
ABSTRACT

Inflammatory changes found in the duodenal bulb in
the absence of any specific disease or duodenal
ulceration has been termed non-specific duodenitis (NSD).
Controversy exists about the nature of NSD and its
relationship to duodenal ulcer. This thesis examines
the clinical, endoscopic and mucosal biopsy features of
NSD, which has been defined on the basis of endoscopic
appearances and graded into mild and severe categories.

Mild and severe NSD have been found to be separate
entities. Severe NSD and duodenal ulcer patients were
shown to have similar clinical features and gastric acid
secretory capacity. Visually inflamed areas of the
duodenal bulb in severe NSD and duodenal ulcer showed
similar mucosal architectural changes and inflammatory
cellular infiltrate. It is proposed that severe NSD and
duodenal ulcer are part of the same disease process.
Findings suggest that the primary damage occurs to the
villus epithelial cells, with secondary increase in
epithelial cell proliferation in the crypts. These
studies also highlight the possible role of neutrophils
in tissue damage. Mucosal changes in severe NSD and
duodenal ulcer are probably characteristic of these
conditions, since duodenal mucosa in groups of patients
with coeliac disease, Crohn's disease and patients who
had had cytotoxic drugs did not show similar changes.

Mild NSD patients did not show any abnormality in
mucosal architecture or cellular infiltrate. The
clinical features of this group of patients were
different from those with severe NSD, but similar to a
group of patients with irritable bowel syndrome. It is
proposed that mild NSD represents motility disorder of
the upper G.I. tract, with the endoscopic findings
being part of the spectrum of manifestations.
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CHAPTER ONE

OBJECTIVES AND GENERAL

OUTLINE OF THIS THESIS



INTRODUCTION

The duodenal bulb lies between the stomach and the

ampulla of Vater. As a result, the mucosa is exposed to

a wide variety of luminal substances including ingested

food, gastric hydrochloric acid and pepsin, pancreatic

juice and bile. Although many of these luminal

substances are potentially injurious to the mucosa, in

most people the duodenal bulb remains apparently unharmed.

There are however certain circumstances in which

acute inflammation of the duodenal bulb, duodenitis, does

occur. Duodenitis may be found in gastrointestinal

infections, Crohn's disease, generalized septicaemia and

diseases of adjacent organs such as the pancreas. In

many patients, the inflammatory changes are confined to

the duodenal bulb, and often occur in association with

duodenal ulcers - ulcer associated duodenitis. However

there are some patients in whom definite changes of

inflammation, with mucosal spelling, redness, bleeding

and erosions occur in the absence of a discrete duodenal

ulcer. Only since fiberoptic endoscopy has become widely

used has it been appreciated that such patients are

commonly found in clinical practice. The condition has

been termed "non-specific duodenitis", and is the subject

of this thesis.



OBJECTIVE OF THIS THESIS

The questions which I hope to answer with the

studies described in this thesis are the following:

1. Is non-specific duodenitis a stage in chronic

duodenal ulcer disease - i.e. are they in fact part

of the same diathesis, or distinct and separate

disease entities?

2. How extensive is duodenal inflammation in non¬

specific duodenitis?

3. Does the inflammation of non-specific duodenitis

respond to treatment with drugs, such as Cimetidine,

known to be effective in healing duodenal ulcers?

4. At the end of the first phase of study it became

clear that a group of features characterized both

non-specific and ulcer-associated duodenitis. Are

these features specific for these conditions, and

can they be distinguished from duodenal mucosal

changes occurring in other diseases involving the

duodenum such as Crohn's disease and coeliac disease

All of these questions have been approached by

detailed study of endoscopically obtained mucosal

biopsies, and for the first question by comparing and

contrasting the clinical features and gastric acid

secretory capacity of patients with duodenal ulcer and

with non-specific duodenitis.
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Definition of duodenitis

Duodenitis can be defined by the recognition of

visual features of inflammation at endoscopy, on the

basis of radiological appearances of the duodenal bulb,

or by the presence of certain histological features.

Before the introduction of contrast techniques in X-ray,

the diagnosis of duodenitis could only be made at

operation or post mortem. Since barium contrast studies

of the upper gastrointestinal tract were introduced into

clinical practice in the 1930s, certain radiological

features have been described as characteristic of

duodenitis. It has later been found that in most cases

these features are due to an associated ulcer which was

not seen at radiology.

The advent of fiberoptic endoscopy has made possible

direct observation of the proximal duodenum. This

revolutionized the diagnosis of duodenitis. Not only can

the visual features of inflammation be readily recognised

at endoscopy but it is also possible to take biopsies

from specified areas for histopathological correlation.

The presence of an associated ulcer can now be excluded

with virtual certainty. Thus for the purpose of this

thesis, I have defined duodenitis by the visual features

of inflammation, recognizable at endoscopy. These

features include swelling, erythema, spontaneous or

contact bleeding and erosions.



PLAN OF THE THESIS

Non-specific duodenitis remains an area of great

controversy. The main argument evolves around the

question as to whether non-specific duodenitis is a

stage in duodenal ulcer disease or a separate entity in

its own right. It has therefore been necessary, in

critically reviewing previous publications on non¬

specific duodenitis, to carry out a similar review of

duodenal ulcer, and to bring together the facts that are

known about the relationships between the two. These

subjects are covered in Chapter Two.

The methods used in this thesis are described in

Chapters Three and Four, and in Chapter Four I have

brought together details of assessment of new techniques,

development of methods etc, although these were performed

throughout the whole period of the study.

The clinical section, in Chapter Five, concerns

general features of history and clinical examination, and

gastric acid secretory capacity, in patients with non¬

specific duodenitis and duodenal ulcer.

Studies of the mucosal architecture - villus and

crypt shapes and sizes, and crypt mitotic activity, were

performed using scanning electron microscopy, a micro¬

dissection technique and assay of tissue thymidine kinase.

Results of these experiments are described in Chapters

Six to Nine. Detailed analysis of the lamina propria and

intraepithelial inflammatory cellular infiltrate are

reported in Chapters 10 and 11. Since it appeared that
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the neutrophil polymorph was central to duodenitis, I

carried out a small study by immunofluorescence, to look

for evidence of immune complex deposition as the possible

stimulus to polymorph migration - as described in

Chapter 12.

Although not central to the study of non-specific

duodenitis, I have included the results of a study in

which the changes at the edge of a discrete duodenal

ulcer were compared with the mucosal changes in ulcer-

associated duodenitis - since there is controversy as to

whether ulceration is due to reduced epithelial cell

production in the crypts or not (Chapter 13).

In the last sections of the thesis, the specificity

of the changes observed for ulcer-associated and non¬

specific duodenitis are examined by comparison with

duodenal mucosal abnormalities in other small bowel

diseases (Chapter 14). The detailed discussion of the

relevance of the findings to the hypothesis that severe

non-specific duodenitis and duodenal ulcer are the same

disease, are discussed in the final chapter, 15.



CHAPTER TWO

HISTORICAL REVIEW OF NON-SPECIFIC

DUODENITIS AND DUODENAL ULCER
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INTRODUCTION

Importance of dyspepsia and non-specific duodenitis (NSD):

A significant proportion of the adult population

complains of dyspepsia. In one study in the United

Kingdom, about 30 per cent of adults had this complaint

at some time over a five year period (Doll et al, 1951) .

Only a small proportion of people suffering from

dyspepsia seek medical advice (Thompson and Heaton, 1980)

and of those coming to medical attention only a minority

have an identifiable cause (Langman, 1978). Even with the

increasing use of fiberoptic endoscopy, whereby lesions

are identified which have not been seen on barium meal

X-rays (Cotton, 1973), there remains a group of patients

with dyspeptic symptoms of several years duration in whom

no ulcerative lesion in the upper gastrointestinal tract

is found after thorough investigation. A proportion of

these patients, in one series 20 per cent of the total

(Lance et al, 1978), have NSD.

Relationship between NSD and duodenal ulcer:

Even in the early studies related to duodenal

inflammation, NSD was found at operation and on

histological examination in patients who presented with

symptoms suggestive of duodenal ulcer but in whom no

ulcer was present. Investigators in this period

speculated that this condition might be related to

duodenal ulcer (Konjetzny, 1923; Judd and Nagel, 1927a)

Rivers, 1931). In later years the suggestion was put

forward that hyperchlorhydria leads to NSD and then to



duodenal ulcer (Ostrow and Resnick, 1959) . These early

studies were handicapped by limitations of techniques.

However, even with the introduction of fiberoptic

instruments in the investigation of upper gastrointestinal

tract disorders, the clinical and pathological relation¬

ship between NSD and duodenal ulcer remain subjects of

controversy (Palmer, 1974; Kreuning, 1978; Joffe et al,

1978) .



HISTORICAL REVIEW OF DUODENAL ULCER

Introduction:

During the last hundred years there has been a

dramatic change in the pattern of peptic ulcer frequency.

In the nineteenth century duodenal ulcer seems to have

been a rare disease whereas gastric ulcer was common,

especially in women. However, at the turn of the century,

duodenal ulcer emerged as a well-defined if still

relatively infrequent problem. Thereafter, duodenal

ulcer prevalence increased steadily so that in almost all

areas it became more common than gastric ulcer. Although

there is some evidence that the incidence of duodenal

ulcer has been declining slowly since the early sixties,

it is still a common disease (Langman, 1973).

The incidence of duodenal ulcer is reported to be

two per cent and 0.5 per cent of males and females

respectively by 30 years of age. Of those over age 40,

three per cent of males and one per cent of females have

an active duodenal ulcer during each year (Fry, 1964)

Blumenthal, 1968) Monson and MacMahon, 1969). In my own

country, Bangladesh, duodenal ulcer is frequently seen in

clinical practice (Tovey, 1979) .

A large amount of work has been done in elucidating

the hormonal and nervous control of gastric secretion.

Despite this, the pathogenesis of duodenal ulcer disease

remains obscure. New and more effective drugs have been

devised for the medical treatment of duodenal ulcer, but

none has so far been proved to alter significantly the

natural history of the disease.



Clinical features:

The cardinal symptom of duodenal ulcer disease is

epigastric pain (Sturdevant and Walsh, 1978). The pain

is usually poorly localized and perceived to be deep to

the abdominal wall (Rivers, 1935J Smith, 1954). The

specific words or phrases used to describe the pain by

the patient are not so important as other properties of

the pain, such as response to food and alkali, and

periodicity.

The pain is almost always in the middle of the

epigastrium or just to the right of the midline. Only

rarely does an uncomplicated duodenal ulcer cause pain

outside the epigastrium. With penetrating ulcers, steady

and severe pain may be present. This somatic pain is

well localized and referred pain is common.

The characteristic pattern is for the pain to begin

one to three hours postprandially and for relief to be

obtained by eating food, taking antacids or vomiting.

Night pain occurs in almost 50 per cent of the patients.

However, 20 per cent of patients with epigastric distress

o"f nonpeptic origin., such as functional dyspepsia or

gastritis, also have night pain (Edwards and Coghill,

1968). Onset of pain one to two hours after a meal is

common. Pain beginning three or more hours after a meal

or preceding the next meal is highly suggestive.

Functional pain rarely occurs with such timing (Rinaldo,

Scheinok and Rupe, 1963). In the study of Edwards and

Coghill (1968) pain in 33 per cent of duodenal ulcer

patients continued until the next meal. Pain typically



does not precede breakfast except in adult patients with

gastric outlet obstruction, and in children. Relief of

pain by alkali is typical of peptic ulcers. However,

many patients with functional gastrointestinal symptoms

report partial or complete relief with alkali (Rinaldo,

Scheinok and Rupe, 1963 J Edwards and Coghill, 1968).

Relief of pain by food is not as frequent as with alkali,

and exacerbation or precipitation of pain by food is rare

Periodicity or 'clusters' of pain, with remissions

and recurrences is usual in duodenal ulcer (Edwards and

Copeman, 1943J Malmros and Hiertonn, 1949). Duration of

an individual episode varied in Edwards and Coghill's

survey (1968) from slightly less than a week to eight

weeks. Remissions are usually of one to three months

duration. This pattern of pain clusters and remissions

was reported by earlier workers to be present in 70 to 90

per cent of ulcer patients at diagnosis (Emery and Monroe

1929J Radloff, 1947). A few patients may have constant

pain (Rae and Allison, 1953) .

However, the classic clinical pain syndrome of non-

radiating epigastric pain, which begins one to three

hours after eating, is relieved by food or alkali, is

absent in the morning, frequently awakens the patient at

night and occurs in clusters, is probably present in only

one half of all duodenal ulcer patients (Sturdevant and

Walsh, 1978). It is also true that duodenal ulcer may be

found in patients who are essentially asymptomatic, the

diagnosis being made by X-ray studies done for another

reason or when they present with a complication (Chinn



and Werkesser, 1951) Dunn and Etter, 1962).

In uncomplicated duodenal ulcer, vomiting is

infrequent (Radolff, 1947) Rae and Allison, 1953) and

weight loss is not a specific feature. Edwards and

Coghill (1968) found the incidence of weight loss to be

similar in duodenal ulcer and non-ulcer dyspepsia.

Epigastric tenderness is the only clinical sign of

uncomplicated duodenal ulcer and even this is not

specific, for patients with non-ulcer dyspepsia also

exhibit this sign.

Radiological diagnosis:

Radiographic diagnosis of duodenal ulcer was intro¬

duced by Cole (1914). He showed that induration or

cicatricial contraction surrounding the ulcer crater

produces a constant deformity of the bulb. In the

following years roentgenologic diagnosis of duodenal

ulcer was generally made whenever a deformity of the bulb

was present. Later investigations attempted to refine

the diagnosis of duodenal ulcer by direct demonstration

of the crater (Carman and Sutherland, 1926) Akerlund,

1931). An ulcer crater in the form of niche was

demonstrated in 13 to 60 per cent of cases of duodenal

ulcer. However, it became gradually recognized that in

the extensively deformed and irritable bulb, the presence

of pouches or sacculations secondary to old scarring

could lead to erroneous diagnosis of a niche (Kirklin and

Burch, 1935) . Comparison of conventional radiology using

only barium sulphate with endoscopy has shown radiological
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error rates ranging from 18 to 33 per cent (Lauffer et al,

1975J Cotton, 1973 ; Papp, 1973 J Dellipiani, 1974; Barnes

et al, 1974). Surgical follow-up studies show barium

meals detect a niche in only 38 to 75 per cent of

patients with active duodenal ulcers (Cooley, 1961).

Greater diagnostic accuracy is achieved with the

double-contrast technique, using gas and barium to

outline the mucosa (Gelfand, 1975). However, comparison

with endoscopy has revealed an error rate ranging from

seven per cent (Lauffer, 1976) to 15 per cent (Moule et

al, 1975) even with this technique. Therefore, there are

limitations to the extent to which radiological diagnosis

of active duodenal ulcer can be made.

Endoscopic diagnosis:

Semiflexible gastroscopes, first introduced by

Schindler (1932) were not suitable for observation of the

duodenum. The first fully flexible gastroscopes were

introduced by Hirschowitz and co-workers in 1958

(Hirschowitz et al, 1958). Proximal duodenum was

observed in selected cases with this instrument

(Hirschowitz, 196i; Burnett, 1962). Technical improvement

of the instrument occurred at a rapid rate: field of view

was widened, a controllable deflecting segment at the

distal end of the instrument was incorporated and

channels were provided to permit passage of biopsy

forceps, cytology brushes and irrigating cannulae, and

to allow suction. Both forward and side-viewing

instruments were developed. Success in examination of



the duodenal bulb followed progressivelyBelber reported

duodenal bulb examination in 20 to 35% of cases in the

initial period (Belber, 1965 ) Belber, 1967). This

improved to 91 per cent in a further report (Belber, 1971) .

Endoscopy diagnosed 94% of 70 duodenal ulcers, as

compared to 65% by conventional barium meal examination.

With instruments currently available the duodenal bulb

can be entered in virtually every patient, the exception

being cases where there is stenosis of the pyloroduodenal

region. The whole duodenal bulb can.be examined with the

forward viewing instrument, except in cases of severe

distortion. In about 10 per cent of cases, a side-

viewing instrument may be needed to see in certain deep

pockets in deformed duodenal bulbs.

About 95 per cent of duodenal ulcers occur in the

first portion of the duodenum (Portis and Jaffe, 1938)

Niwayama and Terplan, 1959 ) Oi and Sakurai, 1959). They

are fairly uniformly distributed around the circumference

of the lumen. The average duodenal ulcer is small) 70

per cent are between three and seven millimetres in

diameter. Less than five per cent are over two centi¬

metres. The shape of the ulcer is usually round or oval,

but the smaller lesions may be irregular. In the

presence of ulcer some degree of duodenitis is invariably

present, at times confined to the area surrounding the

ulcer, but at other times widespread (Belber, 1978).

Endoscopy is a better method of identifying duodenal

ulcer with greater certainty than radiology. Moreover,

patient acceptance with sedation is good, complication
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rate is very low and this allows repeated examinations.

Follow up study of ulcers has become possible. A further

advantage is that biopsies can be obtained under direct

vision, thus permitting examination of histological

changes in the mucosa.

Pathology:

Pathologists utilize morphological appearances in

their classification of erosions, acute ulcers and

chronic ulcers (Morson and Dawson, 1972). An erosion is

defined as circumscribed superficial necrotic defect of

the duodenal mucosa which does not penetrate the

muscularis mucosae. A similar necrotic defect which

penetrates the muscularis mucosae and extends deep into

the wall is called an acute ulcer. The main feature

which differentiates a chronic peptic ulcer from an acute

one is the presence of fibrosis. Shape, size and

location of duodenal ulcers have been described above.

Grossly, a duodenal ulcer is usually round or oval, but

the smaller ones can have an irregular shape. The ulcers

may have a punched out or an overhanging margin. The

base of the ulcer is often filled with brown-tinged

exudate, beneath which lies a pale, gelatinous,

moderately firm material and then fibrous tissue.

The wall of chronic duodenal ulcers have four layers.

The lumen of the crater contains an exudate of predominantly

polymorphonuclear leucocytes, often admixed with red

blood cells and fibrin. Beneath the exudate lies a layer

of eosinophilic, hyaline material resembling fibrinoid



25

necrosis. This necrotic layer rests on granulation

tissue, consisting of proliferating fibroblasts and

capillaries with acute and chronic inflammatory cells.

The granulation tissue gradually blends with dense

fibrous tissue which penetrates deeply into the muscle

layer. The blood vessels seen in the fibrous tissue are

thick walled and sclerotic. Often there is oedema, with

haemorrhage and inflammation, around the margin of the

ulcer.

The pathology of ulcer-associated duodenal

inflammation has not been studied systematically.

Judd and Nagel (1927b) commented on the constant

association between ulcer and an area of inflammation in

specimens resected at operation. The same authors have

concluded in another study (Judd and Nagel, 1927a) that

the inflammation associated with ulcers is usually

limited to the first part of the duodenum. Wellbrock

(1930) also found duodenal lesions limited to the first

part. Histologically, he described mucosal infiltration

with lymphocytes, plasma cells, polymorphonuclear

leucocytes and eosinophils, and capillary congestion.

He also commented on the similarity of pathological

appearance in NSD and ulcer-associated duodenitis.

Konjetzny (1924) had earlier described similar changes in

ulcer-associated duodenitis. These works were based on

surgical specimens and so the patients were highly

selected. Also, the potential role of operative trauma

leading to the changes described is difficult to

ascertain. Moreover, quantitative studies and comparison
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with controls were not done.

In later years histological studies were done on

specimens obtained with the help of suction biopsy

devices. Aronson and Norfleet (1962), in a study of 18

duodenal ulcer patients, found no difference from controls

in 14 patients. In biopsies from four patients,

inflammatory changes were seen. These consisted of

blunting of villi, infiltration with lymphocytes, plasma

cells and in one case with polymorphonuclear leucocytes

and eosinophils. Beck et al (1965) found that 29 of

their 36 patients with duodenal ulcer showed inflammatory

changes in duodenal biopsies. Cheli (1968) found

inflammatory changes only in biopsies taken from the

vicinity of duodenal ulcers. These studies were

subjective. Furthermore, with aspiration biopsy

instruments it is not possible to localize the site of

biopsy with any degree of certainty.

Several biopsy studies of ulcer-associated

duodenitis, using fiberoptic endoscopy with biopsy, have

been reported. Cotton et al (1973) studied visually

normal mucosa 2.5 cms away from the edge of duodenal

ulcers in 25 patients. On the basis of subjective

assessment 'active duodenitis' was found in only five

cases. Gregg and Garabedian (1974) found visual

duodenitis to be present around duodenal ulcers in five

of their cases and in eight the area of duodenitis was

away from the ulcer. No histological study was done.

Meikle et al (1976) studied duodenal biopsies taken at

least one centimetre away from edge of duodenal ulcers in
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20 patients. All specimens showed an increased chronic

inflammatory cell infiltrate as assessed by a subjective

criteria (Whitehead et al, 1975). Visual changes in

biopsy sites were not described. Stephen et al (1978)'

assessed correlation between endoscopic and histological

changes in ulcer-associated duodenitis by methods of

subjective grading and found the correlation to be good.

It is evident that no quantitative study of the

histological changes in ulcer-associated duodenitis has

been done. Moreover, correlation between visual and

histological inflammation associated with duodenal ulcer

has not been studied systematically and quantitative

comparison between changes found in NSD and ulcer-

associated duodenitis is lacking.

Gastric acid secretion:

Current theories of pathogenesis of duodenal ulcer

view the occurrence of ulcer to be in some way an

abnormal reaction of the duodenal mucosa to acid and

pepsin. As a result, many studies have examined the

gastric acid secretory status in duodenal ulcer patients.

Gastric hypersecretion has consistently been found in

patients with this disease and this phenomenon has

occupied a predominant role in the postulated patho¬

physiology of the disease (Wormsley, 1974).

Two types of hypersecretion have been identified

(Wormsley, 1974) Malagelada, 1979). These can occur

separately or together, and may reflect different under¬

lying pathophysiological phenomena. The first type of

hypersecretion has been termed spontaneous and this occurs
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without any recognizable stimulus to secretion. It has

been demonstrated in fasting subjects (Bloomfield et al,

1940 ; Hunt and Kay, 1954J Sircus, I960; Baron, 1963), and

in subjects at night (Levin et al, 1948; James and

Pickering, 1949; Levin et al, 1951). The other type of

hypersecretion is an excessive response to food (Fordtran

and Walsh, 1973), or to an exogenous secretory stimulus

(Hunt and Kay, 1954; Sircus, I960; Wormsley and Grossman,

1965; Johnston and Jepson, 1967). It is generally

accepted that although the mean value of gastric acid

secretion in a group of duodenal ulcer patients is usually

significantly higher than the mean in a group of control

subjects, many ulcer patients have values which fall

within the normal range and only some of the patients are

hypersecretors. The proportion of hypersecretors varies

with the stimulant used and has ranged from 16% with

ametazole (Wormsley and Grossman, 1965) to 82% with

caffeine (Littman et al, 1955). Whether individual ulcer

patients react differently to different stimuli is not

known as studies of gastric secretion in the same control

and duodenal ulcer group using different stimulants have

not been reported.

It has been suggested that gastric hypersecretion may

be a consequence of duodenal ulcer (Hunt and Kay, 1954;

Sircus, 1960), rather than being an aetiological factor in

the production of duodenal ulcer. Few authors support

this idea (Wormsley, 1974). Nevertheless, the precise

relationship of the increased gastric secretory capacity

to the pathogenesis of duodenal ulcer remains controversial.



HISTORICAL REVIEW OF NONSPECIFIC DUODENITIS

Introduction:

Nonspecific duodenitis (NSD) can be defined on the

basis of histological, radiological or endoscopic

appearances (Chapter One). In the early period of the

study of NSD, naked eye and histological examination were

possible only in postmortem or operative specimens, and

the other two methods were not available. In later years,

barium contrast radiology and suction biopsy instruments

for small intestine became available and attempts were

made to correlate the radiological appearances with

histological changes and to elucidate the clinical

features of NSD and its relationship to duodenal ulcer.

However, these methods had many drawbacks, as discussed

below. It was only with the introduction of fiberoptic

endoscopes (Hirschowitz, 1961) that it became possible to

examine visually the proximal duodenum and to take

targeted biopsies for the study of mucosal changes.

Fiberoptic duodenoscopes were introduced into clinical

practice in 1970. This has allowed important additions

to our knowledge to be made but the crucial question of

the relationship between NSD and duodenal ulcer remains

controversial (discussed in the next section of this

chapter).

Clinical features:

The first description of pathological findings in

duodenitis was given by Morgagni (1761) and he suggested

that 'duodenitis' could cause symptoms. Baudin (1837)
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again described duodenitis and noted its association with

gastrointestinal bleeding and psychogenic factors. Judd

and Nagel (1927a) recognized that patients with a

characteristic history of peptic ulcer could have either

duodenal ulcer or duodenitis at operation. They studied

26 patients with duodenitis of whom 14 were females and

12 were males. The average age was 42 years and the

average duration of symptoms was 11 years. In 22 patients

the history was typical of duodenal ulcer and in four it

was not typical. A history of haemorrhage was obtained

in six patients (23 per cent). Wellbrock (1930) commented

on the findings of duodenitis in the absence of ulcer at

operation, in patients presenting with symptoms typical

of peptic ulcer. Rivers (1931) carried out a clinical

study of patients found to have non-ulcer duodenitis at

operation. Of his 75 patients with duodenitis, 56 were

males and 19 females. The average age was 40 years and

average duration of symptoms was a little less than

eight years. In the histories of these patients, he

usually found some features which help to distinguish

these cases from uncomplicated DU. There was usually

less consistent, less clear-cut definition of symptoms,

less tendency to remission, and the pain was often

referred to the right upper quadrant of the abdomen.

These features were, however, not sufficiently definite

to establish non-ulcer duodenitis as a separate entity on

the basis of symptoms. Twelve per cent of patients in

this series had suffered from gross haemorrhage.

In these early clinical reports, comparisons were



made between the symptoms and other features of duodenal

ulcer and non-ulcer duodenitis. It was accepted that NSD

could cause dyspepsia which, in many ways, resembled

dyspepsia of duodenal ulcer. However, the patients

concerned had had symptoms severe enough to warrant

operative treatment. Their clinical features might not,

therefore, reflect the symptoms and signs of the majority

of NSD patients in the population. Moreover, no studies

of control groups were performed. In spite of the short¬

comings, these early studies highlighted the similarity

of clinical features of duodenal ulcer and NSD.

In a comparative study of 26 cases of radiologically

diagnosed non-specific duodenitis and 111 cases of

duodenal ulcer in young male United States naval

personnel, Ostrow and Resnick (1959) found similarity and

often identity of clinical symptoms and signs. However,

diarrhoea, nausea and vomiting were more prevalent among

those with duodenitis. Average duration of symptoms was

2.58 years in the nonspecific duodenitis group. Rhodes

et al (1968) carried out a study of 40 patients who

fulfilled radiological diagnostic criteria of nonspecific

duodenitis. Symptoms in these patients were similar to

those usually found in patients with duodenal ulcer.

Since these two studies concerned radiologically diagnosed

NSD, and since X-ray studies cannot adequately exclude

co-existent ulceration, it is quite likely that patients

with duodenal ulcers were included in these groups. Also,

the study by Ostrow and Resnick was on a very selected

section of the population.
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Gelzayd et al (197f ) reported ulcer like symptoms

in eight and dyspeptic epigastric distress in 30 of their

38 patients with NSD diagnosed by endoscopy. Method of

patient selection in this study was not reported and

comparison with controls was not done. Fourteen of their

patients had suffered from gastrointestinal bleeding.

Only eight patients complained of nausea and vomiting.

Cotton et al (1973) reported the findings in 51 patients

of endoscopically diagnosed NSD. Mean age of the

patients was 41 years. Thirty-six had typical ulcer-like

dyspepsia of mean duration of seven years. Five patients

initially presented with acute bleeding. Smith and Di

Giovanni (1976) studied 23 cases of endoscopically

diagnosed NSD. Abdominal pain (in 65 per cent), dyspepsia

(in 61 per cent), and bleeding (in 39 per cent) were the

most frequent symptoms. Thomson et al (1977) diagnosed

14 symptomatic patients with NSD by endoscopy. Their

mean age was 37.6 years and mean duration of symptoms was

four years. Details of clinical features were not

reported in these studies. Moreover, most studies lacked

control groups.

Not all authors accept that NSD causes symptoms

similar to those of duodenal ulcer, or even that NSD alone

can cause symptoms. After all even if, in a patient with

abdominal pain, peptic ulcer is excluded as a cause, the

pain should not then automatically be ascribed to non¬

specific duodenitis if the latter is observed at endoscopy.

The symptoms may have originated from diseases of

adjacent organs such as the gallbladder or pancreas.
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Furthermore, these diseases of adjacent organs can also

cause visual and histological changes of duodenitis

(Classen et al, 1970) Cheli, 1971). On the basis of his

experience Cheli (1971) concluded that duodenitis is

almost always associated with gastritis, inflammatory

diseases of the biliary tract, viral hepatitis, or

chronic pancreatitis. Other authors also doubt that NSD

can cause symptoms (Palmer, 1974) Gregg and Garabedian,

1974) .

A drawback of all the work on this subject is that

patients concerned have presented to a clinician with

various symptoms which then necessitated investigation of

the upper gastrointestinal tract, thereby leading to the

recognition of non-specific duodenitis. Population

studies to examine the prevalence of NSD have not been

done. Many diseases, including duodenal ulcer, are known

to be asymptomatic in some patients and it is quite

possible, therefore, that NSD may be present in

asymptomatic subjects.

Radiological diagnosis:

Prior to the fiberoptic endoscopic era, several

attempts were made to define duodenitis on the basis of

appearances of the duodenal bulb at barium examination

(Fraser et al, 1964) Rhodes et al, 1968). Kirklin (1929)

described the radiological findings in 45 patients with

duodenitis, confirmed at operation. He found increased

motility, rapid emptying, coarse and wide mucosal folds

and inconstant deformity of the duodenal bulb in these

patients. Lipschutz (1930) and Miller (1931) reported
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similar findings. Other radiological features described

were erosions, fine linear superficial ulcers in the

duodenal bulb, pseudopolyps and pseudostenosis (Fraser et

al, 1964J Rhodes et al, 1968).

Pathological lesions in surrounding structures can

cause radiological findings similar to those described in

nonspecific duodenitis, for example chronic pancreatitis

and pancreatic carcinoma. Furthermore, these early-

studies were based on conventional barium meal

examination, not on double-contrast examination. A

substantial proportion of duodenal ulcers may be missed

by conventional barium examination (Belber, 1971).

Conceivably, in these studies, the cases of duodenitis

may have had ulcers undetected by radiology. Indeed,

Cotton (1976) found that the commonest cause of a

radiological appearance of enlarged folds was a duodenal

ulcer which had not been seen on the radiographs. And

attempts to compare radiological appearances with

histological changes in the same patient showed a poor

correlation (Rhodes et al, 1968).

Belber (1971) reported that out of 27 cases of

endoscopically diagnosed nonspecific duodenitis,

diagnosis was made by radiology in only 15 cases. In a

comparison of endoscopic and radiological diagnosis of

duodenitis, Joffe et al (1978) found that in half of the

14 patients with endoscopically diagnosed NSD the barium

meal was considered to be normal. In the follow-up study

of patients previously diagnosed as NSD, Thomson et al

(1977) found three patients with histological diagnosis
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of duodenitis and in all three barium meal examination

was normal.

It is clear, therefore, that not only does radiology

fail to detect NSD, but in many instances an ulcer may be

overlooked, and the changes of ulcer-associated duodenitis

may be ascribed to NSD. This method is unsuitable for the

diagnosis of this condition.

