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BIOCHEMICAL CHANGES ASSOCIATED WITH MALIGNANCY 

W 
'rmill PARTICULAR REFERENCE TO THE STOMACH 

Kassim Saeed IBRAHIM 

A B S T R A C T 

Less than 10% of patients w i t h established cancer of the 

stomach survive five years after diagnosis. In contrast, 

the five-year survival rate for early gastric cancer m a y 

be more than 9 5 % . Consequently, there is a pressing 

need for a procedure that allows early detection of this 

disease. 

Because conventional cytology has n o t proved adequate, 

more functional tests w e r e sought. Initially, the lactate 

dehydrogenase activity in gastric fluid was examined 

because a test based on this activity would provide a 

simple, conventional procedure that could be available in 

routine clinical biochemistry. However, it was shown 

that this activity is destroyed at pH values below .pH 4 . 5 , 
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as may occur commonly in gastric juice. It was n o t 

possible to regenerate such activity. 

Attention w a s then focussed on functional tests that could 

be applied to cytological preparations. Two systems, 

that had proved useful in the detection of malignant 

cervical c e l l s , w e r e first investigated. Studies on 

the nature of the D N A , which is a factor in cytological 

screening m e t h o d s , showed that although the hydrolysis-

profile of D N A in the malignant cells was altered, it 

was too m u c h influenced by the acidity of the gastric 

juice to form a reliable method for gastric cancer. 

Lysosomal naphthylamidase activity was generally h i g h e r 

in the malignant cells but did n o t adequately discriminate 

from cells derived from metaplastic regions. 

In the final s t u d y , clear discrimination of malignant from 

non-malignant c e l l s , in cancer of the stoma.ch and the 

colon, was obtained by a reaction that depends on the 

relative insensitivity to oxygen shown by the 

glucose 6-phosphate dehydrogenase-neotetrazolium reductase 
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system in malignant c e l l s . The reaction has been 

investigated and optimized. It appears to offer an 
/ 

"all-or-nothing" test for the detection of gastric and 

colonic m a l i g n a n t cells. 
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Chapter 1
 1 

GASTRIC CANCER BACKGROUND 

/ 
Incidence 

Gastric cancer is one of the commonest and most serious 

forms of cancer. On a global scale, gastric cancer results 

in more deaths than any other form of malignant disease, 

(Day, 1980). In England and Wales it is the third to 

fourth most common fatal cancer behind those of the lung and 

colo-rectum. In 1978 there were 11,497 deaths from 

malignant neoplasm of the stomach, the vast majority of which 

were adenocarcinoma; the corresponding figure for cancer of 

the colon and rectum was 16,430; that'for primary cancer 

of the lung, bronchi and trachea was 34,348 and that for 

breast cancer was 12,007. (Registrar General Statistical 

Review, 1978) (Tables 1.1 & 1.2)There is some evidence that 

mortality from gastric cancer is becoming steadily less 

frequent in Britain, whereas the incidence of colo-rectal 
% 

cancers, cancer of the lung, trachea and bronchi, and breast 

cancer is rising. (Table 1.1) 

Gastric cancer has a widely differing incidence rate through-

out the world with the. highest incidence in Japan. England 
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TABLE 1.1 

YEARLY DEATHS FROM DIFFERENT MALIGNANT TUMOURS FOR ALL AGES 

Site 
Mean number of 
deaths yearly 
for 3 yrs.from 

1956-1958 

Mean/number of 
deaths yearly 
for 3 yrs.from 

1972-1974 

Number of 
deaths in 

1978 

Gastric 1,^02 12,216 11,497 

Colonic and 
Rectum 

14,713 16,346 16,430 

Breast . 8,449 11,637 12,007 

Lung, trachea 
and bronchi 13,537 32,297 34,348 

TABLE 1.2 
DEATH RATE PER MILLION POPULATION FOR ALL AGES 

FROM MALIGNANT TUMOURS OF DIFFERENT SITES 

Site 
Death rate/million 
population for all 

ages in 1978 

Stomach 470 

Colon and 
Rectum 

668 

Breast 477 

Trachea, lung 
and bronchi 

1420 

Cervix 85 
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and Wales are considered as low-rate countries in comparison 

with others (Table 1.3). 

Age and Sex Incidence 

The incidence of gastric cancer rises with age and most 

cases are recognised in the seventh and eighth decades. 

Men are more often affected by the disease than women, the 

male:female ratio varying from 1-2 : 1. 

Aetiology 

The aetiological possibilities that have attracted attention 

include genetic, dietary, geographical and racial factors 

and the occurrence of precancerous changes in the gastric 

mucosa such as atrophic gastritis, intestinal metaplasia, 

pernicious anaemia, gastric polyp and chronic gastric ulcer. 

This subject has been reviewed by many authors (Morson, 1978; 

Day, 1980). -

Pathology of Gastric Cancer 

Many classifications of gastric carcinoma have been devised, 

some based on the gross appearance, others on the microscopical 
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TABLE 1.3 

DEATH RATE FROM GASTRIC CANCER 

(Age non-specific, per 100,000 
t 

- 1968/69) 

Country Male Female 

Japan 65 .84 34. 39 

Chile 59 .41 35. 62 

Poland AO .44 18. 81 

Austria 37 .97 20. 62 

Iceland 36 .95 13. 63 

Venezuela 34 .29 21. 12 

German Federal 
Republic 

33 .14 17. 87 

Italy 30 .69 15. 79 

Norway 24 .58 13. 12 

England & Wales 21 .74 10. 62 

France 19 .32 9. 17 

Denmark 17 .69 9. 79 

U.S.A. i •, 
non-whites 14 .73 7. 04 

whites 10 .68 6. 68 

(After Husain 1976) 
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picture. 

