70% mortality due to perforation. D uring ulcerogenesis the 

rats had . The authors of this initial report did not speculate on the 

m echanism  of ulceration.

Further studies w ith the model by Robert et al (1974) showed a high rate of 

ulceration, but also a high mortality rate which made it unreliable for 

testing anti-ulcer agents. (The model was most fully described by Szabo 

1977). The problem of high mortality rates remains w ith this model but has 

been reduced by Jayaraj et al (1982) who developed an alternative route of 

administration. They prepared cysteamine as a aqueous solution suspended 

in oil, which was then given IM. Using cysteamine (0.25mg g -1  body weight 

IM) they produced 100% ulceration without mortality; increasing the dose

They had previously noted that propionitril also produced duodenal ulcers on the 
anti-mesenteric border which often perforated and were frequently fatal (Szabo 
and Selye 1972).
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(0.35mg g^1 body weight IM) was associated w ith perforated duodenal ulcers 

and a mortality of 63%.

Other investigators have studied the mechanism of ulcerogenesis in the 

model and found it to be multi-factorial. The model was initially described 

as occurring w ith reduced acid output (reduced volume) but norm al acid 

and pepsin concentration (Robert et al 1974). Later studies suggested that 

there was increased secretion of gastric acid (Kirkegaard et al 1980), reduced 

acid neutralising capacity (Leung et al 1985), and inhibition of duodenal 

alkaline mucosal secretion in response to increased lumenal acid (Briden et 

al 1985). The duodenal microcirculation was shown to be im paired in the 

model by Ikeda and Kitajima (1985) and Leung et al (1985) who found that 

duodenal mucosal blood flow was reduced 30 minutes after adm inistration 

of cysteamine. This is a feature shared w ith other models of mucosal 

ulceration; the cold-restraint model (Murakami et al 1985) and the 

haem orrhagic-hypotension model (Leung et al 1985).

Other changes associated with cysteamine m ay be of pathophysiological 

importance: a decrease in mucus formation (Shiina et al 1985), a dose- 

related increase in tissue histamine and histidine levels (Boesby et al 1983), 

and increased somatostatin receptors and less gastrin receptors w hich 

correlate w ith a fall in circulating somatostatin and rise in circulating 

gastrin (Rossowski et al 1986).

The sequence of events in the mucosa has recently been described by 

Nishizaki and Ashizawa (1985), using motion-picture analysis. They 

filmed the duodenal mucosa for 5 minutes using a micro 16mm camera at 

1, 3, 6 , 12, 15 and 24 hours post-administration of cysteamine (0.4mg g ^ b o d y  

weight PO). They noted at 1 hour a slow-down of red cell m ovem ent in 

villous capillaries, increased gastric motility (also noted by Takeuchi et al
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1987) and opening of gastric pits w ith increased acid secretion; at 3 to 6  hours 

there was severe slowing of mucosal blood flow, fissuring of villi tips and 

early separation of epithelium from the lamina propria, and the rem aining 

villi became oedematous and broadened; at 12 to 15 hours, villi tip damage 

was more severe and there were superficial and deep erosions; finally at 24 

hours, there were thrombi in the villi w ith venous congestion and 

macroscopic ulcer form ation in the proximal duodenum .

Previous investigations, using the cysteamine model of duodenal 

ulceration in the rat, have shown a sufficiently protracted time course to 

allow for mucosal sampling prior to ulceration. The associated features of 

this model show m any similarities to the hum an condition. If PGs are 

im portant mediators of mucosal defence mechanisms in both animals and 

hum ans then a fall in PGs m ay precede ulcer formation. If, however, 

changes in PG synthesis accompany ulcer formation then a causal role may 

be less likely. A change in PG synthesis following ulceration w ould exclude 

a causal role.

Methods

Animals

Female Wistar rats (body weight 180-200g) w ere allowed standard rat chow 

(MRC, 41B) and w ater ad libitum. Each was examined for health and 

weighed before being random ly included into one of the experimental 

groups.
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T reatm ents

Cysteamine (p-mercaptoethylamine) was prepared as a suspension of an 

aqueous solution of cysteamine in oil to give 2 0 0 mg ml-1 of mineral oil.

The vehicle was also prepared w ithout cysteamine as a suspension of a 

small quantity of w ater in mineral oil to serve as a control.

Experim ent design

The animals were divided into 4 groups each of 10 animals.

C o n tro ls  were given a light ether anaesthetic and then injected w ith 0.3ml 

of the vehicle as a deep IM injection into the left hind leg. They were placed 

in wire-bottomed cages to recover, allowed food and w ater ad libitum, and 

killed by stunning and cervical dislocation, 18 hours after injection.

T reatm ent g ro u p s were similarly anaesthetised and then injected with 

cysteamine suspension (0.3mg g^1 body weight IM). As in the control group 

each injection was given as a deep intram uscular injection into the left hind 

leg. The animals were placed in wire-bottomed cages to recover and 

allowed food and w ater ad libitum. Groups of ten animals were killed after 6 , 

18 and 24 hours respectively.

A fter sacrifice

The abdominal cavity was opened by a single midline incision from the 

pubis to the xiphisternum, and the peritoneal cavity rapidly examined for 

signs of peritonitis. The visceral surface of the stomach and duodenum  

were examined for signs of perforation or adhesions. The whole stomach 

and the first 2.5cm of small bowel were then removed and opened along the 

greater curvature of the stomach and mesenteric border of the duodenum.
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The lumenal surface was w ashed w ith ice-cold normal saline and inspected 

for erythema, erosions or ulceration in the duodenum .

Mucosal samples and iPGE2  synthesis

After inspection, two mucosal samples were taken from the duodenum.

One (near) was taken from the anti-mesenteric portion of the duodenum  

0.5cm below the pylorus or adjacent to an area of erythem a or ulceration if 

present. The other (remote) was taken from the duodenum  2cm below the 

pylorus. Both were placed in ice-cold tris buffer and processed for iPGE2  

synthesis ability as described in Chapter 4.

Histological samples

The whole duodenum  was placed in 10% formaline. After fixing overnight 

the sample was pinned out on a cork board and a circumferential section, of 

approximately 3mm, was taken through the ulcer or erythem a if present or 

at 0.5cm below the pylorus if no macroscopic abnormality was present. This 

section was placed on edge in an histology sample cage and was processed by 

The Departm ent of Pathology, University College Hospital Medical School 

(see acknowledgements). They prepared two slides of the full w idth of the 

duodenum , through the ulcer where possible, which were either stained in 

haematoxylin and eosin or w ith periodic acid-Schiff reagent (PAS).

After preparation the slides were read by the author alone and scored for 

vascularity and haem orrhage, damage to villi, damage to epithelial cells, 

density of infiltration with inflammatory cells and presence of erosions or 

ulceration. Each variable was scored 1-4 according to previously determined 

criteria based on the findings of Nishizaki and Ashizawa (1985) (see Table



Table 8.1 Scoring criteria for histological examination of duodenum

Parameter Score Description

Vascularity No abnormality of mucosal vessels seen. 
Dilated vessels seen, no haemorrhage. 
Small haem orrhages in villi.
Confluent haem orrhages and micro
throm bi seen in vessels.

Villi 1 N o abnormality of villus architecture seen.
2 Tips of villi fissured; swollen and broadened 

villi.
3 Villus tips lost
4 Severe damage to villi, whole villi lost.

Epithelial Cells 1 N orm al m orphology.
2  Cytoplasmic and nuclear abnormalities.
3 Necrotic cells at villus tips.
4 W idespread necrosis not limited to villus 

tips.

Erosions 1 N one seen.
2  Occasional loss of mucosa.
3 Confluent areas of loss of mucosa.
4 Ulcer form ation.

Infiltration 1 Very few inflammatory cells seen.
2 Increased inflammatory cells seen adjacent 

to m uscularis.
3 Inflam m atory cells seen in villi.
4 Large aggregations of inflammatory cells.

The total Score (simple addition of the above scores) ranged from 5 

(completely normal) to 2 0  (grossly abnormal histology with frank 

ulceration).
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Animal and sample coding

In order to perm it blinded analysis of the histology of the duodenum  each 

animal was given a code according to its group and order of sacrifice (thus 

1.1,1.2,1.3 etc).

The mucosal samples w ere labelled by animal code and sample site )eg 1.1 

near, 1.1 remote etc). As in all cases, the radioim m unoassay was perform ed 

in a blinded m anner and the sample identified after all calculations were 

com pleted.

After fixation each histological sample was given a simple num ber in 

random  order. D uring further processing of the sample, labelling of the 

slides and histological analysis, this num ber only was used. After scoring 

was completed the histology sample num ber was matched w ith its animal 

code number.

Results

Postmortem

All postmortems in control animals and treated animals killed at six hours 

were normal. Treated animals at 18 hours were alive up to the time of 

killing but some appeared unwell. At post-mortem confluent 

haemorrhagic areas were found in the lungs of some animals. The 

macroscopic appearance of the duodenum  varied from erythem a and 

pitting (three animals) to deep ulcers (seven animals). Of the remaining 

treated animals 4 died before 24 hours probably died from massive intra- 

thoracic haemorrhages. The rem aining six animals were killed as usual. 

All six showed less-severe intra-thoracic haem orrhages than in the animals
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that died. Macroscopy of the duodenum  showed erythem a and pitting in 

four cases and established ulcer in two animals. The post-mortem results 

are summarized in Table 8.2

Table 8.2 Summary of post-mortem findings in rats given either vehicle 

(controls) or cysteamine IM.

Group
(n=10)

Time of 
killing

% alive at time 
of killing

Cause of 
premature 

death

Duodenal
appearance

Controls 18 hours 100 - N o rm al

Cysteamine 6 hours 100 - N o rm al

Cysteamine 18 hours 100 - Early changes in 
3, ulcer in 7

Cysteamine 24 hours 60 H aem orrhage Early changes in
4, ulcer in 2

Histology results

The histology scores were analysed by group and by macroscopic appearance 

(early changes or established ulcer) and are detailed in Table 8.3. As well as 

detailing the results of the four experimental groups, two additional groups 

have been formed from the 18 and 24 hours post-treatment groups 

according to the macroscopic evidence of early or established ulceration.
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Table 8.3 Histological scores analysed according to time of sacrifice 

(6,12, or 18 hours) and duodenal appearance.