Endoscopic diagnosis:

The advent of fiberoptic endoscopes added a new

dimension to the diagnosis and study of NSD. Biopsies

from specified areas of the duodenal bulb can now be

easily obtained and visual findings can be correlated

with histological changes. It has become possible to

exclude duodenal ulcer with greater certainty and to

identify definitively, by direct vision, macroscopic

changes associated with nonspecific duodenitis. Moreover,

ease of instrumentation, low complication rate, absence

of risks associated with repeated radiation, have opened

up the possibility of repeated examination of the same

patient so that natural history of such lesions can now

be studied (Joffe et al, 1978) .

Endoscopic features of NSD were first described by

Hirschowitz (1962) to be oedema and hyperplasia of the

mucosal folds with areas of haemorrhage. Belber (1971)

considered nonspecific duodenitis to be readily diagnosed

endoscopically. He described hyperaemia, intramural

haemorrhage, mucosal swelling and superficial erosions

(Belber, 1972). Similar features have been recognised to



36

be those of NSD by other authors (Cotton et al, 1973 J
V575

Gelzayd et al, 1973 and ; Gregg and Garabedian, 1974).

Gregg and Garabedian (1974) also found good agreement on

the endoscopic diagnosis and assessment of NSD between

two observers. Fontan et al (1978) compared endoscopic

and histological diagnosis of NSD and found endoscopic

diagnosis to be reliable.

Belber (1972) proposed an endoscopic classification

of NSD. He called the first type 'superficial' and

described it as macular, with little distortion of

mucosal contour. The second type was called 'nodal' and

was described as localized swellings which appear as

hyperaemic mammilations when located on smooth mucosa or

as reddened beads or nodes when they occur on the folds.

Superficial erosions may be found in either type.

However, the author recognized that microscopically the

two types are similar and that the distinction may be an

artificial one. The differences between the two types

may have been due to a quantitative difference in certain

components of inflammation. Belber further admitted that

even grossly the differences between the two types are

not clear-cut. The reason given for the classification

was the hope that the two types described might prove to

have different pathophysiology, although there was not

much evidence to support this assumption.

Joffe et al (1978) have formulated the following

grading system of endoscopic NSD:
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Grade 0 - normal duodenal mucosa

Grade 1 - oedema with increased thickening of the

mucosal folds

Grade 2 - reddening of the mucosa (inflammation

including contact bleeding)

Grade 3 - petechial haemorrhages

Grade 4 - erosions which are often associated with

petechial haemorrhages giving rise to

the so-called salt and pepper or salami

duodenum

This classification is too detailed. Moreover, in

my experience (Chapter Four) the changes described are

frequently found in the same patient in combination. The

authors themselves have only used this classification to

follow changes of severity of NSD in response to

treatment and no histological correlation has been made.

No other study has so far used this grading system.

In summary, the visual features of NSD at endoscopy

have been described by many authors and is easy to

recognize by endoscopists with some experience. However,

a suitable method of quantifying these changes and

relating these to histological alterations has not been

worked out so far.

Pathological changes:

Pathological changes described in nonspecific

duodenitis can be discussed according to the method

utilized to obtain specimens.

In the first half of this century, studies were based
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on resected material. McCarty (1924) studied 97

specimens of duodenitis. He concluded that duodenitis

can be either localized or diffuse. In the localized

condition the external appearance of the duodenum

resembled that seen in the presence of small ulcers, with

localized congestion and stippling. Histologically, he

found cellular destruction, congestion, oedema, migration

of polymorphonuclear leucocytes and lymphocytes. Judd

and Nagel (1927a) studied 26 resected specimens of

duodenitis not associated with ulcers. They found

epithelial degeneration, denuded epithelium in small

areas, and a fibrinous exudate on the surface, which was

rich in lymphocytes and plasma cells, with occasional

eosinophils. In areas with acute inflammation, poly¬

morphonuclear leucocytes were seen. Inflammation was

confined to the mucosa and submucosa in most cases.

Wellbrock (1930) also reported studies on surgical

specimens. In mild cases, congestion of capillaries,

mucosal infiltration with lymphocytes and occasional

polymorphonuclear leucocyte, and hyperplasia of

Brunner's glands were found. In more advanced cases,

increased number of polymorphonuclear leucocytes, lympho¬

cytes, plasma cells and eosinophils were seen. Small

erosions in the mucosa were also found. The process was

usually confined to the mucosa and submucosa. He noted

the similarity in the histopathological features of

duodenitis and duodenal ulcer.

These studies of resected specimens have several

drawbacks. The patients were a selected group, as only
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those having symptoms severe enough to merit operation

were studied. Some of the changes described might have

been caused by the operative procedure. Quantitative

assessment of the changes was not done and comparison was

not made with control sepcimens. There was no opportunity

to observe the sequence of changes with time.

The problem of defining the limits of normality of

duodenal mucosa was not addressed until the introduction

of peroral suction biopsy tubes (Shiner, 1956b) and

capsules (Crosby and Kugler, 1957). In order to establish

diagnostic criteria for borderline lesions, knowledge of

the variation in appearance of normal mucosa is of

utmost importance. Similarly, the diagnostic significance

of changes in the density of cellular infiltrate in the

lamina propria can be established only if variation of

these values in the normal mucosa is known. Doniach and

Shiner (1957) carried out a study of duodenal biopsies

obtained with a suction biopsy tube. They studied 36

biopsies which they considered normal, from 26 patients.

They found such variability in the number of cells in the

lamina propria that they were reluctant to attach

pathological significance to increased lamina propria

cell concentration alone. Their normal biopsies were,

however, obtained from patients with such diagnoses as

X-ray negative dyspepsia, duodenal ulcer, chronic

pancreatitis. Since it is now recognized that the

duodenal mucosa may be abnormal in these conditions, it

is likely that some abnormal biopsies will have been

included in this so-called normal group, thus contributing
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to the variability. Of their four patients with duodenal

ulcer, biopsy from only one was thought to be abnormal.

But since duodenitis may be a focal disease, blind biopsy

will often miss the affected area. Aronson and Norfleet

(1962) noted such a great variability in duodenal mucosal

histology that they accepted only very severe changes as

evidence of duodenitis. Eeck et al (1965) studied

duodenal bulb biopsies taken by a capsule from 10 normal

volunteers and compared them with disease groups.

However, they employed a subjective grading system to

assess the degree of villus flattening, oedema, mucous

metaplasia and cellular infiltration. Gear and Dobbins

(1969) studied duodenal biopsies taken by means of a

capsule from 51 patients. They reported that the

histology of proximal duodenal biopsies reflected the

histology of distal duodenal biopsies. Cellular

infiltrate was assessed by an arbitrary grading system

and the patients studied had a wide variety of diseases,

including duodenal ulcer and chronic pancreatitis. The

limits of normality of duodenal mucosa were, therefore,

not satisfactorily worked out during this period although

the variability in size and shape of the villi in the

duodenum and the presence of some inflammatory cell

infiltrate in the lamina propria in the normal state were

recognized (Cheli et al, 1969).

Histological changes in duodenitis were studied by

several authors, using suction biopsies. Aronson and

Norfleet (1962) found blunting of villi and intense

inflammatory cell infiltrate in one out of three cases of
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nonspecific duodenitis, as defined by radiology. Beck et

al (1965) found moderate to heavy diffuse inflammatory

cell infiltration in most biopsies from patients with

typical duodenal ulcer symptoms but negative radiology.

Rhodes et al (1968) reported histological changes in the

duodenum of patients with coarse mucosal folds at

radiology. Of their 20 patients, nine had biopsies taken

by Crosby capsule and the rest at operation. In only

five of 30 specimens were all the villi of normal size.

These studies with peroral duodenal biopsies during

this period have many shortcomings. In most studies

diagnosis was made by radiology and cases of duodenal

ulcer may have been included. Focal lesions might have

been missed, as biopsies could not be taken under direct

vision. It is very difficult to place a biopsy capsule

in the duodenal bulb with certainty (Aronson and Norfleet,

1962) Rubin and Dobbins, 1965) Gear and Dobbins, 1969).

Cheli et al (1973) in fact studied biopsies taken from

the second or third portions of the duodenum) in other

studies biopsies may have been taken from sites other

than the bulb. In most studies a proper control group

was lacking. Subjective assessment of the histological

features and the use of different criteria for the

diagnosis of NSD has led to conflicting results.

With the introduction of fiberoptic endoscopy,

visual examination of the entire proximal duodenal mucosa

became possible and biopsies could be taken from targeted

sites. The problem of definition of the limits of normal

duodenal mucosa was examined again.
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Korn and Foroozan (1974) studied endoscopic biopsies

from 22 patients with a normal duodenal bulb. Variation

in size and shape of villi, crvpt-villus ratio, and

number of round cells in the lamina propria was found.

There were moderate numbers of eosinophils in the lamina

propria. Shortening of villi, increase of mononuclear

cell infiltrate in the lamina propria, vascular engorge¬

ment and intramural haemorrhage were thought to be

insufficient criteria for the diagnosis of pathological

states. Crypt dilatation, epithelial cell atypia and

neutrophil infiltration were, however, not seen. The

value of this study is limited by its subjective nature.

Moreover, subjects studied had radiological abnormalities

in the stomach and oesophagus and were not normals. The

duodenal bulb was endoscopically normal, but endoscopic

findings in the stomach and oesophagus were not reported.

Kreuning et al (1978) studied endoscopic duodenal

biopsies from 50 volunteers without a clinical history of

gastrointestinal disease. There was some variation in

the shapes of villi and in the appearance of the surface

epithelium. An arbitrary system of grading was used and

'chronic duodenitis' was found in 12 per cent of the

subjects. Two individuals showed 'active duodenitis' of

whom one had had visually defined inflammation at

endoscopy. Clinical or biopsy follow-up of these cases

with NSD was not reported. This study is of interest as

duodenal biopsies from volunteers without gastrointestinal

tract disease were examined for the first time. However,

objective measurements of the various parameters were not

done.



Studies of endoscopic biopsies from NSD patients

have been reported by several authors (Gelzayd et al,

1973 and 1 975 ; Cotton et al, 197 3Gregg and Garabedian,

1974J Thompson and Holme, 1974; Cheli and Giacosa, 1977;

Fontan et al, 1978; Joffe et al, 1979). Histopathological

changes in NSD have been studied and correlation with

visual changes of inflammation as found at endoscopy have

been attempted.

Visual changes correlated well with histopathological

changes in several studies (Gelzayd et al, 1973 and 1975.

Gregg and Garabedian, 1974; Fontan et al, 1978). But poor

correlation was reported by others (Cotton et al, 197 3",

Joffe et al, 1979; Greenlaw et al, 1980). Changes in

villus shape and reduced villus height have been found in

nonspecific duodenitis (Gelzayd et al, 1973'J Whitehead

et al, 1975). However, this has been considered to be an

inadequate criterion for the diagnosis of nonspecific

duodenitis by Gregg and Garabedian (1974) and by Kreuning

et al (1978). Epithelial cell abnormalities such as

flattening of cells, nuclear hyperchromasia, cytoplasmic

basophilia, stratification and disappearance of the brush

border, have been considered to be evidence of NSD (Cotton

et al, 1973; Whitehead et al, 1975). Kreuning et al

(1978), however, state that epithelial cell changes should

be regarded as variations of normal in the absence of

other criteria of inflammation. Crypt hyperplasia was

found to be associated with NSD by Gelzayd et al (1973.

and 197f ) and Joffe et al (1978). However, Cheli and

Giacosa (1977) consider crypt atrophy to be present in
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NSD. Oedema and congestion of the mucosa was not

regarded to be of great value in the diagnosis of

duodenitis (Joffe et al, 1978). Round cell infiltration

of the lamina propria was considered to be questionable

as an index of nonspecific duodenitis, except in severe

cases (Joffe et al, 1978) Korn and Foroozan, 1974).

Similarly, eosinophils were found in significant numbers

in normal biopsies and hence not regarded as an indicator

of the presence of NSD (Korn and Foroozan, 1974) Joffe et

al, 1978). Infiltration of the lamina propria and of the

epithelial surface with polymorphonuclear leucocytes was

considered to be a reliable marker of nonspecific

duodenitis (Joffe et al, 1978). Some authors, however,

regarded the presence of polymorphs to indicate 'active

duodenitis' as opposed to 'chronic duodenitis', the

latter being characterized by increase only in chronic

inflammatory cells (Cotton et al, 1973). Superficial

gastric metaplasia was considered to be indicative of

NSD by Whitehead et al (1975). Betteridge (1974) and

Perera et al (1975), hov/ever, regarded this as a lesion

of questionable significance. Kreuning et al (1978)

agreed with them because of the frequent occurrence of

this phenomenon in normal specimens.

It can be seen from the above discussion that the

histopathological changes characteristic of NSD have not

been well defined. Lack of objective measurements of the

various histological changes, lack of comparison with

proper control groups and employment of different criteria

for the diagnosis may account for the confusion. Only
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three studies have attempted quantitation of the changes

(Thompson and Holme, 197 4 ; Whitehead et al, 1975 J Cheli

and Giacosa, 19 77) . Thompson and Holme (1974) performed

cell counts in specimens from NSD. This work was

published only in abstract and results are not provided.

Whitehead et al (1975) used a linear intercept principle

and point counting technique and showed a fall in the

surface to volume ratio and increase in the cellularity

of the lamina propria in a small number of cases of NSD.

Differential cell counts were not done and no correlation

with visual changes was attempted. Cheli and Giacosa

(1977) performed an inflammatory cell count and

demonstrated increased numbers of intraepithelial

lymphocytes, lamina propria lymphocytes and plasma cells

in NSD. However, they did not provide any information

about endoscopic findings in these cases nor did they

indicate the site of biopsies.

Gastric acid secretion:

Abnormalities of gastric acid secretion occur in

duodenal ulcer and may play some role in the patho¬

physiology of the disease. In view of the proposed

relationship between NSD and duodenal ulcer, acid

secretion studies have been performed in NSD patients, in

order to find out whether such abnormalities as are found

in duodenal ulcer also occur in NSD.

Ostrow and Resnick (1959) proposed a relationship

between hyperchlorhydria., duodenitis and duodenal ulcer.

Rhodes et al (1968) found that 40 patients with coarse

duodenal mucosa folds at radiology and histological
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abnormalities in duodenum had acid secretion values

similar to a group of duodenal ulcer patients. Beck et

al (1965), in a group of 21 patients with X-ray negative

dyspepsia, but histological changes in duodenal mucosa,

reported lower mean values of gastric acid output in

response to histamine stimulation than for a group of

duodenal ulcer patients. These studies, based as they

were on radiological diagnosis, could not be expected to

exclude duodenal ulcer definitively. Therefore, these

results cannot be considered to be representative of NSD

patients.

Gelzayd et al (19 71' ) studied acid output by maximal

histology stimulation in 15 patients with NSD diagnosed

by endoscopy, and found this to be normal. Donovan et al

(1975) studied 14 symptomatic patients with endoscopically

diagnosed NSD. Pentagastrin stimulated mean peak acid

output was significantly lower in the NSD group than in

50 duodenal ulcer patients. The values of NSD patients

were compared with the values of a control group reported

in the literature and no significant difference was found.

Cheli and Aste (1976) found only two cases of hyper¬

secretion among 27 NSD patients, with normochlorhydria in

eight, and hypo- or achlorhydria in 17.

Most studies based on endoscopic and histologic diag¬

nosis of nonspecific duodenitis therefore indicate that as

a group nonspecific duodenitis patients are not hyper-

secretors of gastric acid. However, these studies lacked

proper control groups and comparison between different

series of patients may not reveal the true picture.



RELATIONSHIP BETWEEN NONSPECIFIC DUODENITIS AND DUODENAL

ULCER

Studies based on resected specimens:

As far back as 1923, Konjetzny suggested that

duodenitis preceded the development of duodenal ulcer.

However, Nagel (1928) suggested that duodenitis was a

stage in the healing of duodenal ulcers. Rivers (1931)

presented evidence which supported the suggestion of

Konjetzny. Several authors (McCarty, 1924; Judd and

Nagel, 1927aJ Wellbrock, 1930) have reported that

patients with identical clinical symptoms may be found to

have either duodenal ulcer or nonspecific duodenitis at

operation. Wellbrock (1930) also noticed similarities in

the histological features of nonspecific duodenitis and

duodenal ulcer, on examination of resected specimens.

Studies based on radiological diagnosis:

Ostrow and Resnick (1959) postulated hyperchlorhydria

duodenitis, and duodenal ulcer to be the three stages in

a common pathophysiologic disease, the duodenal ulcer

diathesis. They studied three groups of subjects at each

of these 'stages' among young male naval personnel and

noticed similarity of symptoms. Patients were found to

interchange among the three clinical stages. It was

suggested that patients with genetic predisposition would

develop duodenitis and then a duodenal ulcer if provoking

factors such as emotional stress or smoking were present.

This theory supported the idea of previous investigators.

However, in this study diagnosis was based on radiology,
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which is subject to major errors, as discussed above.

Studies based on suction biopsy specimens:

Results of subsequent studies did not fit in with

the above theory. In a biopsy study using the Crosby

capsule, Aronson and Norfleet (1962) found marked

histological changes of inflammation in duodenal mucosa

in only four out of 14 duodenal ulcer patients and in one

out of three NSD patients. Cheli (1968) studied biopsies

from different sites of the duodenum using a suction

biopsy tube in 24 duodenal ulcer patients. He considered

NSD to be a diffuse inflammation extending to at least

three quarters of the duodenum in most cases. Since he

found inflammatory changes localized to the immediate

vicinity of duodenal ulcers, he concluded that nonspecific

duodenitis was not an early stage of duodenal ulcer.

Classen et al (1970) found histological changes in

biopsies from duodenal bulb and the second part in only

five out of 25 patients with duodenal ulcer, and in most

of the 150 patients with X-ray negative dyspepsia

biopsies were normal. They concluded that NSD is rare.

Rhodes et al (1968), however, found that the severity of

coarse mucosal folds at radiology and histological

changes correlated well to the amount of acid secreted.

Diagnosis in all these studies was made radiologically

and biopsies were obtained without direct vision.

Findings and conclusions, therefore, need to be regarded

with caution.
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Studies based on endoscopic biopsies:

Fiberoptic endoscopy has allowed visual diagnosis of

nonspecific duodenitis, confident exclusion of coincident

duodenal ulcer and follow-up of NSD patients. Roca et al

(1973) found similar patterns of duodenitis between'

duodenal ulcer and non-ulcer dyspepsia patients. Joffe

et al (1978) found biopsies from areas adjacent to ulcers

and biopsies from nonspecific duodenitis to share

identical features. In this study, however, objective

measurements have not been done and details of the

results were not given in the abstract published.

Quantitative studies comparing features of NSD and ulcer-

associated duodenitis in biopsies taken from visually

defined areas have not been done.

Controversy remains as to whether NSD can cause

symptoms (Palmer, 1974; Gregg and Garabedian, 1974). In

studies where NSD has been associated with symptoms,

there is lack of agreement regarding the similarity of

such symptoms to those seen in duodenal ulcer patients.

Gelzayd and associates (1975 ) found that only eight of

their 38 patients had ulcer-like symptoms. Cotton and

coworkers (1973), on the other hand, reported that 36 of

their 51 patients had typical ulcer-like symptoms.

Follow-up studies:
*

In a short follow-up study Cotton et al (1973) found

two of their eight NSD patients developed duodenal ulcers.

Of the 14 cases of NSD followed up for one to 3.5 years

by Thomson and coworkers (1977), duodenal ulcer developed
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in six. Cheli^(1973) followed up 39 cases for periods
varying from six months to four years and failed to

demonstrate the occurrence of any duodenal ulcer.

Studies based on gastric acid secretion:

Duodenal ulcer patients as a group secrete more

gastric acid than controls. Acid secretion studies in

NSD have produced conflicting results. Gelzayd et al

(197'j ) and Donovan et al (1975) found normal levels of

acid secretion in their NSD patients. Cheli and Aste

(1976) found only two hypersecretors and 17 hyposecretors

among 27 NSD patients. The rest secreted normal amounts

of acid. These findings contrast with those of Ostrow

and Resnick (1959), who related hyperchlorhvdria to

duodenitis. The variation in findings may have resulted

from different methods of patient selection. Joffe et al

(1978) found the acid secretion in NSD patients to lie

between that seen in duodenal ulcer patients and controls

Conclusions:

It is evident from the above discussion that no

consensus has been reached regarding the relationship

between NSD and duodenal ulcer, whatever the basis of the

study. It is not surprising, therefore, to find that

different authors proclaim contradictory views regarding

the relationship between the two conditions. Several

authors believe that NSD may represent part of the

pathophysiological spectrum of duodenal ulcer disease

(Thomson et al, 1977) Joffe et al, 1978). However, other

hold the opposite view (Gelzayd et al, 1973 J Thompson



and Holme, 1974; Cheli, 1971) and consider NSD to be a

discrete disease entity.

However, review of the literature also shows that

most studies are based on subjective assessment, control

groups are lacking, and in many, endoscopic and

histological correlation have not been done. Gastric

acid secretion has been measured in a very small number

of patients, and, in general, consistent diagnostic

criteria have not been applied. In future work it will

be important to define strict criteria for the diagnosis

of duodenal ulcer with associated duodenitis, and non¬

specific duodenitis, to study controls as well as

dyspeptic patients, and to apply quantitative techniques

for study of the pathological features. These are the

principles which I have followed in the work described in

this thesis.



CHAPTER THREE

PATIENTS, MATERIALS AND METHODS



SELECTION OF PATIENTS

These studies were carried out at different times

over a three year period. Therefore, different groups

of patients were used as subjects for each study.

Abbreviations used in the rest of this thesis for a

particular group of patients are indicated in

parentheses.

Controls (C):

For the maximal acid output test to pentagastrin,

the controls were volunteers from among the medical

staff, students and technicians. None had symptoms or

history of upper gastrointestinal disorders.

For the other studies, the control group consisted

of patients in whom the indication for endoscopy was the

presence of symptoms to suggest oesophageal reflux,

together with hiatus hernia, but who were found to have

no endoscopic abnormality in the upper gastrointestinal
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tract apart from hiatus hernia.

Nonspecific duodenitis patients (NSD):

These patients were selected after endoscopic

examination has ruled out duodenal ulcer but has revealed

features of nonspecific duodenitis (Chapter Four). They

had symptoms thought to be related to disease of the

upper gastrointestinal tract and endoscopic examination

was carried out for diagnostic purposes. Patients were

referred either from the gastrointestinal outpatient

department or from a general practitioner. Patients who

had duodenal ulcer diagnosed in the past by either barium

meal examination or by endoscopy were excluded from this

group. Patients who had treatment which is known to

influence duodenal ulcer healing, such as histamine ^
receptor antagonist, anticholinergics, within three

months prior to the endoscopic examination, were also

excluded except in the acid output test. Such patients

were included in the acid output test, the drug being

stopped three days before the acid output test. The

group was further subdivided into mild and severe

categories based on the endoscopic criteria described

in Chapter Four.

Duodenal ulcer patients:
*-

Patients who were found to have one or more ulcer

craters with visible depth and sharp borders together

with swelling, redness, haemorrhage and erosions of the

mucosa of the duodenal bulb were selected for this group.

However, only patients who had no treatment known to



influence duodenal ulcer healing, as mentioned above,

within the past three months, were included in this

group. The exception was maximal acid output study.

For this study, patients who were on such treatment were

included, but the relevant drug was discontinued three

days before the acid output test.

Cimetidine healed nonspecific duodenitis group (NSDPC);

These patients had severe nonspecific duodenitis

diagnosed at a previous endoscopy and had subsequently

been treated with the conventional dose of cimetidine

(200 mgs three times and 400 mgs at night, daily) for a

period of six to twelve weeks. Only those patients were

included who had an endoscopic examination immediately

after this treatment and in whom all the visible features

of inflammation were found to have disappeared.

Cimetidine healed ulcer-associated duodenitis group (DUPC)

These patients had diagnosis of duodenal ulcer and

associated visible features of inflammation at a previous

endoscopy. After this, they had treatment with

cimetidine in the dosage mentioned above for six to

twelve weeks and were endoscoped on completion of the

treatment. Patients whose duodenal ulcers were found to

have healed, and in whom all visible signs of

inflammation had disappeared, were included in this group.

Selection of patients for the study of duodenal mucosa in

other diseases:

Groups of patients with Crohn's disease, coeliac
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disease and patients receiving cytotoxic drugs were

selected. Endoscopic duodenal biopsies from these

patients were studied to determine whether the changes

found in severe nonspecific duodenitis and ulcer-

associated duodenitis were specific for these conditions.

These patients had symptoms which suggested the

possibility of upper gastrointestinal tract disease and

endoscopy had been done as part of their investigation.

Crohn's disease: There were six patients in this group.

They had been diagnosed to have Crohn's disease

previously on the basis of clinical features, radiologic

findings and histopathological examination of tissue from

involved areas of the gastrointestinal tract. Three

patients had involvement of the terminal ileum and colon

and the other three had involvement of the small

intestine only. Duodenal involvement by Crohn's disease

had not been previously recognized in any of these

patients.

Coeliac disease: Six patients were included in this

group. Five of these were known coeliacs. One patient

presented with iron deficiency anaemia and endoscopic

examination was done to exclude possible sources of

bleeding from upper gastrointestinal tract. A jejunal

biopsy subsequently revealed changes consistent with

coeliac disease. One patient was on gluten-free diet,

one patient was refractory to gluten-free diet and was

having corticosteroids in addition, and four patients

were not on gluten-free diet.
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Patients who had cytotoxic drugs: There were five

patients in this group. The diagnosis, cytotoxic drug

given in each patient and the duration are given below:

Patient Disease Drua Duration

R.C. systemic lupus Azathioprine 2 years
erythematosus with
glomerulonephritis

E.P. ovarian carcinoma Chlorambucil 1 year

F.H. chronic myeloid Busulphan 1 year
leukaemia

M.R. ovarian carcinoma Cyclophosphamide 4 years
and uterine
carcinoma

R.W. carcinoma of

gastric fundus
5-fluorouracil,
adriamycin and
mitomvcin-C

Mitoxantrone

10 months,
stopped 10
weeks before

biopsy
Given 4
weeks before

biopsy



METHOD OF ENDOSCOPIC EXAMINATION

Preparation and premedication:

Most examinations were performed in outpatients, who

were admitted to the Day Bed Area after an overnight fast.

In the endoscopy theatre, the pharynx was sprayed with

lignocaine, sedation accomplished with intravenous

diazepam (given until the subject develops slurring of

speech or drooping of eyelids). Some 15-20 mg diazepam

is required in most patients to induce this state. In a

majority of patients, 20 mg hyoscine butylbromide was

given to reduce gastrointestinal motility.

Endoscopy procedure:

With the patient in the left lateral position, the

tip of the endoscope is introduced through the mouth via

the pharynx into the upper oesophagus, then the

instrument advanced to allow endoscopic examination of

the oesophagus and a rapid survey of the stomach. Upon

approaching the pylorus, advance was slowed until the tip

of the endoscope had just entered the duodenal bulb. The

whole mucosa of the bulb was carefully examined by tip

deflection in various directions, care being taken that

the instrument did not touch the wall of the bulb. Any

abnormality was noted and if a duodenal ulcer or non¬

specific duodenitis was found, biopsies were taken from

specified sites. In some patients the paediatric

endoscope (Olympus GIFP2) was used for this initial

examination, in which case it was withdrawn and the

larger adult endoscope (Olympus GIFK) introduced and



biopsies taken. Thereafter, the second part of the

duodenum was examined, biopsies taken from the distal

second part as appropriate, and the endoscope withdrawn

from the duodenum, with full examination of the stomach

performed, re-examination of the oesophagus as the

instrument was withdrawn. Photographs of any relevant

lesions were taken during the procedure and a drawing of

any lesions along with a detailed verbal description,

were made in the routine endoscopy report.

After care:

After the procedure the patient was returned to bed,

allowed to sleep for one to two hours, given lunch and

allowed to return home with an escort, the patient being

advised not to drive for 24 hours.
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GASTRIC ACID SECRETION TEST

Preparation;

Medications which might influence gastric acid

secretion, such as histamine H2 receptor antagonists,
anticholinergics, were stopped for at least three days

before the test. The procedure was carried out in the

Gastrointestinal Laboratory. The subjects were fasted

overnight for the test next morning.

Introduction and positioning of the tube:

A lubricated plastic gastric tube (size 14, Vygon,

Belgium) was passed down the subject's nostril who lay

supine on a couch. The subject was asked to swallow

frequently as the tube was pushed steadily and rapidly

down the pharynx and oesophagus into the stomach. The

stomach was then emptied of resting secretions and air

using a 50 ml syringe. The water recovery test, which

has been found to be as satisfactory as using fluoroscopy

(Findlay et al, 1972), was used to position the tube in

the most dependent part of the stomach.

Collection of gastric juice:

A suction pump (Thackray, Belgium) was used to

collect the gastric juice by continuous, low pressure

(5 mm of Hg) suction, which was interrupted every five

minutes by manual syringe suction and injection of 10 ml

of air to keep the tube clear. Minor adjustments of tube

position were often made for satisfactory aspiration.
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Basal and pentagastrln stimulated test:

Four 15 minute collections constituted the basal

secretion. This was followed by an intramuscular

injection of pentagastrin (6 microgram per kilogram of

body weight) and four further 15 minute secretions

collected. This was the pentagastrin stimulated

secretion.

Titration of acid and expression of results:

The samples were individually titrated to pH7.0 by

an automatic titrator (Auto-Burette, type ABU1C,

Radiometer, Copenhagen) and the values noted. The four

basal collections together constituted the basal acid

secretion and the four collections after pentagastrin

injection constituted the pentagastrin stimulated maximal

acid output. Values were expressed in millimoles per

hour.
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METHOD OF PROCESSING SPECIMENS FOR SCANNING ELECTRON

MICROSCOPY

Fixation:

Endoscopic biopsies were fixed immediately on

removal from the forceps in a solution of 2.5%

glutaraldehyde in 0.07 M sodium cacodylate buffer

(adjusted to pH 7.4 with 0.1 N hydrochloric acid) to

which sucrose was added (57.0 gm/liter). The tissue was

fixed for at least 24 hours.

Processing:

Fixative was removed and replaced with cacodylate

wash (0.07 M sodium cacodylate, 0.3 M sucrose) for a

period of half an hour. Specimens were then washed and

dehydrated in the following manner, specimens being

treated at each stage for 30 minutes:

Distilled water

Distilled water

25% acetone in distilled water

50% acetone in distilled water

70% acetone in distilled water

90% acetone in distilled water

100% acetone in distilled water

100% acetone in distilled water

The specimens were then critical point dried from

the last 100% acetone in a Polaron critical point dryer

using carbon dioxide. Dried tissue was mounted on

aluminium stubs with araldite. The surface of the



specimen was coated with a 20 nanometer thick layer of

gold using a sputter-coating device (Polaron).

Specimens were stored in boxes containing silica gel

dessicant.

Examination:

Specimens were examined with a Model ISI-60 scanning

electron microscope, using secondary electron imaging at

a beam current between 150 and 200 microamperes and an

acceleration voltage of 30 Kilovolts. Photographs were

taken at various magnifications and appropriately marked.



METHOD OF MUCOSAL ARCHITECTURE STUDY

Fixation:

Biopsies were detached from the biopsy forceps with

a fine brush or a needle, taking care to touch the

specimen at the edge only. They were immediately put in

Clarke's fixative (75% ethyl alcohol and 25% glacial

acetic acid). The container was properly labelled. The

specimens were allowed to stay in Clarke's fixative for

four to 24 hours.

Storage:

Specimens were then transferred to 75% ethyl alcohol

in water and stored at room temperature. Storing for

about six weeks is necessary before further processing to

obtain satisfactory firmness in consistency of the

specimens needed for microdissection.

Staining:

Specimens were stained in bulk by the Feulgen

reaction, as described below:

In 50% ethyl alcohol in water for 10 minutes

In tap water for 10 minutes with three changes

In molar hydrochloric acid at 60°C in a water bath for

six to eight minutes

In tap water for 10 minutes with three changes

In Schiff reagent at room temperature for 20 minutes

After this the specimens were rinsed in water

several times to remove excess stain and were
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examined within 24 hours of staining.