/ i 

The macroscopical types included flat, ulcerated, infiltrating, 

fungating, mucinous and scirrhous carcinoma. 

The microscopical classifications were numerous: some 

depended on the degree of differentiation of the tumour; 

others, like Lauren's classification, were based on the 

histology and cytology of the tumour (Lauren, 1965). 

Detailed description of these types can be seen in any 

text book of pathology. 

Most of the above mentioned classifications have very 

little relation to the prognosis. However, one entity of 

gastric cancer, namely the early gastric cancer, has a 

clear prognostic significance. 

Early Gastric Cancer 

This is an entity more real and identifiable than carcinoma 

in-situ, which is an extremely rare finding and held in 

doubt by some. (Kraus and Cain, 1979). Early gastric 
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! 
I 

cancer has been described by Mallory (1940); Stout (1942) 

and many others. These early gastric cancers appear at 
i i 

an earlier average age suggesting that they may be an 
i 

earlier stage in the natural history of adenocarcinoma 

of the stomach and not necessarily a different lesion. 

Mason (1965) showed that 10% of stomachs with gastric 

ulcers and other benign lesions displayed surface cancer, 

and that these cancers were often multifocal in origin and 

were not necessarily near to the ulcer. 

Microscopically, there is a surface spread of malignancy 

which may extend over much of the mucosal surface and even 

submucosal interstitial tissue. Sometimes there are 

minute areas of invasion through the muscularis mucosae. 

Here the depth of penetration has a prognostic significance 

Even with lymph node involvement, long survival has been 

reported (Mason, 1965). 

In Japan, the early gastric cancer has been much more 

closely defined as the gastric cancer in which infiltration 

is confined either to the mucosa or submucosa, irrespective 

of lymph node metastases (Murakami, 1971). 
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Early gastric cancers have been typed by the Japanese 

Society for Gastroenterological Endoscopy according to 
i 

the configuration of the tumour and the degree of 

penetration of the stomach wall (Fig.ljl), Qizilbash and 

Stevenson, 1979). 

More recently, early gastric cancer has been recognised 

with increasing frequency in Europe and North America 

(Elster et al 1975; Machado et al 1976; Evans et al., 1978 

QiziLbash and Stevenson, 1979). 

Evans et al (1978). reported a remarkable similarity 

between Japanese and British early gastric cancer; they 

suggested that a higher proportion of British gastric 

cancer could be diagnosed at an early stage by more 

intensive investigation of dyspeptic patients and that 

there is no support for the view that the British stomach 

cancer, with its appalling prognosis, is different in 

nature from that of the Japanese. 
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FIGURE 1.1 

TYPES OF EARLY GASTRIC CANCER 

^Wl/VVrS^S^vAATiAA a) elevated 

Type II 
Superficial 

M r w ^ S ^ v w y y v v i J flat 

5 2 S 

Type III 
Excavated 

c) depressed 

(Japanese Society for Gastroenterological 
Endoscopy 1962) 
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Natural History of Gastric Cancer 

There is general agreement that there is a definite 

relationship between intestinal metaplasia, atrophic 

gastritis and the development of carcinoma (Morson, 1978). 

Jarvi and Lauren (1951) suggested that about 50% of all 

gastric cancers arise from areas of intestinal metaplasia; 

Johansen (1976) suggested that carcinoma may arise from 

metaplastic intestinal epithelium or from normal gastric 

epithelium, namely the undifferentiated or transitional 

cells situated in the isthmus or neck region of the crypt. 

The role of chronic gastric ulcer in the development of 

gastric cancer is still disputed. While some believe 

that a significant proportion of gastric cancers arise 

from pre-existing chronic gastric ulcer (Oata and Misu, 1959), 

others believe that the presence of carcinoma in the 
• 

margin of chronic gastric ulcers is very rare (Morson, 1978). 

By present day techniques, the earliest, well-recognisable, 

epithelial malignancy of the stomach is the so-called 

early gastric cancer (as described above). 
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i 
i 

Early gastric cancer eventually becomes invasive cancer. 

Misaki (1978) has followed about 100 patients who refused 
i 

surgery and he showed a medium period of 4 years for the 

early gastric cancer to become invasive. 

The precursor lesions that precede early gastric cancer 

seem to merge with one another imperceptibly (Kraus and 

Cain, 1979) and various authors have used different terms 

for such lesions as dysplasia, atypia, carcinoma in-situ. 

Prognosis of Gastric Cancer 

Although there was some difference in the reports on the 

percentage five-year survival rates of gastric cancer, 

generdfy speaking the prognosis is poor. Morson (1978) 

reported that not more than 15% of the patients with 

gastric cancer survive five years from the time of diagnosis 
• 

Lundh et al (1974)quoted 97® as surviving for four years. 

Such a poor prognosis is a reflection of the late 

presentation. Lundh et al (1974) reported that only 50% 

.came for resection and less than 30% to radical surgery. 
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i 
I 

Even after radical gastrectomy only 23% survived for 

4 years. 

j 

On the other hand, the Japanese experience has shown 

that the prognosis for early gastric cancer is excellent. 

The five-year survival rate for early gastric cancer, 

including both intramucosal and submucosal disease, 

averaged 95.5% (Kidokoro, 1971). For intramucosal 

cancer, the five-year survival rate was about 99.0%; 

it was about 93.0% for submucosal cancers. 

The short follow-up data available on British early 

gastric cancer , reported b y Evans et al (1978), were 

encouraging and suggestive of close similarity to 

those of the Japanese. 