Controls 6 Hours 18 Hours 24 Hours Early U Est U
n = 10 n  = 10 n = 10 n = 6 n = 7 n = 9

Vessels M edian 2 2 3 3.5 3 3
range 1-3 1-3 2-4 3-4 3-4 2-4

Villi M edian 2 2 3 3.5 3 3
range 1-3 1-3 2-4 2-4 2-4 2-4

Epithelium M edian 2 2 3 3.5 3 3
range 1-3 1-3 2-4 2-4 2-4 2-4

Infiltration M edian 1.5 2 3 3.5 3 3
range 1-3 1-4 2-4 2-4 2-4 2-4

Erosions M edian 1 2 2.5 3 3 3
range 1-3 1-2 1-3 1-4 1-3 2-4

Total M edian 8.5 10 15 17 15 15
range 5-14 5-15 10-18 10-20 10-18 10-20

Early U = early changes of ulceration 

Est U= established ulcer
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Table 8.4 Statistical analysis of Table 8.3 using the Mann-Whitney U test.

Controls compared to animals killed at 6,18 and 24 hours post-

cysteamine, and animals with early and established ulcer. P values <

in bold.
Time of killing

6 hours 18 hours 24 hours Early Changes Ulcer

Vascularity <0.5 <0.001 <0.02 <0.02 <0.01
Villi <0.5 <0.01 <0.05 <0.01 <0.01
Epithelium <0.5 <0.01 <0.05 <0.01 <0.01
Infiltration <0.5 <0.01 <0.05 <0.02 <0.01
Erosions <0.5 <0.01 <0.05 <0.02 <0.01
Total <0.5 <0.01 <0.05 <0.01 <0.01

Animals killed at 6 hours compared to 18 and 24 hours, and animals i

early and established ulcers.

Vascularity <0.05 <0.02 <0.02 <0.01
Villi <0.01 <0.05 <0.05 <0.01
Epithelium <0.02 <0.05 <0.05 <0.01
Infiltration <0.2 <0.05 <0.1 <0.05
Erosions <0.05 <0.05 <0.01 <0.02
Total <0.01 <0.02 <0.01 <0.01

18 hour group Early changes vs
vs 24 hour group established ulcers

Vascularity <0.1 <0.1
Villi <0.5 <0.5
Epithelium <0.5 <0.5
Infiltration <0.5 <0.5
Erosions <0.5 <0.5
Total <0.5 <0.5
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In general, there were no significant differences betw een the histological 

scores of the control group (see Photomicrograph 8.1) and the 6 -hours-post- 

treatm ent group. Thereafter, there were differences betw een the control 

group and the 12- and 24-hours-post-treatment groups in all the histological 

features m easured (increased mucosal haem orrhage, villus damage, 

epithelial cell damage, inflammatory cell infiltrate and num ber of erosions). 

These changes mostly took place betw een 6  and 18 hours because there was 

no significant difference between the 18- and 24-hours-post-treatment 

group. There was also no difference betw een animals w ith macroscopic 

evidence of early changes of ulceration and those w ith established ulcers 

(See Photomicrograph 8.2). In summary, the microscopic changes associated 

with cysteamine ulceration seem to occur between 6  and 18 hours and were 

not present at 6  hours post-injection.

iPGE2  synthesis

The synthesis of iPGE2  from mucosal samples is detailed in Table 8.5.

Table 8.5 iPGE2  synthesis (pg iPGE2  mg"1) near to potential ulcer site and 

remote from it in each group and in animals with early changes of ulcer

and established ulcer.

Controls 6 hours

n = 1 0 n = 1 0

iPGE2 M ean 153.8 84.3
(near) SD 35.8 17.2

iPGE2 M ean 154.8 106.6
(remote) SD 23.1 1 0 . 8

18 hours 24 hours Early 
changes

Ulcer

n  = 1 0 n = 6  n  = 7 n = 9

56.3 54.3 64.1 48.9
1 2 . 6 19.6 7.9 16.9

72.6 71.6 72.8 71.8
14.7 9.5 12.2 13.5
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Table 8.6 Statistical analysis of PG results using Student's t test for 

unpaired data. P values <0.05 in bold.

Controls compared to animals sacrificed 6, 18 and 24 hours post- 

cysteamine, and with animals with early changes and established ulcers.

Time of killing
6 hours 18 hours 24 hours Early Ulcer

Changes

iPGE2  near <0.001 <0.001 <0.001 <0.001 <0.001

iPGE2  remote <0.001 <0.001 <0.001 <0.001 <0.001

6- hour group compared to 18- and 24- hour groups, and animals with early 

changes and established ulcer.

iPGE2  near 

iPGE2 remote

Time of killing 
18 hours 24 hours

< 0.001

< 0.001

< 0.01

< 0.001

Early Ulcer 
Changes

< 0.02

< 0.001

< 0.001

< 0.001

iPGE2  near 

iPGE2  remote

18 hours vs 
24 hours

< 1.0

<1.0

Early ulcer vs 
established ulcer

<0.05

<1.0

Controls 6 hours 18 hours 24 hours Early Ulcer
changes

iPGE2  near
versus <1.0 <0.01
iPGE2  remote

< 0.02 <0.5 <0.5 <0.01
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Photom icrographs

PM 8 . 1  Control duodenal mucosa

H&E and  PAS (x40) Norm al duodenal mucosal architecture (apart 

from a bifid villus).
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PM 8.2 Established ulcer

W '
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H&E and  PAS (x40) Most of the photom icrograph is occupied by a large 

breach in the mucosa filled with necrotic cells and a dense inflammatory 

infiltrate. To the left is a partially destroyed villus with a loss of its tip, 

abnorm al epithelial cells and inflam m atory  infiltrate.
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Synthesis of iPGE2  was less in all treatm ent groups than in the control 

group. This reduction was progressive up to 18 hours post-injection: 

thereafter there was no further significant fall. The treatment groups killed 

at 6  and 18 hours post-injection synthesized more iPGE2  in the distal 

duodenum  than near to the affected duodenum . With the 24- hour group, 

in the animals w ith established ulcer the mucosa near to the ulcer again 

synthesized less iPGE2  than mucosa remote from the ulcer. In summary, 

synthesis of iPGE2  fell early and this fall was more marked near to the 

forming ulcer than remote from it.

Correlation between histological findings and PG synthesis

The association between the histological scores and the synthesis of iPGE2  

was considered for all results combined, for all treatment groups combined, 

and for each group and derived group separately. Kruskal-Wallis ANOVA 

was perform ed for each group of data. The results of these analyses are 

detailed in Table 8 . 6
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Table 8.7 Kruskal-Wallis ANOVA of iPGE2 synthesis values by grade of 

histological measurements at each sample site. P values <0.05 in bold

Vascularity Villi Epithelium Infiltration Erosions

All animals
iPGE2  near <0.001 <0.001
iPGE2  remote <0.002 <0.001

< 0.001 < 0.001 < 0.001
< 0.002 < 0.01 < 0.001

Cysteamine-treated animals 
iPGE2  near <0.05 <0.05
iPGE2  remote <0.05 <0.1

Controls
iPGE2  near <0.5 <0.5
iPGE2  remote <0.5 <0.5

6 hours post-injection
iPGE2 near <1.0 <1.0
iPGE2  remote <1.0 <0.5

18 hours post-injection
iPGE2 near <1.0 <1.0
iPGE2  remote <0.1 <0.1

24 hours post-injection
iPGE2  near <0.5 <0.5
iPGE2  remote <0.5 <0.5

<0.05
<0.5

<0.5
<0.5

< 1.0
<0.5

<1.0
<0.5

<0.5
<0.5

< 0.01
<0.1

<0.5
< 0.1

<0.5
<0.5

<0.5
<1.0

<0.5
<0.5

<0.05
< 0.1

<0.5
<0.5

< 1.0
< 1.0

< 1.0
<0.5

<0.5
<0.5

Early changes of ulceration 
iPGE2  near <0.5 <0.5
iPGE2  remote <0.5 <0.5

Established ulcer
iPGE2  near <0.5 <1.0
iPGE2  remote <0.1 <0.5

<0.5
< 1.0

<1.0
<0.5

<0.5
<0.5

<0.5
< 1.0

< 1.0
< 1.0

<0.5
<0.5
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Figure 8.1 Duodenal iPGE2 synthesis near to ulcer site compared to 

total histological scores for all groups (control and treatment).
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There were strong associations between histological scores and synthesis of 

iPGE2 , both near to and remote from the developing ulcer w hen all animals 

(treated and control) were considered. W hen the treatment groups were 

combined the association was only apparent near to the ulcer or its potential 

site. In the individual treatm ent groups no significant association was seen.
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Discussion

Despite attem pting to reduce the m ortality associated w ith this model - by 

using cysteamine in a oily vehicle - there was still a 40% mortality at 24 

hours. Surprisingly, none of the animals died of peritonitis as expected 

(Selye and Szabo 1973); rather the cause of death appeared to be massive 

intra-thoracic haemorrhage. Death from this cause has been reported before 

by Jayaraj (1983). He found that a ruptured  dissecting aneurysm  of the aorta 

was the cause of death in 60% of rats m aintained long-term on oral 

cysteamine to induce chronic duodenal ulcers. At necropsy his rats had 

massive intra-thoracic haem orrhage which on more detailed examination 

was show n to come from ruptured  aortic aneurysms. The thoracic cages of 

the animals in this study were not examined so carefully and ruptured 

dissecting aortic aneurysm s were not noted but were probably the cause.

Macroscopic examination of the killed animals 6  hours after injection 

showed an appearance similar to control animals in all cases. A variable 

picture was found at 18 and 24 hours. Of the 4 animals which died 

spontaneously, all had established ulcers which were not suitable for further 

examination because of the time elapsed since death. Nevertheless, this still 

gives a similar incidence of early and established ulcer after 18 or 24 hours 

post-injection. The reason for this is not clear. It was expected that animals 

in the later group would have more established ulcers than the earlier 

group. From previous reports a 100% incidence of ulceration w ould have 

been expected at 24 hours (Jayaraj et al 1982). Because of this variability the 

results have been interpreted both by time elapsed after injection and also by 

macroscopic appearances (early or established ulcer).

Histological scores of the duodenum  in each group show a progressive 

increase in abnormality in all features measured throughout the time
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course of the study. The control group did not have wholly normal 

histology and indeed one animal (see Appendix- Animal raw  data) had 

markedly abnormal histology with villus and epithelial cell damage as well 

as a marked inflammatory cell infiltrate. In preparation for this study the 

author killed and microscopically examined unprepared W istar rats. Those 

rats had wholly normal histology. It is probable that the abnormalities seen 

in the control group represent changes brought about by the control 

procedure of ether anaesthetic and IM injection of oily vehicle. The 

presence of these changes demonstrate the importance of a true control 

group because, otherwise, the similar changes (to controls) seen at 6  hours 

post-injection w ould have been w rongly attributed to the cysteamine 

treatment. As it is, the 6 -hours-post-injection group showed no significant 

difference, in histological appearance, from the control group.