Microdissection:

Specimens were put in tap water in a small plastic

dish and examined under a dissecting microscope (Zeiss,

West Germany). Fine forceps and a cataract knife were

used for the microdissection. Between three and five

strips of mucosa 1.5 to 2 mm in length and one villus

thick were cut free from the edge of each specimen.

These strips were picked up with the fine forceps and put

in a drop of 45% acetic acid on a slide and a coverslip

was put on it gently. Acetic acid helps to clear the

tissue and makes mitotic counts easier. The preparation

was then put under a light microscope (Wild M20, Wild

(U.K.) Limited) (Figure 3.1).

Measurement of villi and crypts:

Using an eyepiece graticule, the lengths of villi

and crypts were measured. Measurements on villi were

made from the base to the tip. For crypts, measurements

were taken from the bottom of the crypt to its opening on

the mucosal surface. Ten villi and ten crypts were

measured from each specimen and the means calculated.

Mitotic figure count in crypts:

The preparation was taken from the microscope and

squashed gently between slide and coverslip, by using

an orange stick. This releases the crypts from the

lamina propria and flattens them out (Figure 3.2).

Excess acetic acid was removed from the edge of the cover-



Figure 3.1. Microdissected strip of mucosa showing
a single row of villus and crypts

(Schiff x 40).

Figure 3.2. Squashed preparation of mucosal strip

showing crypts separated from lamina

propria (Schiff x 70).
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Figure 3.3. Separated single crypt showing mitotic

figures (Schiff x 5QQ).



slip and the number of mitotic figures in individual

crypts were counted (Figure 3.3). All stages of mitosis

were included in performing the counts. Counts were

done on ten crypts in each specimen and the mean

calculated.



METHOD OF MEASUREMENT OF VILLI

The method of development of total epithelial cell

counts on a villus and assessment of its relationship

with villus height and projected villus area is described

in Chapter Four. The technique as developed is given

here.

Fixation and storage:

Specimens were fixed immediately after collection by

immersion in Clarke's fixative (75% ethyl alcohol, 25%

glacial acetic acid). After four hours at room

temperature the specimens were transferred to 75% ethyl

alcohol in water and stored for six weeks, which was the

period necessary to give proper firmness to the specimen.

Staining:

Specimens were stained in bulk by the following

method:

In 50% ethyl alcohol in water for 10 minutes

In tap water for 10 minutes with three changes

In Molar hydrochloric acid at 60°C in a water bath for

six minutes

In tap water for 10 minutes with three changes

In Schiff reagent for 45 minutes at room temperature

In tap water for 10 minutes with three changes

In Giemsa's stain (diluted one in 10 in water) for 30

minutes.

The specimens were then rinsed in water to remove

excess stain.
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Microdissection and measurement:

A specimen was placed in tap water under a

dissecting microscope (Zeiss, West Germany). Using a

pair of fine forceps and a cataract knife, a number of

strips about two millimeters long and one or two villi

thick were cut free from the edge of the specimen.

Individual villi were separated from these strips

with a fine needle, care being taken to cut the villus at

its base. A single villus was put in a drop of 45%

acetic acid on a slide and covered with a coverslip. Its

length was then measured with an eyepiece graticule under

a light microscope (GS M15379, G.S., London). The image

of the villus was projected with a GS adaptor onto a

paper screen from a fixed distance and the outline of the

villus mapped out on the screen with a pencil. Afterwards

the projected area of the villus was measured by using a

planimeter. The value was given in square inches and

this was converted to square centimeters.

Measurements of height and projected villus area

were made on ten villi from each specimen.

Counting of epithelial cells:

The same villus on the slide was taken from under

the microscope. Gentle pressure was applied to the

coverslip with the tip of a needle to disrupt the villus

and spread the cells out uniformly. The nuclei of the

epithelial cells could now be seen under the microscope

to be oval shaped and paler stained. These could be

easily distinguished from denser staining nuclei of



plasma cells, lymphocytes, eosinophils, neutrophils,

fibroblasts and other cell types found in a villus. The

number of epithelial cells was counted field by field

until all the fields on the slide had been examined.

Total epithelial cell counts were performed on ten villi

from each specimen under a Leitz Dialux 20 EB light

mircroscope (Leitz Wetzlar, Germany).



METHOD OF PREPARATION OF SEMITHIN SECTIONS AND

INFLAMMATORY CELL COUNT

In view of the small size of the endoscopic biopsies,

there are technical difficulties in preparing uniformly

thick sections from paraffin-embedded specimens.

I, therefore, decided to use semithin sections from

araldite-embeddea biopsies for quantitating mucosal

cellular infiltrate.

Fixation and processing;

The following procedure was adopted after collection

of the specimen:

1. Kept for one hour in 5% glutaraldehyde in 0.1 M

sodium cacodylate buffer at pH 7.3.

2. Trimmed to sizes of approximately one millimetre

square, taking care to cut the specimens

perpendicular to mucosal surface.

3. Returned to 5% glutaraldehyde and kept for 24 hours

at 4°C.

4. Three ten minute washes in 10% sucrose in 0.1 M

sodium cacodylate buffer.

5. Post-fixed for one hour in 1% osmium tetraoxiae in

cacodylate buffer in a fume-cupboard.

6. Four ten minute washes in 10% ethyl alcohol.

7. Four ten minute washes in absolute alcohol.

8. Containers dried with kimwipe.

9. Two ten minute washes in propylene oxide.

10. Blotted quickly on a filter paper.



11. Placed on top of a four millimetre layer of freshly

prepared araldite in a clean bottle and left

overnight.

12. Placed in an incubator with the caps of containers

removed at 60°C for 35 minutes.

13. Blotted on filter paper.

14. Placed ore block of specimen in each well of silicone

rubber embedding mould, which have been filled with

freshly prepared araldite.

15. Mould allowed to stand for 20 minutes, so that the

blocks of specimens sank to the base of the mould.

16. Orientation of blocks checked.

17. Polymerised in an incubator at 60°C for three days.

Preparation of sections:

Approximately one micrometer thick sections were cut

from a suitable block from each specimen on an LKB III

ultramicrotome using glass knives. The sections were

floated on distilled water on a slide and heat dried on

a hot plate for 30 minutes.

Araldite removal:

Slides were placed in a freshly prepared solution of

0.5% iodine in 1% sodium hydroxide in ethyl alcohol at

40°C for 30 minutes. The slides were rinsed in

ethyl alcohol and in distilled v/ater.

Staining:

Sections were stained with 1% toluidine blue in 1%

borax (filtered) on hot plate for five to 30 seconds.
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The stain was then rinsed off with tap water and the

slide blotted dry. Most specimens were also stained with

haematoxylin and eosin, with the times being controlled

microscopically.

If the sections were not found to be satisfactory as

regards thickness, uniformity and staining, further

sections were prepared and stained. If the tissue was

found to be improperly orientated, other blocks from the

same specimen were used for further sections.

Inflammatory cell count in the lamina propria:

Inflammatory cells were counted in the lamina

propria using an eyepiece graticule under the oil-

immersion lens of a light microscope (WILD M20, Wild

(U.K.) Ltd.). In view of the wide variability of the

density of inflammatory cells in the same specimen from

one site to another, counts were performed in three

different areas of each specimen. The areas covered were

core of a villus, base of a villus and the crypt region.

A total of 100 squares were counted in each specimen and

the values for different types of inflammatory cells were

converted to number of each cell per square millimetre of

the specimen.

Inflammatory cell count in the epithelial layer:

Lymphocytes and neutrophil polymorphs were easily

identifiable in the epithelial layer of the villi by

their characteristic nuclear staining and morphology

(Figure 3.4). Inflammatory cells associated with 200

epithelial cells lining the villi were counted and the



Figure 3.4. Semithin section showing neutrophils in

epithelium and lamina propria of a villus.
Toluidine blue x 500 (original

magnification).



values converted to numbers of inflammatory cells per 100

epithelial cells. To determine the relative positions of

different inflammatory cells in the epithelial layer, the

epithelial layer was divided into three areas. The area

near the lumen was designated apical zone, the area in

the middle of the cell, including the top half of the

nucleus, was designated the middle zone, and the area

below this the lower zone. A total of one hundred of

each of the two types of inflammatory cells, lymphocytes

and neutrophils, were counted in several specimens and

each inflammatory cell was classified according to its

location in the epithelial layer.



METHOD OF STAINING SEMITHIN SECTIONS FOR MAST CELLS

Semithin sections stained with toluidine blue, or

haematoxylin and eosin, as described in the previous

section, did not stain mast cells adequately. A special

mast cell staining method was therefore assessed (Chapter

Four) and used to quantitate the mast cells in the

duodenal mucosa.

Fixation and processing:

The specimens were fixed, processed and embedded in

araldite as described in the previous section.

Preparation of sections:

Using a LKB III ultramicrotome and glass knives,

approximately one micrometer thick sections were cut from

suitable blocks from each specimen. The sections were

floated on distilled water on a slide and heat dried on

a hot-plate for 30 minutes.

Araldite removal;

Slides were placed in freshly prepared solution of

0.5% iodine in 1% sodium hydroxide in ethyl alcohol at

40°C for 30 minutes. The slides were rinsed in

ethyl alcohol and then in distilled water.

Preparation of the solutions:

The following solutions were prepared.

1. Phosphate buffer. Disodium hydrogen phosphate

(Na2HPO^, 2H2O) 1.338 gm and potassium hydrogen
phosphate (KH2PO^) 0.908 gm were dissolved in
distilled water (up to 100 ml) at pH 6.9.



2. Solution A (Methylene blue/azure II). Methylene blue

0.130 gm, azure II 0.020 gm, glycerol 10 milliliters,

methanol 10 milliliters, phosphate buffer at pH 6.9

30 milliliters and distilled water 50 milliliters

were added together to make up this solution.

3. Solution B (Basic fuchsin). Stock solution was

prepared by mixing 0.10 gm of basic fuchsin and 50%

ethanol up to 10 milliliters. Working solution was

made by taking three milliliters of the stock

solution and adding 57 milliliters of distilled

water.

Staining;

Solutions A and B were pre-heated to 55°C.
Sections were stained in solution A for two hours. The

slides were rinsed briefly in tap water. They were

stained in solution B for forty minutes and again

rinsed briefly in tap water. They were then blotted dry

and further dried completely on a hot plate.

Counting of mast cells:

Mast cells were easily identifiable by the cyto¬

plasmic content of blue granules. An eyepiece graticule

was used in a light microscope (Wild M20, Wild (U.K.)Ltd.)

for mast cell counts. Counts were performed in each

specimen in the villus core, subvillus area of the mucosa

and in the intercryptal region. The number of mast cells

in 500 squares were counted and the value converted to

number of mast cells per square millimetre of lamina

propria.
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METHOD OF IMMUHOFLUORESCENT STUDIES ON DUODENAL BIOPSIES

Collection of specimens and transport:

Duodenal biopsies were taken from patients under¬

going endoscopic examination for investigation of

symptoms thought to be related to the upper gastro¬

intestinal tract. Immediately after the biopsies had

been taken, they were placed on a small piece of filter

paper with the villus side facing upwards. This was

accomplished with the help of a fine needle and a

magnifying glass and in some cases with the help of a

dissecting microscope (Zeiss, West Germany). The

specimens with the filter papers were then placed in a

sterile universal container and labelled properly. Two

biopsies were taken from each site to be examined. The

containers were immersed in liquid nitrogen

contained in a flask. The flask was then transported to

the laboratory.

Processing and preparation of sections:

In the laboratory the specimens were taken out and

the filter paper was trimmed. The specimens were then

mounted in Tissue Tek II and blast frozen with carbon

dioxide. Approximately five micrometer thick sections

were then cut from each specimen in a SLEE cryostat at

-20°C. The sections were dried on to slides in a stream

of cold air for ten minutes.

Staining:

Fluorescein-conjugated antisera to different classes



of immunoglobulins and to complement component three (C3)

(Wellcome Laboratories) were then added in the following

dilution, each to a separate slide of the same specimen:

1. IgG conjugate diluted one in 30 in phosphate

buffered saline at pH 7.1.

2. IgA conjugate diluted one in 20 in phosphate

buffered saline at pH 7.1.

3. IgM conjugate diluted one in 10 in phosphate

buffered saline at pH 7.1.

4. C3 conjugate diluted one in 10 in phosphate

buffered saline at pH 7.1.

The preparations were incubated in a moist

chamber at 37°C for 30 minutes. These were next soaked

in three changes of phosphate buffered saline over 30

minutes. The sections were then mounted in glycerol

buffer and were examined on the same day.

Examination for immunofluorescence:

All sections were studied using a Leitz ultraviolet

microscope with a HB50 high pressure mercury vapour lamp.

Fluorescence in the lamina propria, under the basement

membrane and around the blood vessels were specially

looked for. The findings were graded as mild, moderate

or intense staining.



ASSAY OF THYMIDINE KINASE ACTIVITY

Thymidine kinase assays were carried out after

preparation of cell extracts from endoscopic mucosal
speci-me'VS

biopsy a of the duodenum. The enzyme was assayed by
14

measuring the rate of conversion of C-thymidine to
14

C-thymidine phosphate.

Reagents used;

1. Tris 0.01 M, EDTA 0.001 M, mercaptoethanol 0.006 M,

pH 8.0 for cell sonication (TEM).

2. Tris 0.055 M, magnesium chloride 0.0055 M, pH 8.0

for thymidine kinase assay.

3. Thymidine (Sigma, London) 0.8 mM. Thymidine (19.4

mgs) was dissolved in 100 ml of distilled water.

Aliquots of 0.5 ml were stored frozen at -20°C.
4. Disodium adenosine triphosphate (Sigma, London).

5. Thymidine ^2-^C "j . Radiochemical Centre, Amersham,
Code CFA-219.

6. Working substrate buffer. Disodium ATP (9.6 mgs)

was dissolved in 3 ml of tris/MgC^. Aliquot of
0.75 ml was taken, 0.04 ml 0.8 mM of thymidine and

10 yl of thymidine [2-1^c] were added.
Concentration of thymidine - 50 yM - assay cone. =

45.5 yM. Concentration of ATP - 5 mM.

7. DE 81 discs 2.3 cms - Whatman Ltd.

8. Dioxan cocktail D (SC/1400) - Fisons Ltd.
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Preparation of sonicate;

Specimens in labelled plastic bottles were collected

from the endoscopy theatre and put immediately in a

freezer at -20°C until assayed.

Before the assay, the specimens were put in TEM

in Teklab tubes of 2 ml capacity. The A 180 G Rapidis

Ultrasonic Disintegrator (Ultrasonics Ltd) was used.

Power was set at five. Specimens were sonicated for

four 15 second periods. Tubes were kept immersed in an

ice/water bath during the sonication procedure. The

sonicating probe was immersed such that it was well below

the liquid surface, but not touching the base of the tube.

After sonication, the tubes were centrifuged at

6000 g (1700 rpm on S-speed unit) for 30 minutes at 4°C
in a Mistral 2L centrifuge (Measuring and Scientific

Equipment Ltd, London). The supernatants were separated

in duplicate and stored at -20°C.

Assay of thymidine kinase:

Working substrate (100 yl) was added to small glass

test tubes (2.8 x 0.5 cm) and brought to 37°C in a

water-bath. The reaction was started by adding 10 yl of

supernatant. Incubation at 37°C was carried on for 30

minutes. At time 0, 20 yl of assay mixture was removed,

added to DE81 disc on tinfoil and allowed to absorb for

one to two minutes. The disc was then transferred to

250 ml 1 mM ammonium formate solution and left for 15

minutes. This was repeated a further three times in

fresh ammonium formate for ten minute periods. The disc



was next washed in 250 ml of water followed by 95%

ethanol, each for five minute periods. The disc was

transferred to a scintillation vial. Dioxan cocktail 'D"

(5 ml) was added to the vial and left overnight. Counting

was done for 20 minutes in a scintillation counter

(Nuclear Enterprises 8312). This was the blank (B).

At about time 0, 20 yl of assay mixture was removed

and added to DE81 disc on tinfoil and allowed to absorb

for one to two minutes. The disc was then transferred to

scintillation vial and continued as for blank. This was

standard (S).

After exactly 30 minutes, 20 yl of assay mixture was

removed and added to DE81 disc and treated as in blank.

This was test (T).

Blank, standard and test were all carried out in

duplicate.

Protein assay:

Protein was assayed in the supernatant by a method

modified from Lowrv et al (1951). Supernatant was added

to one ml of water. Standard bovine serum albumin

solutions were set up. Working alkaline copper reagent

was prepared by putting 100 mg cupric sulphate in 20 ml

of sodium tartrate solution (1%) and then adding 5 ml of

this solution to 50 ml of stock alkali reagent (two per

cent sodium carbonate in 0.1 N sodium hydroxide). One

milliliter of this working alkaline copper reagent was

added to each of the following: one milliliter of test,

one milliliter of blank (normal saline), and standard



bovine serum albumin. These were allowed to stand at

room temperature for 10 minutes. Folin and Ciocolteau's

phenol reagent (British Drug House), three milliliter

ten minutes. Values were read against blank in a

spectrophotometer (Unicam SP600 Series 2) at 680 nm.

Concentration of protein in the test solution was

calculated from the standard curve.

Calculation of thymidine kinase activity:

Thymidine kinase activity was calculated as follows

was added to each tube and put in water bath at 50°C for

Thymidine kinase
activity

T-B
= cpm _ x

1000(thymidine) 1 Q
protein x 0.1 30

T-B
cpm ^ x

16,700
protein(mgs/ml)

(cpm = counts per minute)

Units of activity of thymidine kinase were taken to be

nmoles of thymidine phosphate formed per minute per mg

of protein.
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STATISTICAL METHODS

Comparison of the results of different experiments

between different groups of patients was inherent in the

plan of the whole study. The results of experiments were

expressed in many ways and the design of some experiments

varied from the others. Consequently several statistical

tests were employed in the analysis of the results. The

tests are not described in detail, but the experiments

where they have been used are indicated below and

justification for the use of these tests are also given.

Student's 't' test (Hill, 1977)

This test has been used in the analysis of age, age

of onset, duration of symptoms in the clinical study

(Chapter Five). Since these parameters have a fairly

normal distribution, I felt justified in using this test

in these situations. Comparison of gastric acid output

has also been done using this test as this has become the

accepted test in analysis of this feature (Hassan and

Hobsley, 1971; Cheng et al, 1977).

Chi-square test (Hill, 1977)

Results of clinical features study (Chapter Five),

such as proportion of smokers, drinkers, analgesic users,

degree of such habits, family history, characteristics of

abdominal pain, other symptoms have all been compared

using this test.
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Kruskal and Wallis' test and VTilcoxon's sum of ranks test

(Langley, 197 9) :

Kruskal and Wallis1 test is the method of choice in

the comparison of three or more unmatched random samples

of measurements. This has been used in the mucosal

architecture study (Chapter Seven), measurements on villi

(Chapter Eight), estimation of thymidine kinase activity
h

(Chapter Nine), study of inflammatory cellular infiltrate

(Chapter Ten) , comparison of mast cell rtupibers in mucosa

(Chapter 11) . This test is useful in bringing out

differences between different groups and the same level

of significance can be applied to the two groups with the

extremes of value. To compare the values between two

different groups separately within each experiment, I

have applied the Wilcoxon's sum of ranks test. No

correction factor was necessary as these comparisons were

intended before the experiments were done (Langley, 1979).

Wilcoxon's sum of ranks test has also been used to compare

the measurement values between ulcer-associated

duodenitis and ulcer-edge (Chapter 13).

Calculation of co-efficient of correlation and

determination of significance of 'r' (Swinscow, 1976):

Co-efficients of correlation (r) between villus

height, projected villus area and total number of

epithelial cells per villus, in experiments on lamb

intestinal villi and on human duodenal villi (Chapter

Four) were done with the help of a Texas SR-51-II

calculator (Texas Instruments, Bedford, England).



Significance level of the co-efficient of correlation

was calculated with the usual formula (Swinscow, 1976).



CHAPTER FOUR

SELECTION OF TECHNIQUES OF STUDY OF SMALL INTESTINAL

MUCOSA, AND ASSESSMENT AND DEVELOPMENT OF NEW

TECHNIQUES FOR DUODENAL BIOPSY STUDIES



89

SELECTION OF SMALL INTESTINAL BIOPSY STUDY TECHNIQUES FOR

ENDOSCOPIC DUODENAL BIOPSY STUDIES

Introduction;

The value of peroral jejunal biopsy in the diagnosis

of diseases of the small intestine is now well

established (Rubin and Dobbins, 1965; Trier, 1971; Perera

et al, 1975). Methods to quantitate various parameters

of mucosal architecture and lamina propria cells have

been developed to meet the needs of research. Since

endoscopic duodenal biopsy is a relatively new technique,

its potential as a diagnostic and research tool in the

study of small intestinal diseases has yet to be assessed.

Bearing in mind the small size of the endoscopic biopsies

and the variability of duodenal mucosal architecture, I

have selected several techniques which have been used for

the study of jejunal biopsies for my work on endoscopic

biopsies of duodenum.

Development of methods of obtaining specimens of small

intestinal mucosa;

Material obtained either at autopsy or operation

were the only available ones for the early studies on

small intestinal structure (Schein, 1947). Detailed

study of autopsy material of the small intestinal mucosa

is impractical owing to rapid setting in of autolysis and

laparotomy specimens of this tissue are not obtained

frequently enough to be of use for research purposes

(Shiner, 1959). Surgical specimens are obtained from a

selected group of individuals and proper controls are
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difficult to obtain. Furthermore, surgical material

cannot be compared with specimens obtained by other

methods, because differences in villus shape and size

have been reported between surgical and suction biopsies

(Rubin and Dobbins, 1965).

Shiner (1956a and b) first introduced instruments

specifically designed to obtain samples of small

intestinal mucosa by peroral suction biopsy. Crosby and

Kugler (1957) extended the usefulness of this method to

the more distal jejunum by devising a biopsy capsule

which eliminated the pull wire and metal spring sheath,

thus providing greater flexibility. Another advance was

the independent development by Flick et al (1961) and

Baker and Hughes (1960) of a hydraulically activated

system. The hydraulic biopsy tube made it possible to

take specimens from many levels of the gastrointestinal

tract and wash them individually and rapidly to the

exterior while the tube itself remained in situ.

The technique of peroral mucosal biopsy is simple

and safe and has been widely accepted as a simpler way

of obtaining small intestinal biopsies. However, to be

informative, peroral biopsy requires precise localization

of the biopsy instrument, prompt fixation, and proper

orientation of the biopsy specimens. Careful study of

not one or two, but of serial sections cut parallel to

the plane of the villi of the properly orientated central

half of each biopsy specimen is also essential. Unless

these guidelines are followed, meaningful interpretation

is often impossible (Perera et al, 1975).



With the development of flexible fiberoptic

duodenoscopes, biopsy of the duodenal mucosa up to the

distal second part under direct vision has become

possible. However, biopsies obtained through endoscopic

instruments are very small and superficial and usually do

not contain the muscularis mucosa. They are, therefore,

difficult to orientate properly for histological

interpretation. Even in larger specimens obtained by

peroral biopsy instruments, tangential sectioning and

lack of orientation are the greatest source of inter¬

pretive error (Foroozan, 1973). Several studies have

been undertaken to assess the suitability of endoscopic

duodenal biopsies for histological interpretation (Korn

and Foroozan, 1974; Kreuning et al, 1978; Scot and

Jenkins, 1980). These studies have shown that despite

the difficulties, sufficient material for interpretation

can be obtained in the vast majority of cases with

appropriate instruments, proper handling and adequate

number of specimens.

Quantitative techniques used in research and selection of

techniques for application to endoscopic duodenal biopsies

Subjective assessment of the various components of

the small intestinal mucosa is subject to error in

specimens with minimal changes, for example, gluten

challenge in a patient with coeliac disease who had been

on a gluten-free diet. Moreover, for research studies,

quantitation of various components of small intestinal

structure is essential if scientific comparisons are to

be made between different groups. Attempts have therefore



been made by many workers to develop techniques of

quantitative studies of small intestinal biopsies.

A calibrated micrometer eyepiece has been used to

measure villus height, width, height of villus epithelial

cells and crypt length in histological sections (Shiner

and Doniach, 1960; Thurlbeck et al, 1960; Stewart et al,

1967). This method has been criticized because accurate

measurement of the length of villi which are atrophic,

distorted, bifurcate or not in an upright position, is

difficult and the decision as to where a villus ends and

a crypt begins, is arbitrary and introduces a subjective

element. Mucosal biopsies which do not include musculari

mucosae may show separation or spreading of villi

accompanied by a decrease in height. Moreover, it has

also been shown that the measurement in conventionally

processed histological sections give values which are

very different from those obtained by methods which- avoid

tissue shrinkage during processing (Ferguson et al, 1977

Several other methods utilize indirect measurements of

the length of the surface epithelium (Butterworth and

Perez-Santiago, 1958; Rubin et al, 1960; Cameron et al,

1962; Madanagopalan et al, 1965; Swanson and Tomassen,

1965). Other methods utilize indirect assessment of

mucosal architecture. Rubin et al (1960) used a

modification of Chalkley's (1943) random point count

technique to measure the density of intestinal surface

epithelium in biopsies. Dunnill and Whitehead (1972)

used a modification of this technique to estimate surface

area to volume ratio, a method also used by Risdon and



Keeling (1974). Cameron et al (1962) used a linear

intercept principle to estimate the surface area of

mucosa and degree of obliteration of intervillous pits.

Madanagopalan et al (1965) used a combination of random

point technique and linear intercept principle to assess

villous surface. These methods do not give direct

measurements of the various parameters of mucosal

architecture and have been criticized as they have wide

range of value in both control and disease conditions,

with overlap between the groups.

Dissection of villi and crypts for purposes of

measurement had been done on animal tissues (Wimber and

Lamerton, 1963; Clarke, 1970). Ferguson et al (1977 )

adopted this technique of microdissection and measurement

of villus and crypt lengths to bulk stained specimens of

human small intestine. The values obtained were found to

be double those obtained for villus height measurements

on the same specimens processed conventionally and

stained with haematoxylin and eosin. This was because

tissue shrinkage did not occur with this method of

processing and bulk-staining. The technique also allowed

measurements of mitotic activity of single crypts and was

found to be suitable for investigating epithelial cell

kinetics. The method is rapid, sensitive and inexpensive.

I chose this method for the mucosal architecture study.

In the original study, specimens of jejunum obtained by

suction biopsy were mostly utilized. A small number of

endoscopic duodenal biopsies were also used, but these

were all from the second or third parts of the duodenum



(Ferguson et al, 1977 ). Since duodenal bulb endoscopic

biopsies have not been previously processed by this

method, I carried out a pilot study to find out whether

this technique gave adequate preparations for measure¬

ments of mucosal architecture. This is described later

in this chapter.

Leblona ana Stevens (1948) described a method of

estimating villus and crypt cell population by epithelial

cell count in sections of villi and crypts. This method

or its modifications have been subsequently followed.

Recently, Wright et al (1979) have counted total villus

and crypt epithelial cell population. They have

criticized the use of villus height as a guide to villus

epithelial cell population as they found that the

correlation between villus height and total number of

epithelial cells per villus was not very good in jejunal

biopsies of patients with coeliac disease. This

criticism prompted me to examine the relationship between

villus height, number of epithelial cells per villus and

a further parameter, projected villus area in endoscopic

duodenal biopsies. This is described in a later section

of this chapter.

TRelamina propria of the small intestinal mucosa

contains a number of plasma cells, lymphocytes and a few

eosinophils and macrophages in normal persons. However,

the number of cells in the lamina propria varies widely

in normal persons in western countries and even more

widely in the developing countries (Perera et al, 1975).

In disease conditions, there is an increase or decrease



of the various cell types. It is therefore essential to

quantitate the number of various cell types in the lamina

propria if small variations from the normal range are to

be detected. Counting of cells by a planimetric method

has been described (Crabbe' et al, 1965) but has not been

widely used, as it is extremely time-consuming. Another

method based upon the principle of point counting

described by Weibel (1963) has not gained acceptance.

This method gives an indirect assessment of the cell-

density. Inflammatory cells in the lamina propria have

been counted with the help of eyepiece graticule in

normals, coeliac disease, tropical sprue and Crohn's

disease and differences have been documented (Montgomery

and Shearer, 1974; Holmes et al, 1974; Ferguson et al,

1974; Ferguson et al, 1975a). Choosing a reference point

for comparison of cell density presents a problem. The

reference point selected should be such that it itself is

not involved in the disease process and in the small

intestinal mucosa muscularis mucosae has been recommended

as the reference point (Skinner and Whitehead, 1976).

The requirements for obtaining absolute values of

measurements include knowledge of section thickness, the

exact area of the grid used, the precise magnification

and the tissue shrinkage between the time of biopsy and

examination of the slide. It is almost impossible to

meet all these requirements and Skinner and Whitehead

(1976) suggest non-absolute methods as the choice for any

studies involving more than a few specimens and

comparison with a control group. Endoscopic biopsies



often do not include the muscularis mucosae (Foroozan,

1973). Keeping in mind the limitations to obtaining an

absolute value by measurements, I have selected the

method of cell counting using an eyepiece graticule to

obtain a value of the number of a particular cell type per

unit area for comparison with control values.

The epithelial layer covering the small intestinal

villi contains some non-epithelial cells, most of which

are lymphocytes, although an occasional eosinophil or

mast cell may be seen. Intraepithelial lymphocyte

numbers are increased in many intestinal diseases such as

coeliac disease, tropical sprue, giardiasis (Ferguson,

1977). Methods of quantitating the number of intra¬

epithelial lymphocytes have been described (Ferguson and

Murray, 1971; Skinner and Whitehead, 1976). Differential

counting of cells within the epithelium, to give counts

of lymphocytes per 100 epithelial cells, is a simple

method which has been widely applied in clinical and

research work. This method has been criticized by

Skinner and Whitehead (1976) as the reference value for

this measurement is the epithelial cell, which may vary

in number in disease conditions and hence the ratio

expressed does not always reflect a change in the total

number of intraepithelial lymphocytes in the mucosa. As

it has not been established that the clinical

significance of the intraepithelial lymphocytes depend

upon their total number, this criticism is not valid.

I have chosen to count and express the number of intra¬

epithelial lymphocytes as a ratio of the epithelial cells.



In the studies described in this thesis, all

biopsy specimens were examined blindly (without prior

knowledge of the endoscopic appearances and the group

of patients from which it had been taken).
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Validity of the selection of 100 squares (high power

fields) for inflammatory cell counts in the lamina

propria:

In order to validate the selection of 100 squares

(high power fields) as a representative sample of the

whole specimen, counts were extended to 300 squares in

specimens from several subjects. Duodenal bulb biopsy

specimens from the control, severe NSD and ulcer-

associated duodenitis groups were utilized for this

purpose. Specimens from three subjects in each group

were used. Two sections were necessary for the

inflammatory cell count in most specimens. In every

specimen, plasma cells and lymphocytes were counted in

20 squares at each step until 300 squares have been

counted. Counts were done in the villus core, subvillus

area and in the intercryptal regions in turn and from

one side of the section to the other, using the scale of

the microscope stage, care being taken to avoid counting

the same area twice. A summation average graph (Dunnill,

1968) was then plotted for each specimen and are shown in

Figures 4a, 4b, 4c, 4d, 4e and 4f. The actual numbers of

the cells counted at each step in the different specimens

are given in Appendix B. It can be seen that the mean

oscillates considerably for the observations on first 60

squares in most specimens, but after this the mean remains

steady within narrow limits. This is true for both plasma

cell and lymphocyte counts and for all groups of specimens.

It is concluded that selection of 100 squares (high

power fields) for the inflammatory cell counts is valid as

a representative sample of the whole specimen.