History of Gastric Cytology 

Since the introduction by Papanicolaou (1928), of the 

cytological method for the diagnosis of carcinoma, it 

has been applied, on materials derived from different 

sites from which exfoliated cells were examined for 
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malignant cells. • The early reports on this subject 

came from Papanicolaou and Cooper (1946); Graham et al (1948); 

Traut et al. (1952) and others. Most of these studies 

were done on simple aspirates or washings. Later, 

different instruments were devised such as sponges, 

brushes and abrasive balloons. None of these techniques 

was successful in effecting a persistently reliable sample 

or they were not acceptable to the patient and it was not 

until Hirschowitz et al. (1958) introduced the gastro-

(Table 1.5) 

fibroscope that real progress was made.yY Its subsequent 

development permitted better sampling and had an important 

impact on the diagnostic accuracy over the past twenty 

years. Thus, in the latest study, in which I participated, 

we obtained an accuracy of 83%. (Table 1.4) A copy of 

this publication is appended.to this thesis. 

The Role of Gastric Cytology in the Diagnosis of Gastric Cancer 

Over the past forty years, gastric cytology has proved to 

be a sensitive method for the detection of gastric cancer 

and the accuracy achieved by many authors, using cytology, 

was not less than that achieved by histology. (Table 1.4) 

Together, cytology and histology formed complementary 

diagnostic tools.' 
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/ / 
TABLE 1.4 ' 

PERCENTAGE ACCURACY OF ENDOSCOPIC CYTOLOGY AND 
BIOPSY IN THE DIAGNOSIS OF GASTRIC TUMOURS 

Author Date 
Total Correct Correct Correct 

Author Date 
Sample Cytol. Histol. Combined 

Kobaydshi et al. 1970 26 97.0 66.7 100.0 

S erck-Hans s en 
1973 68 94.1 52.9 94.1 

et al. 
1973 94.1 

Bemvenuti et al. 1975 58 77.8 82.2 ? 
Smithies et al. 1975 34 82.4 61.8 97.1 

Witzel et al. 1976 73 83.6 79.5 95.9 

Young & Hughes 1977 61 91.8 68.9 91.8 

Boddington 1978 84 78.5 72.6 92.8 

Husain et al. 1980 61 83.3 81.4 98.4 

(After Husain et al. 
1980) 
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TABLE 1.5 GASTRIC CYTOLOGY : EFFICIENCY OF VARIOUS TECHNIQUES 

Series No. with 
Cancer 

% 
Accuracy 

Method 

Papanicolaou and 
Cooper (1974) 

27 
/ 
/ 37 Fasting aspirate 

Graham et al. (1948 24 62 Fasting aspirate 

Traut et al. (1952) 42 71 Papain lavage 

Crozier et al.(1956) 29 69 Lavage and brush 
abrasion 

Seybolt and 
Papanicolaou (1957) 

114 66 Abrasive balloon 

Fukuda (quoted by 
Tazaki, 1959) 

76 85 Modified ballooji 

Cabre-Fiol et al. 
(1959) 

94 90 Mandri1-sound 

Raskin et al. (1959) 131 95 Gastric washing 

Schade (1960) 258 97 Gastric washing 

Witte (1959) 184 65 Zelltopfsonde 

MacDonald et al. .(1963) 89 93 Chymo trypsin 

Taebel et al. (1965) 282 81 Gastric washing 

Blendis et al.(1967) 100 81 Gastric washing 

Kasugai (1968) 375 96.8 Fibregastroscope 
lavage 

Shida (1968) 
• 

60 89.6 Fibregastroscope 
brush 

Witzell et al. (1976,) 73 84 Fibregastroscope 
brush 

Thompson et al.(1977) 59 90 Fibregastroscope 
brush 

Young and Hughes (1977) 61 92 Fibregastroscope 
brush 

MacKenzie et al (1977) 94 Fibregastroscope 
brush 

Boddington (1978) 84 79 Fibregastroscope 
brush 

Husain et al. (1980) 61 83 - Fibregastroscope 
brush 

(Husain et al., 1980) 
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However, since the beginning of gastric cytology, it has 

been realised that advanced cancer is not a diagnostic 

problem. Moreover, the detection of such cases offers 

little help to the patient as the prognosis at such advanced 

stages is very poor. 

Much of the interest in the cytological approach came from 

its possibilities as.an early diagnostic procedure. This 

is apparent in most of the reports which contain few 

examples of such early cases of gastric cancer diagnosed 

by cytology (Papanicolaou & Cooper (1946): Graham et al.(1948) 

Traut et al, 1952;Schade 1960; Evans et al., 1978, and 

others). 

With the advent of the fibreoptic gastroscope ii 1958, 

the stomach became an accessible organ. Consequently, 

gastric cytology became much more popular. Its accuracy 

was much improved and now it is almost a routine test for 

most of the lesions of the stomach. 

Screening for Cancer of the Stomach 

Cancer of the stomach in Europe has a very poor prognosis 
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i 
i 

(as discussed above). Despite the advances in radiotherapy 

and chemotherapy, surgery still gives the only hope of 

cure. Unlike other tumours (e.g. bronchial carcinoma 
* 

i 

which has a poor prognosis even when diagnosed early) 

gastric cancer has
A
very good prognosis when diagnosed early. 

Operative results and survival rates, when standard forms 

of diagnosis and therapy are employed, have shown 

little change over the past 50 years or more. This was 

seen in the operability and resectability rate quoted by 

recent European authors who demonstrated that only 50% 

came for resection and less than 30% to radical surgery 

(Lundh et al., 1974). 

On the other hand, in Japan over the past twenty years, 

there has been a substantial improvement in the overall 

5-year survival rate; for cancers limited to the mucosa 

and. submucosa the 5-year survival rate has now reached 

95.5%. This is mainly due to the screening programme 

which has led to a substantial increase in the diagnosis 

of early gastric cancer. 
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Although a recent report by Evans et al. (1978) has shown 

that the British early gastric cancers were similar in all 

! 
respects to those described by the Japanese, a full 

! 

Japanese-style screening programme is too much to hope for 

in Britain with its relatively low rate of gastric cancer 

compared with Japan and in the present economic, climate. 