In the 18- and the 24-hour-post-injection group the histological changes 

were markedly different, both from the controls and the 6 -hour-post- 

injection group. The histological changes did not progress significantly 

from 18 to 24 hours. If the 18- and 24-hours-post-injection groups are re

grouped, by macroscopic appearance, into 'early u lcer' and 'established ulcer' 

then both of the new  groups are still markedly different from the control or 

6 -hours-post-injection groups. The two new  groups did not differ 

significantly from each other.

Histological analysis of the mucosa was perform ed only by light microscopy. 

It is probable that changes at the electron microscopic level preceded the 

dem onstrated light microscopy changes.

One concern is the lack of correlation between the macroscopic findings of 

established ulcer and the microscopic findings. Of nine animals which 

macroscopically had evidence of established ulcer only five had erosion

249.



scores of three or greater (confluent severe erosions or penetrating ulcer). It 

m ay be that, despite efforts to section the blocks through any ulcer present, 

some of the ulcers were missed and the incidence of ulceration was under

reported microscopically. Because of the blinded nature of the microscopic 

examination it was not possible to suspect which slides were at fault and to 

rem edy this by cutting further sections. It would clearly be unacceptable to 

re-examine those slides retrospectively, after further sections had been 

taken, w ithout re-examining sections from all blocks and re-blinding the 

procedure.

The PG results show a progressive im pairm ent in synthesis of iPGE2  at both 

sites biopsied throughout the course of the study. Differences of iPGE2  

synthesis were present after only 6  hours, w hen microscopic appearances 

were not significantly different compared to the control group. The 

im pairm ent was more marked in the later groups (18 and 24 hours post

injection) and, as w ith the histological changes, there was no further 

increase in im pairm ent between 18 and 24 hours post-injection. The 

synthesis ability at the site of the ulcer of animals w ith early ulcers was 

greater than that of animals w ith established ulcers; this difference was not 

apparent remote from the ulcer. In general the iPGE2  synthesis of the distal 

part of the duodenum  was less affected by cysteamine than the proximal 

duodenum  and this was especially seen in the earlier groups ( 6  and 18 hours 

post-injection) and in the established ulcer group.

Kauffman et al (1985) have previously published data on PG synthesis in 

this model of duodenal ulceration. They gave a similar dose (0.213 or

0.425mg g_1 body weight, SC) to female Sprague-Dawley rats and sacrificed 

them at 6 , 12 and 24 hours post-injection in the case of the higher dose, and 

at 24 hours post-injection for animals given the lower dose. They used a 

similar m ethod to assess synthesis rates which were expressed as ng PGE2
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(or I2 ) m irr1 mg -1 of sample wet weight. They found no effect on PGI2  

production, but a fall in PGE2  synthesis in the duodenum  which was 

present at the first sampling time. Gastric mucosal PGE2  or I2  synthesis was 

not affected significantly at any sampling time. Both the high- and low-dose 

regimen caused a fall in PGE2  synthesis (indeed the lower dose caused the 

more profound fall) but only the high-dose regimen was associated w ith 

ulceration. They concluded that an effect on PG synthesis probably helped 

to promote ulceration, but that this could not be the only mechanism 

because low-dose cysteamine was not associated w ith ulceration. They did 

not look at the lesions histologically and did not correlate the PG changes 

w ith changes in histology.

In this study blinded histological analysis has been correlated w ith iPGE2  

synthesis at two sites in the duodenum  for each time of sampling, and by 

macroscopic appearance. W hen all animals (control and treated) were 

considered together there was a strong association betw een the histological 

m arkers of damage and iPGE2  synthesis. This association was also present 

(near to the ulcer) w hen only treated animals were considered. However, 

w hen individual groups were considered no association was seen. The 

explanation for this may be that the two findings are indeed related and, as 

the iPGE2  changes precede the histological changes, they may be causally 

related. Alternatively, they may be parallel bu t unrelated changes. The lack 

of association in the individual groups may be a true finding or an 

erroneous one due to the small size of the groups being compared. It is 

difficult to be certain as to a causal link because iPGE2  synthesis also fell at 

the remote site (albeit less profoundly) and was not associated with 

ulceration.

Using the cysteamine model several substances have been tested for their 

ability to prevent ulceration. N afradi et al (1984) tested the PGE2 , F2 a  and
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prostacyclin (PGI2 ) for the ability to prevent cysteamine-induced ulcers. The 

PGs were administered every 6  hours following cysteamine adm inistration 

and were not found to greatly influence the incidence of ulceration. 

However, as the present study shows, PGE2  synthesis was already im paired 

by the 6 -hour stage and therefore it m ay be that the administration of PGs 

after this time is too late. D annon and Assouline (1979) showed that the 

ulcerogenic effect of cysteamine was promoted by indomethacin and 

reduced by instillation of hypertonic solutions of saline. They also 

dem onstrated that the instillation of hypertonic saline was associated w ith 

an increased PG content of gastric mucosal juice and mucosa. They 

suggested that cysteamine ulceration was reduced by hypertonic solutions, 

in part at least, by an increase in mucosal PGs.

Tache et al (1987) showed that intra-cisternal injections of calcitonin were 

associated both w ith a three-fold increase in PGI2  generation in the 

duodenal mucosa, and with reduced cysteamine-induced ulceration. They 

suggested that calcitonin acted as a neurom odulator causing a wide range of 

biological effects, including changes in gastrointestinal secretory and motor 

function, and that these, together w ith an increase in PGI2  synthesis helped 

reduce cysteamine ulceration. Szabo (1979) also looked at neurotransm itters 

in a study of dopamine agonists and antagonists. He found that the agonists 

bromocriptine, lergotrile and apom orphine all reduced cysteamine-induced 

ulceration while the antagonist haloperidol caused an increase

The situation concerning cysteamine and PG synthesis is, therefore, 

complex. Cysteamine's mode of action is not clear but it is certainly 

multifactorial and m ay include a central action to explain its combined 

effects on gastric secretion and motility. A synergistic local effect may 

explain the reduction in alkali formation and PG synthesis. Pyloric ligation 

prevents ulceration (Robert et al 1974 and Dieffenbach et al 1985), which
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suggests that a direct toxic effect of cysteamine on the duodenum  is not the 

only mechanism. It may be that local mucosal changes perm it ulceration to 

occur, possibly, as a result of an increase in lumenal acid. Other animal 

models of duodenal ulcer also suggest that a combination of mucosal and 

lumenal factors are required. Brodie et al (1970) found that indomethacin 

produced lesions in the small bowel only if the animal was fed and the flow 

of bile maintained. Takeuchi et al (1986b) described a new  model of 

duodenal ulceration which required a combination of reduced mucosal PGs 

(using indomethacin) and increased lumenal acid (using histamine): the 

duodenal ulcers produced could be prevented by adm inistering either PGE2  

or cimetidine. In another animal model of duodenal ulcer, show n to be 

associated w ith reduced mucosal PGE2 , F2 0 1 / 6 -keto-PGFja  and thromboxane 

B2 , Robert et al (1987) reported that duodenal ulcers following mepirizole 

were also associated w ith a 74% increase in acid secretion and that 

administration of PGs alone did not prevent ulcer formation.

The attempts to show that changes in PG synthesis are an essential part of 

the cysteamine-induced ulcerative process have produced mixed results but 

tend to suggest that such changes need to occur early in ulcerogenesis.

An understanding of the mode of action of cysteamine is further 

complicated by w ork which suggests that, given orally, it has a mucosal 

protective effect - at least initially. Lamont et al (1983) showed that 

cysteamine (0.30mg g-1 body weight, PO) increased soluble and gel mucin 

and prevented alcohol-induced gastric mucosal damage. This early 

protective effect contrasts w ith the later effect, at the same dose, which leads 

to duodenal ulceration. Trier et al (1987) showed that oral cysteamine 

helped prevent alcohol-induced damage by preserving the mucosal 

microcirculation, and Konturek et al (1987b) suggested that the beneficial 

effect of cysteamine resided in its sulfhydryl moiety because N-
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ethylmaleimide (an inhibitor of sulfhydryl action) prevented its protective 

effects. The protective effects of cysteamine do not require an intact mucosa; 

Romano et al (1986) dem onstrated protection of a gastric epithelial 

m onolayer in cell culture by cysteamine against hypertonic saline and 

indom ethacin .

This dual role of cysteamine, as a mucosal protective agent soon after 

adm inistration and as an ulcerogen several hours later, suggests dual 

mechanisms. M any other agents produce similar immediate mucosal 

protective effects (as discussed in earlier chapters) and this m ay be a non

specific effect related to the sulfhydryl moiety. The later ulcerogenesis may 

be related to central and local effects as a neurom odulator because of 

chemical structural similarities to the side chain of dopamine (-CH2 -CH2 - 

N H 2 ), similarities cysteamine shares w ith other ulcerogens, such as 

propionitrile, which produce duodenal ulceration (Szabo and Selye 1972).

The changes which cysteamine produces are not irreversible. If the 

duodenal ulcer does not perforate, then healing of the ulcer generally 

follows. Poulsen et al (1985) followed rats for up to 200 days after initiating 

ulcerogenesis w ith cysteamine. N on-penetrating ulcers (which involved 

the muscularis mucosae) healed rapidly, and surface re-epithelialisation 

occurred in 15 days. Penetrating ulcers (which breached the outer muscle 

coat) healed slowly by granulation and slow re-epithelialisation so that by 

2 0 0  days healing was still only 64%. H um an ulcers approximate most 

closely to the non-penetrating cysteamine ulcer, but generally do not heal as 

rapidly. This suggests, either continuing ulcerogenic activity or a long- 

lasting reduction in duodenal healing ability.

This study has attem pted to investigate the role of early changes in synthesis 

of iPGE2  in ulcerogenesis. An early decrease in synthesis, which preceded
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histological changes, has clearly been demonstrated. However, the 

cysteamine model is a very complex one with similarities and differences 

compared to the hum an condition. Ulceration is likely to be multifactorial 

and the isolation of a single factor is probably not possible. In this model it 

is possible that changes in mucosal PG synthesis and other mucosal changes 

contribute to a reduction in mucosal defence which, together w ith an 

increase in lumenal acid, leads to ulceration.