Figure 4a. Summation average graph for plasma cell
counts in duodenal bulb specimens from three control
subjects. Each colour represents counts in specimens
from one subject.

Figure 4b. Summation average graph for plasma cell
counts in duodenal bulb specimens from three subjects
with ulcer-associated duodenitis. Each colour
represents counts in specimens from one subject.



Figure 4c. Summation average graph for plasma cell
counts in duodenal bulb specimens from three subjects
with severe NSD. Each colour represents counts in
specimens from one subject.

Figure 4d. Summation average graph for lymphocyte
counts in duodenal bulb specimens from three control
subjects. Each colour represents counts in specimens
from one subject.



Figure 4e. Summation average graph for lymphocyte
counts in duodenal bulb specimens from three subjects
with ulcer-associated duodenitis. Each colour
represents counts in specimens from one subject.

Figure 4f. Summation average graph for lymphocyte
counts in duodenal bulb specimens from three subjects
with severe NSD. Each colour represents counts in
specimens from one subject.
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Assessment of reproducibility of inflammatory cell counts

in the lamina propria:

In order to assess the reproducibility of the method

of inflammatory cell counts in the lamina propria, counts

were done twice on several specimens and the results were

compared. Specimens from control, severe NSD and ulcer-

associated duodenitis groups were used for this purpose.

Specimens from six subjects were included in each group

and counts were done as described in Chapter Three. In

this experiment, the inflammatory cell count in the

lamina propria of duodenal bulb biopsy specimens was

repeated in the same area in each section. Counts were

done on plasma cell and neutrophil numbers in each

specimen. The results are given in Tables 4a, 4b, 4c,

4d, 4e and 4f. Statistical comparison between the pairs

of counts in each group of specimens was done using

Wilcoxon's signed rank test. No significant difference

was found between the two counts in any group of

specimens. This was true for both the counts on plasma

cells and on neutrophils.

This experiment confirms the reproducibility of the

method of inflammatory cell counts in the lamina propria.



Specimen First Second
Number Count Count

1 2361 2083

2 1944 2431

3 2153 2326

4 2430 2083

5 1736 2049

6 2014 2396

Table 4a. Results of plasma cell counts per square
millimetre of lamina propria in specimens from six
control subjects.

Specimen
Number

1

2

3

4

5

6

First
Count

3541

4409

2916

3750

3924

4305

Second
Count

3889

4166

3195

3436

3819

4515

Table 4b. Results of plasma cell counts per square
millimetre of lamina propria in specimens from six
subjects with ulcer-associated duodenitis.



Specimen First Second
Number Count Count

1 4687 4201

2 3611 3819

3 3993 4166

4 3230 3542

5 4132 3785

6 3646 4063

Table 4c. Results of plasma cell counts per square
millimetre of lamina propria in specimens from six
subjects with severe NSD.

Specimen First Second
Number Count Count

1 69 69

2 0 0

3 0 0

4 0 0

5 0 0

6 0 0

Table 4d. Results of neutrophil counts per square
millimetre of lamina propria in specimens from six
control subjects.



Specimen First Second
Number Count Count

1 625 694

2 347 486

3 486 417

4 833 625

5 694 833

6 764 694

Table 4e. Results of neutrophil counts per square
millimetre of lamina propria in specimens from
six subjects with ulcer-associated duodenitis.

Specimen
Number

First
Count

Second
Count

1 694 556

2 589 694

3 764 694

4 903 694

5 833 764

6 694 764

Table 4f. Results of neutrophil counts per square
millimetre of lamina propria in specimens from
six subjects with severe NSD.



ASSESSMENT OF CRITERIA FOR THE ENDOSCOPIC GRADING OF

DUODENITIS

Introduction:

Nonspecific duodenitis can be diagnosed at endoscopy

by recognition of visual features associated with

inflammation. These visual features have been described

as swelling of the mucosa ('oedema'), erythema of the

mucosa ('congestion'), contact or spontaneous bleeding

('friability') and minute erosions. However, in many

subjects different combinations of varying degrees of

these features are seen and have been thought to indicate

different grades of severity of the inflammation.

Therefore, unless a detailed description of the visual

features is given at endoscopy, it is difficult to assess

the severity of inflammation later and to correlate it

with histology. Joffe and his associates (1978) have

described a method of categorising visual changes of

inflammation in the duodenum into four grades (see

Chapter Two). I felt that this method of classification

was unlikely to be suitable for my studies as it was too

complicated, and as overly between the different

categories might occur. I therefore decided to document

the visual features of duodenitis at endoscopy in a group

of patients in the hope that I could then create a simple

system of classification of visual changes. The

objective, in view of the spectrum of visual changes in

duodenitis, was to define different degrees of duodenal

inflammation, based on visual findings, to give
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consistent categories of patients for the various

research studies.

Patients and methods:

The mucosa of the normal duodenal bulb is paler than

the gastric mucosa in appearance and is more beige. It

may appear velvety or shaggy, owing to the existence of

villi, although at times it may appear smooth and trans¬

lucent. The walls of the duodenal bulb are generally

smooth (Belber, 1978)(Figure 4.1). The endoscopic

appearances of duodenal mucosa in the presence of

inflammation has been described before (Figure 4.2).

Patients who had visual features of inflammation in

the duodenal bulb at endoscopy were studied. There were

twelve patients who had in addition a duodenal ulcer,

defined as an area of ulceration (identified by loss of

surface mucosa, usually covered by greyish-white necrosed

tissue and exudate) with visible depth and sharp borders

(Figure 4.3). These subjects constituted the ulcer-

associated duodenitis group. Six patients had no

associated ulcer and thus constituted the nonspecific

duodenitis group. Patients were referred for endoscopy

either from the Gastrointestinal Outpatient Clinic or

directly from the general practitioners because of

dyspeptic symptoms.

Features found in the duodenal bulb at endoscopy

were recorded in a descriptive format immediately after

the endoscopic examination. The intensity of each

feature was indicated as either slight (+) or intense (++).



Figure 4.1. Normal duodenal bulb at endoscopy.

Figure 4.2. Severe NSD at endoscopy, showing erythema,
bleeding and erosions.



Figure 4.3. Duodenal ulcer and associated duodenitis

at endscopy.
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Results:

The results are shown in Tables 4.1 and 4.2. In the

USD group, two cases showed only mild redness and

swelling of areas of duodenal bulb mucosa. Other subjects

all had more severe degree of erythema and swelling

together with spontaneous or contact bleeding and minute

erosions.

In the duodenal ulcer group, convincing duodenitis

was really not present in two patients. Of the rest,

four patients had marked swelling and redness together

with spontaneous mucosal bleeding as visible features of

inflammation. Six patients had erosions in addition to

the above features. It appeared from this study that

when duodenitis was present with duodenal ulcer, it was

of the severe variety.

Conclusions:

On the basis of these observations I decided to

classify USD into two groups only:

1. Mild NSD - subjects with slight erythema and

minimal swelling in the absence of spontaneous

bleeding or erosions.

2. Severe DSD - those with intense swelling or redness

of mucosa and associated spontaneous and contact

bleeding or multiple erosions or both.

I decided to treat ulcer-associated duodenitis as a

single category.

I also decided to follow this method of

classification of visual changes of NSD and ulcer-

associated duodenitis at endoscopy in subsequent



PATIENTS:

VISUAL FEATURE 123456

Erythema ++ + ++ ++ + ++

Swelling ++ + ++ ++ + ++

Haemorrhage + ++ ++

Erosions ++ ++ ++ +

Table 4.1 Visual features recorded at endoscopy in

six patients with nonspecific duodenitis.

NO. OF PATIENTS

No associated duodenitis 2

Erythema and swelling 0

Erythema,swelling and

mucosal haemorrhage 4

Erythema, swelling,

haemorrhage and erosions 6

Table 4.2 Visual features recorded at endoscopy in

12 patients with duodenal ulcer



experiments. It was found to be simple to follow by

the endoscopists involved in taking the specimens. A

detailed descriptive format for recording of endoscopic

features was not necessary. It was sufficient to grade

the observed changes in NSD into either mild or severe

category.

All endoscopies in the studies described in this

thesis were performed by Dr W. Sircus, Dr A. Ferguson

and myself. All endoscopists applied the same criteria

to the description of endoscopic findings and used the

same classification system (described above) for

allocation of the patients to the different groups.



ASSESSMENT OF ENDOSCOPIC DUODENAL BIOPSIES FOR MUCOSAL

ARCHITECTURE STUDY

Introduction;

A small number of endoscopic biopsies were examined

in the original report by Ferguson and co-workers (1977 )

on the microdissection technique. However these were

from the second part of the duodenum and information on

the suitability of duodenal bulb biopsies for micro¬

dissection and measurement was not available. I there¬

fore studied biopsies taken with two types of biopsy

forceps, in order to assess whether they would be

adequate for the proposed mucosal architecture study of

duodenal mucosa.

Methods;

A forward viewing small diameter (6mm) endoscope,

the Olympus GIF P2, originally designed for paediatric

use, is now in general use for gastrointestinal endoscopy

of adult patients. Biopsy forceps used with this

instrument have a small diameter when open, 3.5 mm

(Olympus FB2IK), in contrast to the larger biopsy forceps

with an open diameter of 8 mm (ACMI toothed biopsy

forceps) , which can be passed through the adult endoscope

Olympus GIFK (Figures 4.4 and 4.5).

Duodenal bulb biopsies from endoscopically normal

bulbs were taken from 12 subjects at upper endoscopy. In

six, the Olympus GIF-P2 and its biopsy forceps was used.

In the other six subjects, the Olympus GIFK and its

biopsy forceps was used. One specimen was taken from



Figure 4.4. The Olympus' GIF K endoscope..
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Figure 4.5. Biopsy forceps for the GIF P2 (above), and
the GIF K (below) endoscope.



each subject. These specimens were processed and stained

in bulk as described in Chapter Three. Microdissection

was done on each specimen and the number of villi and

crypts obtained which were suitable for length measure¬

ment with an eyepiece graticule and the number of crypts

obtained after squashing which were suitable for counting

of mitotic figures were recorded.

Results:

The results are shown in Table 4.3. In specimens

taken with the Olympus GIF P2 endoscope measurement could

be done on ten villi in only two out of the six biopsies.

Crypt depth measurement and mitotic figure counts on ten

crypts were not possible in any of the specimens.

Biopsies taken through the Olympus GIFK endoscope

allowed measurements to be made on ten villi in all the

specimens. Crypt depth measurements and counting of

mitotic figures in crypts were possible on ten crypts in

five out of six specimens.

Conclusions:

I hoped to perform measurements of 10 villi and 10

crypts per specimen. Of the biopsies taken through the

GIFP 2 endoscope, in only two were 10 measurable villi

present and in none were sufficient intact crypts

obtained. On the other hand, in biopsies taken through

the GIFK, at least 10 villi suitable for measurement were

obtained in all specimens and measurements of crypts were

possible in five out of the six specimens.



BIOPSIESTAKENTHROUGHOLYMPUSGIF-P2
BIOPSIESTAKENTHROUGHOLYMPUSGIF-K

No.of

NumberofNumberof villicrypts suitableforsuitablefor
Numberof crypts suitablefor mitotic

Numberof villi

Numberof crypts

suitableforsuitablefor

specimenmeasurementmeasurementfigurecountmeasurementmeasurement 1 2 3
4 5 6

5

10

8

13

6 9

2 5 4 6 3 5

3 4 4 5 4 5

12 13 10 13 11 11

13 10 14 11 13

9

Numberof crypts suitablefor mitotic figurecount 10 11 10

9

13 12

Table4.3Resultsofmicrodissectiononendoscopicbiopsiestakenthroughtwo differentendoscopes

o



Since a single biopsy through the GIFK endoscope was

adequate in most cases, I felt virtually certain that two

biopsies, taken through the Olympus GIFK endoscope, would

provide sufficient material for studies of mucosal

architecture in every case. This indeed proved to be so.

It was decided to conduct endoscopic examinations

on the patients selected for the mucosal architecture

study with the Olympus GIFK endoscope and take two

biopsies from each indicated site with the forceps

corresponding to this endoscope. If in any subject the

examination hai been started with the Olympus GIF P2, but

the endoscopic appearances allowed the inclusion of this

patient in the study, the P2 would be withdrawn. The

K-scope would then be introduced and two biopsies taken

from each appropriate site.
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DEVELOPMENT AND ASSESSMENT OF TECHNIQUES OF MEASUREMENTS

OH MICRODISSECTED SINGLE VILLI

Introduction:

As mentioned above, Wright and his co-workers (1979)

have criticized the use of villus height as an index of

villus epithelial cell population. They found poor

correlation between villus epithelial cell population and

villus height. They also concluded that minor changes in

epithelial cell numbers may not be reflected by a

corresponding degree of alteration of villus height.

Examination of epithelial cell numbers in villi was

felt to be important in this study to examine whether

changes in villus epithelial cell numbers were under¬

estimated by using the simpler villus height measurements

in the various groups studied (Chapter Seven). Although

Wright and his co-workers (1979) have performed total

epithelial cell counts on villi, the technique had not

been described. I decided to develop a method of

counting the total number of epithelial cells in a villus.

I intended to examine the correlation between villus

height and villus epithelial cell population and thus to

find out whether the results regarding alteration of

villus height (Chapter Seven) in severe NSD and ulcer-

associated duodenitis would allow conclusions to be drawn

about villus cell damage. However since most villi in

the duodenum are leaf, spade or deltoid shaped, it seemed

likely that surface area might be an accurate measure of

the villus cell population. Hence I also intended to



examine the correlation between other parameters of

villus measurement, such as villus area, and villus

epithelial cell number.

Development of techniques and results:

For initial studies, lamb small intestine, available

after studies of rotavirus infection in lambs, was used.

Since counting of the total number of epithelial cells in

a villus could only conveniently be performed in a micro-

dissected single villus, it was felt bulk-staining of the

tissue as in the Feulgen reaction (Chapter Three) would

have to be taken as the starting point. Further

necessities were microdissection of a single villus, a

method of spreading the cells of the villus uniformly on

a slide and differential staining of epithelial cells and

other cell types in a villus.

Pieces of lamb intestinal mucosa were stained in

bulk by the Feulgen reaction (Chapter Three). Micro¬

dissection of a single villus was found to be easier from

strips of mucosa one villus thick, as in the mucosal

architecture study, than from the whole specimen. It was

also found that the cataract knife used in the mucosal

architecture study was unsuitable for the microdissection

of single villi. Single villi were separated from strips

of mucosa one villus thick using a fine needle.

The microdissected villus was put on a drop of 45%

acetic acid on a slide and covered with a coverslip.

Examined under a light microscope (Leitz Dialux 20EB) it

was seen that the height of the villus could be easily
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measured with an eyepiece micrometer (Figure 4.6).

Attempts were then made to spread out the villus

cells uniformly on the slide. Use of an orange stick,

which is used to spread out crypts for mitotic figure

counts, was found to be unsuitable. Most cells were

found to disintegrate under this pressure, when examined

under the microscope. A finer instrument was felt to be

necessary to enable regulated pressure to be applied to

the very small area involved and again a fine needle was

found to be appropriate. After some trial, the satis¬

factory amount of pressure necessary to spread the villus

cell was found. If any area of the slide was found under

the microscope not to have uniform spread, further

pressures could be applied (Figure 4.7).

Having developed a method of separating a single

villus from the mucosa and spreading out its cells

uniformly on a slide, examination under the light micro¬

scope revealed that although the nuclei of most cells

were visible, it was often difficult to differentiate

between epithelial cells and other villus cells. It was

decided to develop the staining technique further to

allow this differentiation.

Longer staining periods with the Schiff reagent were

tried (Table 4.4) and at each stage microdissection of

single villus was done and after spreading the cells out,

it was examined for satisfactory differentiation between

epithelial cells and other cell types. Staining up to

one hour with Schiff reagent did not solve the problem.

Giemsa's stain diluted one in ten in water was next tried.
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Figure 4.6. Microdissected single villus. Schiff and
Giemsa x 160 (original magnification).



113

Figure 4.7. Cells from microdissected single villus

spread out uniformly. Schuff and Giemsa
x 125 (original magnification).



Stain Time Result

Schiff reagent

Schiff reagent

Schiff reagent

30 min

4 0 min

50 min

unsatisfactory

unsatisfactory

unsatisfactory

Schiff reagent 1 hour unsatisfactory

Schiff reagent followed 30 min and

by Giemsa's stain(1 in 10) 10 min unsatisfactory

Schiff reagent followed

by Giemsa's stain

30 min and

20 min unsatisfactory

Schiff reagent followed

by Giemsa's stain

30 min and

30 min unsatisfactory

Schiff reagent followed

by Giemsa's stain

40 min and

10 min unsatisfactory

Schiff reagent followed

by Giemsa's stain

40 min and

20 min unsatisfactory

Schiff reagent followed

by Giemsa's stain

45 min and

30 min satisfactory

Table 4.4 Trials with different staining methods to

obtain satisfactory differentiation between

epithelial cells and other villus cells
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Figure 4.8. Villus cells at higher magnification.. The

oval, larger and paler stained bodies are

nuclei of epithelial cells.x 5oo.
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After staining as in the Feulgen reaction with the Schiff

reagent for 30 minutes, various periods of staining with

Giemsa's stain were tried and found to give unsatisfactory

results. The duration of staining of both Schiff and

Giemsa were then gradually increased (Table 4.4) until

satisfactory results were obtained after staining with

Schiff reagent for 45 minutes followed by staining with

Giemsa's stain for 30 minutes. The epithelial cell

nuclei were visible as oval shaped, paler stained bodies

which could be clearly differentiated from the other

villus cells, all of which were more densely stained and

had shapes and sizes different from the epithelial cell

nuclei (Figure 4.8). Plasma cells were identified by

their round nucleus and peripheral chromatin clumps.

Lymphocytes also had round or indented nucleus, but had

no chromatin clumps. Polymorphonuclear leucocytes were

identified by the multilobed shape of their nuclei.

Fibroblasts and smooth muscle cells had elongated nuclei.

After a satisfactory staining method had been

developed, total epithelial cell counts were performed on

lamb villi. Objectives were to find out the range of

epithelial cell numbers in a villi and to examine the

relationship between villus height and the number of

epithelial cells in a villus. Villus height measurement

followed by total epithelial cell count on that villus

was performed on six villi from each of four lamb small

intestine specimens.

Almost all the villi in the lamb small intestine

specimen were found to be tall and finger shaped. Mean
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villus height was 920 ym (SE of the mean 46 ym) and the

mean number of epithelial cells per villus was 2285 (SE

of the mean 101). Co-efficient of correlation between

villus height and the number of epithelial cells per

villus was 0.869 (p<0.001)(Figure 4.9).

This experiment, therefore, showed a good correlation

between villus height and the number of epithelial cells

in a villus. However, in the specimens in this

experiment villi were of uniform size and shape. In the

human duodenum, where the villi are of variable size and

shape, villus epithelial cell population may not be so

well reflected by villus height measurements. This

suggestion was to be tested and a further parameter,

villus area was examined for correlation with villus

epithelial cell numbers in a further experiment.

Duodenal bulb mucosal biopsies were obtained from

subjects who had symptoms of oesophageal reflux

associated with hiatus hernia but endoscopic examination

did not reveal any abnormality other than hiatus hernia.

Two duodenal bulb biopsies were taken through the Olympus

GIFK endoscope from each subject. Five subjects were

studied in this experiment. The specimens were then

processed for villus height, projected villus area

measurement, and epithelial cell counts as described in

Chapter Three.

The relationship between measurements of villus size

by villus height, projected villus area and epithelial

cell count are illustrated (the figures 4.10, 4.11 and

4.12 illustrate the analysis of results from three



500 T000 1500 So So So So So
NUMBER OF EPITHELIAL CELLS PER VILLUS

Figure 4.9. Correlation between villus height (in
micrometers) and number of epithelial ce

per villus in specimens from lamb small
intestine.
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subjects). Total number of epithelial cells in a villus

was found to be 2138 ± 90 (mean ± SE). Villus height was

found to be 687 ± 20 ym and projected villus area was

found to be 33 ± 2.1 square centimetres. Co-efficient of

correlation (r) between villus height and the number of

epithelial cells per villus was 0.66 (p<0.001) (Figure

4.10). The value of (r) between projected villus area

and the number of epithelial cells per villus was 0.96

(p<0.001)(Figure 4.11). Co-efficient of correlation

between villus height and projected villus area was 0.64

(p<0.001)(Figure 4.12).

Conclusions;

It was concluded from this study that although the

biopsies are small it is possible to separate individual

villi and count the number of epithelial cells per villus.

It has also been shown that projected villus area

correlated well with villus epithelial cell numbers but

the correlation with villus height was less satisfactory.

In circumstances where there is considerable variation in

shape and size of villi, as in the normal duodenum,

direct enumeration of the epithelial cell population of

a single villi is one way to obtain precise information

on the villus size. However, villus area estimation is

likely to be a more practicable measurement for clinical

investigation and research as this measurement correlates

very well with the total number of epithelial cells in

the villus.

It was decided to perform villus height and



120

1100-1

1000 -

900 -

. 800 -

700 -

600 -

500 -

400 -

300 -

200 -

100 -

* v

500 1000 1500 2000 2500
NUMBER OF EPITHELIAL CELLS PER VILLUS

(FROM THREE CONTROL BULB SPECIMENS)
r = 0.56

3000

Figure 4.10. Correlation between villus height (in
micrometers) and number of epithelial cells

per villus in human duodenal bulb mucosa.
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Figure 4.11. Correlation between projected villus area
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epithelial cells per villus in human
duodenal bulb mucosa.
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projected villus area measurements as well as epithelial

cell count per villus in groups of patients with ulcer-

associated and nonspecific duodenitis, cimetidine healed

duodenitis of both types and to compare these with

control values to examine further the question of

alteration of villus epithelial cell population in

duodenitis (Chapter Eight).



ASSESSMENT OF STAINING METHODS FOR MAST CELL COUNTING IN

SEMITHIN SECTIONS

Mast cells can act as effector cells in inflammation

and injury of the small intestinal mucosa (Doe, 1981).

It was, therefore, important to know whether mast cell

numbers changed in duodenal inflammation.

Study of semithin sections stained with toluidine blue

or haematoxylin and eosln:

Duodenal biopsies for this study were fixed in

glutaraldehyde and embedded in araldite. Semithin

sections (approximately one micrometer in thickness) were

cut from these specimens and stained with toluidine blue

or haematoxylin and eosin. Inflammatory cell counts in tke

lamina propria were done on these (details of methods in

Chapter Three) grou-ps of pa-iie-n/ts described in Chapter 10 .

Mast cells were seen in only 13 out of the 78

specimens. Even in those sections in which mast cells

were found, only one or two of these cells could be seen

in the whole section.

At this time a study on mucosal mast cell staining

was conducted in the same laboratory which showed that

the staining properties of intestinal mucosal mast cells

are critically dependent on the fixation techniques

(Strobel et al, 1981). Significantly more mast cells

were detected after fixation in Carnoy's and basic lead

acetate than in fixatives containing 10% formalin. It

seemed likely that mast cells were not being stained

adequately by the method I have used and this was



probably the cause of the very low counts found in all

the groups of specimens.

Study of mast cell numbers in sections fixed in Carnoy's

and stained with astra blue:

To examine the above possibility, it was decided to

test a number of fixatives and stains which result in

staining of mast cells. A small experiment was under¬

taken to see (a) whether mast cell numbers by this method

were similar to those obtained by the glutaraldehyde

fixation and toluidine blue or haematoxylin and eosin

staining; (b) to see if there was any difference between

the different groups of specimens.

Specimens were obtained from controls, ulcer-

associated duodenitis and severe NSD. In the latter two

groups biopsies were taken from visually inflamed areas

and in controls biopsies were taken from any part of the

bulb. There were four subjects in each group.

Endoscopic biopsies were fixed in Carnoy's fixative

for six to 24 hours. The specimens were rehydrated.

These were post-fixed in 1% osmium tetroxide in

cacodylate buffer at pH 7.3 for one hour. The specimens

were processed, embedded in araldite and sectioned

(approximately one micron in thickness) in the same way

as described in the section on the preparation of

semithin sections.

Sections were stained in astra blue (0.1% astra blue

(Gurrs) in 0.7 N hydrochloric acid) for three days.

These were next washed in running water for 15 minutes.



126

This was followed by staining in Safranin (0.5% aqueous

safranin 0) for five minutes. The sections were then

washed well in running water. Then safranin was

differentiated in 70% ethyl alcohol. This was followed

by dehydration, clearing in xylene and mounting in DPX.

By this method mast cell granules showed up as dark

blue against a red background (Figures 4.13, 4.14).

Counting was done under the oil-immersion lens of a

light microscope (WILD M20, Wild (UK) Ltd.) using an

eyepiece graticule. Mast cells seen in 500 squares of

lamina propria were counted and the value converted to

number of mast cells per square millimetre of lamina

propria.

Theresults of this experiment are presented in Table

4.5. The numbers of mast cells per square millimetre of

lamina propria were higher in each group than the

corresponding counts found in sections stained with

toluidine blue or haematoxylin and eosin. However, there

was no difference between the three groups studied.

I concluded that the staining method which I had

used for lamina propria cell counts was not suitable for

study of mast cells. Since I had found that by using

Carnoy's fixed preparations mast cell counts could be

performed, I could have repeated the entire study with

newly obtained Carnoy's fixed biopsies. However

fortunately, as indicated below, the application of a

different stain to the glutaraldehyde fixed preparations

gave excellent mast cell staining, so that it was

possible to recut and stain previously obtained



Figure4.13Duodenalspecimenfixed inCarnoy'sandstainedwithAstra blueshowingmastcells.xl25.
Figure4.14Highermagnificationofthesame specimenasinFigure4.13(x500).Mastcells clearlyidentifiableasdarkstainingcells.

to
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Specimen Ulcer-associated Severe nonspecific
no. Controls duodenitis duodenitis

1 97 156 97

2 42 56 111

3 156 42 83

4 28 111 69

Table 4.5 Mast cell count per square millimetre of

lamina propria in sections fixed in Carnoy's

and stained in astra blue, safranin.

Specimen No. Mast cell count

1 56

2 83

3 97

4 167

Table 4.6 Mast cell counts per square millimetre

of lamina propria in sections fixed in

glutaraldehyde and stained with methylene

blue, azure II, basic fuchsin.



glutaraldehyde fixed araldite embedded biopsies.

Study of semithin sections fixed in glutaralaehyde and

stained with methylene blue, azure II, basic fuchsin:

Specimens from control patients, fixed and processed

as described in the preparation of semithin sections

(Chapter Three), were used. The staining method for mast

cells with methylene blue, azure II and basic fuchsin is

also described in Chapter Three. With this method, mast

cells were distinctly visible as containing blue granules

(Figures 4.15 and 4.16). Results are shown in Table 4.6.

It was seen that the number of mast cells in the

control specimens studied were very similar to those

obtained by fixation in Carnoy's and staining with astra

blue and safranin. This was therefore an adequate mast

cell stain and it was decided to stain further sections

by this method from the control, ulcer-associated

duodenitis, mild and severe NSD groups for comparative

study of mast cell numbers. This is described in

Chapter 11.
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Figure4.15Duodenalspecimenfixedin glutaraldehydeandstainedwithazureII, methyleneblueandbasicfuchsinshowing mastcells.xl60

Figure4.16Highermagnificationof thesamespecimenasinFigure4.15 (x500).Mastcellsseencontaining darkgranules.

u>
o



CHAPTER FIVE

STUDY OF CLINICAL FEATURES OF NONSPECIFIC

DUODENITIS AND DUODENAL ULCER



INTRODUCTION

Controversy exists as to whether nonspecific

duodenitis can cause symptoms (Palmer, 1974; Gregg and

Garabedian, 1974). In studies where nonspecific

duodenitis has been associated with symptoms, there is

lack of agreement about the type of symptoms caused by

this condition. Uncertainty also remains about gastric

acid secretory capacity of nonspecific duodenitis

patients. It was, therefore, decided to examine the

following points in this clinical study:

a) the type and frequency of symptoms caused by NSD;

b) to compare the clinical features of NSD with those

of duodenal ulcer;

c) to examine the gastric acid secretory capacity of

NSD patients.



METHODS

In the clinical study, patients were selected after

the diagnosis had been established by endoscopic

examination. Most of the patients were referred from

the gastrointestinal outpatient clinic where they had

been seen by either Dr W. Sircus or Dr A. Ferguson and

the clinical history had already been recorded. The

history was taken on the basis of clear definition of

symptoms which had previously been agreed upon. Some

patients were referred directly from general practitioners.

These patients were interviewed by myself on the same day

as the endoscopic examination, after recovery from the

effect of intravenous diazepam, and a full history was

taken. Age, sex, age of onset of symptoms, occupation,

family history of peptic ulcer, smoking, drinking and

analgesic intake habits were recorded. When recording

family history, a score of one point was recorded for

each peptic ulcer patient among first and second degree

relatives. A scoring system was also used to record the

degree of smoking, drinking and analgesic intake (Hasan

and Sircus, 1981)(Table 5.1). A questionnaire was used

for recording the clinical history (appendix). Details

of symptoms were recorded. If pain was a feature, its

location, relation to meals, response to antacids,

relation to bowel movement, occurrence at night,

periodicity, were enquired about. Other symptoms, such

as heartburn, nausea, vomiting, abdominal distension and

altered bowel habits were also noted.



Table 5.1

Factor Score

Family history 1 point for each 1st and 2nd degree

relative with peptic ulcer

Smoking (per day) ^10 cigarettes = 1;

11-20 cigarettes = 2;

>20 cigarettes = 3

Alcohol (per week) <;5 pints or spirits = 1;

6-10 = 2; >10 = 3

Analgesics occasional = 1; daily = 2;

dependency = 3

Method of scoring degree of relevant factors

Score per person for a particular factor was derived

by dividing the total score for that factor in a

group by the number of patients in that group.



The criteria of selection of different groups of

patients for this study are described in Chapter Three.

There were 35 patients in tide duodenal ulcer group, 31

patients in the severe NSD group and 15 patients in the

mild NSD group.

The criteria for selection of patients in the

maximal acid output study are also described in Chapter

Three. These patients were different from those included

in the clinical study. There were 20 subjects in the

control group, 33 patients in the duodenal ulcer group,

25 patients in the severe NSD group and 9 patients in

the mild NSD group. The technique of the pentagastrin

test is described in Chapter Three.

Analysis of the proportion of patients in different

groups having a particular clinical feature was done by

the chi-square test. Comparison of age, age of onset,

duration of symptoms and the maximal acid output was

done using the Student's 1t' test.



RESULTS

Total number of patients in the clinical study,

their sex distribution and mean age in years is shown

in Table 5.2. The number of males in both the duodenal

ulcer and severe nonspecific duodenitis groups was

approximately twice the number of females. However,

there was no significant difference in sex distribution

between the different groups. Mean age of the severe

nonspecific duodenitis group of patients was lower than

the mean age of the duodenal ulcer patients. But there

was no statistically significant difference when

comparison was done between the different groups.

Table 5.3 shows the age of onset, duration of

symptoms, and the results of family history, smoking,

alcohol and analgesic ingestion study. There was no

difference in the mean age of onset between the

different groups. However, the duration of symptoms

was significantly longer in the severe NSD and duodenal

ulcer groups when compared with the mild NSD group .