What does seem to be a more convenient procedure for 

gastric cancer screening in a low-rate country likfe 

Britain is to investigate carefully selected high-risk 

groups. (Husain, 1976: Lancet editorial, 1978). Age is 

an obvious starting point and with the rapid rise in 

incidence after 55 years, screening should start at 45 or 

50 years. Other indicators of high risk are a family 

history of gastric cancer, pernicious anaemia, polya (Billroth II) 

partial gastrectomy more than 10 years previously, gastric 

ulcer, chronic atrophic gastritis and intestinal metaplasia. 

• 

In the absence of a tumour-marker in the blood, the choice 

of the method to be used for screening lies between 

radiography, analysis of the gastric juice and endoscopy 

(Lancet editorial, 1978). The role of gastric cytology 

in such screening programmes is obvious. 
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The Need for Special Techniques in the Detection of 
Gastric Cancer 

The poor prognosis of gastric cancer in Britain and the / 
failure of the available methods to'improve the detection 

of gastric cancer at an earlier stage would necessitate 

the investigation of some of the biochemical changes 

associated with malignancy which may be useful in the 

development of a functional test or which may become useful 

in the interpretation of the difficult cytological or 

histological specimens. 

The need for such an investigation has been quoted in many 

of the recent reports on the problem of gastric cancer 

(Lancet editorial, 1978; Husain et al, 1980). 

In this thesis the gastric juice has been investigated 

for its LDH activity and isoenzyme pattern. Other . 

• 
biochemical changes associated with malignancy were 

» 

investigated at the cellular level. The aim was to find 

some functional biochemical marker that might assist- the 

recognition of malignancy, preferably at an early stage. 
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Chapter 2 

INTRODUCTION TO CYTOCHEMISTRY AND RELEVANT 

CYTOCHEMICAL METHODS 

General Considerations 

The aim of cytochemistry is to study the biochemistry of 

individual cells within a tissue which may contain several 

different cell types. Thus cytochemistry shares with histo-

chemistry the fact that histologically-acceptable sections 

are coloured according to the chemical nature of the tissue-

components but the emphasis in cytochemistry is on the 

quantitation of biochemical activity. Unlike histochemistry, 

which generally involves denaturation, and conventional 

biochemistry which usually involves disruption of the 

structure of tissue, the aim of cytochemistry is to retain 

the structure of undenatured tissue intact, so as to test 

the biochemical activity of intact cellular systems rather 

than the biochemical behaviour of these systems after homo-

genisation and isolation into a foreign medium. By its 

nature, such isolation must distort membrane structure and 
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the spatial relationships between interacting sub-cellular 

systems. (Chayen, 1980). 

Cytochemistry is not intended to replace conventional bio-

chemistry but it is especially suitable for investigating 

certain biochemical changes which otherwise could not be 

demonstrated by conventional biochemistry (see below). 

In this chapter the discussion will be limited to some of 

the relevant cytochemical aspects and to the theoretical 

consideration of some of the procedure used. These 

topics have been reviewed fully by Chayen (1978a,b; 1980). 

Development of Cytochemistry 

In attempts to investigate the problem of malignancy, many 

workers have applied conventional biochemical methods to' 

tissue homogenates to investigate the difference between 

malignant tissue and the normal tissue of origin. This 

approach can be criticised on the theoretical grounds that 

the act of homogenisation and isolation of enzymes from their 

natural matrix may appreciably change their chemical 

characteristics (Huennekens, 1951; Mahler et al., 1953; 
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Siekevitz, 1962; Hornby et al., 1968; Altman et al., 1970) 

To overcome the problem of alteration induced by isolation, 

many workers used tissue slices, but biochemical studies 

on thick tissue slices were not completely adequate for 

studying the biochemistry of cancer because, in addition to 

the problem of diffusion (Hems et al., 1968), in any slice 

containing a tumour, there will be a very heterogeneous 

population of cells, only some of which will be the active 

cancer cells, the metabolic activities of which are to be 

defined-. Thus the activity of the malignant cells will 

be diluted by the activity of the rest of the tissue. 

This tissue dilution artefact in cancer biochemistry has 

been considered by Chayen et al.,1961; also by Jones et al. 

1961). 

Cytochemistry was developed to overcome this artefact so 

that it is now possible to measure the metabolism of the 

active tumour cells separately from that of the stroma of 

the invaded tissue and of the necrotic cancer tissue. 

Rationale of using Cytochemistry 

in the present Study 

In addition to the problem of altered physical chemical 
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properties induced by the isolation of enzymes, and of other 

molecules, and the problem of tissue dilution artefact 

(as discussed above), the use of tissue homogenate and 

tissue slice biochemistry is not suitable for the 

demonstration of some of the subtle biochemical changes 

characteristic of malignancy which on the other hand can 

be easily demonstrated by cytochemistry. One example of 

such a change is the demonstration, in malignancy, of 

increased measurable activity of the otherwise latent • 

lysosomal enzyme that might be obscured by homogenisation 

and disruption of the lysosomal membrane (see Chapter 6). 