The question posed at the beginning of this chapter was: "Is the reduction in 

PGE2  synthesis a cause or an effect of ulceration?" In so far as animal 

models can be translated into the hum an situation, this study tends to 

suggest that PG changes can precede ulceration and histological changes (at 

least at the light microscopy level), and are not, therefore, merely a result of 

damage produced by the ulcer. A causal effect of a single factor in such a 

multifactorial model and condition is extremely difficult to prove.
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Chapter 9

Summary and critical review of thesis.



S u m m ary  o f  th esis

iPGE2 synthesis in health and duodenal ulceration.

The history of enquiry into the nature and pathogenesis of peptic ulceration, 

and especially duodenal ulcer, was discussed in Chapter One. This 

dem onstrated that knowledge of the importance of gastric and duodenal 

mucosal resistance to peptic ulceration, and of the influences which govern 

it, was still incomplete. In Chapter Two the history of eicosanoids was 

outlined and the roles of these substances in the physiology of the 

gastrointestinal tract, and especially in the 'cytoprotection' phenomenon, 

were described in a review of w ork published in this area.

Based on the knowledge gained during this review of the literature a 

hypothesis was formed that:

"PGE2, being the major PG in the upper gastrointestinal tract and a potent 

stimulator of mucosal resistance to damage, may be deficient in the duodenal 

mucosa of patients with duodenal ulcer disease and thereby reduce mucosal 

resistance which would, in combination with the lumenal factors of acid and 

pepsin, cause and maintain the formation of duodenal ulcers and encourage 

their relapse after treatment."

Previous workers had investigated this area, but m any of the methods they 

used could be criticised in the light of later knowledge of the physiology and 

biochemistry of prostaglandins. Few had looked at the duodenal mucosa in 

duodenal ulceration. All had used small groups of patients and none had 

looked at healed or healing ulcers. The results of such studies had lead to a 

confused picture.
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A research plan was developed which w ould lead to the estimation of PGE2  

synthesis ability of gastro-duodenal mucosa, in patients w ith duodenal ulcer 

disease at various stages of treatment, and in sufficient num bers that a firm 

conclusion could be reached. The stages of the research plan were:

To identify, adapt or develop a m ethod of assessing mucosal PG 

synthesis that was biochemically sound and suited to the processing 

of large num bers of samples.

To validate the m ethod and establish a normal range for mucosal PG 

synthesis ability in man and in the rat.

To estimate mucosal PG synthesis ability in patients w ith all stages of 

duodenal ulcer disease.

To determine w hether any changes were causally related to the 

formation of duodenal ulcers or their relapse after treatment.

After a review of the published descriptions of methods for m easuring 

endogenous prostaglandins in the gastric mucosa, a method devised for use 

in animals by W hittle and Salmon (1982) was developed for use w ith 

biopsies obtained at diagnostic endoscopy. D uring initial validation studies 

the adapted m ethod proved reproducible and relatively free from 

confounding effects (caused by the biochemistry and physiology of mucosal 

prostaglandins) inherent in m any m ethods.

Following the measurem ent of synthesis ability in control subjects and in 

the rat, the synthesis abilities of duodenal mucosa near to and remote from 

duodenal ulcers at all stages of treatm ent were estimated. A persisting 

deficiency in the ability of the gastroduodenal mucosa to synthesise iPGE2  

was found. A lthough this was maximal near to the ulcer, it was also
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present remote from the ulcer site in the duodenal bulb, in the second part 

of the duodenum  and in the antrum  of patients w ith untreated ulcers. This 

deficiency was found to be unrelated to demographic factors or to H 2  

receptor antagonist treatment.

The relationship of these results to those published by other workers was 

discussed in Chapters 5 and 6 . A lthough there were demographic 

differences betw een the patient and the control groups, it is unlikely that 

these explain the difference in the abilities of the mucosa to synthesis PGE2

M any of the apparent inconsistencies betw een the results of previous 

workers can be explained by the methodological differences between them. 

Others had found trends, which because of small num bers were not 

statistically significant. No previous investigators had used such large 

groups as detailed in this thesis.

It is possible that the abnormality disclosed in this study represents a true 

biochemical field effect, which m ay promote duodenal ulcer formation in 

vivo and contribute to the relapsing nature of the disease.

Relationship to histological findings

M any of the patients and subjects had had matched biopsies taken for 

histological and histochemical processing. Analysis of these biopsies found 

several histological and histochemical changes which were m arked during 

ulceration and persisted after healing. Statistical analysis failed to find any 

convincing association betw een any histological abnorm ality and iPGE2  

synthesis. The persistence of histological changes has been know n since 

James (1964).
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Deficiency of mucosal prostaglandins: cause or effect of duodenal 

ulceration?

Although the persistence of a deficiency after healing of the ulcer suggests 

that it has a separate causation, the associated persistence of histological 

changes, w hether they correlate well w ith PG synthesis or not, means that it 

is difficult to prove w hether the ulcer, and other histological changes, 

caused the deficiency or that the PG deficiency helped cause the ulcer. The 

presence of the deficiency so far aw ay from the ulcer, in the second part of 

the duodenum  (which is usually normal histologically) and in the antrum  

of the stomach, suggests a biochemical field defect. In m an it is impossible, 

ethically and practically, to devise an experiment whereby the mucosal 

ability to synthesise PGs can be observed before and during ulcerogenesis. 

Therefore, an animal model which most nearly matched the complexities of 

the hum an situation was used to study PG changes at the earliest stages of 

ulcerogenesis.

Chapter 8  described the reasons for choosing the cysteamine model, and its 

features which made it a reasonable choice to match for the hum an 

condition. Sequential kills, m easurem ent of iPGE2  synthesis, and analysis 

of histological changes in this model showed that changes in iPGE2  

synthesis preceded the earliest histological abnormalities. This finding 

again suggests that PG changes are independent of mucosal damage and 

may help cause them. However, assessing the role of a single factor in such 

a multifactorial model and disease is very difficult.
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Importance of the findings in this thesis to the understanding of 

pathogenesis and healing of duodenal ulceration.

The pathogenesis of peptic ulceration is clearly extremely complex and 

multifactorial. M any of the factors are inter-related and efforts to answ er 

one aspect of the problem often lead to more questions than answers. This 

thesis is no exception. The seductive aspect of PG research is that, on initial 

inspection, it seems to offer the possibility of combining w hat m any 

researchers see as the two sides of the equation; the aggressive factor of acid 

secretion and the defensive factors of bicarbonate, mucus secretion, blood 

flow etc. It is debatable as to which is the prim ary aspect. It is suggested that 

w ithout acid, gastroduodenal ulcerogenesis is not possible, bu t it is know n 

that two-thirds of patients w ith duodenal ulcers have normal acid secretion 

(Baron 1982). However, reduction in PG synthesis does not necessarily lead 

to ulceration and, indeed, lesions caused by NSAIDs may heal despite 

continuation of the agent (Amioka et al 1987).

It is clear that multiple abnormalities m ust coincide to bring about 

ulceration and m aintain it. This thesis has explored only one of the possible 

factors. In so far as it is possible to demonstrate, this thesis suggests that 

duodenal ulceration is associated with a decrease in the ability to synthesise 

at least one of the possibly defensive prostanoids. The decrease persists after 

healing of the ulcer and does not appear to be associated w ith any 

histological abnormality or any demographic factor. In an animal model 

changes in iPGE2  preceded mucosal damage. However, that is a long way 

from proving that a decrease in PGs is causally related to the subsequent 

ulceration. It m ay be that both the decrease in mucosal PG synthesis and the 

mucosal damage,are just fellow travellers under the influence of other 

undisclosed factors.
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It is essential to remember that an in vitro m ethod was used in this thesis, 

although it may be hoped that this mimics the in vivo situation this cannot 

be assumed. Because of the nature of PGs it m ay never be possible to assess 

true in vivo PG synthesis rates.

It is hoped that this thesis has made a contribution to the continued study of 

the pathogenesis of peptic ulceration. It has strengthened the evidence that 

a decrease of PGE2  synthesis m ay contribute to a decrease in mucosal 

resistance and increase the likelihood of ulceration. However, this result 

begs the question of w hy is PG synthesis reduced.

Therapeutic implications.

As discussed in Chapter 2  the therapeutic use of prostaglandins and 

synthetic analogues in peptic ulceration has been disappointing to some.

The results of this thesis suggest that endogenous prostaglandins are 

deficient in patients w ith duodenal ulcer disease. That does not necessarily 

suggest that replacement with exogenous prostaglandins will be an effective 

treatment. However, it may also be that the prostaglandins used 

therapeutically so far have not been effectively implemented. Only one PG 

at a time has been administered: it may be that combinations of 

prostaglandins may be more effective. The prostaglandins have been 

administered at most only four times a day: more frequent application, 

perhaps using sustained-release intra-gastric preparations, m ay produce 

im proved results.

The pathogenesis of duodenal ulcers is multifactorial and a deficiency of 

PGE2  is only one of these factors. However, it has been suggested that non- 

antisecretory agents (bismuth compounds, sucralfate and carbenoxolone)
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heal by increasing mucosal prostaglandins. If such an agent could be show n 

to increase PG synthesis in the long-term, or permanently, then the results 

of this thesis suggests that the high rate of relapse presently experienced 

following cessation of treatment w ith H 2  antagonists m ay be reduced.

Indeed, it has been suggested that such non-antisecretory agents already 

have an advantage over H 2  antagonists in the prevention of relapse 

(McLean et al 1985), that such agents should be used initially to treat 

duodenal ulcers (Miller and Faragher 1986), and that H 2  antagonists should 

be reserved for the long-term maintenance of those patients who 

subsequently relapse.

Future research.

Further research falls into three main areas.

Investigations into the cause of the demonstrated PG deficiency.

Comparisons of the methods and results of others suggest that PG-synthesis 

enzyme quantity and quality are not factors in a possible in vivo deficiency of 

mucosal PGs. Availability of substrate and energy source is know n to affect 

PG synthesis and it may be that a relative deficiency of one of these is the 

cause of the deficiency of iPGE2  dem onstrated in this thesis. It is know n that 

administration of certain essential fatty acids has a 'cytoprotective' effect, but 

the use of such agents in the treatment of duodenal ulcer healing and 

relapse has not been explored. Further research in this area might include 

in vitro w ork w ith biopsies from patients w ith duodenal ulcer disease, to find 

which, if any, factors will correct the decreased synthesis. Following this 

such factors could be administered to subjects w ith duodenal ulcer disease to 

see if a correction of PG deficiency can be demonstrated. Finally, such factors
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could be used as adjunctive therapy in a placebo-controlled, double-blinded 

study of the healing, maintenance and relapse rates of patients w ith DU.