There was no difference between duodenal ulcer and

severe nonspecific duodenitis groups in the duration of

symptoms. Number of persons with positive family history



Total number of
patients

Males

Females

Age in years

(Mean ± SD)

Age range in years

Mild Severe
NSD NSD DU

15 31 35

9 21 23

6 10 12

40.5 39.8 45.6

±11.1 ±11.9 ±12.5

21-65 18-70 23-76

Table 5.2 Sex distribution and age of patients
in the clinical study
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Mild NSD Severe NSD DU

No. of subjects
studied

15 (100) 31 (100) 35(100)

Age of onset in 37.6 32. 7 33. 7

years
(Mean ± SD) ±10.4 ±10.9 ±11.9

Duration of symptoms 2. 7a 7. 2b 11.9°
in years
(Mean SD) ±2.1 ±6.2 ±10.4

Range of duration of 3 months- 1 to 2 2 1 to 40

symptoms 7 years years years

No. with family
history

2 (13 . 3) d 14 (45 . 2) e 15 (42.8)'

Family history score 2 (0 .13) g 17(0.55)h 21 (O.e)1
No. of smokers 8(53.3) 20 (64.5) 21 (60)

Smoking score 9(0.6)j 38 (1 .23)k 45 (1 .29)

No. taking alcohol 9 (60 ) 22 (71) 21(60)

Alcohol ingestion
score

12(0.8) 25 (0.81) 26(0.7)

No. taking analgesics 2(13.3) 3 (9.7) 2 (5.7)

Analgesic ingestion
score

4 (0.27) 3 (0. 096) 2(0.06)

Table 5.3 Clinical features of mild and severe NSD and
duodenal ulcer (DU) groups of subjects. Figures in
parantheses represent percentage of total number of
subjects studied, except those in scores, where
figures in parentheses represent the score per patient.

ab

ac

de

df

p<0 .02

p<0.01

p<0 .02
D< 0.05

gh
hi

jk

jl

p<0.05

p<0.02

p<0 .05

p<0.05
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for peptic ulcer and the family history score were

significantly higher in the severe nonspecific duodenitis

and duodenal ulcer groups when compared with the mild

nonspecific duodenitis group. So far as the number of

smokers was concerned, no significant difference was

found between the different groups. However, the smoking

score was higher in the severe nonspecific duodenitis and

duodenal ulcer groups when compared with the mild

nonspecific duodenitis group. There was no difference

between the groups in the number of persons taking

alcohol and analgesics, and the alcohol and analgesic

ingestion scores.

Tables 5.4 and 5.5 show the results of the study on

the symptoms in the nonspecific duodenitis and duodenal

ulcer groups. No difference was found between the

groups in the site of the pain. A similar proportion of

patients in the severe nonspecific duodenitis and

duodenal ulcer groups showed relation to meals, relief

with antacids and nocturnal waking by pain. When

compared with the mild NSD group, a significantly greater

proportion of severe NSD and duodenal ulcer patients had

pain relieved by antacids and nocturnal waking by pain,

but there was no difference in the proportion of patients

with meal-related pain between these groups.
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Mild NSD Severe NSD DU

No. of subjects
studied

15 (100) 31 (100) 35(100)

No. having pain 13(86.7) 27 (87. 1) 33(94.3)

Epigastric site 10 (66.7) 22(71) 29 (82.9)

Right hypochondrium 2 (13.3) 4 (12.9) 3(8.6)

Left hypochondrium 1(6.7) 1(3.2) 1(2.9)

Meal related 6 (40) 21 (67.7) 25 (71.4)

Antacid relief 3 (20) a 21(6 7.7)b 27(77.1)

Nocturnal waking 2 (13 . 3)d 15(48.4)e 22 (62.9)

Related to bowel
movement

3 (20) 2 (6.5) 1 (2.9)

Periodicity 6 (40) 17(54.8) 21 (60)

Continuous or

irregular
7 (46.7) 10(32.3) 12(34.3)

Table 5.4 Study of pain characteristics in mild and
severe nonspecific duodenitis and duodenal ulcer
groups. Figures represent actual number of subjects
and figures in parentheses represent percentage of
total number of subjects studied.

ab p<0.05

ac p<0.02

de p<0.05

df p<0.02



Mild NSD
Severe

NSD DU

No. of subjects studied 15(100)

Heartburn

Nausea

Vomiting

Distension

Belching

3(20)

4(26.7)

3(20)

1 (6.7)

31(100) 35(100)

4(12.9) 6(17.1)

5(33.3) 5(16.1)

2(6.5)

9(25.7)

3(9.7) 6(17.1)

2 (5.7)

3(9.7) 2(5.7)

Altered bowel habits 5(33.3) 2(6.5) 1 (2.9)

Table 5.5 Other symptoms in the mild and severe
nonspecific duodenitis and the duodenal ulcer
groups. Figures represent actual number of
subjects and figures in parentheses represent
percentage of total number of subjects studied.
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Table 5.6 shows the maximal acid output in response

to pentagastrin (in mmols per hour) in the control,

severe NSD, mild NSD and duodenal ulcer groups. Both

severe NSD and duodenal ulcer groups had a significantly

higher value of mean maximal acid output than the mean

value of either control or the mild NSD groups. There

was no difference between the severe NSD and duodenal

ulcer groups. Mean values for the control and mild NSD

groups were similar.



Mild Severe
Controls NSD NSD DU

No. of subjects 20 9 25 33

Maximal acid output 20.8a 21.23b 33.81c 32.3

(in mmols per hour) ±6_5 +?>58 ±8_? ±1Q_6
Mean - SD

ab N.S. be p<:0.01

ac p<0.01 ba p<0.01

ad p<0.01

N.S. = not significant

Table 5.6 Maximal gastric acid output to pentagastrin
stimulation compared between the different

groups.



CONCLUSIONS

Study of clinical features has demonstrated the

essential similarity of clinical features of severe NSD

and duodenal ulcer. The duration of symptoms,

proportion of subjects with positive family history

for peptic ulcer, and the proportion of heavy smokers

were similar in the severe NSD and duodenal ulcer

groups. Analysis of symptoms revealed that several

characteristics of the abdominal pain, such as relation

to food, relief by antacids and occurrence at night

were present in the same proportion of patients in both

the severe NSD and duodenal ulcer groups. The maximal

gastric acid output after pentagastrin stimulation was

also similar between these two groups, but higher than

the control group.

In contrast, the mild NSD group of subjects showed

a different clinical pattern from the duodenal ulcer

group, and so also from the severe NSD group of subjects

This was evident in the duration of symptoms, number of

persons with positive family history, characteristics

of the abdominal pain and the gastric acid output in

response to pentagastrin. These differences emerged

despite the fact that selection for endoscopy and

consequently entry into the study was dependent on

particular symptom patterns which introduce an element

of bias against there being different symptom patterns

between the groups.



Four subjects in the mild NSD group received bran

(high fibre diet) and smooth muscle relaxants as

treatment for irritable bowel syndrome. At follow-up

between two and six months, two subjects reported

relief of symptoms and two had symptoms unchanged.

Two subjects received anti-reflux (gastro-oesophageal)

treatment on the basis of symptoms and both reported

improvement at follow-up between two and four months.

Six patients received metoclopramide for upper

gastrointestinal dysmotility and five reported relief

at follow-up at three months. Three patients were not

given any treatment. They were discharged from the

clinic to be followed up by the general practitioner

as the severity of symptoms was mild.



CHAPTER SIX

EXAMINATION OF SURFACE FEATURES OF DUODENAL

MUCOSA IN NONSPECIFIC AND ULCER-ASSOCIATED

DUODENITIS BY SCANNING ELECTRON MICROSCOPY



INTRODUCTION

The three dimensional structure of the intestinal

mucosa can readily be examined by using the dissecting

microscope (Rubin et al, 1960; Holmes et al, 1961). This

simple examination technique also allows comparison of

features before and after treatment, e.g. of coeliac

disease with gluten free diet (Stewart et al, 1967).

Resolving power of the dissecting microscope is,

however, limited. Development of the scanning electron

microscope allowed examination of mucosal surface in much

greater detail (Marsh et al, 1968; Carr and Toner, 1968;

Marsh and Swift, 1969) ana may reveal surface changes

which cannot be recognised by more common techniques such

as high power histology etc.

I, therefore, carried out a small study of duodenal

mucosa using the scanning electron microscope to examine

villus surface structure with the following aims:

1. To find out the microscopic surface abnormalities in

cases of severe NSD, mild NSD, and ulcer-associated

duodenitis.

2. To compare the changes found in NSD, both mild and

severe, with those found in ulcer-associated

duodenitis.



METHODS

Controls, mild and severe NSD and ulcer-associated
TKe,

duodenitis groups of patients were studied. k criteria of

selection into these groups are. described in Chapter

Three. There were three patients in each group.

Biopsies were taken at endoscopic examination. Two

biopsies were taken from each site to be studied. In

cases of mild and severe NSD and ulcer-associated

duodenitis, biopsies were taken from visually inflamed

areas. In control subjects, biopsies were taken from any

part of the duodenal bulb.

The method of processing the specimens and

examination under the scanning electron microscope is

described in Chapter Three.



RESULTS

pecimens from all groups of patients showed areas

of damage to the villi, possibly due to crushing by the

biopsy forceps. It was, therefore, not possible to

distinguish between the different groups by the presence

or degree of villus injury.

Examination of the control specimens at lower

magnifications revealed that the surface structures were

comprised mainly of ridges, tongue and leaf shaped villi

with only occasional finger shaped villi. These findings

were substantiated in the more detailed mucosal

architecture study utilizing the dissecting microscope

(Chapter Seven). Crossing the surfaces of the villi were

transverse and oblique corrugations, and there were

scattered pits with small holes, typical of goblet cells.

Crypt orifices were seen to open around the bases of

villi. At higher magnifications the surface of villi

were seen to be divided into small hexagonal areas,

outlines of individual cells. At still higher magnific¬

ations microvilli were seen as rod-shaped structures.

These features are in accord with the classical

descriptions of scanning electron microscopy of human

jejunal mucosa by Marsh et al (1968) and Marsh and Swift

(1969). Some strands of mucus but no discrete cells were

seen attached to the luminal surface of the epithelium

(Figure 6.1).

Examination of the three specimens of mild NSD

showed features essentially similar to the control
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Page 150 Figure 6.1. Villus surface of control

specimen. Original magnification x 5QQ.

Page 151 Figure 6.2. Villus surface of specimen

from severe NSD showing the presence of

inflammatory cells on the surface.

Original magnification x 510.

Page 152 Figure 6.3. Inflammatory cells present on

villus surface of severe NSD specimens,

showing surface projections. Original

magnification x 5100.



154

specimens, In particular, no cells were seen on the

villus surface.

Specimens from severe NSD showed the presence of

cells on the surface of the villi (Figure 6.2). These

cells were round or oval in shape with a few surface

projections, but no microvilli (Figure 6.3). In one of
t-Ke

the specimens,^villus surface was covered with exudate

and fibrin network and it was not possible to define the

surface characteristics of the cells.

Cells with surface characteristics similar to those

seen in severe NSD were also seen in two specimens from

ulcer-associated duodenitis patients. In another

specimen in this group, cells present on the surface

could not be characterized because of damage to villus

and fibrin meshwork.
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CONCLUSIONS

Control specimens from duodenal bulb showed features

which are similar to the description given for scanning

electron microscopic appearances of jejunal mucosa (Marsh

et al, 1968; Marsh and Swift, 1969; Kardon and Kessel,

1979), except for the shape and size of villi and areas

of damage to the villi.

Damaged areas were seen in all groups of specimens

and were possibly caused by the pinching off of the

specimen from the mucosa by the biopsy forceps. Suction

technique and use of a knife to cut off specimens from

the mucosa would give better results, but such methods

are not available at present for use through the

endoscope.

Mild NSD showed no difference from controls.

One major feature in the severe NSD and ulcer-

associated duodenitis specimens not seen in the controls

or in the mild NSD group was the presence of cells on the

villus surface. These were not erythrocytes. Lymphocytes

have been described to have numerous microvilli projecting

from their surface and neutrophils have a few microplicae

or surface folds (Kardon and Kessel, 1979). The cells I

have seen in these two groups would fit the description

of neutrophils. Leucocytes may have variable shapes

(Kardon and Kessel, 1979) and it is not possible to be

definite about the identity of these cells. However,

later studies have shown neutrophil migration through the

epithelial layer (Chapter 10) and this would also support

the assumption that these cells are neutrophils.
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CHAPTER SEVEN

STUDY OF MUCOSAL ARCHITECTURE IN NONSPECIFIC

AND ULCER-ASSOCIATED DUODENITIS



INTRODUCTION

Various abnormalities in mucosal architecture have

been described in NSD but such studies were based on

subjective assessment of the changes; comparisons with

ulcer-associated duodenitis have not been made. By

employing a method of microdissection and measurement of

lengths of villi and crypts, I decided to examine the

following points:

(a) the severity of mucosal architecture abnormalities

in duodenitis, as defined on the basis of visual

appearances at endoscopy;

(b) differences between NSD and ulcer-associated

duodenitis in terms of mucosal architecture;

(c) the extent of mucosal architecture abnormality, i.e.

whether the abnormal villus architecture is

localized to the visually abnormal part of the

duodenum, or whether it involves the entire

duodenum;

(d) the effect of treatment with cimetidine on the

mucosal abnormality.
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METHODS

The different categories of patients studied, number

of patients in each group and sites of biopsies in the

different groups are shown in Table 7.1. Selection of

patients, and endoscopic criteria, are described in

Chapters Three and Four.

Two or more endoscopic biopsies were taken from

each site, fixed, stained, microdissected and measured

as described in Chapter Three. Values are expressed as

mean ± one standard error of the mean for each group.



Number of patients

Biopsy of the bulb Biopsy of
second part

Diagnosis Total Visually
inflamed

Visually
normal

Control (HH)

DU

NSD - severe

NSD - mild

DUPC

NSDPC

15

15

10

10

10

10

15

10

10

15

10

10

5

10

10

10

10

10

Table 7.1 Groups of patients and sites of biopsies
in the mucosal architecture study
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RESULTS

Satisfactory preparations of duodenal biopsies were

obtained in every case. Examination of two biopsies from

each site was usually needed to give ten villi and ten

crypts suitable for measurements. Villi of various

shapes, finger, leaf, ridges and fused were seen in

biopsies from both normal and abnormal areas. It was not

possible to distinguish normal and duodenitis on the

basis of the appearances of villi.

Villus height in control duodenal bulb specimens was

645 ± 17 ym (Figure 7.1). The value for inflamed areas

of the bulb in severe USD was lower (545 ± 23 ym, p<0.01)

than the control value. Villus height in areas of ulcer-

associated duodenitis was also shorter (519 ± 15 ym,

p<0.001). Villus height in inflamed areas of mild NSD,

visually normal areas of bulb in severe and mild NSD

(648 ± 23 vim) and DU, DUPC and NSDPC showed no reduction

in villus height when compared to the control value. In

the second part of the duodenum, villus height measurement

figures for controls (681 ± 30 ym) was similar to the

figures for severe NSD and DU.

The value for crypt depth measurement in control

duodenal bulb specimens was 229 ± 4 ym (Figure 7.2).

Crypt depth in inflamed areas of the bulb in severe NSD

was significantly greater when compared to the controls

(263 ± 8 ym, p<0.001). A similar increase in crypt depth

was also found in inflamed areas of the bulb in ulcer-

associated duodenitis (DU) (257 ± 6 ym, p<0.00l).
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SITE DUODENAL BULB DUODENUM
SECOND PART

CLINICAL
CATEGORY DU NSD DUPC NSOPC C DU NSD

-P 700 -

= 600

GO

500 -

m-L

i i I I I i

I VISUALLY NORMAL MEAN -SE
$ MILD DUODENITIS * P<0.01
I SEVERE DUODENITIS

Figure 7.1. Results of villus height measurements
on duodenal specimens.
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SITE DUODENAL BULB
DUODENUM

SECOND PART
CLINICAL
CATEGORY C DU NSD DUPC NSOPC C 0U NSD

e 275 -

£ 250 -

"225-

200 -

I

•J

i

:c *

h I
i V

I VISUALLY NORMAL MEAN ± SE
I MILO OUOOENITIS * P<0.01
\ SEVERE OUOOENITIS

Figure 7.2. Results of crypt depth measurements on

duodenal specimens.
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Inflamed areas of the bulb in mild NSD, visually normal

areas of the bulb in mild NSD (223 ± 7), severe NSD, DU,

DUPC and NSDPC cases did not show any significant

difference from controls in crypt depth measurements.

In the second part of the duodenum, crypt depth measure¬

ment values for controls (233 t 4.6 pm), severe NSD and

DU groups were similar.

The value for mitotic figures per crypt in control

duodenal bulb specimens was 5.7 i 0.4 4 (Figure 7.3) .

Inflamed areas of the duodenal bulb in both severe NSD

and DU showed higher mitotic figure counts than the

controls, these being 8.6 t 0.8 (p<0.01) and 8 - 0.6

(p<0.01) respectively. Inflamed areas of the duodenal

bulb in mild NSD, visually normal areas of the bulb in

mild NSD (5.9 ± 0.44), severe NSD, DU, DUPC and NSDPC

showed values which were similar to the control value.

In the second part of the duodenum, mitotic figure count

per crypt in control specimens was 5.6 t 0.6. Values in

second part specimens from severe NSD and DU were not

significantly different from the controls.



SITE DUODENAL BULB
DUODENUM

SECOND PART
CLINICAL
CATEGORY C DU NSD DUPC NSDPC C DU NSD

NUMBEROFMITOSESPERCRYPT
cot-encn—iooco<—> lIiiIiiI 1

:c*

i i I I i! i

I VISUALLY NORMAL MEANiSE
i MILD DUODENITIS * P<0.01
I SEVERE DUODENITIS

Figure 7.3. Results of mitotic figure count per crypt
on duodenal specimens.



CONCLUSIONS

This study showed that the microdissection technique

for the measurement of villus and crypt sizes and

counting of mitotic figures in the crypts (Chapters

Three and Four) can be applied to endoscopic duodenal

biopsies. The results of measurements of the control

specimens in this study are very similar to those

described previously (Ferguson et al, 1977 )«

A consistent abnormality in the mucosal architecture

in the form of shortening of villi, lengthening of crypts

and increased number of mitoses in crypts was demonstrated

in endoscopically defined severe NSD as well as in ulcer-

associated duodenitis. These changes were identical in

severe NSD and ulcer-associated duodenitis.

The architectural abnormalities were not present

throughout both the first and second parts of the

duodenum, but in fact were only found in visually

abnormal areas. The structural changes produced by both

severe NSD and ulcer-associated duodenitis are localized

and correlate very well with visual changes defined as

severe NSD and ulcer-associated duodenitis.

The duodenal mucosal architecture was found to

return to normal after visual healing of the inflammation

with cimetidine treatment in both severe NSD and ulcer-

associated duodenitis. So far as is known, the major

effect of cimetidine (a histamine E^-receptor antagonist)
administration is reduction in gastric acid output. This

indicates the possible role of intraluminal acid in the

pathogenesis of both types of inflammation.
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No alteration in mucosal architecture was found in

visually inflamed areas of mild NSD when compared to the

controls. Other experiments (Chapters Eight, Nine, Ten)

have also demonstrated no change from control in inflamed

areas of mild NSD and suggests that visually defined mild

NSD probably reflects only blood flow changes without

associated inflammation.



CHAPTER EIGHT

EXPERIMENTS ON VILLUS MEASUREMENTS IN

NONSPECIFIC AND ULCER-ASSOCIATED DUODENITIS



INTRODUCTION

Villus height measurements, either as microns or as

the height of the epithelial cell column, have been used

extensively as an index of the villus epithelial cell

population. However, Wright and his colleagues (1979)

have criticised the use of villus height as an index of

damage to villi. A method for counting the total number

of epithelial cells in individual villi was developed and

correlation of villus height and projected villus area

with the epithelial cell numbers in villi was examined

(Chapter Four). Villus height was found to correlate

significantly with the villus epithelial cell numbers.

However, projected villus area showed better correlation

with epithelial cell count.

In the study of mucosal architecture changes in

duodenitis (Chapter Seven), reduction in villus height

with associated proliferative changes in crypts have been

found in areas of severe NSD and DU. It was decided to

perform measurements on villi (height, projected area and

epithelial cell count) to examine the following questions

1. Is villus epithelial cell population decreased in

severe NSD and ulcer-associated duodenitis (DU)?

2. If epithelial cell numbers are decreased in these

two conditions, is the severity of reduction

reflected by a corresponding degree of reduction in

villus height?



3. Does mild NSD show reduced epithelial cell numbers

not detected by villus height measurements?

4. Is the alteration of villus epithelial cell numbers

localised to visually inflamed areas?

5. Does villus epithelial cell population return to

normal after healing of inflammation with cimetidine

treatment or mild abnormalities remain not detected

by villus height measurements?

METHODS

tke

Groups of patients studied,Knumber of patients in
-fcko

each group and^site of biopsies in different groups are

shown in Table 8.1. Two biopsies were taken from each

site. Methods of measurement of villus height, projected

villus area and total epithelial cell count per villus

are described in Chapter Three. Values are expressed as

mean - one standard error of the mean.

Kruskal and Wallis' test and Wilcoxon's sum of

ranks test were both applied for comparison of values

for the various measurements.



Number of patients

Biopsy of bulb Biopsy of
second part

Diagnosis Total Visually
inflamed

Visually
normal

Control (HH)

DU

NSD - severe

NSD - mild

DUPC

NSDPC

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

Table 8.1 Patient categories, the number of patients

studied in different groups and sites of

biopsies in the villus measurement

experiment.
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RESULTS

Preparations of duodenal biopsies from different

sites were adequate in every case, although it was often

necessary to examine two biopsies from a site in order to

obtain ten villi suitable for measurement and epithelial

cell count. The villi showed considerable variation in

shapes and sizes in biopsies from both normal and

abnormal areas. Specimens from normal and inflamed areas

could not be distinguished on the basis of appearances of

the villi.

Villus epithelial cell count:

The number of epithelial cells per villus in control

duodenal bulb specimens was 2138 i 90. The number of

epithelial cells per villus in inflamed areas of severe

NSD (1373 ± 40) and inflamed areas of DU (1318 ± 77) were

both significantly lower than the control figure (p<0.01)

(Figure 8.1). The number of epithelial cells per villus

in inflamed areas of mild USD, visually normal areas of

bulb in DU and severe NSD, DUPC and NSDPC were not

significantly different from the controls. In the second

part of the duodenum, the number of epithelial cells per

villus was 2118 t 79 for the control specimens. Severe

NSD and DU second part specimens showed epithelial cell

counts similar to the control value.

Villus height measurements:

The control group had villus height 687 1 20 pm in

the duodenal bulb and 720 t 14 pm in the second part of
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SITE 0U0DENAL BULB DUODENUM
SECOND PART

CLINICAL
CATEGORY C ou NS0 OUPC NSOPC C 0U NSD

3000-

cn

^ 2500-
as
LU

I 2000-
c_>

I I 1—0—1 { I i I I
I

j= 1500-
O-
Li_l

• '

1*
CD

25 1000-
GO

500-
{ VISUALLY NORMAL MEAN ±SE
J MILD DUODENITIS *P<0.01
1 SEVERE DUODENITIS

Figure 8.1. Results of epithelial cell counts per
villus on duodenal specimens.



the duodenum (Figure 8.2). Values for specimens from

inflamed areas of DU and severe NSD were 527 ± 19 and

552 ± 9 ym respectively, both being significantly shorter

(p<0.01) than values in the control duodenal bulb

specimens. Specimens from the duodenal bulb of the other

groups of patients did not show any difference from the

control figure, nor did the specimens from visually

normal areas of bulb in severe NSD and DU. Villus height

was similar to the control value in the second part

biopsies of severe NSD ana NU.

Projected villus area measurement;

The control value for duodenal bulb was 33± 2.1 (in

square centimeters). This was significantly reduced in

specimens from inflamed areas of severe NSD (18.8 ± 0.9

sq cm, p<0.01) and inflamed areas of DU (17.3 ± 1.6 sq cm,

p<0.01)(Figure 8.3). Values for the other groups of

duodenal bulb specimens were similar to the controls. In

the second part of the duodenum, values for controls

(33.3 ± 1.9 sq cm), DU and severe NSD were not

significantly different from each other.
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SITE

CLINICAL
CATEGORY

100(H

DUODENAL BULB

DU NSD DUPC NSDPC

DUOOENUM
SECOND PART

C DU NSD

- 800H

= 600-

cn

1

f*

* 5

x *

* i i

MO-

200-

OJ—I 1 1 1
I YISUALLY NORMAL MEAN £ SE
I MILD DUODENITIS *P<0.01
I SEVERE OUOOENITIS

Figure 8.2. Results of villus height measurements
on duodenal specimens.
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SITE DUODENAL BULB DU00ENUM
SECOND PART

CLINICAL
CATEGORY

C DU NSD OUPC NSDPC C DU NSD

AO-

EAOFVILLUS IECENTIMETRES) roOJ 1l
I f

i*

I i

1*

i I f > f

2-=<
10-

CO

0-

I VISUALLY NORMAL MEAN t SE
I MILD DUODENITIS *P<0.01
1 SEVERE DUODENITIS

Figure 8.3. Results of projected villus area

measurements on duodenal specimens.



176

CONCLUSIONS

I had previously demonstrated reduction in villus

height in biopsies from visually inflamed areas of both

DU and severe NSD. Direct counting of epithelial cells

in this study has confirmed that this reduction in villus

height is due to a reduced number of epithelial cells per

villus. The reduction was identical in the two types of

duodenitis (DU and severe NSD). In mild NSD there was no

alteration in epithelial cell population when compared

with controls. In DU and severe NSD, the reduction in

epithelial cell numbers was confined to visually abnormal

areas of the duodenal bulb and was not present in the

second part of the duodenum. Furthermore, villus cell

population returned to normal after healing of

inflammation in DU and severe NSD with cimetidine.

This study has also confirmed the previous report

(Wright et al, 1979) that in disease, the reduction in

the number of epithelial cells per villus is of greater

magnitude than the corresponding reduction in villus

height. However, the magnitude of reduction of projected

villus area closely reflected the reduction of villus

epithelial cell numbers. In circumstances where there is

considerable variation in shape and size of the villi, as

in the normal duodenum, direct enumeration of the

epithelial cell population of a single villus is one way

to obtain precise information on the villus size.

However, since measurement of the villus area correlates

very well with the total number of epithelial cells in
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the villus, villus area is likely to be a more

practicable measurement in clinical investigation and

research.



CHAPTER NINE

ESTIMATION OF THYMIDINE KINASE ACTIVITY

IN DUODENAL MUCOSA IN NONSPECIFIC AND

ULCER-ASSOCIATED DUODENITIS
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INTRODUCTION

Mucosal architecture changes in visually inflamed

areas of severe NSD and DU in the form of reduced villus

height, increased crypt depth and increased number of

mitoses per crypt indicate villus epithelial cell damage

and increased epithelial cell proliferation (Chapter

Seven). Reduction in villus epithelial cell numbers in

these situations has been confirmed (Chapter Eight).

However, the only other study reported at the time this

experiment was undertaken found decreased epithelial cell

proliferation by autoradiographic studies near duodenal
fke-

ulcer and suggested this to because of ulceration
(Zagorulko and Puzyrev, 1974). It was felt that the rate

of epithelial cell proliferation in areas of NSD and DU

needed further investigation.



THYMIDINE KINASE AS AN INDICATOR OF CELL PROLIFERATION

RATE

Thymidine kinase (TK), an enzyme in the salvage

pathway for synthesis of nucleotides, is present in

almost all tissues. In situations associated with

increased proliferation of cells and therefore increased

DNA synthesis, the activity of TK is increased. This

has been shown in bone-marrow (Gray et al, 1960), in

tumours (Gordon et al, 1968; Roberts and Hall, 1969;

Sneider et al, 1969), in virus infected cells (Green et

al, 1964; Kit et al, 1966), in response to hormones, to

mitogenic stimulation (Rabinowitz et al, 1970) and in

regenerating liver (Bollum and Potter, 1959; Bresnick

et al, 1967; Gray et al, 1960; Maley et al, 1965;

Weissman et al, 1960).
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THYMIDINE KINASE ACTIVITY IN THE INTESTINAL MUCOSA

Imondi, Balis and Lipkin (1969) used a method of

separating cells of the crypt and villi in a study of

the enzyme pattern of the small intestine. TK activity

was found predominantly in the crypts where young

proliferating cells are localised. Herbst et al (1970)

assayed TK activity in crypts and villi as well as in

whole intestinal mucosa of rats to study changes during

development. Their results demonstrated that the

changes in activity of pyrimidine biosynthetic enzymes,

including TK, in the jejunal mucosa during development

reflect changes in cell turnover.

In most of the studies, only the supernatant portion

after high speed centrifugation of homogenised tissues

have been examined for TK activity. Salser and Balis

(1973) studied TK activity in the supernatant as well as

washed and resuspended pellet fractions. The results

showed that the distribution of TK activity was similar

in the supernatant and pellet fractions for both villi

and crypts. The enzyme was also assayed in whole

homogenates of mucus membrane and found to be similar to

the value as found in the supernatant of human small

intestine.

TK activity, therefore, can be assayed in the

supernatant, pellet fraction or whole homogenates of

human intestinal mucosa and an indication of the degree

of cell proliferation obtained from the results.
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AIMS OF THIS STUDY

While maintaining critical reservations regarding

the whole tissue thymidine kinase activity as a parallel

of the rate of epithelial cell proliferation in crypts,

this experiment was done to examine the following

questions:

1. Whether there is any alteration in whole tissue TK

activity in severe NSD and DU compared to controls

and if so whether these changes support the

findings of mucosal architectural study.

2. Whether the changes are similar in DU and severe NSD.

3. Whether any alteration of TK activity occurs in mild

NSD.



METHODS

The following groups of patients were studied:

1. Controls

2. Severe NSD

3. Mild NSD

4. Ulcer-associated duodenitis (DU).

The patients were selected on the basis of

endoscopic criteria (Chapter Four). There were six

patients in each group. Biopsies were taken from

visually inflamed areas at endoscopy in DU, severe and

mild NSD groups. In the control group biopsies were

taken from any area of the duodenal bulb.

Method of estimation of TK activity is described

Chapter Three. Statistical analysis was done by the

Wilcoxon's rank sum test (Chapter Three).



RESULTS

The activity of thymidine kinase was expressed as

nmols of thymidine phosphate formed per minute per

milligram of protein. In the control group (Figure 9.1)

the values ranged from 10.4 to 37 (mean 1 SD 23.7 ± 9.5)

In the DU group the range of values was from 28.2 to 50

(39.4 ± 7) and in the severe NSD group the range was

26.5 to 48.1 (39.6 ± 7.5). Both the DU and severe NSD

groups showed significant difference from the control

value (p<0.05). In the mild NSD group the values ranged

from 17 to 34 (27 ± 5.9). This was not significantly

different from the control value.
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CONCLUSIONS

The results of this study supports the findings of

my previous study (Chapter Seven) that there is

increased epithelial cell proliferation in visually

inflamed areas of both DU and severe NSD. It is also in

accord with my previous finding that there is no

indication of altered cell proliferation rate in mild

NSD. In an in vitro autoradiographic study done on

endoscopic duodenal biopsies Branscm et al (1981)

reported increased uptake of thymidine in areas of NSD

and near the duodenal ulcers. The uptake reverted to

values similar to controls after cimetidine treatment.

Also, the changes were not found in areas of the

duodenal bulb away from the inflamed and ulcerated areas.

This study was reported after my experiment had been

completed and is in complete agreement with my findings.



CHAPTER TEN

NATURE OF THE INFLAMMATORY CELLULAR INFILTRATE

IN NONSPECIFIC AND ULCER-ASSOCIATED DUODENITIS
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INTRODUCTION

Inflammatory cellular infiltrate in the mucosa is

increased in NSD (Chapter Two). Some authors have

recommended the use of subjective assessment of the

degree of inflammatory cell infiltrate as the basis for

the diagnosis and grading of NSD. But this is not

widely accepted (Korn and Foroozan, 1974; Joffe et al,

1978). The number of cells in the lamina propria of

duodenum varies considerably in the normal state (Roca et

al, 1975; Korn and Foroozan, 1974). This is likely to

cause errors in subjective assessment of the degree of

cellular infiltration. Quantitative comparison of

inflammatory cellular infiltrate in targeted endoscopic

biopsies from NSD and ulcer-associated duodenitis has not

been reported.