As a second example, measurement of total DNA by conventional 

biochemical methods would not be suitable for the 

demonstration of the acid labile DNA characteristic of 

malignancy (see Chapter 5). Perhaps the most 

telling example is the demonstration of the effect of 

oxygen on the reducing equivalents derived from glucose 
• 

6-phosphate dehydrogenase activity in malignancy in 

contrast with the benign conditions which would not have 

been possible in tissue homogenates (see Chapters 7 & 8). 
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Theoretical Consideration of the Methods involved 

in Cytochemistry 

All the techniques employed in cytochemistry, from the 

preservation of the fresh tissue to the quantification of 
i 

the reaction end product,are orientated towards maintaining 

inter- and intra-cellular integrity of the tissue as is 

essential for the dynamic, functional approach. In 

this thesis either smears or sections were used in the 

cytochemical studies. The use of smears avoids the 

problems of preparing well-preserved, undenatured sections; 

however, when sections have to be used, they must be 

prepared in a particular way if they are to be acceptable 

for cytochemical analysis. The theoretical consideration 

of such procedures will be discussed here; the details of 

the practical methods will be given in the relevant chapters 

Theory and Rationale of Chilling 
» 

The basic problem in cutting sections of tissue is that 

the block of tissue must be hardened, so that it does not 

give or flow around the knife. In accordance with the 

principles of cytochemistry the hardening process must not 

involve any measurable structural or chemical alteration in 
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the tissue. The chemical fixatives used in conventional 

histology, as a prelude to embedding in a hard matrix (such 

as paraffin wax) cause considerable, loss of enzymatic activity 

and chemically alter molecules such as proteins, lipids 

and nucleic acids. (Appendix 1 of Ghayen et al,, 1973b). 

Various modifications to this scheme have been tried such as 

simultaneous fixation and dehydration in cold acetone; and 

freeze-substitution, in which the dehydration takes place 

at a lower temperature, but the gains have not been 

sufficient to merit consideration as procedures for cellular 

biochemistry (Chayen, 1978a). 

The other way in which a sample of tissue can be rendered 

i 

sufficiently firm to allow it to be sectioned is by freezing. 

This obviates the loss of activity due to chemical 

fixatives but it has the disadvantage of structural and 

chemical damage produced by the formation of ice if cooling 

is carried out slowly (Chayen, 1978a, 1980). Damage by 

ice is caused both directly, when the crystals form inside 

the cells, and indirectly as a consequence of change in the 

tonicity of the extra and intra-cellular fluid (Lovelock, 

1957). 
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However, it has been shown that under certain precise 

conditions tissue can be cooled to very low temperatures 

(-40°C or below) without ice formation, the water being / 

solidified in the amorphous state and the protoplasm 

supercooled. Rewarming this supercooled tissue can lead 

to ice formation so that care must be taken over the storage 

of such chilled tissue. The various temperatures which 

most favour the formation of ice from water, or of one form 

of ice from another, were defined by Tammann (1900). From 

his figures it is noteworthy that temperatures of about 

-18°G are dangerous. The extensive work on the possibility 

of supercooling has been reviewed by Chayen (1978a, 1980). 

He, and others, developed a method which involves precipitate 

immersion of the specimen of tissue (which can be 

0.5 x 0.5 x 3 mm in size) in n-hexane at -70°C (free from 

aromatic hydrocarbons; boiling range 67 C - 70 C). The 

hexane in a beaker is kept at -70°C by an outer bath 
» 

containing crushed solid carbon dioxide in absolute alcohol. 

The tissue is left in the cold hexane for 30-60 seconds, 

then removed with precooled forceps and stored in a pre-

cooled tube at -70°C-until used (details of this procedure 

.can be seen in Chapter 7 ). Thermocouples placed in such 
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tissue showed no evidence of ice formation (Chayen et al., 

1973b). 

/ i 

Hexane was favoured as a coolant because of its relatively 

high boiling point (+67 to +70°C) which is about +140°C 

above the temperature to which the tissue is chilled, in 

comparison with other coolants - for instance by liquid 

nitrogen (boiling point -193°C) and petroleum ether 

(boiling point 

+40 C)• It is important for the coblant 

to be at a temperature far from its boiling point and 

freezing point because boiling will generate gasses which 

will insulate the tissue and impede rapid cooling because 

heat conduction can be achieved better by fluid rather than 

by a gas. The coolant should also be a good conductor of 

heat and have a high thermal capacity. 

Mounting 

The chilled tissue must be mounted on a microtome chuck 

before it can be sectioned. This is a potentially hazardous 

procedure because of the danger of thawing. The principle 

of this method is to attach the chilled tissue to the 

microtome chuck by freezing water; at the same time the 

chilled tissue (except the part near the freezing water) 
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must be protected from thawing by a solid piece of 

carbon dioxide. (Details of this procedure can be seen 

in Chapter 7 ). 

Sectioning 

Cutting a slice off a chilled block is liable to generate 

heat, both from the energy of the impact and from the 

friction of the knife through the block. Therefore it is 

essential to take special precautions to avoid thawing the 

chilled (supercooled) tissue. This can be achieved by the 

use of a cryostat microtome used at a low cabinet 

temperature (of -25 to -30°C) and by cooling the knife to 

about -70°G by packing solid carbon dioxide around its 

shaft. Any heat generated by the sectioning procedure will 

be dissipated into the knife which is a better conductor 

of heat than is the tissue (Chayen, 1978a, 1980). 

Silcox et al. (1965) demonstrated that sections free of 

obvious ice artefact could be cut under the recommended 

conditions. Furthermore, Altman and Barnett (1975) 

showed by electron microscopy that sections prepared in 

this manner are free of ice damage. Silcox et al. (1965) 

also showed that after cutting sections which were free 
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of ice, they could demonstrate ice artefacts in serial 

sections of the same tissue by removing the carbon dioxide 

from the knife shaft, so allowing the temperature of the 

knife to reach the same temperature as the cabinet before 

the sections were cut, or by raising the temperature of the 

cabinet to -15°C. 

For cytochemical analysis the thickness of the section 

must be constant. Butcher (1971a) demonstrated that the 

thickness of the section varied according to the speed of 

the cutting. Therefore, it is recommended that the 

microtome be fitted with an automatic cutting device which 

ensures that the sections are cut at a constant speed. 

Flash Drying 

It has been shown by Lynch et al. (1966) that when super-

cooled protoplasm^is warmed, ice can crystallize out of 

the supercooled condition. The procedure adopted to over-

come this problem is to flash-dry the section (Chayen, 1978. 