Investigations into the eicosanoid synthesis ability of the 

gastroduodenal mucosa of patients with other peptic ulcerative 

conditions.

Initial w ork would suggest that gastric ulcers are also associated w ith a 

reduced ability to synthesise PGE2 . The role of other eicosanoids such as 

thromboxanes and leukotrienes have not yet been fully explored. It m ay be 

that a reduction in the products of the cyclooxygenase pathway, the 

prostaglandins and thromboxanes, may be associated with an increase in the 

products of the lipoxygenase pathway, the leukotrienes. Establishing a ratio 

of cyclooxygenase products to lipoxygenase products m ay give a more 

complete picture of the role of these chemicals in mucosal function than 

studying any one of them in isolation. U nderstanding the role of other 

endogenous ulcerogens, such as platelet activating factor (PAF), may lead to 

fu rther therapeutic modalities.

Further clinical studies into the roles of endogenous eicosanoids in 

duodenal ulcer disease.

This could involve longitudinal studies designed to identify any deficiency 

which may predict which patients will be refractory to treatment and which 

will relapse off treatment. Such studies could also incorporate a correlation 

betw een PG synthesis and the presence of Helicobacter pylori in the matched 

biopsies taken for histology.
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C ritical rev iew .

This thesis has looked at an area of research which already has a very large 

am ount of published data. A computer-aided search (Medline) by the 

author identified more than 13,000 papers published on prostaglandins in 

the last ten years. It is not hum anly possible to read and consider this 

am ount of data and therefore necessarily, apart from brief reviews of the 

history of duodenal ulcer and PG biochemistry, the review of the literature 

w as restricted to endogenous prostaglandins, mucosal protection, 

experimental animal models and peptic ulceration. Nevertheless, it is 

possible, despite two cross-referencing computer-aided searches and an 

exhaustive m anual search of published data in all relevant major journals, 

that an im portant w ork may have been overlooked. It is possible in all 

theses of such popular areas of research that the author can never be 

absolutely sure that his conclusions have not been invalidated by a 

previously published but overlooked paper. With hindsight it m ight have 

been better to consider an area of research w ith a smaller existing base of 

knowledge so that the w ork of the thesis could be more securely integrated 

w ith existing publications. However, a researcher should investigate the 

areas that interest him rather than look for a fortuitously em pty area to 

study. All major relevant works have been considered and, as far as is 

reasonable, the conclusions drawn, the hypothesis and the research plan in 

this thesis, where based on published data, are securely founded.

In the execution of the research plan, however, some features could have 

been im proved.
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Measurement of PGE2 and validation o f the assay.

As previously discussed in Chapter 4, the PGE2  radioim m unoassay was not 

independently validated by the author. It had been set up and validated by a 

previous researcher in the department; results from the assay had been 

accepted by a major peer reviewed journal (Rampton et al 1980). 

Nevertheless, for scientific completeness and to ensure that the assay was 

still valid in new hands, it m ay have been wise to compare the assay w ith a 

bioassay technique or w ith mass spectrographic measurements. The major 

difficulty w ith radioimmunoassays is cross reactivity of the anti-sera. The 

anti-serum  for the assays used for this thesis was obtained from the same 

commercial source as previously and its cross reactivity was known. 

Throughout the thesis w hen the results of the assay are discussed it is made 

clear that the assayed substance was immunoreactive-PGE2  (iPGE2 ).

The am ount of iPGE2  synthesised was compared to weight of tissue. O ther 

workers have suggested comparison w ith the protein or DNA content of the 

sample. This may prevent errors due to varying w ater content of the 

sample but will not correct for different histological composition, such as 

inflammatory infiltrate or fibrous tissue. For true histological compatibility 

it was hoped that the same sample would be used for PG synthesis and 

histological analysis (see below). The sample could not, therefore, be used 

for estimation of protein or DNA content. A validating experiment to 

assess the possible effect of water content was perform ed as described, but 

additional experiments to compare tissue weight w ith protein and DNA 

content might have been beneficial. As discussed, previously published 

w ork from other researchers suggests that a close correlation would have 

been found.
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W hen adapting the m ethod of Whittle and Salmon (1982) it may have been 

possible to attem pt a m easurem ent of catabolism using the addition of 

radiolabelled PGE2 . However, the intention was to consider large groups of 

subjects and all additional laboratory steps w ould have made this more 

difficult. It is theoretically possible that the deficiency detected in this study 

m ight be due to increased catabolism rather than decreased synthesis; 

however, given the nature of the method which stimulates synthesis and 

the short time interval, this is unlikely.

Patient study design

A cross-sectional study design was chosen. W hy was a longitudinal study 

not used? At the clinical centre where the study was initially started the 

endoscopy services w ere already overburdened. To recall patients for the 

sole purpose of this study would not have been possible. A cross-sectional 

design was compatible w ith collection of large am ounts of data w ithout 

increasing the endoscopy w ork load. It is w ith hindsight, and knowledge of 

the results of the cross-sectional study, that a longitudinal study has 

additional merits.

M any of the statistical analyses show such low P values that it is probable 

that differences w ould have reached significance w ith much fewer subjects. 

Were such large num bers of patients necessary? At two points in the study 

interim  analyses were perform ed and significance for the acute stages of 

ulcer healing were reached quite early on in the study (Pugh et al 1985). 

(These interim analyses did not affect decisions to terminate recruitment.) 

H ow ever recruitm ent continued, especially of later stages of ulcer healing, 

w ith increased attention to the second part of the duodenum , and recording 

demographic data. Patients w ith acute ulcers and control subjects were
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recruited throughout the study in order to monitor the consistency and 

reproducibility of the m ethod and results.

The control subjects and patient groups show m any demographic 

differences. W hy was it not possible to recruit age-, sex- and socially 

m atched  controls? This study was perform ed alongside the normal 

diagnostic w ork of a busy endoscopy department. The subjects recruited 

reflect the patient load of the department. It was not thought ethical to 

endoscope healthy volunteers as control subjects. Interim  analysis 

suggested that differences in age, sex and social habits were not reflected in 

the results of iPGE2  synthesis. Efforts were made to recruit from those 

subject groups under-represented in the control and ulcer groups but this 

was not completely successful. It remains a criticism of the study design that 

the control and ulcer groups are not matched. However analysis of the 

results according to demographic differences suggests that this mis-match 

does not explain the differences in iPGE2  synthesis found.

Histological analysis of samples

It was always the intention in producing this thesis to consider iPGE2  

synthesis in the light of histological changes. However, collection of paired 

histological samples is incomplete. This failing occurred for two reasons. A 

complete collection of biopsies was not possible in all patients. A full set of 

biopsies consisted of two from each of up to five sites (second part of 

duodenum , near to and remote from any abnormality in the duodenal bulb, 

antrum  and oesophagus). When, for reasons of shortage of time or patient 

distress, the num ber of biopsies had to be curtailed, samples for iPGE2  

synthesis (the prime purpose of the study) took precedence over collection 

of samples for histological analysis. This was especially true for the second
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part of the duodenum , antrum  and oesophagus. The second reason was 

laboratory-based. Initial studies suggested that post-PG-synthesis biopsies 

w ere still suitable for histological analysis. For a period of the study, 

therefore, parallel biopsies were not taken for histology. Subsequent 

histochemical analysis unfortunately showed that post-PG-synthesis 

biopsies were not suitable for study, and collection of parallel biopsies was 

restarted. In the interval between these two decisions approximately 1 0 0  

subjects were recruited and their histology is not available. However, 

sufficient histological samples were taken to perm it analysis and correlation 

w ith iPGE2  results.

D uring the course of the study (1984-1987) the understanding of the possible 

importance of Helicobacter pylori increased. Unfortunately it was not 

possible to review the histology to look for any correlation between iPGE2  

synthesis and the presence of Helicobacter pylori.

Cysteamine duodenal ulcer model in the rat

The use of such models and the extrapolation of results to the hum an 

condition has m any problems which are discussed in Chapter 8 . An 

additional criticism, of the study described in this thesis, is the lack of ultra- 

structural analysis of the mucosa. Changes of iPGE2  synthesis have been 

found which precede, chronologically, changes at the light microscopy level. 

This does not, of course, exclude the possibility that electron microscopy 

might find changes which precede the biochemical ones.
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H y p o th esis  proved?

The original hypothesis of this thesis had 3 components:

That there m ight be a deficiency of mucosal PGE2  in patients w ith 

duodenal ulcer disease.

That such a deficiency might be one of the factors which encourage 

ulceration.

That a persistence of the deficiency might be one of the factors which 

lead to ulcer relapse.

The results of this thesis suggest, using an in vitro method of assessing the 

mucosal synthesis of iPGE2 , that there is a deficiency of PGE2 . However, it is 

an obvious truism  that an in vitro method is not an in vivo method, and that 

the results of an in vitro study, no m atter how carefully performed, may not 

truly mimic the in vivo situation. The physiological and biochemical 

characteristics of PG synthesis make it likely that, for the foreseeable future, 

an in vivo m ethod will not be forthcoming and that a carefully perform ed in 

vitro method will be the best estimate of mucosal performance. With that 

proviso, this thesis suggests that there is a deficiency of PG synthesis which 

persists after healing. W hether this deficiency is of prime, secondary or 

little importance in the relapse of duodenal ulceration is not proven. 

Experience in animals used to raise anti-PG antibodies in high titre suggests 

that a pure deficiency of PGs is enough to initiate ulcerogenesis (Olson et al 

1985; Redfern et al 1987). However antibodies have not been found in man 

(Redfern and Feldman 1986), and the use of potent anti-PG NSAIDs is not
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universally associated w ith gastro-duodenal ulceration, although the 

incidence m ay be high (Lanza 1986; Ehsanullah et al 1988).

The hypothesis can be said to be only partially proven; there is a deficiency 

as far as can be assessed with in vitro methodology but it is, at most, only one 

factor in a complex multifactorial disease.

H aw key and Rampton (1985) suggest, in their major review of the 

importance of PGs in gastro-intestinal disease, that five postulates need to be 

satisfied to implicate endogenous synthesis of a PG in a functional change 

(see Table 9.1)

Table 9.1 Proof required to implicate deficient endogenous synthesis 

of a PG in a functional change (adapted from Hawkey and Rampton 1985)

1 . The organ concerned m ust synthesise significant amounts of the PG.

2. Development of the functional change should be associated w ith a 

decrease in the synthesis of the PG.