In the earlier studies (Chapters Seven and Eight)

the changes in sizes of villi and crypts and numbers of

villus epithelial cells have been examined. In this

experiment, I decided to examine the non-epithelial

cells of the duodenal mucosa - intraepithelial

lymphocytes and neutrophil polymorphs and cell in the

lamina propria with the following aims:

1. To assess the degree and nature of the inflammatory

cellular infiltrate in NSD and ulcer-associated

duodenitis.

2. To compare the cellular infiltrate in NSD with that

of ulcer-associated duodenitis.



To determine the extent of inflammatory cellular

infiltrate, whether localized to visually inflamed

areas or involving the entire duodenum.

To determine the effect of successful treatment of

NSD and ulcer-associated duodenitis on the

inflammatory cell infiltrate.
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METHODS

Biopsies from the following groups of patients were

studied:

1. Controls (c)

2. Mild NSD

3. Severe NSD

4. Ulcer-associated duodenitis (DU)

5. Healed ulcer-associated duodenitis after cimetidine

treatment (DUPC)

6. Healed severe NSD after cimetidine treatment (NSDPC).

The criteria for selection of patients into the

different groups was based on endoscopic appearances and

is described in Chapter Three.

Sites of the biopsies and number of patients in each

group are shown in Table 10.1.

Processing of specimens, preparation and staining of

semithin sections and method of counting of different

types of inflammatory cells are described in Chapter

Three.

Values of cell counts in lamina propria are expressed

as mean ± one standard error of the mean of cells per

square millimetre of lamina propria. Values of cell

counts in the epithelial layer are expressed as number

of cells per 100 epithelial cells.

Comparison of values between the different groups

was done both by the Kruskal and VJallis' test and

VJilcoxon's sum of ranks test.



NUMBER OF PATIENTS

BIOPSY OF BULB

DIAGNOSIS TOTAL

CONTROL (H.H.) 10

DU 8

NSD - SEVERE 8

NSD - MILD 6

DUPC 6

NSDPC 6

VISUALLY
INFLAMED

8

8

6

VISUALLY
NORMAL

10

8

8

6

6

BIOPSY OF
SECOND PART

6

6

6

Table 10.1 Groups of patients and sites of biopsies

in the inflammatory cellular infiltrate

study.
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RESULTS

Specimens from four subjects proved to be unsuitable

as they were either badly damaged or too small for

examination. These subjects were excluded from the study.

Of those in the study, in specimens from 27 subjects

further sections had to be made to obtain specimens

adequate for examination.

No attempt was made to assess the size of villi and

crypts as this has been in an earlier experiment (Chapter

Seven). Epithelial cell damage and pseudostratification

in areas of sections was seen frequently in specimens

from all groups and this aspect was excluded from

comparison. Superficial gastric metaplasia was also

commonly seen in control specimens and comparison between

different groups was not done.

The total number of cells in the lamina propria in

the control specimens was 4216 ± 229 (Figure 10.1). In

biopsies from areas of severe NSD and DU, the total

number of cells in the lamina propria was significantly

increased as compared to controls, the values being

8939 ± 259 (p<0.005) and 8354 ± 324 (p<0.005) respectively.

Other groups of specimens from the duodenal bulb showed

no difference from the controls. In the second part of We.

duodenum, there was no difference in the total number of

lamina propria cells between controls (4420 ± 244), severe

NSD and DU.

The number of plasma cells in the lamina propria was

3877 t 317 in the specimens from inflamed areas of DU and
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SITE DUODENAL BULB
DUODENUM

SECOND PART
CLINICAL

CATEGORY DU NSD DUPC NSDPC C DU NSD

CO

o

CD

10,000-

9,000-

8,000-

7,000-

| $000-

15,000-
°

L,000H
ac

^ 3000-

2.000-

1,000-
— 0

I*

I I 111

I VISUALLY NORMAL MEAN i SE

5 MILD DUODENITIS *P<0.01
i SEVERE DUODENITIS

Figure 10.1. Results of lamina propria total

inflammatory cell count on semithin
sections of duodenal specimens.
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4463 - 192 in inflamed areas of severe NSD (Figure 10.2).

These figures were significantly higher (p<0.005 in both

cases) than the control value of 2118 - 164. Duodenal

bulb specimens from other groups showed values similar to

controls. Second part specimens also showed similar

values, the control value being 1922 ± 86.

Similar differences emerged in comparison of numbers

of lamina propria lymphocytes between the different

groups (Figure 10.3). The values for duodenal bulb

specimens in inflamed areas of DU (2496 ± 95, p<0.01) and

severe NSD (3055 - 175, p<0.005) were significantly

greater than the control value (1647 ± 151). Other

groups of duodenal bulb specimens showed no difference

from the controls in lymphocyte numbers. In the second

part, values for controls (1770 ± 145) were similar to

those from DU and severe NSD.

Neutrophil polymorphonuclear leucocytes were few in

number in the lamina propria of control duodenal bulb

specimens (7 - 7) (Figure 10.4). However, in specimens

from inflamed areas of DU and severe NSD, the number of
v

neutrophils was considerably increased being 904 ± 123

(p<0.005) and 421 ± 72 (p<0.005) respectively. No

difference from the control value was found in the other

groups of duodenal bulb specimens. In the second part of

the duodenum neutrophil numbers in controls (35 - 24), DU

and severe NSD were similar.

Similar pattern of differences was seen in the

number of eosinophils in the lamina propria (Figure 10.5).

In controls, the value was 83 t 25, compared to areas of
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SITE 0U00ENAL BULB
DUODENUM

SECOND PART
CLINICAL
CATEGORY C OU NS0 OUPC NS0PC C 0U NS0

oJ

Zl 5000-1
o

E
E

« L000-

CO

®
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-J
LU
o

^ 2000-
CO

o.

5 1000-
UJ
GO

=3

I H*H*
1—M1

HOH I i I I I

} VISUALLY NORMAL MEANtSE

$ MILD DUODENITIS * P<0.01
1 SEVERE OUOOENITIS

Figure 1Q.2. Results of lamina propria plasma cell
count on semithin sections of duodenal

biopsies.



196

SITE DU00ENAL BULB
0U00ENUM

SEC0N0 PART
CLINICAL
CATEGORY C ou NS0 0UPC NS0PC C DU NSD

^ 3500-

mmOF CO§ • \

I 2500-
CO

25 2000-
Q.

CO
UJ I i I 5 I I in
£ 1500- 1 1 1 I

i 1000-
1

25 500-
2:

*

1 VISUALLY NORMAL MEAN ±SE

5 MILD DUODENITIS * P<0.01
| SEVERE DUODENITIS

Figure 10.3. Results of lamina propria lymphocyte
count on semithin sections of duodenal

biopsies.
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SITE DUODENAL BULB
DUODENUM

SECOND PART
CLINICAL
CATEGORY DU NSD DUPC NSDPC C DU NSD

1500-

<=> <=>

= E
3 E
~

LxJ
en

e: C3
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1000-

500-

i.i .J ^
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| SEVERE DUODENITIS

1
, *

MEAN tSE
* P<0.005

Figure 10.4. Results of lamina propria neutrophil

polymorph count on semithin sections
of duodenal specimens.
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SITE DUODENAL BULB
DUODENUM

SECOND PART
CLINICAL

CATEGORY DU NSD DUPC NSDPC C DU NSD

CO

500-

A00-
**>:

S i 300 —I

CD •<(

:c-*

u_i co

200-

100- I I I hi
0-L

I VISUALLY NORMAL MEAN i SE

5 MILD DUODENITIS *P<0.01
| SEVERE DUODENITIS **P<0.D05

Figure 10.5. Results of lamina propria eosinophil count

on semithin sections of duodenal specimens.



DU (367 t 30, p<0.005), and severe NSD (277 ± 42, p<0.01).

Other groups of duodenal bulb specimens showed no

difference from the controls. The value for the control

group of second part of duodenum specimens was 115 ± 29.

This was similar to the values for DU and severe NSD

group of specimens from that site.

Mast cells were seen only occasionally in sections

from all groups of specimens, both from the bulb and the

second part of the duodenum. Only 13 specimens out of 78

showed any mast cells. Those sections with mast cells

showed only one or two mast cells in the whole specimen.

No significant difference from the control value was seen

in any other group. Further experiments were undertaken

to stain mast cells in a better way (Chapter Four) and to

enumerate them (Chapter 11).

Intraepithelial lymphocyte counts were increased in

inflamed areas of DU (15 ± 0.5, p<0.005) and severe NSD

(14.5 ± 0.5, p<0.01), when compared to the controls

(10 1 0.7)(Figure 10.6). Duodenal bulb specimens from

other groups of specimens had intraepithelial lymphocyte

count values similar to the control. Second part biopsies

from DU and severe NSD were not significantly different

from controls (10.5 t 1.4).

No neutrophil polymorph was observed in the

epithelium in any of the control specimens (Figure 10.7).

In contrast specimens from areas of ulcer-associated

duodenitis (4 - 0.8, p<0.005) and severe NSD (4.6 1 0.9,

p<0.005) showed appearance of neutrophils in the

epithelium. Intraepithelial neutrophils were found
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SITE DUODENAL BULB
DU0DENUM

SECOND PART
CLINICAL
CATEGORY C DU NSD DUPC NSDPC C DU NSD

INTRAEPITHELIALLYMPHOCYTES PER100EPITHELIALCELLS
a—>n>tof—tncr>—iaocoomtot—tnen111IIIIiIII11I111 i I 1 I

-p

I

I VISUALLY NORMAL MEAH iSE
J MILD DUOOENITIS *P<0.01
| SEYERE DUODENITIS **P< 0.005

Figure 10.6. Results of intraepithelial lymphocyte
count on semithin sections of duodenal

specimens.
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SITE DUODENAL BULB
0U00ENUM

SECOND PART
CLINICAL
CATEGORY C DU NSO OUPC NSDPC C DU NSO

INTRAEPITHELIALNEUTROPHILS PER100EPITHELIALCELLS
F3—»K)cocnCD1iiiiii - m - . i _

:: *

-I =- - - XL . X X X .

I VISUALLY NORMAL MEAN ± SE

§ MILD DUODENITIS * P< 0.005
1 SEVERE DUODENITIS

Figure 10.7. Results of intraepithelial neutrophil
count on semithin sections of duodenal

biopsies.
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infrequently in other duodenal bulb specimens and there

was no statistically significant difference between these

values and the control. None of the biopsies from the

control, DU and severe NSD groups of the second part of

the duodenum showed any neutrophil polymorphs in the

epithelial layer.

Locations of lymphocytes and neutrophils according

to their situation in the epithelial cell layer were

determined, as described in Chapter Three. One hundred

intraepithelial lymphocytes (in three specimens) and 100

intraepithelial neutrophils (in five specimens) were thus

classified and the results are given in Table 10.2.

While the neutrophils were evenly distributed at all

three levels of the epithelial cells, intraepithelial

lymphocytes were most numerous at the basal level of the

epithelial cells.



Lymphocytes

Neutrophils

Table 10.2

Basal Middle Surface
level level level

69 23 8

28 38 34

Distribution of 100 lymphocytes and

100 neutrophils according to their

level of location in the epithelial

layer.
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CONCLUSIONS

Semithin sections of relatively small-sized

endoscopic duodenal biopsies were found to be adequate

for inflammatory cell counts in the lamina propria and

within the epithelial layer. Some variation in cell-

density was noted in several biopsies from one area to

another. Counts were done in three areas of each

specimen to avoid errors in estimation of cellular

infiltrate due to this variation.

A significant increase in the number of plasma cells,

lymphocytes and eosinophils in the lamina propria have

been demonstrated in both ulcer-associated and severe

nonspecific duodenitis. A striking feature was the

appearance of significant numbers of neutrophil poly¬

morphs in the lamina propria and in the epithelial layers

of the villi. Neutrophils were rarely found in the

control specimens. Visually defined mild duodenitis did

not show any significant difference from controls as

regards the inflammatory cells in the lamina propria and

surface epithelium. The visually recognized changes of

mild NSD probably represent local changes in blood flow

only and does not denote a state of true inflammation.

The previous experiments on mucosal architecture and

epithelial cell numbers (Chapters Seven and Eight) has

shown no significant departure from controls in mild NSD.

Abnormalities in cell infiltration was localized to

visually abnormal areas of the duodenal bulb and

disappeared after healing of inflammation with cimetidine



treatment. Previous studies on mucosal architecture and

epithelial cell counts in villus (Chapters Seven and

Eight) have demonstrated that mucosal architectural

changes were found in areas of ulcer-associated and

severe nonspecific duodenitis which return to normal

after successful treatment with cimetiaine. The present

experiment has shown that abnormal inflammatory cell

infiltration is restricted to those areas where mucosal

architectural alteration was found.

There was no overlap of the values of the various

components of inflammatory components between controls

and ulcer-associated duodenitis and between controls and

severe USD. However, one specimen from unaffected area

ulcer-associated duodenitis and one specimen from

unaffected area of severe USD showed increased

inflammatory cell counts. It is possible that the

biopsies may in fact have been taken from inflamed areas



CHAPTER ELEVEN

QUANTITATION OF MAST CELLS IN THE DUODENAL

MUCOSA IN NONSPECIFIC AND ULCER-ASSOCIATED

DUODENITIS
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INTRODUCTION

The mast cell is a connective tissue cell widely

distributed throughout the human body. Its role in

type I hypersensitivity reactions is well known, but the

full spectrum of biological functions of this cell has

not been defined yet. Mast cells contain heparin and

histamine. A stimulated mast cell releases mediators

which are the source of a great variety of biological

activities. These include increased vascular

permeability, vasodilatation, eosinophil and neutrophil

chemotaxis, anticoagulation and tissue destruction among

others (Kaliner, 1979). The mast cell, therefore, can

play an important role in the pathogenesis of

inflammation and it was important to know whether mast

cell numbers were changed in duodenal inflammation.

Mast cell staining was inadequate by the methods

employed in the inflammatory cellular infiltrate study

(Chapter 10). A method to stain mast cells adequately

was developed (Chapter Four). I decided to quantitate

the number of mast cells in specially stained sections

of duodenal biopsies to examine the followingquestions:

1. Whether mast cell numbers are changed in nonspecific

and ulcer-associated duodenitis.

2. Whether the changes in mast cell numbers are similar

in nonspecific and ulcer-associated duodenitis.



METHODS

Biopsies from control, mild and severe NSD and

ulcer-associated duodenitis groups of patients were

studied. There were six patients in each group.

Biopsies taken and processed for the study of inflammatory

cellular infiltrate (Chapter 10) were utilized for this

experiment. In mild NSD, severe NSD and ulcer-associated

duodenitis groups of patients, biopsies taken from

visually inflamed areas were studied. For the control

group, duodenal bulb biopsies were examined. Sections

were stained with Azure II methylene blue, and counts

performed, as described in Chapter Three.

Statistical analyses were done using the Kruskal

and V,Tallis' test and the Wilcoxon's sum of ranks test.
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RESULTS

The results of mast cell counts are shown in Figure

11.1. In the control specimens, mast cell counts per

square millimetre of lamina propria ranged from 56 to

167. In the ulcer-associated duodenitis group, the

range was from 14 to 156. In the severe NSD group the

range was from 14 to 97, and in the mild NSD group the

range was from 14 to 156 per square millimetre of

lamina propria.

There were no significant differences between the

different groups.

CONCLUSION

Mast cell numbers in the duodenal mucosa showed

no change from controls in either ulcer-associated

duodenitis or severe NSD. It seems unlikely, therefore,

that the mast cells play any major role in the

pathogenesis of duodenal inflammation, whether ulcer-

associated or severe nonspecific. In the absence of

any alteration of mast cell numbers in mild NSD when

compared to controls, it is likely that mast cells are

not involved in the production of mucosal changes

observed in this condition.
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Figure 11.1 Results of lamina propria mast cell counts
on Azure II, methylene blue, basic fuchsin
stained sections of duodenal biopsies.



CHAPTER TV7ELVE

IMMUNOFLUORESCENT STUDIES OF DUODENAL MUCOSA

IN SEVERE NSD AND ULCER-ASSOCIATED DUODENITIS



INTRODUCTION

Studies on inflammatory cellular infiltrate (Chapter

10) have demonstrated the appearance of neutrophil

polymorphonuclear leucocytes in the lamina propria and in

the epithelial layer in specimens from cases of severe

NSD as well as ulcer-associated duodenitis. Neutrophils

can act as effector cells in the causation of intestinal

mucosal injury (Doe, 1981) and the presence of this cell

type is, therefore, significant. I thought it necessary

to enquire as to what mechanism causes recruitment of

neutrophils in duodenal mucosa in these two conditions.

Chemotactic substances include complement components

immunoglobulin fragments, fragments of fibrinogen and

collagen, kallikrein and prostaglandin El. Bacteria also

produce chemotactic substances (Murphy, 1976). Many

proteolytic enzymes generate chemotactic activity if

allowed access to serum, among them are neutrophil

lysosomes, and it seems probable that this is of

physiological significance. Bacteria do not seem to be

involved in either duodenal ulcer or severe NSD. However

a fragment of complement 5 (C5a) is known to be a major

chemoattractant (Doe, 1981). Neutrophil infiltration is

a feature of the jejunal mucosa within a few hours of

antigen challenge in coeliac disease and cow's milk

protein allergy (Ferguson, 1976). The time course of the

changes is consistent with an Arthus type of reaction and

granular deposits of IgM and complement were found in

jejunal biopsies taken several hours after gluten



challenge in coeliac disease (Shiner and Ballard, 1972).

I thought that the possibility of immune-complex

deposition and complement activation as a mechanism for

neutrophil chemotaxis should be considered in severe NSD

and ulcer-associated duodenitis. To investigate this

possibility, immunofluorescent studies were carried out

on duodenal biopsies using methods described for suction

biopsies of jejunal mucosa (Crabbe et al, 1965; Rubin et

al, 1965).

METHODS

Controls, severe NSD and ulcer-associated duodenitis

patients were studied. There were three patients in each

group.

Biopsies were taken at endoscopy from visually

inflamed areas of duodenal bulb in severe NSD and ulcer-

associated duodenitis cases and from any part of the

bulb in the control cases. Further processing and

examination of the specimens were as described in

Chapter Three.
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RESULTS

After immunofluorescent staining, biopsies were

examined for fluorescence in lamina propria, particularly

in the region of epithelial basement membrane and

perivascular areas. Lamina propria cells containing

immunoglobulins were stained, but no attempt was made

to quantitate the cells containing different

immunoglobulin types.

No specimen of any group showed significant

fluorescence in the lamina propria after staining with

fluorescein conjugated antibodies against IgG, IgA, IgM

or complement component 3 (C3). Weak immunofluorescence

to IgA was noted in the region of basement membrane in

one specimen of severe NSD, one specimen of DU and one

control. One specimen from ulcer-associated duodenitis

and one control showed weak fluorescence with IgG type

antibodies. These staining were not thought to be

significant.



CONCLUSION

Direct immunofluorescence did not show any

deposition of immune complexes or presence of complement

component 3 (C3) in the lamina propria in either severe

NSD or ulcer-associated duodenitis. An Arthus-type of

reaction or complement activation as the mechanism of

neutrophil chemotaxis therefore seems improbable.



CHAPTER THIRTEEN

COMPARISON OF MUCOSAL CHANGES BETWEEN

ULCER-ASSOCIATED DUODENITIS AND

AREA NEAR ULCER-EDGE
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INTRODUCTION

There are conflicting reports in the literature

regarding epithelial cell proliferation in duodenal

ulcer. Zagorulko and Puzyrev (1974) reported decreased

uptake of radioactive thymidine in biopsies from duodenal

ulcer patients while Gorelick et al (1979) found uptake

values comparable to normals in their specimens. Both

suggested that decreased epithelial cell proliferation

in response to mucosal injury is probably the cause of

duodenal ulcer formation. However, Bransom et al (1981),

using thymidine labelling of cultured biopsies, found

increased cell proliferation near ulcer-edge and

contradicted the earlier suggestion.

The controversy regarding the rate of epithelial

cell proliferation suggests that variable rates of cell

proliferation in different areas of the mucosa in

relation to the ulcer is a possibility. This may account

for the conflicting findings as the biopsies may have

been taken from different sites of mucosa in relation to

the ulcer. In my previous experiments (Chapters Seven

and Nine) I studied indicators of epithelial cell

proliferation in severe and mild nonspecific duodenitis,

areas of ulcer-associated duodenitis (but away from the

edge of ulcer) and visually normal areas of the bulb in

duodenal ulcer. This study was undertaken to:

1. compare the mucosal architectural changes in areas

of ulcer-associated duodenitis (away from the edge

of the ulcer) to the changes in mucosa within five



millimetres from the edge of duodenal ulcers. This

would provide an indication about the rate of cell

proliferation in these two areas;

compare the changes in inflammatory cell numbers in

the mucosa between the two areas mentioned above.
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METHODS

Six patients with duodenal ulcer diagnosed at

endoscopy were subjects of this study. Criteria for

selection of these patients were the same as described

in Chapter Three.

Biopsies were taken from two sites in the duodenal

bulb in each patient. The first site was an area of

visible inflammation within five millimetres of the

ulcer-edge and the second site was an area of inflammation

at least two centimetres away from the ulcer. In all

cases the second site was an area on a wall of the

duodenal bulb different from that which had the ulcer.

Four biopsies were taken from each site, two for mucosal

architecture study and two for preparation of semithin

sections.

Mucosal architecture study, counting of inflammatory

cellular infiltrate in lamina propria and counts in

sections stained for mast cells were done as described

in Chapter Three.

Statistical analyses were done by the Wilcoxon's

sum of ranks test.



RESULTS
I

Endoscopic biopsies were adequate both for the

mucosal architecture study and for preparation of

semithin sections. Examination of the biopsies from the

two different sites under the dissecting microscope did

not reveal any distinguishing features.

Measurements on villus height and crypt depth and

counts of the number of mitoses per crypt in the

specimens from the ulcer-edge (DUE) and from ulcer-

associated duodenitis away from the edge of the ulcer

(DU) are shown in Figure 13.1. There were no significant

differences between the specimens from the two sites in

any of these measurements.

Total numbers of cells, numbers of plasma cells and

lymphocytes per square millimetre of the lamina propria

in the DUE and DU specimens are shown in Figure 13.2.

Number of neutrophils and eosinophils per square

millimetre of lamina propria and mast cell counts (done

on specially stained semithin sections) are presented in

Figure 13.3. No significant differences were found

between the specimens from the two sites either in the

total number of lamina propria cells or in the numbers of

the individual cell types.

Results of intraepithelial lymphocyte and neutrophil

counts are shown in Figure 13.4. Values were similar for

the specimens from the two sites.
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Figure 13.1. Results of measurements on villus height,

crypt depth, and mitotic figure counts per

crypt in specimens from near the edge of
duodenal ulcers (DUE) and areas of ulcer-

associated duodenitis away from the edge
of the ulcer (DU).
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CONCLUSIONS

Similar architectural changes were found in the

mucosa in areas of ulcer-associated duodenitis away from

and near the ulcer-edge. It seems likely that rates of

epithelial cell proliferation are similar in these two

sites.

No difference in the number and nature of

inflammatory cellular infiltrate was found between the

specimens of ulcer-associated duodenitis and ulcer-edge

specimens. This finding favours the possibility that the

mechanism of inflammation in these two sites is the same.



CHAPTER FOURTEEN

STUDIES ON CHANGES IN THE DUODENAL BULB

MUCOSA IN COELIAC DISEASE, CROHN'S DISEASE

AND PATIENTS TREATED WITH CYTOTOXIC DRUGS
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INTRODUCTION

Studies on mucosal architecture and inflammatory

cellular infiltrate had revealed identical changes in

visually inflamed areas of severe nonspecific and ulcer-

associated duodenitis (Chapters Seven, Eight and Ten).

It is not known whether these changes are characteristic

of nonspecific and ulcer-associated duodenitis or are

found in other diseases involving the proximal duodenum,

in which case these changes may be a nonspecific response

of the duodenal mucosa to a variety of types of injury.

The proximal duodenum may be affected in several

intestinal diseases, including Crohn's disease and

coeliac disease (Classen et al, 1970; Joffe et al, 1978).

Duodenal mucosal changes in Crohn's disease have been

reported (Hermos et al, 1970; Harper et al, 1970; Haggit

and Meissner, 1973), and some case studies with

endoscopic duodenal biopsies have been described (Danzi

et al, 1976; Nugent et al, 1977). Duodenal changes

caused by coeliac disease have also been described

(Classen et al, 1970). Histological changes in small-

intestinal mucosa following various cytotoxic drug

administration have been reported (Trier, 1962 ; VThite et

al, 1971; Slavin et al, 1978). However, mucosal changes

in the proximal duodenum in endoscopic biopsies in these

and other diseases affecting the duodenum have not been

systematically studied. Scott and Jenkins (1980) have

studied endoscopic duodenal biopsies from 78 patients

with suspected small intestinal disease. This study was



set up to assess the suitability of endoscopic duodenal

biopsies for histological interpretation and any changes

found were not described.

I decided to study duodenal mucosal architecture and

inflammatory cell infiltrate in duodenal mucosa from

patients with Crohn's disease of the small intestine,

coeliac disease and patients who had received cytotoxic

drugs. The aim was to compare the changes in these

conditions with those demonstrated in severe nonspecific

and ulcer-associated duodenitis.

METHODS

Details of the patients selected in the three groups

are given in Chapter Three. At endoscopy, biopsies were

taken from the duodenal bulb and processed for mucosal

architecture study (including measurement of projected

villus area), quantitation of inflammatory cell infiltrate

in lamina propria and epithelial layer. Special staining

was done for counting of mast cells. Techniques of all

these methods are described in Chapter Three.



RESULTS

Endoscopic findings:

In the coeliac disease group, endoscopy showed a

normal duodenal bulb mucosa, except in one patient, in

whom the mucosa appeared slightly granular. One patient

in the Crohn's disease group had two ulcers in the

duodenum, with areas of ulcer-associated duodenitis.

Another patient in this group had multiple tiny white

patches in the mucosa of the antrum, although the

duodenal bulb was normal. The significance of these

antral patches could not be ascertained as the biopsies

taken were inadequate for diagnosis. The other patients

in this group had no endoscopic abnormality. In the

group of subjects who had had cytotoxic drugs, one

patient had redness on the crests of folds in the

duodenal bulb. The other patients had a normal endoscopic

appearance of the bulb.

Mucosal architecture study;

Measurements of villus height, crypt length and

number of mitoses per crypt are shown in Figure 14.1.

Control value for these measurements (taken from the

study described in Chapter Seven) as mean and one

standard deviation above and below the mean are also

given (first from the left in each disease group) for

purposes of comparison. Values which are beyond the

range of the control values are described to be increased

or decreased.

In the coeliac disease group, all but one patient had



230

750 -

e 500-
L.
"

250- 5.7i1.7
♦

15.7
♦

11.7
♦

11.6
♦

9.5
♦

LT
•— — 250-
g; S E
2 gj — 500-

U
COELIAC DISEASE

750-

"i 500-
=3.

250- 5.7H.7
♦

10.7
*

I—]

5.6 7.1 u 4.9 7.5
4 4 4 4 4

u u u u U
- = -250-
g; E
£ gj — 500- CROHN'S DISEASE

750-
'

500-

250- 5.7H.7
4

ff
11.2
I

3.3
♦

—

2.2 4.3 3.4
4 4 4

u U U250-

: 500—1
CONTROLS
MEAN - S.D.

CHEMOTHERAPY PATIENTS
4 = MITOSES PER MICROOISSECTED CRYPT

Figure 14.1. Results of measurements on villus and crypt

lengths and mitotic figure counts per crypt
in specimens from patients with coeliac
disease (n=6), Crohn's disease (n=6) and

patients who had had cytotoxic drugs (n=5).
First figure from left in each group shows
control value (mean ± one SD).



reduced villus height (control range 511 to 780 jam) .

Projected villus area showed these five patients to have

reduced values (Figure 14.2). Crypt depth was increased

in all patients (control range 204 to 255 jam) and so was

the number of mitoses per crypt (control range 3.5 to 8.5

per crypt).

In the Crohn's disease group only two patients had

reduced villus height. These two patients also had

smaller projected villus area. Villus area measurements

were done on only four of the six subjects in this group.

Increased crypt depth and increased number of mitoses in

crypts were seen in the patient with ulcer-associated

duodenitis only, the rest being normal in these respects.

In the group of subjects who had received cytotoxic

drugs, three of the five had reduced villus height.

Villus area measurements showed decreased values in four

of the five subjects. Crypt depth was increased in one

subject, reduced in two and within the control range in

two subjects. Mitotic figure count was increased in one

subject and reduced in three.

Quantitation of inflammatory cell infiltrate:

Control values for the different types of

inflammatory cells were taken from the study described in

Chapter 10, and are presented in the left hand column of

each figure. Values in other groups which are beyond the

control range are described to be increased or decreased.

The total number of cells per square millimetre of

lamina propria v/as increased beyond the control range in
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Figure 14.2. Projected villus area measurements on

specimens from patients with coeliac
disease (CD), Crohn's disease (CRD) and

patients who had had cytotoxic drugs (CTT).
Control values (C) are given in the left
hand column.
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all patients with coeliac disease (Figure 14.3). Plasma

cell numbers were increased in five of the six subjects

in this group. Lymphocyte number was increased in only

one subject (Figure 14.4) and eosinophil count was beyond

the control range in only two. Intraepithelial lympho¬

cyte count was increased in all (Figure 14.5). Neutro¬

phil polymorphs were only seen in one field of one

section and the epithelial layer was devoid of any

neutrophil infiltration. Mast cell numbers were

comparable to the controls (Figure 14.5).

Only three patients in the Crohn's disease group had

total cell count per square millimetre of lamina propria

outwith the control range. Plasma cell numbers were

increased in two patients, with another two having values

below control range. Lymphocyte numbers were normal in

all patients, but two patients had increased eosinophil

numbers. Two patients had increased intraepithelial

lymphocyte count. Mast cell numbers were normal in five.

One section was unsuitable for mast cell count. Only one

patient showed an increase in the number of neutrophil

polymorphs in lamina propria (347/mm^) and in the

epithelial layer (14 per 100 epithelial cells). Other

patients had no neutrophils in the lamina propria or

in the epithelium.

In the group of subjects who had had cytotoxic drugs,

total number of cells, plasma cell and lymphocyte numbers

were within the control range. One subject had a

slightly elevated eosinophil number and another one had

an increased mast cell count. The intraepithelial
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lymphocyte count was increased in one, while the others

had intraepithelial lymphocyte count values near the

lower limit of the range for controls. Mast cell counts

were comparable to the controls. Neutrophil polymorphs

were found in only one field of one section in the lamina

propria and none were found in the epithelium in any of

the sections.



CONCLUSIONS

In coeliac disease, all patients showed mucosal

architectural change compatible with villus damage and

crypt hyperplasia. However, the pattern of inflammatory

cell infiltration was different from both NSD (severe)

ana ulcer-associated duodenitis. Only plasma cell

numbers and intraepithelial lymphocyte counts were

consistently increased, there being no neutrophil

polymorph infiltration of either lamina propria or the

epithelium.

In the Crohn's disease group, one subject had

features identical to severe NSD and ulcer-associated

duodenitis with respect to the mucosal architecture and

cellular infiltration. This patient had duodenal ulcers

and associated duodenitis at endoscopy and I believe the

changes found were caused by ulcer-associated duodenitis.

There was endoscopic healing of ulcer and the associated

duodenitis after 10 weeks of treatment with cimetidine

(1 gm per day), which is another point in favour of these

changes being due to duodenal ulcer. One other patient

showed a decreased villus height and increase in lamina

propria plasma cells and intraepithelial lymphocytes

without any neutrophil infiltration. Such changes in

visually normal areas of small intestine in Crohn's

disease have been described before (Shiner and Druary,

1962). Other patients in this group did not show any

abnormality.