1980). This can be achieved by bringing a glass slide at 

room temperature close to and parellel to the section on 

the knife. When the slide is about 2 mm from the section, 
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there is a gradient of over 90 C across the section (from 

-70 C at the surface of the knife to +20 C at the surface 
i 

of the slide). This is sufficient to jet-propel the 
r i i 

section on to the slide, where it adheres because of the 

speed of impact, leaving the water frozen on the knife. 

The relatively dry section can safely be withdrawn from the 

cryostat cabinet into the laboratory because there is now 

insufficient free water to form ice. A second factor 

involved in the propulsion of the section on to the slide 

is the static electric charge on the slide. Thus the 

gap can be greater than 2 mm if additional static charge 

is put on the slide, either by rubbing it with nylon 

(e.g. a nylon laboratory coat) or by means of a static 

electricity gun. 

Protection of the Undenatured Sections and Smears 

during the Reactions 

• 

In accordance with the aims of cytochemistry, it is,., 

essential to keep the enzyme, or the molecule to be tested, 

retained at their natural sites inside the cell during the 

cytochemical reactions. When sections of undenatured 

protoplasm are immersed in an aqueous medium at relatively 
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neutral p H , the uridenatured proteins and nucleoproteins 

will dissolve or b e c o m e dispersed into the medium during 

the incubation procedure (Chayen, 1978a, 1980). Such 

loss w i l l affect especially those enzymes that act 

optimally at pH values around 7-8.5 (e.g. glucose 

6-phosphate dehydrogenase: Chapter 7 ); at acidic pH values 

(pH 5.0) and at very alkaline pH values (pH 9.5). This 

loss is-not obvious. Altman and Chayen (1965), u s i n g 

miprochemical analysis of tissue sections before or after 

immersion in aqueous m e d i a , showed that u p to 70% of the 

total nitrogenous content of fresh sections was lost into 

the aqueous solution. This would totally invalidate the 

claim that cytochemistry relates biochemical activity to 

histology. This problem has been overcome by including 

a relatively high concentration (e.g. 30% w / v ) of a 

particular grade of. polyvinyl alcohol (PVA Grade M 0 5 / 1 4 0 ) 

in the reaction m e d i u m (Altman and Chayen, 1965). This 

m 

allows all the nitrogenous matter to be retained in the 

sections or the smears. Polyvinyl alcohol has been shown 

to be very inert cytochemically (Chayen & Miles 1953, 1954; 

Chayen, 1960). 
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This effect does n o t seem to be particular to PVA in that 

a particular polypeptide derived from the controlled partial 

degradation of collagen (available /commercially as 

polypeptide 5115 : Sigma) appears to be equally effective 

at a concentration of 40% w / v (Butcher, 1971b). (See 

Chapter 7 ). 

Ficoll has also been used for this purpose (Stuart and Simpson, 

1970) and m o r e recently it h a s been found that very low 

concentrations of gum tragacanth may be equally effective 

(Chayen, 1973a, 1980). The w a y these colloid stabilisers 

produce their effect is n o n e too certain. Two explanations, 

which are n o t mutually exclusive, of how such stabilisers 

produce their effect are: 

(i) by asserting a double-electric layer 

around the colloidal matter o r 

particles (Sherman, 1955) 

(ii) b y the excluded volume mechanism 

(Scott, 1974) 
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T h e C y t o c h e m i c a l R e a c t i o n s I 

H a v i n g o v e r c o m e t h e p r o b l e m s o f p r e p a r i n g s e c t i o n s a n d 

t h e p r o t e c t i o n o f t h e u n d e n a t u r e d s e c t i o n s a n d s m e a r s / 
I 

d u r i n g t h e c y t o c h e m i c a l r e a c t i o n s & s d e s c r i b e d a b o v e , 

t h e r e i s n o f u n d a m e n t a l d i f f e r e n c e b e t w e e n r e a c t i o n s o f 

c o n v e n t i o n a l b i o c h e m i s t r y a n d o f c y t o c h e m i s t r y , ( C h a y e n , 

1 9 7 3 a , 1 9 8 0 ) . ( T a b l e 2 . 1 ) 
Table 2.1 

Comparison between Cytochemistry and Conventional Biochemistry 

Conventional 
Biochemistry 

Cytochemistry 

Material 

> 
Reaction 

Thick tissue slice; or Tissue section 10— 
homogenate with or without 20 nm thick or 
differential centrifugation; isolated cells 
or isolated cells 

Optimal concentrations of 
substrate, co-factors and 
optimal pH 

Specificity a) for specific substrate 
b) control by use of 

specific inhibitors 

As for biochemistry. 
But also optimal 
concentrations of 
chromogenic and 
trapping reagents 

As in conventional 

biochemistry 

Reaction 
Product 

Measurement 

Soluble chromophore 

Si2e of 
sample 

Spectrophotometry or 
spectrofluorimetry of 
chromophore in solution 

10° cells 

Chromophore pre-

cipitated; at, or 

close to,
1

 site of 

generation 

Microdensitometry 
(or microfluorimetry) 

of precipitated ehromo-
phbre 

1 cell 

After Chayen, 1980 
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Validation of cytochemistry by comparison with conventional 

biochemistry, has b e e n confirmed in the study of enzymes 

and other m o l e c u l e s , for example glucose 6-phosphate 

dehydrogenase (Butcher, 1970; Altman, 1972) and DNA 

(Leuchtenberger et a l . , 1951). In addition, cytochemistry 

has the advantage of relating the biochemical activity 

to the active tumour cells separately from other cells 

and necrotic tissue, thus avoiding the tissue dilution 

artefact and alterations induced b y isolation. T h e s e 

advantages have led, ultimately, to the discovery of subtle 

biochemical changes whic£h otherwise could not be 

demonstrated by conventional biochemical methods. 
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Chapter 3 ! 