3. Inhibitors of PG synthesis should produce or enhance the functional 

change.

4. Exogenous application of the PG should prevent or reduce the 

functional change.

5. M anoeuvres that cause enhanced endogenous synthesis of the PG 

should prevent or reduce the functional change.
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This thesis directly addresses only points one and two in the above Table. It 

has confirmed that the duodenum  can synthesise significant am ounts of 

iPGE2  in health and suggests that development of a duodenal ulcer is 

associated w ith a reduction in synthesis of iPGE2 - The thesis does not 

directly address the other points, but these are extensively discussed in the 

relevant chapters. The results of this thesis add weight to the suggestion 

that a decrease in the ability to synthesise PGE2  (and possibly other PGs) is 

one of the factors which m ay lead to duodenal ulcerogenesis and relapse of 

duodenal ulceration after treatm ent.
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A p p e n d ix

Table of abbreviations

Measurements

n m n an o m etre
m m m illim etre N
cm centim etre
m m etre m in

m l m illilitre
1 litre PO

SC
n S n an o g ram IM
Pg picogram IV
Pg m icrogram
m g m illig ram
g gram

M m olar 
m M  m illim o le  
jaM m icrom ole 
nM  n anom ole

Chemicals

iPGE2  

PG 
TX 
LT 
HC1 
N aCl 
N aH C 0 3

Reagents

Tris
Krebs' solution 
PAS 
H&E

Procedures

Endoscopy O esophago-gastro-duodenoscopy

im m unoreactive-PG E 2  

prostag landin  
throm boxane 
leuko triene  
hydrochloric acid 
sodium  chloride 
sodium  bicarbonate

tris buffer (see methods) 
Krebs' buffer (see methods) 
periodic acid-Schiff reagent 
haem atoxylin and eosin

N orm al

m in u te

per-orally 
subcutaneously 
in tram uscu larly  
in travenously
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Consent Form

CONSENT FORM FOR ADDITIONAL BIOPSIES AT ENDOSCOPY.

I consent to the taking of additional biopsies during my diagnostic 

endoscopy.

I understand that these biopsies will be used purely for research purposes. 

The technique of endoscopic biopsies has been explained to me.

Patient

Doctor



Patient Data Entry Form

UPPER GI PGE2 GENERATION

Name: Hosp No: Code:

DOB:

DIAGNOSIS 1. NAD NUD or Other:
2. Oesophagitis
3. GU Active/healed
4. DU Active /healed
5. Others

PREVIOUS BIOPSY Y /N  Date: Code:

Smoker CPD Alcohol U /day NSAID Y /N

TREATMENT (A) PREVIOUS

(B) CURRENT 1. Nil 2. AA, AcChol, Met.
3. Bismuth
4. PG 5 Cimetidine/Ranitidine: Dose-
6. Others

(C) REASON 1. Trial Y /N
2. Healing/Commencement
3. MT

SAMPLE LOCATION Wt BIOPSY mg pgPGE2 /mg COMMENT

Oesophagus 1.
2.
3.
4.

Antrum 1.
2.
3.
4.

Duodenum 1.
2.
3.
4.

COMMENT:
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Appendices in inside back cover pocket

The following appendices were not available or not suitable for binding into 

the m ain  volum e:

Published article based on work in the thesis

S Pugh, SE Williams, MR Lewin, M Ishaque, TP Barton, K Bose, KD 

Bardhan and CG Clark. Duodenal and antral mucosal prostaglandin E2  

synthesis in a study of normal subjects and all stages of duodenal ulcer 

disease treated by H 2  receptor antagonists. Gut 1989; 30 (2): 161-5.

Ethical approval from University College Hospital Ethical Committee

Home Office Licence for animal experimentation
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Human raw data - patient demography and iPGE2

To save space the data and headings have been condensed.

U nder Number has been listed the centre of recruitm ent (U =U niversity 
College Hospital, R=Rotherham District General Hospital). The patient's 
study num ber follows (at Rotherham  further sampling of the same patient 
is indicated by decimal places thus: 2 , 2 .1 , 2 . 2  etc.).

Age is the age at time of recruitm ent in years.

Diag. indicates endoscopic diagnosis. Normal - no abnormality, DU - 
duodenal ulcer, GU - gastric ulcer, O ’itis - Oesophagitis, G'itis - gastritis, 
D'itis - duodenitis, OGD'itis - oesophago-gastro-duodenitis, O ca - 
oesophageal cancer, Ca - gastric cancer

H ’d? indicates state of healing of the diagnosed lesion . Y - completely 
healed, N - active disease.

Rx + NSAID lists ulcer treatm ent and NSAID usage, indicated as follows: 
H2,C - cimetidine, H2,R - ranitidine, Enp - enprostil, Rio - risoprostil, Miso 
- misoprostol, Roter - Roter tabs (bismuth subnitrate), Carb - 
carbenoxolone, V+P - vagotom y and pyloroplasty.

Y- Patient has taken a NSAID in previous 3 days, N - no NSAID taken.

Cpd - numbers of cigarettes smoked per day and Au/d - W HO units of 
alcohol consumed per day (5g alcohol equivalent to 1 unit).

The iPGE2  results are detailed by anatomical site and disease status.

ON - normal oesophagus, OD - diseased oesophagus, AN - normal antrum, 
AD - diseased antrum , DN - norm al duodenum, DD - diseased duodenum  
and IIDN - normal second part of duodenum . The results are expressed as 
pg iPGE2  m g -1 of tissue.

Blanks indicate data not available.

277.



P
at

ie
nt

 
da

ta
, 

de
m

og
ra

ph
y 

an
d 

pr
os

ta
gl

an
di

n 
re

su
lt

s
m t> in O n O  O n ON
i n d d T— 1 O i n  in m
oi 0 0 VO O' VO in tj- ■'t

Z
Q ' 3 - o i i n o o o r 4 o o o o '  O '  O '  on O '

0 4  o  04 ^o
04 04  04  rH rH rH rH rH rH  r—i x— I t— I rH

00
04 ^  O '  ■'cO Tt tj- th O' t}-O' 01

V O oo
N  CO M  f '  N  
O  N  O  \ 0  Nf

Q
<

Tj- 00
dOl

00 O l
CO  rH
<N  ON

Q
O

zo

O n 04
0 4 O ' rH i n o CO ON rH 00 O n O n VO o o cn rH 0 4 oi 01 01 O' Ov in O n 00 O N 0 0 in
>n O N O' O ' ■'Cf o ’'t ■'Ct 00 m  oi o in rH CO 04 04 o O' 00 rH vo o tj- T— 1
T— 1 rH rH rH rH rH rH X— 1 rH rH rH rH rH rH rH rH 04 rH rH t—H rH

04 O n O^ 00 ON ©
d 00 00 ON vd i n
■̂ f 0 4 04 VO ■'3- VO

in O'; ■'t 00 q o\ q
rH 00 oi o O' o ■̂ t 0 4 00 00 d O' in o O n rH o d in in i—i 0 0
oi ON vo CO »n 04 O' i n O m O' VO O' rj- o O' in O' vo ■̂ t vo o o ON
04 rH rH rH rH rH rH rH t-H rH 04 rH 04 rH rH

9
<
■OO.
U

-a
esce
55
+X
05

Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z

o O ^ < D O r N O O t ) o a J r N i > 1* 1) L ) 4̂ 1)1>1>1>1)4)1* 4̂ 9̂ 1) a> oa „ c c „ c a c c c ^ g c g  ^ c c a c e c c c c c c c i H C C
O  N  o  O  c 4 O  O  O  O  O  c4  O  O  O  ( s j O O O O O O O O O O O g O O

e-T3
a

0A
es

N Y z z Z N N Y Z z z  z  z £ z N N N Y N N

ca CS ca ca ca cd ca ca
r—H
ca

tSl c/) a 6 £ c/3 C/3 6 a C/3 a a  e« e ( /i a (Z5
• r* ’•£ i-i l-H *-H H-H H-» I-i l-H l-H tr p U t 4-H l-H V3
-- p IT* p o P O O • -  r *  P P O O IT* o o p - O o  p P  r - P  P  P  P

o  o o O  Z Q  Z  Z  O  Q  Q Q  Z  Z  Q Z z o o £ O  Z  Q Q  O O  Q  O  O

XV
CO

<U
©A
<

inv000r' '040'00v00NOC' '0i0'V0'>a-,<frC' '000i00inin04i004inv0ON04 
T j - i o  V O ^ f V O  O  M  Nt  m  VO m  01 04 O '  ^0 ' t m v O t n M ^ ' O ' O n ^ M f ' N ' t ^

u4>
A
s
9
55

O H N c f ) ' t \ o > o o o N O H M f n ^ i o r ' 0 0 o \ OH 
h  n  m  "a- m  \o h  o o  o n  h  h  '— i rH t— i t-h r H r H r H 0 4  0 4  04 04  04 04 c 4  0 4  o 4 o i r < i

p p p p p p p p p p p p p p p p p p p p p p p p p p p p p

27
8.



Q
e

z
Q

Q
<

Z
<

co

S5
O

q i-H e s S" in cq o
o o s cd 00 O^ S ' o
00 e s S ' CO vo X >n

t> o CO CO x q o co rH CO X q q O S •S e s in q S ’ Os Os
i> e s rH 00 uo 00 CO o VO •0" 00 o s X id o Os •O’ e s T--1 d Os VO e s I> o vd
vo o~ vo VO o~ O ' S ’ e s X •O' CO X in CO X rH O ' o Os in S VO i-H ov CO X Os

rH rH i-H rH rH rH

rH i-H O-; S ’ rH o~
cd Os S ’ S ’ ed id
m •o- m so in in

o wo q o o X i> X q o
vo O 00 vd in CO vo e s o X i-H O ' vo e s •O' ■O- CO Os S ’ id i-H Os S" X Os Os Os
vo S ’ e s 0 0 e s T—1 i-H 0 0 X o CO rH CO O ' Os o o e s X X o Os o o o i-H O

i-H T—I rH T—t rH rH rH rH rH rH i-H rH rH rH rH rH rH

X o o o
0 0 e s S ’ 0 0 o^ vo
X X CO O ' S ’ in

rH

in 0 0 in o o CO •o- in Os s - e s q Os
Os Ov S ' 0 0 e s •o- cd •O’ id Os Os 0 0 S ’ id O ' vo •O’ vd e s
vo •O’ e s vo S ’ vo o> CO •O’ o in so rH Os CO SO VO Os CO

s

■aa.
U

-a
5
z
+

£

Z Z Z Z Z Z Z Z Z Z Z ^ Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
n  u « ( Ui u l ^ i u i u i DUf Ui Uf UDua i Da j a j Qr j P^ P^ CJ QWWDd)
, c , “ a c c ! : c a c c c c c c c c c a f j X ,  - c c c a
(Mo o c o o o o o o o o o o o o o o o o  cg r g e se se s e so o o o
X Z > f < n Z Z P d Z Z Z Z Z Z Z Z Z Z Z Z Z X X i H X X Z Z Z Z Z

"a
S3

Z Z Z Z Z Z Z Z  Z > Z > * > ' > ' > * Z Z Z Z

0X3es
cd ca 
6  6

p p p p p o D P P o o r, P o O P P P P P P P P P - -
Q Q Q Q Q ^ Q Q Q Z ^ U O O O O O O O Z O Q Q Q O Q Q O Q O O

xa>C/3

a>
OX)
<

X

-a -

a S 
a s
< 55

voininxcoesvox'O’ invoosrHO'OsesininxosxcorH-o-os "d- vo o ov vo o i o x f i o N d ’ ' Oi nM,d ,t i n t ^T) d - vo ' t ^O' omc nc^ i ox f x f \ oMr ^ \ £ ) ,t ' ^ w

co (ciod-ic)io>ninic)ioioio^\0 '0 '0 \o^'0 '0 '0 ' 0  O' o* o~ o- ts O' o- o- O'

p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p p

27
9.