In the group of subjects who had cytotoxic drug



treatment, four subjects had reduced villus epithelial

cell numbers, as indicated by projected villus area

measurements. Of these, one had evidence of crypt

hyperplasia, but the other three had low mitotic figure

counts in crypts, which probably indicate interference

with epithelial cell proliferation. No consistent

abnormality in the inflammatory cell infiltrate was

demonstrated.

Thus these three conditions studied did not show

duodenal mucosal changes identical to either severe NSD

or ulcer-associated duodenitis. It appears unlikely,

therefore, that the duodenal mucosa responds in a non¬

specific way to all diseases. It is probable that the

changes I have found in duodenal mucosa in severe NSD

and duodenal ulcer are characteristic of these two

conditions.



CHAPTER FIFTEEN

DISCUSSION



ACHIEVEMENT OF OBJECTIVES

The studies described in this thesis were designed

to answer several questions (outlined in Chapter One)

regarding the clinical, endoscopic and histopathological

features of NSD and its relationship to several other

diseases involving the duodenum. The results of these

studies answer these questions and the nature of NSD has

been clarified.

In the beginning of the study, based on endoscopic

observation, NSD was classified into mild and severe

categories. Severe NSD and ulcer-associated duodenitis

have been shown to have identical clinical features,

gastric acid secretory capacity, mucosal architecture

changes, epithelial cell proliferation rate and

inflammatory cell infiltrate. Severe NSD responds to

treatment with cimetidine as does duodenal ulcer. From

these findings it may be concluded that severe NSD ana

duodenal ulcer are part of the same disease process.

Mild NSD, on the other hand, was demonstrated to

have clinical features and gastric acid secretion

different from severe NSD and duodenal ulcer. No

alteration from controls in mucosal architecture,

epithelial cell proliferation rate and inflammatory cell

infiltration was seen in this group and hence no evidenc

of inflammation or injury to the mucosa has been

demonstrated. This is therefore a separate condition

from severe NSD and duodenal ulcer.

I have also demonstrated that the inflammation in

severe NSD and duodenal ulcer is in general localized



within the duodenal bulb. This suggests that the

causative factors work through local mucosal injury.

Duodenal ulcers often undergo spontaneous healing

and relapse after variable intervals (Isenberg et al,

1978; Peterson et al, 1977) and the reasons for this

remain unknown. Cimetidine, a potent suppressor of

gastric acid secretion (Burland et al, 1979), accelerates

the healing rate of duodenal ulcer in the majority of

patients (Bardhan, 1980). My studies have shown that

both duodenal ulcer (with its associated duodenitis) and

severe NSD show resolution of the endoscopic features of

inflammation after treatment with cimetidine. The

mucosal architecture changes and inflammatory cell

infiltrate in the mucosa also return to normal after such

treatment in both conditions. Cimetidine reduces acid

secretion, but has no direct effect on the duodenal

mucosa; this is further evidence that luminal acid is

important in maintaining duodenal mucosal injury and

inflammation.

Mucosal architecture changes, epithelial cell

proliferation rate and inflammatory cell infiltrate in

mucosa showed a characteristic pattern, identical in both

severe NSD and duodenal ulcer. A study of these mucosal

features in duodenal diseases, with presumably different

mechanisms of mucosal injury, e.g. coeliac disease,

Crohn's disease and in patients who had treatment with

cytotoxic drugs, has shown these to be different from the

pattern seen in severe NSD and duodenal ulcer. These



changes, therefore, are not nonspecific responses of the

duodenal mucosa to injury from any cause, but are

characteristic of severe IISD and duodenal ulcer.

It has also been proved that the lesions of severe

USD and duodenal ulcer are not due to reduced epithelial

cell proliferation.

VALIDITY OF METHODS USED

Endoscopic criteria:

Features of NSD observed at endoscopy have not been

classified satisfactorily in the past. Joffe et al

(1978) categorized endoscopic changes into four grades.

This classification has been used only to follow changes

in NSD in response to therapy and there was no attempt to

correlate these grades with histopathological changes.

Because of the number of grades involved, I considered

this system to be difficult to follow (Chapter Four).

Joffe et al (1979) classified NSD on a three point scale

in another report, but details of this system were not

described, though correlation with histopathological

changes was reported to be poor. Stephen et al (1978)

used a grading system to classify features of ulcer-

associated duodenitis observed at endoscopy, but

histological correlation was based on subjective

assessment. Danielsson et al (1980) also attempted

classification of ulcer-associated duodenitis at
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endoscopy, using the extent of inflammation, rather than

the severity of the features, as the basis of their

gradation.

The possibility that different degrees of severity

of inflammation seen at endoscopy might represent

different phases of the same disease process was

considered. It was, therefore, important to devise a

simple, workable way of grading the visual features of

NSD, to permit correlation with different degrees of

severity of histopathology. From the study of the

features of NSD observed at endoscopy it is clear that

NSD can best be classified into two categories - mild

and severe. This system is simple and easy to follow.

Though this classification was derived after study of

a fairly small group of NSD cases, subsequent work has

borne out the validity of this grading. In selection of

cases for the investigations described in this thesis,

clearcut endoscopic grading as mild or severe was

possible in every patient. Abnormal mucosal architecture,

epithelial cell proliferation and mucosal inflammatory

cell infiltrate occur only in severe NSD, mild NSD

showing no alteration from controls in these aspects.

Indeed mild and severe NSD have been shown to be two

separate conditions.

By highlighting the differences between mild and

severe NSD, my studies have also provided the explanation

for the controversies reported in earlier work on NSD.

Endoscopic classification, as defined above, has not been

followed in studies in the past and hence a variable
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proportion of cases of mild NSD will have been included

in these studies. Because these two conditions have

different clinical, gastric acid secretory and histo-

pathological features, conflicting results have been

obtained from such studies and the relationship of NSD

with duodenal ulcer has remained controversial. My

studies have avoided this pitfall and I have thereby

been able to provide clear answers to several questions

on the nature of NSD.

Choice of subjects:

Controls; In order to identify clinical and histological

features of severe NSD and duodenal ulcer, it would be

best to have as controls a group of subjects who are

representative of the normal population. For reasons

discussed in Chapter Two, my diagnosis of NSD, duodenal

ulcer and exclusion of such diagnoses were based on

endoscopic examination. This invasive procedure can only

be justified in symptomatic subjects referred for a

hospital consultation by the general practitioner,

clearly not in any way representative of the population.

Thus for ethical and practical reasons, my control

groups were selected from patients referred to gastro¬

intestinal outpatient clinics, except in the gastric

acid secretion study in which the subjects were

asymptomatic volunteers. For the histological studies,

I utilized as controls subjects whose only problem was

mechanical abnormality of the upper gastrointestinal

tract, namely hiatus hernia. The histological features



found in these controls correspond well with those

described by Kreuning et al (1978) in a group of healthy

volunteers. The clinical, gastric acid secretory, and

histopathological features of severe NSD and duodenal

ulcer were found to be so striking that these could be

clearly differentiated from the controls, despite the

limitations of the latter group.

NSD and duodenal ulcer patients: Not all duodenal ulcer

patients have symptoms. Furthermore, only a small

proportion of symptomatic patients are referred to

special units for investigation and treatment. These

statements are also likely to be true for NSD. My

studies on NSD and duodenal ulcer were carried out on

symptomatic patients referred to the gastrointestinal

unit. These were, therefore, a selected group of

patients but exhibited wide range of severity nonetheless.

To establish the complete spectrum of the clinical

features of NSD or duodenal ulcers would require

community based population studies. Absence of non¬

invasive methods of diagnosis limits the possibility of

such studies.

Although a group of healthy volunteers would have

been theoretically ideal as controls and NSD and duodenal

ulcer patients were selected groups, in practice the use

of subjects in whom investigations were ethically and

clinically justified have proved to be adequate for the

purpose of answering the questions asked at the beginning

of these investigations.
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Range of techniques used and their suitability for these

investigations:

Methods are available for the study of peroral

jejunal biopsies. Endoscopic duodenal biopsy is a

relatively new technique and the specimens obtained are

small. Hence techniques which have been used to study

jejunal biopsies have not been fully assessed when

applied to endoscopic duodenal biopsies.

At each step in these studies, specific questions

have been asked. At each stage due consideration has

been given to the range of techniques available which

would help to answer these questions, and the method or

technique most appopriate was chosen (Chapter Four).

Some techniques needed modification for application to

endoscopic duodenal biopsies. Problems encountered in

the application of these techniques at each stage has

been successfully overcome and only exceptionally was it

impossible to obtain necessary information.

The clinical study: The use of a formal questionnaire to

record details of symptoms and other clinical features,

the use of a scoring system for grading family history,

smoking and other associated features in the clinical

study demonstrated that meaningful differences in

clinical features can be demonstrated. Another method of

analysis of symptoms to find out the probability of a

particular diagnosis in dyspeptic patients is under

investigation (Crean, 1981). In this method, a

structured questionnaire is used containing up to 121



items of information concerning symptoms and the data

analysed by the technique of logistic discrimination.

This method has been applied to peptic ulcer patients,

but not to NSD patients.

In previous clinical studies, methodical recording

and analysis of details of clinical features were not

performed, so that earlier workers failed to define the

clinical picture of NSD and its relationship to duodenal

ulcer. After endoscopy made confident diagnosis of NSD

possible, Gelzayd et al (1973 and 1973a) and Smith and Di

Giovanni (1976) studied two groups of NSD patients. They

described a proportion of their patients as having ulcer¬

like symptoms or abdominal pain and others as having

"dyspeptic" symptoms. However, the criteria for inclusion

into these groups of symptom patterns have not been

described. Cotton et al (1973) reported NSD patients to

have similar age and duration of symptoms as duodenal

ulcer patients, but details of other clinical features

were not given.

The mucosal architecture study: Quantitative estimation

of sizes of villi and crypts are needed to assess the

mucosal architecture. These data along with mitotic

figure count in crypts help to estimate the rate of

epithelial cell proliferation. Endoscopic biopsies,

being small in size, pose special problems of orientation

for histological sections. The method of bulk staining

of specimens, microdissection and measurement of villi

and crypts overcomes this difficulty, avoids tissue



shrinkage during processing and gives accurate information

regarding villus and crypt lengths (Ferguson et al, 1977).

This technique has previously been applied for the study

of endoscopic biopsies from the second and third parts of

the duodenum (Ferguson et al, 1977). The quality of

endoscopic biopsy specimens from the second part of the

duodenum appear to be better than those from the bulb for

routine histological assessment, possibly because it is

easier to grasp the circular mucosal folds with the

biopsy forceps (Perera et al, 1975). Since my studies

involved the duodenal bulb mucosa,.it was even more

important to apply the microdissection technique for the

mucosal architecture study. I have shown that the tech¬

nique can be applied satisfactorily to the study of

mucosal architecture in the duodenal bulb specimens and tKa-i

it is possible to obtain accurate measurements of villus

and crypt sizes and count mitotic figures in crypts. It

would not have been possible to do this by studying

routine histological sections.

Although several workers have commented on villus

and crypt lengths in NSD, no one has reported the measure¬

ments of these mucosal components; in many studies there

was no control group; furthermore, grading of endoscopic

findings was not done, and specimens from mild NSD,

showing no alteration from controls, are likely to have

been included. These failings have contributed to the

controversy in the literature regarding the mucosal

architectural changes in NSD (Chapter Two). Application

of well-defined criteria for diagnosis, gradation of



findings and quantitative measurements have shown the

pattern of mucosal architecture changes in severe NSD and

ulcer-associated duodenitis to be identical and clearly

distinguishable from the controls. Mild NSD, on the

other hand, showed no alteration from the controls. That

the measurement of villus height allowed a valid estimate

of the villus epithelial cell population in NSD was

proved by a further study in which epithelial cells in

villi were enumerated (Chapter Eight).

Quantitation of mucosal inflammatory cell infiltrate: To

resolve the controversy regarding the value of increased

inflammatory cell infiltrate in the mucosa as an index of

NSD (Korn and Foroozan, 1974; Joffe et al, 1978) and to

determine the pattern of inflammatory cell infiltrate in

NSD and duodenal ulcer, it became necessary to quantitate

the number of mucosal inflammatory cells in various

groups of specimens. All previous histological studies

have used paraffin-embedded sections. The small size of

the endoscopic biopsies and associated technical

difficulties imposes limits on the preparation of uniform

material from paraffin-embedded sections. I have used

semithin sections from araldite-embedded biopsies for

quantitation of mucosal inflammatory cell infiltrate.

This method has given uniform sections, provided better

details of individual cells under the microscope which

has facilitated recognition of cell type and counting.

The problem of variation of cell density (Chapter Two)

has been successfully overcome by counting in three
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different areas in the same section. This study has

therefore validated the use of this technique for

quantitation of mucosal inflammatory cells.

Only a few quantitative studies on inflammatory cell

infiltration in NSD have been done previously. The

results of one study (Thompson and Holme, 1974) were not

described in the abstract. In another, the study was

semiquantitative and only a small number of specimens

were examined (Whitehead et al, 1975). In the third

(Cheli and Giacosa, 1977) , endoscopic correlation was not

done (Chapter Two). My quantitative comparison between

severe NSD and duodenal ulcer revealed identical pattern

of cellular infiltration and clear differences from the

controls (Chapter 10).

Scanning electron microscopy: This technique has not

previously been applied to the study of endoscopic

duodenal biopsies. I studied specimens from the duodenal

bulb of controls, NSD and ulcer-associated duodenitis.

Although areas of villus damage, possibly caused by the

biopsy forceps, were seen in all groups of specimens,

inflammatory cells on the surface of the villi have been

clearly shown in severe NSD and duodenal ulcer.

Immunofluorescent studies: Application of the technique

of immunofluorescent staining for the detection of

antigen-antibody complexes and complement in endoscopic

duodenal biopsies have also not been described before.

I have shown that endoscopic biopsies are adequate for

the application of this technique.
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Selection and application of the techniques in retrospect:

Each study in this thesis had a well-defined objective

and techniques were chosen or developed with the sole aim

of achieving the objectives. That the results show the

fulfilment of these objectives is sufficient proof of

the validity of the choice and application of these

techniques. In retrospect, I would not have selected any

other technique, although prior knowledge that projected

villus area correlates very well with villus epithelial

cell numbers would have reduced the necessity of

performing villus cell counts and in the inflammatory

cell quantitation study, prior knowledge of the necessity

of a different stain for mast cells would have eliminated

the necessity of a separate study.

General advances arising from methodological component

of this thesis:

Measurements on villus: Criticism of the use of villus

height measurement as an indicator of villus epithelial

cell population (Wright et al, 1979) led me to examine

the correlation between total number of epithelial cells

in a villus, projected villus area, and villus height

(Chapter Four). The results have clearly shown that

in tall finger shaped villi of uniform size and shape,

good correlation exists between villus height and

epithelial cell numbers in villi. However, in the

duodenum, where there is wide variability in size and

shape, the projected villus area shows the best

correlation with villus epithelial cell population.
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mation has proved to be valuable. Although villus height

measurements showed overlap between controls on the one

hand and severe NSD and ulcer-associated duodenitis on the

other, measurement of projected villus area and villus

epithelial cell count showed clear separation between

controls and severe NSD and controls and ulcer-associated

duodenitis, with no overlap. In many diseases of the

small intestine there occur minor alterations of the

villus epithelial cell population and variability in the

size and shape of the villi. In these situations as well

as in the study of diseases involving the duodenal mucosa,

villus height measurement may not give an accurate

estimation of the degree of reduction of villus epithelial

cell population. Direct enumeration of the epithelial

cell population in such circumstances is one way to obtain

precise information. However, this is time consuming, 30

minutes per villus being necessary to perform this count.

Since projected villus area shows excellent correlation

with epithelial cell population, this should now be the

measurement of choice.

Study of mucosal inflammatory cell infiltrate: The

use of araldite-embedded semithin sections for the

quantitation of inflammatory cell infiltrate has given

uniform sections overcoming technical problems associated

with processing of small specimens. This method also

provides much better definition of features of individual

cell types, allowing easy recognition and quantitation.
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studies on inflammatory cellular infiltrate in small-

sized specimens from the small intestinal mucosa.

Study of mucosal mast cells: The demonstration of

intestinal mucosal mast cells under the light microscope

is critically dependent on the fixative used (Strobel et

al, 1981). My studies have shown that although araldite

fixed semithin sections do not show mucosal mast cells

well when stained with toluidine blue or haematoxylin and

eosin, they are clearly stained and well demonstrated

under the light microscope when similarly processed

sections are stained with azure II, methylene blue and

basic fuchsin (Chapter Four). It is clearly feasible to

identify and count mucosal mast cells retrospectively in

material which has been fixed in glutaraldehyde and

osmium tetraoxide for transmission electron microscopy.

Furthermore, mast cell studies can be done on araldite-

embedded semithin sections used for quantitation of other

types of inflammatory cells. I consider now that Azure

II, methylene blue and basic fuchsin staining should be

employed in such preparations. It has the advantage of

providing a clear and distinct demonstration not only of

mast cells, but also the other cellular components of the

lamina propria and gut epithelium.
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NSD IS NOT A SINGLE DISEASE ENTITY, BUT TWO

Studies on NSD done before the era of endoscopy were

based on radiological diagnosis. These studies were

liable to serious errors and should be discounted.

Endoscopic studies on NSD are described in Chapter

Two. Most studies examined single aspects of NSD, e.g.

histopathology, and hence did not provide an overall

picture of the condition. Furthermore, in all studies

it was assumed that the endoscopic changes constituted a

spectrum of severity running from normal to severe NSD

and that all degrees of inflammation formed part of the

same disease process.

My studies on the endoscopic features of NSD

(Chapter Four) showed that they fall clearly into two

groups. I decided to classify NSD into mild and severe

categories on this basis. Subsequent studies described

in this thesis have borne out the validity of this

classification. Clinical features and gastric acid

output of mild NSD were found to be different from

duodenal ulcer patients, while those of severe NSD were

identical to duodenal ulcer patients. Studies on

mucosal surface features, mucosal architecture,

inflammatory cell infiltrate and epithelial cell

kinetics have demonstrated that mild NSD showed no

differences from the controls. In each of these studies

I demonstrated that severe NSD, on the other hand, shows

clear alterations which are distinct from mild NSD and

controls, but are identical to the changes found in
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duodenal ulcer. The conclusion I have reached from

these studies is that mild NSD and severe NSD are

probably not part of the same disease process but are

two different entities.

THE NATURE OF MILD NSD

Endoscopically defined mild NSD patients showed

clear differences from severe NSD and duodenal ulcer

subjects. In the clinical feature study (Chapter Five),

mild NSD patients were found to have a shorter duration

of symptoms, smaller proportion of subjects with

positive family history of peptic ulcer when compared

to severe NSD and duodenal ulcer groups. A smaller

proportion of patients in this group had abdominal pain

relieved by antacids and pain occurring at night when

compared to the severe NSD and duodenal ulcer groups.

Despite the overlap between the different groups, the

pattern of clinical features of mild NSD was clearly

different from that of severe NSD. Maximal gastric acid

output to pentagastrin stimulation was lower in the mild

NSD group when compared to severe NSD and duodenal ulcer

group, but was similar to the control group. Scanning
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electron microscopy did not show any inflammatory cell

on the mucosal surface of mild NSD patients, in contrast

to patients in the severe NSD and duodenal ulcer groups

(Chapter Six). No differences from controls in villus

and crypt lengths and numbers of mitotic figures in

crypts have been found in this group (Chapter Seven).

Even quantitation of epithelial cell numbers in the

villus failed to show any evidence of epithelial cell

damage in this group (Chapter Eight). Epithelial cell

proliferation was similar to the control specimens in the

thymidine kinase study (Chapter Nine). Inflammatory cell

infiltrate in the mucosa in this group has not shown any

increase when compared to the controls (Chapters 10 and

11). These results are in contrast to the findings in

severe NSD and duodenal ulcer subjects, summarized in the

next section.

Mild NSD is therefore clearly different from severe

NSD and duodenal ulcer and is a separate entity. The

differences in clinical features of mild NSD from severe

NSD and duodenal ulcer provide evidence against mild NSD

being a phase in duodenal ulcer disease. Most authors

believe that gastric hypersecretion is not a consequence

of the presence of a duodenal ulcer (Sircus, 1979;

Wormsley, 1974) and hence hypersecretion is to be

expected in all phases of the disease. The mean acid

secretory capacity of. mild NSD patients in my study was

similar to the controls and the proportion of normo-

secretors was also similar betv/een these two groups.

This also favours the argument that mild NSD is not a
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phase in duodenal ulcer disease. The findings at tissue

level also support this argument. Although it is

conceivable that release of histamine and other vaso¬

dilators, with consequent hyperaemia7may be the first

stage of an inflammatory process which may go on to the

stage of mucosal injury, I have not found any inflammatory

change in the mucosa or any change in the number of

effector cells capable of releasing vasodilator substances

in mild NSD specimens. I conclude, therefore, that

endoscopic changes of mild NSD are unlikely to represent

an early stage in the evolution of severe NSD and

duodenal ulcer.

No gradation from controls through mild NSD to

severe NSD and duodenal ulcer was seen in any of the

features studied. Hence the theoretical possibility of

quantitative changes of mild NSD transforming at some

stage into the qualitative changes of severe NSD and

duodenal ulcer appears unlikely.

A definitive answer to this question could be

provided by repeated endoscopy and study of tissue

features in serial biopsies obtained over a period of

time of a group of mild NSD patients to observe whether

the mucosal changes ever proceed to severe NSD or

duodenal ulcer formation. Nevertheless, I would not

expect, on the basis of my findings, mild NSD to progress

to mucosal injury or ulcer formation. A retrospective

study of a group of mild NSD patients to answer this

question raises difficulties. The endoscopic criteria

used in the gradation of visual features of NSD have not
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been used in the past. Moreover, measurements of various

biopsy features I have studied in addition to visual

appearances at endoscopy would need to be examined in

such patients at several points in time, and this has not

been done in the past.

If mild NSD is not a phase of duodenal ulcer disease,

then its nature needs further consideration. The features

of mild NSD found in my studies are similar to those of

the irritable bowel syndrome. Patients with irritable

bowel syndrome are common in gastrointestinal practice

(Switz, 1976; Anonymous, 1978). A group of patients have

characteristic symptoms of pain related to bowel movement,

mucus excretion, distension, a feeling of incomplete

evacuation and a change in stool frequency and consistency

at the onset of pain (Manning et al, 1978). However, the

spectrum of symptoms seen in irritable bowel syndrome is

very much wider (Thompson and Heaton, 1980). In one type

of patient with functional bowel disorders there is ' non-

colonic' pain which occurs in the upper abdomen and shows

poor relationship to bowel movement (Thompson and Heaton,

1980). Mild NSD patients in my study had clinical

features similar to this group of irritable bowel

syndrome patients with 'noncolonic' pain and probably

have gastric and small intestinal motility dysfunction.

The endoscopic appearances of mild NSD remain to be

explained. The normal duodenal bulb has a fairly uniform

and consistent appearance at endoscopy, unless traumatized

by the instrument. The features of mild NSD seen at

endoscopy are unlikely to be variations of normal
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appearance. Another and more likely possibility is that

the mucosal redness and swelling observed in mild NSD

represent changes in blood flow.

Although studies of the proximal gastrointestinal

tract in the irritable bowel syndrome are limited, it has

been shown that the proximal gut can also act as a

trigger area for the production of pain in this syndrome

(Moriarty and Dawson, 1981) . In my studies mild NSD

patients who had redness of duodenal bulb mucosa at

endoscopy also had symptoms similar to those with the

irritable bowel syndrome. It is possible that local

hormonal or neurological changes can cause both the

endoscopic changes and the symptoms found in mild NSD

patients.

The control of the small intestinal vasculature

resembles in principle that of other systemic vascular

circuits and local and remote, neural and hormonal

control mechanisms exist (Lundgren, 1974). Sympathetic

nerve fibres are involved in extrinsic control (Folkow

et al, 1964). Of the total intestinal blood flow, the

mucosa and submucosa receive the major portion - about

75 to 85 per cent (Kampp and Lundgren, 1968). Further¬

more, the inner layer of the gut contains a system of

internal switching mechanisms which redistribute flow

from one layer to another, even while total blood flow

remains constant (Marston, 1980). In the mucosa itself,

the number and distribution of open capillaries is

regulated by precapillary sphincters and the total amount

of blood available is determined by arterioles. The
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diameter of the arteriole, which itself is dependent on

mechanical, neural and chemical factors. The precise way

in which these factors interact is still quite unknown

(Marston, 1980). Several mechanisms of mucosal vaso¬

dilation have been proposed. Fara and coworkers (1972)

suggested that release of gut hormones, e.g. secretin and

cholecystokinin, would increase mucosal blood flow.

Biber et al (1971) suggested that local nervous vaso¬

dilator reflex could also be involved.

The aetiology of the irritable bowel syndrome

remains unknown. Disorders of gut motility have been

implicated in the pathogenesis of this disorder (Almy,

1978). Contractions of the gut muscle are known to be

influenced by several neural and hormonal mediators,

principally acetylcholine, serotonin, prostaglandins E-j_

and ^2a' an<^ Peptide hormones such as gastrin, glucagon,
secretin and cholecystokinin (Dinoso et al, 1973; Snape

et al, 1976). It appears that some substances have an

effect on both gut muscle contraction and blood vessels

in the intestinal wall. It is possible, therefore, that

one or more of these neurotransmitters or peptide hormones

may be involved in the pathogenesis of motility disorder

of stomach and intestines and in local mucosal vaso¬

dilation. Most studies of movement and its disorders

have been done in the distal colon and the more detailed

investigation of upper gut motility has been largely

neglected. Upper gut motility in mild NSD patients should

be investigated. Furthermore, synchronous observations on
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in both types of NSD may show whether disorders of blood

flow contribute to the features observed at endoscopy and

if so, the extent of this abnormality.

Treatment of the mild NSD patients in my study is

described in Chapter Five. Several patients responded to

treatment with metoclopramide, a drug known to have

effect on motility of the upper gut. Although the number

of patients so treated was small, this supports the

hypothesis that mild NSD is associated with disorders of

gut motility.



SEVERE NSD AND DUODENAL ULCER VIRTUALLY INDISTINGUISHABLE

My studies have demonstrated that in all aspects

severe NSD and duodenal ulcer show identical features.

The study of clinical features has shown that age of

onset, duration of symptoms, family history of peptic

ulcer and pattern of symptoms in both states are similar.

Gastric acid secretory capacity was significantly higher

than controls in both groups (Chapter Five). Identical

mucosal architecture changes in the form of reduced villus

height, increased crypt depth and increased number of

mitoses in the crypts were found in visually inflamed

areas in both groups (Chapter Seven). Epithelial cell

counts in villi from these areas revealed reduced villus

epithelial cell population in both groups (Chapter Eight).

Increased activity of thymidine kinase in mucosal

specimens from inflamed areas in these two groups have

shown an increased epithelial cell proliferation rate

when compared to controls (Chapter Nine). Scanning

electron microscopy has revealed the presence of

inflammatory cells, possibly neutrophils, on the villus

surface in both croups (Chapter Six). Inflammatory cell

count has shown the striking appearance of neutrophils in

the lamina propria and in the epithelial layer in inflamed

areas of both severe NSD and duodenal ulcer. Increase in

the number of plasma cells, lymphocytes and eosinophils

in the lamina propria and increased intraepithelial

lymphocyte counts were also found in specimens from both

groups (Chapter 10). In both severe NSD and duodenal
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inflammatory cell infiltrate were found to be localized

to endoscopically recognized areas of inflammation. In

patients from both groups, selected to include only those

who showed complete resolution of ulcer as well as

inflammation at endoscopy after treatment with cimetidine

it was found that the alterations returned to normal. I

conclude from these studies that severe NSD and duodenal

ulcer are part of the same disease process.

However, all patients treated with cimetidine do not

heal or heal only partially. Clinical features

associated with failure to respond to treatment with

cimetidine have been studied (Hasan and Sircus, 1981).

Other relevant features, such as epithelial cell prolifer

ation, changes in inflammatory cell infiltrate, should be

studied at different points in time during the treatment.

The results of such studies may shed further light on the

cause of non-response to treatment with cimetidine.

Since severe NSD and duodenal ulcer represent

different types of mucosal damage caused by the same

disease process, reasons for the differences in the type

and severity of tissue damage need to be found. I have

shown that the epithelial cell proliferation rate is

equally increased in severe NSD and ulcer-associated

duodenitis. Furthermore, the mucosa near the ulcer-edge

also shows comparable increase in epithelial cell

kinetics. Therefore, differences in the severity of the

lesions are not due to differences in epithelial cell

proliferation rate compensating for injury. Probably
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the differences are in the severity of the injury to the

villus cells. Effector cells of inflammation which can

cause tissue injury through release of meditors are

recruited similarly in both situations. Hence qualit¬

ative differences in effector cell mediated injury are

also excluded. The differences between these two types

of lesion are presumably due to differences in the degree

of villus damage by luminal factors, the damage being

more severe in duodenal ulcer. This could result from

either a decrease in resistance of the epithelial cells

to luminal contents or an increase in the injurious

potential of luminal substances. There is some evidence

that acid and pepsin secretion in duodenal ulcer patients

are increased in ulcerated phase when compared with the

remission phase (Achord, 1981). This could account for

the increased injury in the ulcer phase. Another factor

to be considered is rate of neutralization of acid by

bicarbonate and bile. Differences in rate of neutraliz¬

ation can also result in different degrees of mucosal

damage.

Whether severe NSD proceeds to ulcer formation in

every instance is not known at present. Spontaneous

healing of duodenal ulcers is well known (Isenberg et al,

1978; Peterson et al, 1977). It can be argued that if

the injurious potential of the luminal substances is

reduced then severe NSD may revert to normal without

progressing to ulcera-t-toTV . This can be produced by

therapy, as for example cimetidine. Whether spontaneous

healing of NSD occurs naturally is uncertain.
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Longitudinal studies of severe NSD patients, with

repeated endoscopies, will help to resolve this question.

As mentioned before, the process of duodenal

ulceration is dynamic, with spontaneous healing and

recurrence. Although the occurrence of duodenitis prior

to ulcer formation has been debated in the past, it has

been recognized that duodenitis occurs in the healing

phase of ulcers (Belber, 1971). Persisting duodenitis

after the ulcer has healed has been said to be the cause

of persistence of symptoms (Danielsson et al, 1980). The

presence of duodenitis has been taken to indicate

incomplete healing and probably continuing tissue damage,

although it is not known whether it increases the

possibility of early ulcer recurrence. As discussed

before, study of tissue features in the duodenitis in the

healing phase of ulcer and comparison with NSD may

further clarify the cause of persistence of such

inflammation. However, the fact that ulcer may pass

through a phase of duodenitis during healing makes it

more likely that a phase of duodenitis precedes ulcer

formation.

I have shown that treatment of severe NSD with

cimetidine in the same schedule as followed in duodenal

ulcer results in resolution of the mucosal abnormalities,

both endoscopic and histological, in a number of patients.

This has been associated with the relief of all symptoms.

Cimetidine, a potent suppressor of gastric acid

secretion, probably acts by reducing the injurious

potential of the luminal environment. I conclude,
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therefore, that severe NSD should be treated with

cimetidine or other agents which suppress gastric acid

secretion, to provide symptomatic relief and to prevent

possible progression to ulcer with its associated

complications.

Ten patients in the duodenal ulcer group had history

of gastrointestinal bleeding as opposed to three in the

severe NSD group. Two patients in the duodenal ulcer

group had previously had perforation. Since I reasoned

that perforation could only occur with deep ulceration,

patients with previous history of perforation were not

included in the severe NSD group, as this would

presumably indicate ulceration in the past. Four

patients had gastric outlet obstruction in the duodenal

ulcer group, which was not present in any patient in the

severe NSD group. The absence of such obstruction and

the lower proportion of subjects with gastrointestinal

bleeding in the severe NSD group probably reflects the

difference in the depth of the two types of lesions.