SPECTROPHOTOMETRY AND MICRODENSITOMETRY 

Spectrophotometry 

The Spectrophotometer 

The spectrophotometer is a n instrument w h i c h measures 

the intensity of light transmitted through a chromophore. 

It consists essentially of a light source, a monochromator, 

to allow the selection of a suitable wave length, sample 

holders (cuvettes) and a photocell to detect the light 

leaving the sample. (see F i g . 3.1) 

Principles of Spectrophotometry 

r 
Basically, spectrophotometry depends on the properties of 

atoms and molecules to absorb or emit electromagnetic 

energy, of one w a v e length or another, in one of the m a n y 

areas of the total electromagnetic spectrum. This is a 

characteristic property of all substances which is as 

definitive as boiling or melting points. 

The particular b o n d s , or groups of atoms, that absorb the 

electromagnetic waves are called "the chromophore". The 

chromophore m a y absorb light of the ultraviolet, visible 

or infra-red region of the spectrum. Depending on the 

absorption characteristics, different spectrophotometers 

will have to be u s e d . Some chromophores absorb light of 



F i 9 , 3 # 1

 Schemea for a Conventional Spectrophotometer (top) and for a nicrospectrophotomBter (bottom) 

Prism 
0 

Collimator Glass or 
quartz cell 

Photocell 

Prism or 
mono-
chromator 

Condenser Biological 
cell on glass 
slide 

Objective Secondary 
image plane 
and scanner 

hUJJLL 

Photomultiplier 

i 
Ul 
0 
1 

(After Chayen 1980) 
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one energy and use this energy to emit light of lower 

I 

energy (and therefore of higher wavelength). This is the 

basis of fluorescence. Fluorometers are required to 

measure such groups or molecules. / r * 

In the present study I have been concerned with chromophores 

that absorb in the ultraviolet and visible region of the 

electromagnetic spectrum. Consequently, discussion will 

be limited to the type of spectrophotometer used for 

.measuring such chromophores. 

The quantitative application of spectrophotometry depends 

on the Beer-Lambert law. Lambert's law related the amount 

of light absorbed by different thicknesses of homogeneous 

coloured solids. It was converted by Beer to relate the 

absorbance or extinction (E) of a chromophore in solution 

> 

to the concentration (C) of that chromophore. 

> 

E = Lpg
1 ( )

 (Io/I) = Kct 

\ » 

where : Io and I are the intensities of the incident 

and emitted light respectively 

t is the path length of the chromophore 

in solution; and 

K is the extinction coefficient (or 

absorptivity) of the chromophore 
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Uses of Spectrophotometers 

Three different usages are commonly found: 
i 

(i) If the absorbancy index at a specific wave 

length is known, the concentration of a 

compound can be readily determined by / 

measuring the optical density at that wave 

length. 

(ii) The course of a reaction can be determined 

by measuring the rate of fomation or dis-

appearance of a light-absorbing compound. 

Thus NADH absorbs strongly at 340 ran, whereas 

the oxidised form (NAD
+

) has no absorption at 

this wavelength. Therefore, reactions 

involving the production or utilization of 

NADH (or NADPH) can be assayed by this 

technique. An example of this usage can 

be seen in the chapter on LDH. 

» 

(iii) The nature of some compounds can frequently 

be identified by determining their charac-

teristic absorption spectra in the ultra-

violet and visible region of the spectrum. 

(Conn and Stampf, 1976) 
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MICRODENSITOMETRY 

i 

Microdensitometry is a method of measuring the optical 

density of a chromophore (or coloured end product) in 

individual cells or parts of cells, through a microscope 

i 
system. ; 

i 

Most cytochemical reactions involve the precipitation of 

a coloured reaction product. It is desirable to measure 

how much of that specific biochemical activity is present 

in each individual cell. This is particularly so when 

the section or a smear contains a mixture of cell types. 

The pioneer in the field of micro spectrophotometry was 

Caspersson (1940) who developed the apparatus and the 

procedure for measuring the amounts of nucleic acids and 

of protein in individual cells by virtue of their absorption 

in the ultraviolet range of the spectrum. Later, when many-

workers wanted to measure DNA by the Feulgen reaction, 

Deely (1955) developed the scanning and integrating micro-

densitometer (or micro spectrophotometer) for measuring 

chromophores that absorb in the visible range of the spectrum. 

Basically, a microspectrophotometer (using ultraviolet or 

visible light) is a conventional spectrophotometer built 

around a microscope. The main advantages of having a 
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microscope are twofold. Firstly, the magnification allows 

an increase in the sensitivity of the measurements, and 

secondly, (and probably more important) it allows inspection 

of the sample by visible light prior to measurement. This 

means that the measurements can be related directly to / i i 

individual components in a heterogeneous sample. (Chayen, 1978a). 

That is the aim and outlook of cytochemistry in comparison 

with conventional biochemistry (Chayen, 1980). An example 

of this can be found in the present study where biochemical 

properties of normal and malignant cells are compared. 

The serious problem in microspectrophotometry is the uneven 

distribution of the chemical substances being measured, that 

is, the optical inhomogeneity of the precipitated reaction 

product. (Chayen and Denby, 1968: Chayen, 1978b). This 

problem does not arise in traditional spectrophotometry 

because the chromophore is dispersed evenly through the 

solution in the cuvatte. 