R
x+

N
sa

id
 

Cp
d 

A
u/

d 
ON

 
OD

 
AN

 
AD

 
DN

 
DD

 
II

D

m

1 0  00 00 IO
l> NO in XTt- r- o in

q

■*t
Os

CO

NO T f q 0 0 rH i n c d "d- so C d o

NO m 0 0 rH c n ON "d- o CN NO NO n i ON o ON C d o NO o i n i n o NO rH
o ■^t (N NO (S) O'! <N CN o 0 0 0 0 NO rH rH C d NO o 0 0 r - o NO ON 0 0 i n
rH rH rH rH rH rH rH rH rH T—1 rH T--1 rH rH

o rH NO o NO o o sq q

0 0 0 0 i n 0 0 0 0 l > i n rH rH
t" - NO t " i n i n C d NO c - O n o

rH rH

'O- rH 'O ’ 0 0 i n o q

o NO rH NO rH rH NO rH r n ■<t ON o C d NO ON i n m '0 - 0 0 0 0 m o T f i n
i n •'Cj- "0" O n i n rH t" - rH c n o NO rH o o NO o Cd i n rH ON c n m

rH T—I rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH

SO

Os
nim

O so >n
O s  M  f C

O n q
C O  \ 6  O  rH 
C O  N O  M  NO

q o  q 
o o  o  1 0
N O  N O  o o

so m O <N C O  ( O  O  O N  C O  
^  C O  N  O  C O

h  O  CO 
CN O  H H Ol

ON  O n
00  rH

CO
SO

q  o  r j  ^ ^ w l ^ c u c u l ^ Q p ^ r j r j  <l> <d <D <u 04 O D i u o c D r j  o  n  o> <D <L)
 ̂ c « c ^ g g c g g  ^C - C c cr̂ O r j OOOo OOo  Cj mcNmOOOO { \ ) OOOOOcqOcnOOO

X Z X Z Z Z & Z Z & X X X X Z Z Z Z X Z i Z ^ Z Z S Z K Z Z Z

■o >■< £  £  > < z z > < Z Z Z Z > <  £  £  ><

on
a

ca CQ
e CA a

h—» Vh
O IT* [D ca °
fc o Q U £

ca ca
a a

D
Q

X43
C/3

4>
00
<

COMc OOi Nf h^hNOONOi OhONOi Ai i OOi OHCOHh^NNf ^ i n^ i ninxNomNOt^' iO'^-ininooinininNor^vot^-'^-'^-inNot^' i>ininNOTi-i>'<a-

T3 u
e *
“ aa  0  
a s
<  £

O H N c O t V 3 > 0 0 0 \ 0ONO^Hmcn'<cf inNOt^'OOONO' - inj fn' a- inNor^oNOOOOOOOOO^H 
O  00 0 0  0 0  0 0  0 0  00 0 0  00 0 0  00 On  On On O n  On  O n  O n  O n  rH rH  rH h  rH rH rH  r-i r-i t— i

28
0.



A
pp

en
di

x
N

u
m

b
er

 
A

ge
 

Se
x 

D
ia

g.
 

H
’d

? 
Rx

 + 
N

sa
id

 
Cp

d 
A

u/
d 

ON
 

OD
 

AN
 

AD
 

DN
 

DD
 

II
D

O n

CO
O s
O n

C"C"
i-H O'

i n  00  NO C O  
^  i o  m  NO

CO

co
On o On

Nt t  m
On ^  O  rf rj- in

co
r)- r j- O - i- h i t
c o  NO o  o  o

o o o rH CO
CO 00 NO 00
i > i-H

t-H
NO ON O n

CO CO N t O n h

00 in O' ,d‘ O'
O n » n  O ' O n O '

NO
ON

no <n o  co
cs
ON
O n

O n

NO
CO

COocs
CO ON 
Ol 00 
CO l-H

o 00 i> ■'t
O n O' CO ■'0- CO rH NO o  n o tH  CO r H  t
O n tH  O 00 rH NO CO 0 0  rH 0 0  ON O  00

rH rH rH rH rH i— 1 i-H i-H

00 rH q o  cii Ht
NO o CO n o  n o
CO N O m Tt NO NO

i-H q O o  o o  no o

NO 0 0 l >  C ^  00 • n
NO O n n t O '  i n  O' H t

r H i - H O O O i - H C O O O i - H O O  o o o o o o o o o o o o o o o

O O O O O O O O O O O O O  0 0 0 0 0 0 0 0 0 0 0 0 0 >OUO
h  fN | ( N r H O J  O l  ( N l -H

U O O O U O O p ^ f t n  u OC_) l >Dp! 5D4) OO( DOOl >OOa J U0^  DUO)c c a a c e c  „ „ c „  ̂ c c ^ c a c c e c e c e c i a r t  „ c c c
O  O  O  O  O  O  O  (nj O  OJ O  O  {nj O O O O O O O O O O O O  o o o

Z Z Z > *  >£<Z>* >* Z Z  >* Z Z Z Z £  £  £  £ ^  5? £  £

ca ca ca ca ca ca ca
£ £ 6 ca CA £ CA B CA £ £O o Uh «-i l-H •p l-H l-H l-H l-H

co ca ca P o ca ca P p P  P P o o P 1 IT 1 ca o IT" o IT 1 p ca ca O o oU U U Q Z U o o Q Q O Q Z Z O o o U Z o z o Q U U Z Z Q P
Q

a i O O O N O N h C O O N C O O l c O C O  H N O ' O i O M O O c O W c O N H i O ' t O O O ^  O  0 0  o  ^i-NOLocoi-HNninNo-^-t^'^tTfo)cNr^c^'^0'i^'NoONi^^ruocONoo4r4Nnr}-Lo

rH CO i n NO o 00 ON o i—1 (N CO i n NO O ' 00 ON o i-H <N CO r f i n NO O ' 00 O n o rH
rH i-H i-H i-H i-H i-H i-H tH rH (N (N (N <N 0-1 (N CN Cl) CO CO CO CO CO cO CO CO CO CO T f H t
rH i-H i-H i-H i-H i-H i-H i-H rH l-H i-H rH t-H rH l-H rH i-H i-H i-H i-H rH rH rH i-H l-H l-H rH i-H i-H i-H i-H

P P P P P P P P P D P P P P P P P P P P P P P P P P P P  P  P P

28
1.



Rx
 + 

N
sa

id
 

Cp
d 

A
u/

d 
ON

 
OD

 
AN

 
AD

 
DN

 
DD

 
II

D VOo O ON y—Io  o  o
VO
cdOX OXin

m vo O’ m on o- vo On t-H On O’
oo in oo t- h  co 00 O VO ONo O’ in 't vo ^ 00 OX VO O ox

ox CO CO in on 00 00 00 O’
in in o On o1 r- in vd ox vd m VOo\ 00 o\ O oo On t-H OX i> o  t> o o-

t- h t-H t— i t- h

Ono t-H O'; 00 O'- ô O’ COcO o- ô CO
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Patient histology results - raw data

(No. - patien t num ber, Site; B - background, U - ulcer, G C n - goblet cell 
num ber per villus, G Cpas - goblet cell PAS-positivity grade, VAt - v illu s  
w idth (microns), CCht - colum nar cell height (microns), ECpas - ep ithelial 
b rush  border PAS-positivity thickness (microns), C Inf - inflam m atory cell 
infiltration grade, G m et - gastric metaplasia grade, Eros - erosion grade.)

N o . S ite G C n G C p a s V A t C C h t E C p a s C I n f G m e t E ros

U2 B 0 l 65 12 15 3 . 4 l
U4 B 12 2 18 7 2 2 2 l
U5 B 0 1 100 6 3 3 1 2
U6 B 4 1 12 6 7 2 1 2
U8 B 5 2 15 7 2 2 2 1
U9 B 1 1 10 4 1 4 1 1
U10 B 8 3 50 12 4 3 3 1
U ll B 3 2 15 8 0 3 1 1
U12 U 3 1 100 7 1 3 2 2
U13 B 6 1 40 5 0 3 1 1
U14 B 0 1 100 4 3 4 2 2
U16 B 0 4 45 9 6 3 4 2
U17 B 5 1 100 5 3 4 3 2
U18 B 2 2 100 4 0 2 1 4
U19 B 5 2 35 7 0 3 1 2
U20 B 5 1 10 5 1 1 1 2
U22 B 7 1 12 5 0 2 1 1
U23 B 3 1 100 4 0 2 1 2
U25 U 1 1 25 4 5 4 3 2
U26 U 2 1 22 7 3 2 3 2
U28 B 2 3 20 6 4 3 4 1
U29 U 0 1 22 7 7 4 4 1
U30 B 7 1 15 7 0 3 1 2
U32 U 2 1 100 6 0 3 1 2
U34 B 4 1 13 4 6 2 3 2
U35 B 3 1 100 5 4 4 3 2
U36 B 6 1 10 4 0 3 1 2
U38 U 0 1 10 6 3 4 3 2
U39 U 4 3 16 6 0 3 1 1
U40 B 2 1 35 7 30 3 4 2
U41 B 7 1 30 10 0 3 1 2
U45 B 10 1 13 5 0 2 1 1
U47 U 0 1 100 4 3 4 4 4
U48 U 0 1 100 4 0 4 1 2
U49 B 10 2 12 7 0 4 1 1
U65 B 0 1 15 5 4 2 4 2
U88 U 6.5 1 11.5 7 10 4 2 2
U89 U 1 2 100 4 12 4 3 2
U90 u 0 1 100 4 2 3 3 2
U93 u 2 3 48 7 0 2 4 2
U94 B 4 1 16 7 0 2 1 1
U95 B 1 2 50 8.5 1 3 2 4
U96 B 4 1 20 5 1 2 1 2
U97 B 3 1 10 4 0 4 1 3
U97 B 8.5 2 33.5 7.5 0 2 1 2
U98 B 3.5 2 7.5 5 0 2 2 3
U99 B 3.5 1 50 7 28 3 3 3
U100 B 10 2 15 15 1 2 1 3
U100 B 1 1 15 7 0 2 1 3
U101 U 0 4 100 4 0 3 4 4
U105 B 8 1 9 5 0 2 1 1
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n  p p c ii u i a