With involvement of submucosal blood vessels in duodenal

ulcer, severe gastrointestinal bleeding would be more

likely with duodenal ulcer, whereas the mucosal lesions

of severe NSD would give rise to slow oozing of blood.

Healing by fibrosis in duodenal ulcer and its absence in

severe NSD could explain the difference in gastric outlet

obstruction. The lower incidence of complications in

severe NSD probably means that this represents a phase of

the disease in which tissue damage is not severe enough

to form an ulcer and give rise to complications. However,
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this question can only be settled with a longitudinal

study as outlined above.

IS THE RESPONSE OF DUODENAL MUCOSA TO INJURY NONSPECIFIC?

The identical pattern of alterations in mucosal

architecture and inflammatory cell infiltrate in severe

NSD and duodenal ulcer indicated that they share a common

pathophysiologic process. However, a similarity in the

pattern of mucosal changes could also result if the

duodenal mucosa responded in a nonspecific manner to a

variety of types of tissue damage. To examine this

possibility, I decided to study the duodenal mucosal

changes in other diseases. Patients with coeliac disease

were studied as the duodenum is known to be involved in

this disease. Several patients with Crohn's disease who

had apparently normal duodenum were also studied.

Crohn's disease has been described to be a diffuse lesion

of the gastrointestinal tract (Dunne et al, 1977), and as

discussed later, it seemed possible that the duodenal

mucosa would show minor abnormalities in Crohn's patients,/.

Reduced cell proliferation in duodenal mucosa, as can be

produced by cytotoxic drugs, would be an interesting

comparison with severe NSD, and hence a group of patients

who had been treated with such drugs were also included.

The pathophysiology of these conditions is reviewed

briefly as I consider that this will be a useful back-
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mechanism of tissue injury in severe NSD.

Mucosal damage in coeliac disease:

Coeliac disease is a disorder of the small intestine

associated with the ingestion of the cereal protein,

gluten. It has not been established which molecular

fragment of gluten causes the disease, but withdrawal

of gluten from the diet leads to a remission.

The mechanism of mucosal damage in coeliac disease

remains unknown. Two main hypotheses have been put

forward (Asquith and Haeney, 1979). The first postulates

that the toxicity is related to a specific enzyme defect

in the jejunal mucosa which allows the accumulation to

harmful levels of a partial gluten-digest (Townley et al,

1973) or possibly the formation of a toxic peptide from

gluten by an abnormal peptidase (Cordone et al, 1975).

Evidence in support of this theory is largely circum¬

stantial. The peptidase deficiencies documented so far

are nonspecific and reflect the mucosal damage. The

inborn metabolic error, if it exists, remains to be

characterized.

The second theory holds that the disease results

from an immunological reaction to gluten. Increased

number of immunocytes are present in the lamina propria

of the small intestine in untreated coeliacs (Rubin et al

1965; Holmes et al, 1974), many of them producing IgM,

but IgA and IgG cells also show increase (Douglas et al,

1970; Lancaster-Smith et al, 1974; Brandtzaeg and Baklien



270

1976). Some patients have circulating antibodies to

nongluten dietary proteins such as milk protein

(Ferguson and Carswell, 1972). It is, however, likely

that the increased number of immunocytes and antibodies

to dietary proteins are reflections of increased mucosal

permeability to macromolecules. Circulating antibodies

to gluten fractions are present in the serum of a

significant percentage of coeliacs (Taylor et al, 1961).

However, not all patients have such antibodies and there

is no correlation between the presence of antibodies and

severity of the disease.

Evidence has been presented that altered cell-

mediated immunity may play a role in the pathogenesis of

coeliac disease (Ferguson et al, 1975). It has been

suggested that sensitized T lymphocytes may be present in

increased numbers in the involved intestine and that

lymphokine production by these lymphocytes plays a role

in production of tissue damage.

A local Arthus-type reaction probably occurs in the

mucosa after gluten challenge in treated coeliacs. At

four and 12 hours post-challenge, neutrophil infiltration

of the lamina propria is seen (Shiner and Ballard, 1972),

but thereafter the numbers of lamina propria lymphocytes

and plasma cells increase. Immunofluorescent studies

show staining in the region of basement membrane with

anti-IgA and anti-C3 conjugates (Shiner and Ballard,

1972). Neutrophils are not a feature, and complement

activation or immune complex deposition has not been

demonstrated in the small intestine of untreated coeliacs.
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It appears ulikely, therefore, that Arthus-type reactions

or neutrophils play any role in the continuing damage to

the epithelial cells.

Although the mechanism by which the toxic effect on

the mucosa is produced is not clear, certain aspects of

the histogenesis of the mucosal lesion are generally

accepted. The primary damage appears to be to the

intestinal epithelial cells. These damaged and dying

cells are shed from the mucosal surface into the gut

lumen at a more rapid than normal rate. To compensate

for this excessive loss of mature cells, the number of

proliferative cells increase and the crypts hypertrophy

(Trier, 1978) .

In my group of coeliac disease patients, five out of

six had reduced villus epithelial cell population. All

six showed evidence of crypt hyperplasia. These findings

are compatible with the proposed mode of tissue changes

referred to above. This pattern of change is similar to

the mucosal architectural changes I have found in severe

NSD and ulcer-associated duodenitis. Epithelial cell

damage and loss appears to be the primary event in all

these conditions, with secondary increase in crypt cell

proliferation.

Although the tissue response to injury is similar,

the mechanism of epithelial cell damage is probably

different in coeliac disease when compared to severe NSD

and duodenal ulcer. Mucosal erosion and ulceration are

not usual in coeliacs. This indicates perhaps a key role

of the neutrophil polymorph in mucosal damage in severe
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NSD and duodenal ulcer. Exposure to gluten is discont¬

inuous and may account for the lesser degree of damage in

coeliac disease as it might allow some amount of repair

in the interval between challenges. Contrasted with this,

exposure to luminal acid-pepsin is continuous.

Mucosal changes in coeliac disease are pronounced in

the duodenum and upper jejunum. For diagnostic and

research studies, however, duodenal specimens have not

been used, as wide variation of structure in the normal

state is believed to make interpretation of changes

difficult. In one study of well-orientated sections from

coeliacs, comparison between duodenal and jejunal

biopsies showed no signficant difference of crypt-villus

measurements or of apparent villus 'bridging' or

'branching' between these two sites (Scott and Losowsky,

1976). My study has shown that use of morphometric and

quantitative techniques on duodenal biopsies allows

clear distinction between controls and coeliacs.

Mucosal damage in Crohn's disease;

Crohn's disease is a persistent or relapsing, trans¬

mural, granulomatous inflammatory process which may

involve any part of the alimentary canal. The aetiology

of this disease remains unknown. Among the many factors

which have been invoked as the cause, infection and

immunological alterations deserve mention..

Animal transmission studies have been carried out

(Mitchell and Rees, 1970; Taub et al, 1974). However,

validity of the results of such studies have been



questioned (Sachar et al, 1980). Bacterial variants have

been implicated (Parent et al, 1978), but the results

need confirmation. Evidence for involvement of myco¬

bacteria is weak (Stanford et al, 1979). Several invest¬

igators have reported the presence of cytopathic agents

from involved tissues (Gitnick et al, 1976; Whorwell et

al, 1977). Considerable controversy, however, remains

concerning the specificity of these findings and the

nature of the cytopathic agents (Sachar et al, 1980).

Antibodies to colonic epithelial cells have been

demonstrated (Lagercrantz et al, 1966). However, these

antibodies bear no correlation with disease activity,

duration or extent and elevated levels have been found in

other diseases. Some indirect evidence has been presented

regarding the role of immune complexes and complement

activation (Doe et al, 1973; Hodgson et al, 1977). The

evidence is still very weak and the complement aberrations

detected may only be markers of acute inflammation. There

is no firm evidence in favour of an immediate hypersens¬

itivity reaction (Sachar et al, 1980). Reports of cell-

mediated immunity against gut-associated antigens are

discrepant (Jewell and Hodgson, 1976). Lymphocytes from

Crohn's disease patients were stimulated by intestinal

contents but so were normal lymphocytes (Parent et al,

1971). The observation by Shorter et al (1969) on the

cytotoxicity of lymphocytes for colonic epithelial cells

have been shown to be nonspecific (Sacher et al, 1980).

The exact mechanism of tissue injury in Crohn's

disease, therefore, remains to be worked out. The
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primary damage to the mucosa may be caused by an infec¬

tious agent, immunogical reaction or some other mechanism.

It seems likely, however, that local immune response will

be stimulated once the mucosa becomes inflamed, as luminal

antigens gain access to the mucosa. Local immune complex

formation, complement activation, antibodies and lympho¬

cyte hypersensitivity to bacteria which cross-react with

colonic antigens, are all mechanisms by which the

inflammatory process may become chronic.

As mentioned before, diffuse mild involvement of the

jejunum (Allan et al, 1975; Ferguson et al, 1975a; Dunne

et al, 1977) and the rectum (Goodman et al, 1976) have

been described in apparently normal gut mucosa. It

seemed possible to me, therefore, that mild involvement

of the apparently normal duodenal mucosa might also occur.

In my study, only one patient in the Crohn's disease

group showed mucosal architecture changes and pattern of

inflammatory cell infiltrate identical to that demons¬

trated in severe NSD and duodenal ulcer. However, the

presence of two duodenal ulcers at endoscopy along with

visual changes typical of ulcer-associated duodenitis,

characteristic histological alterations, healing after

treatment with cimetidine and absence of such changes in

other patients in this group allows me to conclude that

this subject had peptic duodenal ulcer in association with

Crohn's disease. This is not surprising as the incidence

of duodenal ulcer has been reported to be increased in

Crohn's disease (Fielding and Cooke, 1970; Sanders and

Schimmel, 1972). The histological changes in the duodenum
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were those of ulcer-associated duodenitis and not of

Crohn's disease. This further supports the proposition

that the tissue changes in severe NSD and duodenal ulcer

represent the characteristic response of duodenal mucosa

to a particular type of injury and is not a nonspecific

response to any form of mucosal damage.

Another patient showed tissue changes in the form of

reduced villus height and increased lamina propria plasma

cells which was probably caused by involvement of the

duodenum by Crohn's disease. Such involvement of areas

of small intestine which are visually normal are known to

occur (Shiner and Drury, 1962; Ferguson et al, 1975a;

Dunne et al, 1977).

Other patients in this group showed no difference

from the controls.

Crohn's disease is essentially a submucosal disease,

with transmural extension in both directions. Mucosal

damage and ulceration can be seen when the mucosa becomes

involved. Severe NSD and duodenal ulcer, in contrast,

appear to be mucosal diseases, with extension outwards

from areas of mucosal damage. This difference in mode of

spread could also be responsible for the difference in

the pattern of inflammatory cell infiltrate between

Crohn's disease and the other two conditions.

Mucosal damage in patients treated with cytotoxic drugs:

The epithelial cell lining of the gut, with a high

rate of epithelial cell turnover, is extremely sensitive

to the action of cytotoxic drugs. In clinical practice,

gastrointestinal symptoms are common after administration



of cytotoxic drugs (Priestman, 1977).

Cytotoxic drugs inhibit cell division. Three of the

patients in my study were on alkylating agents, cyclo¬

phosphamide, chlorambucil and busulphan. These compounds

interfere with cell division by forming cross-linkages

between opposite guanine bases binding DNA strands

together and prevent their separation at the time of DNA

replication (Calabresi and Parks, 1980). One patient was

on azathioprine. Azathioprine acts as a prodrug and

liberates 6-mercaptopurine in the tissues (Calabresi and

Parks, 1980). Mercaptopurine acts by inhibiting a number

of different enzymes necessary for synthesis of purine

bases. One patient had been treated with 5-fluorouracil,

which is a pyrimidine analogue and blocks the enzyme

thymidilate synthetase (Priestman, 1977). This patient

had also been treated with mitomycin-C and adriamycin,

both of which are antibiotics and probably act by forming

complexes with DNA (Priestman, 1977).

Studies of the structural and functional changes in

the gut and recovery after cytotoxic therapy are few in

number. Some information is available from animal

studies. Arrest of mitoses, blunting of villi and focal

ulcerations occur in mice after several doses of metho¬

trexate (Baskerville and Batter-Hatton, 1977). In rat

mucosa, epithelial cell changes are produced by metho¬

trexate (Jeynes and Altmann, 1978). There is impairment

of xylose absorption in dogs treated with folic acid

antagonists (Butterworth et al, 1959) and decreased

disaccharidase activity and abnormal electrolyte trans-



port have been described in the small intestine of rats

after a single dose of methotrexate (Taminian et al, 1980).

In rats, administration of 5-fluorouracil produces dis¬

turbed water and sodium absorption (Vidon et al, 1979)

and glucose absorption (Gardner et al, 1978). Vincristine

has been shown to cause villus atrophy in guinea-pigs

(Hobson et al, 1974) and nitrogen-mustard reduces dry

weight of rat intestine (Leibowitz and Merker, 1971).

Studies on the gastrointestinal effects of cytotoxic

drugs in humans are fewer in number. In one study of 20

patients being treated with 5-fluorouracil, histopatholo-

gical changes in the small bowel mucosa were found in 13

patients (68%) , although the details of these changes

were not described (White et al, 1971) . In another study

of patients after a single dose of methotrexate, the

number of mitoses in crypts was found to decrease in

three hours and returned to normal in 96 hours (Trier,

1962). In an autopsy study of patients on sequential

chemotherapy protocols, intestinal cytopenia due to

reduced proliferation has been described (Slavin et al,

1978). Disturbed vitamin B-^ absorption following
therapy with vinblastine and mustine has been reported

(Tibbut and Holt, 1974).

On the basis of the aforementioned studies, the

mechanism of small intestinal mucosal damage has been

worked out. Administration of cytotoxic drugs results in

suppression of mitosis in the crypt area with diminished

epithelial cell production. This causes contraction or

thickening of villi and in severe instances to loss of
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the epithelial covering of villi. This may then allow

invasion of the mucosa by bacteria and other substances

of the lumen (Priestman, 1977). The results of my study

are consistent with this mechanism. Four of five

patients had reduced villus epithelial cell population.

Only one of these patients had crypt hyperplasia. One

could postulate that he had reached the phase of recovery

and the proliferation was compensatory. Other three

patients showed low mitotic activity in crypts despite a

reduced villus epithelial cell number and hence mani¬

fested the effect of the drug. One patient showed no

alteration in crypt-villus parameters from controls. As

inflammatory cells are not involved in the primary mode

of action, it was not surprising that no consistent

alteration in these cells was found.

This study has demonstrated the effect of cytotoxic

drug treatment on the duodenal mucosa and the essential

difference of the tissue changes from those in severe NSD

and duodenal ulcer. As I have discussed above, in the

two latter conditions villus epithelial cell damage

probably leads to secondary hyperplasia in crypts.

Unlike the duodenal mucosa after cytotoxic drug treatment,

inflammatory cells, particularly neutrophils, show

characteristic pattern of change in these conditions and

hence are probably involved in the causation of tissue

changes. I conclude, therefore, that duodenal mucosal

responses to different types of injury are not non¬

specific, but vary according to the nature of the

injury.



Furthermore, this study indicates that small

intestinal mucosal damage is very common, even in

patients being treated with single drugs (most patients

in my study had single drug treatment). Abnormal villi

were found in four of the five patients. As more

effective chemotherapy are introduced and survival

improves, more patients are being treated for longer

periods with multiple drugs and the potential for

persisting small intestinal structural and functional

abnormalities increases. This may affect the nutrition

of the patient and even his response to therapy. The

effects of chemotherapy on the intestinal mucosa need to

be defined and methods to prevent or minimize small

intestinal effects of these drugs should be sought.
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EXPERIMENTAL PRODUCTION OF DUODENAL ULCER AND POSSIBLE

UTILITY IN THE STUDY OF SEVERE NSD

In view of the distinct duodenal mucosal changes I

have found in severe NSD and duodenal ulcer, it is of

interest to consider whether such changes have been

observed in experimental animals with duodenitis or

duodenal ulcer. With that objective, the literature

regarding experimental production of duodenal ulcer is

briefly reviewed and its relevance to future work on

severe NSD is considered.

Duodenal ulcers have been produced in guinea-pigs

(Gobbels and Adkins, 1967) and in cats (Emas and Grossman,

1967) by administration of gastrin. Intravenous infusion

of pentagastrin also resulted in duodenal ulcer formation

in cats (Konturek et al, 1969). Guinea-pigs develop

duodenal ulcer under conditions of restraint and after

administration of histamine (Hay et al, 1942).

Attempts to induce experimental duodenal ulcer in

rats have followed several lines. The earliest method

consisted of feeding the animals a diet deficient in

pantothenic acid (Berg et al, 1949). This method is

unsatisfactory as only certain strains of mice or rats

are sensitive to ulcer formation by this method. Many

chemicals have been noted to result in occasional

occurrence of duodenal ulcer in rats. Only cysteamine,

propionitrile and 3-4 toluenediamine among these were

found to induce a very high incidence of duodenal ulcer

within a few days following oral or parenteral
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administration (Szabo and Selye, 1972; Selye and Szabo,

1973). Evidence indicates that increased gastric acid

secretion following administration of these chemicals may

be important in causing the ulcers. The hypersecretion

itself probably results from increased serum gastrin

(Lichtenberger, 1977). More recently, duodenal ulcers

have been produced in rats by the administration of

secretagogues (Robert et al, 1970; Gaskin et al, 1975;

Joffe et al, 1977). Three secretagogues, histamine,

carbachol and pentagastrin have been used and it is

significant that ulcers were produced only in the

duodenum. The number of ulcers, their distance from the

pylorus and their severity were generally related to the

dose of each secretagogue (Robert et al, 1970; Joffe et

al, 1977).

The animal models for duodenal ulcer show that so

far ulcers have been produced by increasing one side of

the equation, i.e. secretion of acid-peptic juice from

the stomach. That this is the case has been shown in

further experiments. Robert et al (1972) have shown

that if the gastric juice produced was removed through an

open gastric cannula, the incidence of duodenal ulcer

produced decreased by 60 per cent and if sodium bicarb¬

onate was perfused through the oesophagus ulceration was

totally prevented. Furthermore, gastric secretory

inhibitors e.g. metiamide, prostaglandin E2 (Robert et al,

1971), secretin (Stanley et al, 1972) decreased the

incidence of duodenal ulcers. Experimental ulcers,

therefore, highlight the role of luminal acid-pepsin in
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duodenal ulceration. But factors which localize the

ulcers, i.e. mucosal resistance have not been studied.

Secretagogue - induced duodenal ulceration in animals

has been shown to pass through grades of increasing

severity, e.g. inflammation, erosion, ulcer, perforation

(Robert et al, 1970; Gaskin et al, 1975; Joffe et al,

1977). This would support my conclusion that severe NSD

and duodenal ulcer are stages in the same disease process.

Mucosal architecture and inflammatory cell

infiltrate in experimental duodenal ulcer have not been

studied in detail. However, in one study blunting of

villi and increased mitotic activity in the crypts in

the vicinity of ulcers was noted (Gaskin et al, 1975).

In the same study, the lamina propria in inflamed areas

showed neutrophil polymorph infiltration. These

findings are similar to that in human severe NSD and

duodenal ulcer. If confirmed, it would mean that

secretagogue induced duodenal inflammation and ulcer is

a representative model of human duodenal ulcer and would

further support the hypothesis that severe NSD and

duodenal ulcer are part of the same disease process.

The field of experimental production of duodenal

ulcer needs much further work. The evolution of the

lesions should be studied carefully, with documentation

of mucosal architecture changes, cell proliferation and

inflammatory cell infiltrate. These studies would be

able to confirm the experimental duodenitis and ulcer as

model of human NSD and duodenal ulcer. In addition to

showing progression from duodenitis to ulcer, these



models could be utilized to study factors involved in

mucosal resistance (described later) and to test drugs

useful in NSD and ulcer healing.

CLUES TO PATHOGENESIS

Most theories about the pathophysiology of duodenal

ulcer formation invoke the interaction between the inju¬

rious factor of local acid-peptic activity, and mucosal

resistance, to be the central equation (Malagelada, 1979)

Both sides of the equation have been proposed to be multi

componental, as a result of which either the control over

the proteolytic potential for autodigestion, or the force

which resist this, can be altered to disadvantage (Sircus

1979). However, the primary event leading to the for¬

mation of severe NSD and duodenal ulcer remains unknown.

From my studies, some indication of the possible patho¬

genetic mechanisms of mucosal injury in these conditions

have been obtained.

The duodenal mucosa is exposed to a wide variety of
3

potentially injurious luminal substances. These include

gastric acid and pepsin secretions, constituents of bile

and pancreatic juice, drugs, toxins and ingested food.

Only a monolayer of epithelial cells and their mucus coat

separate the internal environment from luminal contents.

My studies suggest that epithelial cell injury is likely

to be the primary event in the causation of severe NSD,

and probably also in duodenal ulcer formation. The



results also indicate that acid in the duodenal lumen,

derived from gastric secretion, plays a part either in

the primary damage to the mucosa or in the continuation

of this damage or both in severe NSD as well as in

duodenal ulcer. This is evident from the fact that

mucosal architecture abnormalities and abnormal cell

infiltration together with the visual changes in the

mucosa in severe NSD and duodenal ulcer disappear after

suppression of gastric acid secretion for a period with

cimetidine. Evidence suggests that the pH in the

duodenal bulb tends to be lower in patients with duodenal

ulcer and also remains lower for a longer time than in

health (Rhodes et al, 1966; Archambault et al, 1967).

This is partly due to hypersecretion and partly due to

disturbed gastric emptying in duodenal ulcer patients

(Fordtran and Walsh, 1973) resulting in delivery of a

large acid load in late post-prandial period (Malagelada

et al, 1977). Defective neutralization of duodenal acid

may also play a role. Although pancreatic bicarbonate

secretion in response to intraduodenal acid infusion

appears to be normal in duodenal ulcer (Isenberg et al,

1977), other mechanisms involved in acid neutralization,

such as absorption of hydrogen ions, may be abnormal.

Essentially identical features in severe NSD and duodenal

ulcer shown by my studies support the hypothesis that

these two are the result of the same disease process.

Abnormalities in luminal environment found in duodenal

ulcer should therefore also be present in severe NSD.

These aspects of NSD need further studies.



My studies have shown that mucosal inflammation and

injury in both ulcer-associated and severe nonspecific

duodenitis is usually confined to a localized area of the

duodenal bulb and does not involve the entire duodenum.

This indicates that although the primary role of cell

damage may be played by luminal factors, the localization

of the injury depends on additional factors. One

possibility is breakdown of mucosal resistance in

localized areas. This would allow access of luminal

contents to the privileged environment of the lamina

propria, where they can activate effector mechanisms of

mucosal inflammation. None of the components of mucosal

resistance has been identified with certainty. Possible

factors include mucus, blood flow and such chemical

factors as prostaglandins, prostacyclins and epidermal

growth factor (Malagelada, 1979).

Alternatively, the localization of NSD and of

duodenal ulcer may be not so much due to differences in

mucosal resistance between different areas, but to

successful containment of the injurious process (Sircus,

1979). An ulcer with its area of damage would then be

surrounded by areas of increased resistance to damage.

It may be conjectured that the lesion itself, once formed

promotes the factors conducive to healing and that these

operate upon the ulcer in three dimensions (Sircus, 1979)

The difference between the severity of the lesion of

severe NSD and duodenal ulcer could be explained by the

difference in the increase in resistance induced by the

primary injury. The factors involved in mucosal



resistance need further study.

The mediation of mucosal injury involves complex

interactions of systems in which checks and balances are

apparently carefully regulated. Both immune and non¬

immune mechanisms may recruit the effectors of

inflammatory response. The effector system includes

inflammatory cells such as lymphocytes, neutrophils,

macrophages, eosinophils and mast cells. These cells,

when activated, are capable of releasing a variety of

substances which can cause inflammatory changes and

tissue injury. Activation of the coagulation, fibrino¬

lytic and complement systems generate biologically active

peptides which include the kinins, fibrinopeptides and

anaphylotoxins (C3a, C5a). These substances interact

with products of effector cells (Doe, 1981). The possible

role of neutrophil polymorphs in the pathogenesis of

severe NSD and duodenal ulcer has been highlighted by my

studies. None of the other disease states in which I

have been able to study the duodenal mucosa showed the

presence of neutrophils in significant numbers. Although

not by themselves the primary mechanism of initiation and

localization of mucosal inflammation and damage, the

neutrophils appear to play a special effector role in

this inflammation. When activated, neutrophils can

release superoxides and granule enzymes, especially

neutral proteases elastase, collagenase and cathepsin G

into the mucosa. These substances can damage surrounding

tissues (Henson, 1971; Babior, 1978; Doe, 1981). In

addition, neutrophil products can mediate other changes
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involved in inflammation and. possibly magnify the

inflammatory response already initiated.

The mechanism of the initial event of neutrophil

recruitment in ulcer-associated and severe nonspecific

duodenitis remains unknown. Substances which have been

proved to be chemotactic for neutrophils include

complement components, immunoglobulin fragments, fragments

of fibrinogen and collagen, kallikrein, prostaglandin E^,
protein breakdown products and bacterial products

(Murphy, 1976). Bacteria do not appear to be involved

in NSD or duodenal ulcer. Possible substances in these

situations include complement components, protein break¬

down products and prostaglandin E-^. Complement
activation occurs subsequent to formation of or

deposition of antigen-antibody complexes in a tissue.

I have been unable to demonstrate this phenomenon in

both types of duodenitis. Modes of neutrophil recruit¬

ment other than complement activation are probably

involved and remain to be investigated.
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ABBREVIATIONS USED

C = control group of patients

CD = patients with coeliac disease

cm = centimetre

CRD = patients with Crohn's disease

CTT = patients who had been treated with cytotoxic
drugs

DU = areas of ulcer-associated duodenitis/
duodenal ulcer

DUPC = healed ulcer-associated duodenitis after
treatment with cimetidine

DUE = area near the edge of duodenal ulcer

gm = gram(s)

HH = patients with hiatus hernia

M = molar (solution)

mg = milligram

ml = millilitre

mmol = millimol

N = normal

NSD = non-specific duodenitis

NSDPC = healed non-specific duodenitis after treatment
with cimetidine

nmol = nanomol

SD = standard deviation

SE = standard error of the mean

sq. cm. = square centimetres

TK = thymidine kinase

ym = micrometre

yl = microlitre
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APPENDIX - A

QUESTIONNAIRE FOR THE CLINICAL FEATURES STUDY

Serial no.

Unit no. Name:

Date of birth:

Age:

Address:

Age of onset:

Main symptom

Abdominal pain

Abd. discomfort

Altered bowel habit

Constipation

Diarrhoea

Dysphagia

Date of interview:

Occupation:
Sex:

Marital status:

Duration of symptoms:

G.I. Blood loss

Heartburn

Vomiting
Others

Family history of peptic ulcers (first and second degree relatives)
Family history score:

Smoking per day Smoking score:

( C 10 cig. - 1, 11-20 = 2, >20=3)
Drinking: per week Alcohol ingestion score:

(<: 5 pints or spirits = 1, 6-10=2, >10 = 3)
Analgesic ingestion: Analgesic ingestion score:

(Occasional= 1, daily= 2, dependency= 3)
Abdominal pain or discomfort

Site: Character (patients description
of nature of pain):

Time of occurrence(eg., morning, evening etc.):
Relation to meals: before meals after meals

no relation to meals

Relation to bowel movement: before after

no relation to bowel movement



2

Pain at night: never occasional regular
Time: How relieved:

Pain relief: with food partial complete
with antacids partial complete

by belching

by passing flatus/bowel motion

Pattern of occurrence: episodic/continuous/individual attacks
Duration of episodes not constant

Duration of remissions

Description of individual attacks

Other symptoms with pain (eg., anorexia)
Altered bowel habit

Normal bowel habit before the onset of symptoms:

Constipation(less frequent b.m. than previously/hard stools/laxative
intake):

Accompanying symptoms (eg., rectal bleeding, abd. pain ):
Diarrhoea (increased frequency of b.m. than previously/loose or

watery stools):
Number of motions per day

Loose/watery/frothy
Nocturnal b.m. Relation to food

Accompanying symptoms (eg., pain, bleeding):
Passage of mucus Urgency
Sense of incomplete evacuation Distension
Anorexia (lost appetite):

Duration Weight loss

Dysphagia (feeling of food sticking in the gullet):
Site Duration

Difficulty with solids/liquids/both
How relieved

Progress increasing/decreasing/no change

Accompanying symptoms:

G.I.Blood loss:

Melaena Haematemesis

Number of episodes and times

Blood transfusion needed or not: Cause if known:



Heartburn (burning sensation behind the sternum):
Duration

Relation to food

How relieved

Vomiting:

Duration

Pain relief

Contents of vomitus

Nausea:

Occasional/regular
Relation to posture

Occasional/regular
Self induced

Time of occurrenceDuration

Relation to food

Distension (bloated feeling/tightening of clothes around abdomen):
Duration Time of occurrence

Relation to food Flatus relief

Belching (bringing up what the patient regards as excessive

amounts of wind):
Flatus (passage of what the patient regards as excessive amounts

of wind from the bowel):
Other symptoms:

Physical examination findings:

Index disease:

Complications: Perforation G.I.Bleeding

Gastric outlet obstruction

Index endoscopy: Date: Findings:

MAO™ mmo1/hr.
JTj

Treatment:

Date:
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APPENDIX B

RESULTS OF INFLAMMATORY CELL COUNTS FOR SUMMATION

AVERAGE GRAPH

Controls - Plasma Cells

Squares Specimen Specimen Specimen
Counted 1 2 3

20 11 3 6

40 6 8 11

60 3 10 3

80 9 4 8

100 7 6 4

120 8 7 7

140 4 4 5

160 6 11 11

180 10 4 3

200 4 8 5

220 11 6 4

240 9 4 9

260 3 9 5

280 8 5 8

300 7 6 5
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DU - Plasma Cell Counts

Squares Specimen Specimen Specimen
Counted 1 2 3

20 14 10 9

40 7 19 13

60 18 8 15

80 9 15 11

100 11 11 10

120 10 14 13

140 15 9 8

160 8 16 12

180 17 7 15

200 8 13 8

220 15 18 12

240 11 9 9

260 8 14 14

280 15 10 13

300 10 13 14
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Severe NSD - Plasma Cell Count

Squares Specimen Specimen Specimen
Counted 1 2 3

20 9 17 10

40 15 11 18

60 17 10 10

80 10 14 9

100 14 12 13

120 15 12 14

140 10 16 9

160 13 14 15

180 17 9 11

200 12 12 12

220 10 13 9

240 14 18 14

260 15 9 10

280 9 11 12

300 16 13 15
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Controls ~ Lymphocyte Count

Squares Specimen Specimen Specimen
Counted 1 2 3

20 3 7 6

40 8 6 5

60 2 3 2

80 5 6 7

100 4 4 4

120 3 5 5

140 7 2 7

160 3 8 2

180 4 5 3

200 5 4 6

220 6 6 5

240 7 7 6

260 3 4 7

280 2 5 4

300 5 4 3



Squares
Counted

Specimen
1

Specimen
2

Specimen
3

20 7 10

40 13 7

60 8 6

80 6 8

100 8 7

120 7 8

140 11 6

160 10 9

180 5 11

200 10 5

220 8 6

240 6 10

260 9 4

280 10 10

300 9 7

5

8

10

6

7

6

12

6

7

5

9

8

5

6

7
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Severe NSD - Lymphocyte Count

Squares Specimen Specimen Specimen
Counted 1 2 3

20 9 10 7

40 6 6 6

60 8 9 12

80 7 9 10

100 8 7 9

120 8 8 7

140 5 11 11

160 10 6 8

180 6 9 7

200 8 8 10

220 7 7 8

240 6 10 11

260 9 7 6

280 10 9 9

300 6 6 10