No. Site G C n G C pas VA t

U10 7 B 9 l 45
U108 U 2 2 100
U108 U 0 4 100
U110 B 5 2 12.5
mu U 0 1 60
U114 B 5 2 35
U114 B 15 1 21
U115 B 7 2 27
U118 B 4 1 45
U119 B 7 1 100
U120 U 4 1 10
U124 B 3 1 17
U128 B 3 1 25
U129 B 0 1 100
U131 B 2 1 100
U137 B 4 1 35
U138 U 3 1 100
U138 B 15 2 27
U139 U 0 4 100
U140 B 10 2 25
U140 U 2 0 35
U141 U 2 2 27
U141 u 2 2 25
U141 u 2 2 27
U144 B 2 1 100
U144 B 3 1 27
U145 U 0 1 100
U147 B 4 2 30
U147 U 0 4 45
U148 B 2 0 77
U149 U 8 1 27
U152 u 2 1 37
U154 u 0 1 100
U154
U154

B
B

5
5 1

34
25

U157 B 9 1 22
U157 U 0 1 100
U159 B 4 1 22

R1
R3

U
u

4
10 1

43
25

R4 u 12 1 42
R7
R8

B
B

16
3 1

65
44

R9 B 5 1 30
RIO B 13 1 40
R ll B 10 1 55
R12
R13

B
B

3
10 1

52
40

R14 U 5 1 80
R15 B 6 1 40
R16 B 7 1 35
R17 B 12 2 58
R18 B 7 1 22
R19 B 14 2 67
R20 B 24 2 60
R21 B 3 2 26
R22 B 7 1 19
R23 B 1 1 55
R24 B 12 1 40

C C ht EC pas C In f Cm et Eros

7 0 2 1 3
16 0 2 2 3

0 10 4 4 4
6 7 1 2 1
7 6 2 1 1
6 3 4 1 1
7 0 2 1 1

10 0 3 1 1
4 0 2 1 2
4 0 4 1 2
2 17 3 4 2

10 10 3 3 1
7 0 4 1 4

10 1 2 1 2
16 0 4 1 2
10 0 2 1 4
13 0 3 1 2
5 0 3 1 1
0 17 4 4 4

17 4 3 2 1
14 13 4 4 4
7 3 3 2 2
6 0 2 2 2

17 3 2 2 1
8 1 4 1 1

15 0 3 1 1
15 0 4 1 4
12 4 4 2 1
45 15 4 4 2

7 0 4 2 1
10 0 2 1 1
12 5 4 3 4
17 17 2 1 1
17 3 2 2 2
12 0 4 1 1
15 4 2 2 1
0 0 4 4 4

12 0 4 1 1

30 24 4 2 3
15 0 4 1 1
12 0 1 1 1
16 3 1 1 1
7 2 4 2 3

10 0 1 1 1
10 0 1 1 1
12 0 1 1 1
14 0 1 1 1
10 2 2 1 1
7 6 4 3 1
7 4 4 2 2

17 0 2 1 2
17 0 2 1 2
11 0 1 1 2
17 0 1 1 2
22 0 1 1 2

9 0 2 1 2
7 3 2 1 3

12 0 2 1 2
7 0 2 1 2
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/ \ p p e n u i x

No. Site G C n G C pas V A t C C ht EC pas C In f Cm et Ero

R25
R26

B
U

14
2

1 43
85

26
7

5
2

2
4

1
2

1

R27
R29

B
B

7
6

1 43
40

12
9

4
0

4
2

2
1

1

R30 B 3 1 38 20 2 2 2
R31 B 5 1 46 17 0 2 1 1
R32 U 4 1 40 10 0 2 2 1
R32 B 3 1 100 25 7 4 3 1
R34 B 0 1 80 30 15 2 3
R35 B 16 1 72 7 0 2 1 1
R36
R38

U
B

2
3

90
40

17
8

10
0

4
1

3
1

1

R39 B 6 1 51 13 0 1 1 1
R41
R42

B
U

7
11

1 47
46

12
7

1
0

1
2

1
1

1

R42 B 19 37 5 5 3 1 1
R44 B 2 1 100 15 6 4 2 1
R45 B 2 1 50 15 1 2 2
R46 U 0 1 72 15 4 4 3 1
R47 u 0 1 78 15 4 2 4 1
R48 B 15 80 17 5 4 2 1
R49 U 5 1 65 20 7 2 2 1
R49 B 15 35 4 10 2 2 1
R50 B 4 1 42 5 0 2 1 l
R51 B 7 1 45 10 1 1 2 1
R52 B 0 100 7 2 1 2 1
R52 B 0 100 7 2 1 2 1
R53 B 0 1 85 7 5 2 3 1
R54 B 0 1 100 32 5 2 4 l
R55 B 0 1 68 12 7 1 4 1
R56 B 0 1 100 13 5 2 3 1
R57 B 9 1 67 11 3 2 2 2
R61 B 8 1 43 7 0 1 1 3
R62 B 8 1 35 8 5 1 2 3
R63 B 14 1 28 7 0 1 1 1
R64 B 10 1 50 8 0 1 1 1
R65 B 8 1 46 10 0 2 1 3
R66 U 2 1 39 7 0 1 1 2
R67 B 8 1 31 12 7 1 2 1
R68 B 4 1 28 7 0 2 1 1
R70 B 4 1 35 7 0 1 1 3
R73 B 14 1 31 7 3 2 2 1
R74 B 9 1 40 7 0 1 1 2
R75 B 22 52 8 0 2 1 1
R76 B 6 1 33 5 1 3 2 1
R77 U 23 1 34 7 0 1 1 1
R78 B 10 1 23 10 2 3 2 1
R80 U 0 1 85 8 2 4 1 3
R81 B 4 2 70 9 0 3 1 3
R83 U 4 3 35 5 0 4 1 4
R85 U 3 3 55 13 2 4 2 2
R86 B 8 2 40 12 7 3 2 2
R87 B 11 3 32 5 6 4 3 2
R90 B 7 1 22 5 0 2 1 2
R91 B 12 1 35 9 1 3 2 2
R92 U 0 1 80 10 3 4 3 2
R93 B 10 1 32 6 0 2 1 1
R94 B 12 1 48 5 0 2 1 1
R95 B 11 1 28 4 0 1 1 1
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J,

Animal raw data 

Key
Code - Animal group and number, D esc. - description of macroscopic appearance of 
duodenum, Cont - control group, N one - no ulceration present, Early - early ulceration 
present, Ulcer - established ulcer present, iPGE2n - iPGE2 synthesis at biopsy site near 
ulcer, iPGE2r - iPGE2 synthesis at biopsy site in distal duodenum (remote from ulcer), Vase 
- damage to vessels grade, Villi - damage to villi grade, Epi.C - damage to epithelial 
cells grade, Infilt - grade of infiltration of inflammatory cells, Ulcer - histological grade 
of ulceration, and Total - total score of grades.

Code Desc. iPGE2n iPGE2r Vase V illi Epi.C In filt U lcer Tota

1 . 1  Cont 169 180 2 2 2 2 1 9
1 . 2  Cont 1 1 2 154 2 1 1 1 1 6

1.3 Cont 104 170 2 2 2 1 1 8

1.4 Cont 196 127 1 1 1 1 1 5
1.5 Cont 129 158 3 2 2 3 1 2

1 . 6  Cont 196 184 2 2 2 2 1 9
1.7 Cont 155 177 2 1 1 1 1 6

1 . 8  Cont 107 109 2 3 3 3 14
1.9 Cont 185 151 1 1 1 1 1 5
1 . 1 0  Cont 186 138 2 2 2 3 1 1 0

2.1 N one 106 116 1 1 1 1 1 5
2.2 N one 90.7 113 2 2 2 2 1 9
2.3 N one 80.8 89.1 1 2 2 2 1 8

2.4 N one 72.8 98.8 2 2 3 2 2 1 1

2.5 N one 92.7 106 2 2 2 2 2 1 0

2.6 N one 51.5 114 3 3 3 4 2 15
2.7 N one 109 87.3 3 3 3 3 2 14
2.8 N one 62.0 107 2 2 2 2 2 1 0

2.9 N one 89.0 1 2 0 3 2 3 3 2 13
2.10 N one 88.5 114 2 1 1 2 1 7

3.1 Early 65.7 75.6 3 3 3 3 3 15
3.2 Early 64.3 81.5 3 3 3 2 2 13
3.3 Early 49.3 47.9 4 3 4 4 3 18
3.4 Ulcer 59.4 45.6 2 2 2 3 1 1 0

3.5 Ulcer 66.3 91.7 3 4 4 3 3 17
3.6 Ulcer 6 6 . 8 72.1 2 3 3 2 2 1 2

3.7 Ulcer 71.1 8 6 . 6 3 3 3 3 2 14
3.8 Ulcer 29.7 67.0 3 3 3 3 3 15
3.9 Ulcer 46.1 84.2 3 4 4 3 3 17
3.10 Ulcer 44.3 73.6 3 3 3 4 2 15

4.1 Early 71.8 64.5 3 2 2 2 1 1 0

4.2 Ulcer 20.9 61.1 4 4 4 4 4 2 0

4.3 Early 59.8 8 6 . 1 3 4 4 3 3 17
4.4 Ulcer 35.7 64.4 4 4 4 4 4 2 0

4.5 Early 75.8 82.3 3 3 3 3 3 15
4.6 Early 62.0 71.6 4 3 3 4 3 17
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