» 

To overcome this distributional error, Deeley (1955) 

developed a scanning and integrating microdensitometer (to 

be discussed below),the basic design of which is used today. 
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Scanning and Integrating Microdensi tome try: Theory and 

Basis of Measurement b y Microdensitometry 

The microdensitometric measurement of a coloured reaction 

product is based on the Beer-Lambert Law where, in 

homogeneously-absorbing m e d i a : 

where Io is the intensity of the light 

falling on to the specimen 

I is the intensity of the light 

transmitted by the specimen 

t is the thickness of the specimen 

o n the light path 

K is the extinction coefficient of 

the chromophore 

The concentration of the chromophore is given by the 

equation: 

Thus it follows that concentration is n o t related to 

percentage transmitssion but to the logarithmic function of 

the incident and transmitted light. This has a potentially-

serious effect in microdensitometry (Gomori, 1952, Chayen, 1 9 7 8 b ) 

In measuring biochemical activity per cell w e need to determine 

the mass (M), n o t the concentration, of the chromophore in 

each cell. Seeing that concentration is equal to the mass (M) 

per unit v o l u m e , and the volume is equal to area (A) multiplied 

E = L o g ,
n
 (Io/I) = Kct 10 (1) 

C = E/Kt (2) 
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by thickness (t), we can say that: 

C = M/At (3) 

By substituting this equation in equation (2) we get 

i 

M/At - E/Kt 

E = extinction or absorbance 

so that: 

M = EA/K (4) 

M = mass 

E = extinction 

A = area of the section 

K = extinction coefficient 

By using equation (4) we can measure the mass of a chromophore 

provided that the chromophore is dispersed homogeneously and 

its extinction coefficient (K) in the solid state is known. 

However, if the chromophore is precipitated inhomogeneously 

with clear spaces (100% transmission) in between, measurement 

of the whole area (A) by a photomultiplier can yield grossly 

erroneous results XGomori, 1952: see also Chayen, 1978a & b). 

This problem of inhomogeneity has been overcome by the 

development of the scanning and integrating microdensitometry 

(Deeley, 1955). The essence of this system is to break up 

the area (A) into very many (often a thousand or more) small 

regions, of area (a) and to measure* the extinction of each 

such region separately, integrating (summating) all the 
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measured extinction (E^, E^t etc.) to give the total so 

that: M = EA/K = a ^ * E ^ E
3
+ ------ En)/K — - - — (5) 

Provided that the diameter of 'a' is smaller than the least 

optical inhomogeneity, the extinction of each region of 

area (a) will be measured accurately. 
/ / 
i 

The Vickers M85 Scanning and Integrating Microdensitometer 

The Vickers M85 scanning and integrating microdensitometer 

is a spectrophotometer built around a conventional microscope. 

The latter has its own light source and field lens, supplying 

normal transmitted light into the conventional microscope. 

The specimen is first examined through the microscope, then 

the area to be measured is masked optically, the mask 

directing the instrument to measure only what lies within 

the mask. This use of a mask is a way of dissecting out, 

optically, the target cells from other cells in the section 

or smear. The lamp for the spectrophotometer, the mono-

chromater and all its controls are housed above the 

microscope. They, send a flying spot of area (a) in the 

plane of the
4

 sample, down through the objective to scan over 

the masked area of the sample. The transmitted beam is 

collected by the microscope condenser and its intensity at 

each point is read by a multistage photomultiplier which lies 

in the base of the instrument. All the absorption within 

the masked area are integrated by the digital meter as the 
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value of integrated relative absorption. The relative 

absorption can vary from one instrument to another since it 

i 
depends on the response of the particular photomultiplier 

used for making the instrument: the greater the voltage 
i 

applied, the steeper the relationship between relative 

absorption and extinction. This factor did not influence 

the comparative results obtained in the present study because 

all the measurements were made on one microdensitometer at 

a constant voltage applied to the photomultiplier. 

To produce a uniform response or result it is often preferable 

to convert these readings of integrated relative absorption 

into absolute units of mean integrated extinction. This 

can be done by producing a calibration graph relating the 

integrated relative absorption and the absolute mean integrated 

extinction using neutral density filters of known absolute 

extinction (Chayen, 1980). 

The relative absorption values recorded in this thesis are 

proportional to the extinction, the coefficient of 

proportionality being the slope of the relative absorption/ 

extinction graph. Similarly, the results expressed as 

relative absorption are proportional to the amount of reaction 

product, the coefficient of proportionality being the 

molecular extinction coefficient of. the reaction product. 
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As with conventional spectrophotometry, microdensitometry 
/ 

is imprecise when measuring high extinction value. It is 

not good practice, therefore, to measure specimens in which 

individual spot-measurements exceed an extinction of about 

0.7: the extinction can be controlled by shortening or 

lengthening the time of the reaction. Provided that the 

reaction is linear with time, the reaction time can then 

be changed accordingly. 

Validation of Microdensitometry 

It became possible to measure the weight (M) of a precipi-

tated coloured reaction product by microdensitometry using 

the equation M = EA/K, provided that the extinction 

coefficient of the chromophore in the solid state is known. 

The extinction coefficient of a chromophore in the solid 

state is likely to be different from its coefficient in 

solution. It is possible to measure the extinction 

coefficient of the precipitated chromophore as has been 

done by Butcher and Altmann (1973). Therefore it is 

possible to measure some enzyme activities such as 

glucose 6-phosphate dehydrogenase activity by measuring the 

formazan deposited in each cell and expressing the result 

in absolute units of activity as moles of hydrogen per cell 

per unit time of reaction. However, it is not necessary 
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in this study to determine the extinction coefficient.of 

the solid chromophore. It is enough that the mean inte-
I 

grated extinction/unit area is proportional to the mass 

of the chromophore. It is not necessary to convert this 

proportionality into absolute units 'of mass unless 

comparison is to be made with results from some other 

technique. The validity of the microdensitometric 

measurement of cytochemical reactions has been discussed 

by Chayen et al. (1973a, 1974 ) with particular relevance 

to NADP-dependent dehydrogenases and by Bitensky et al.(1973); 

and Bitensky and Chayen (1977) in regard to lysosomal enzymes. 

Example: Suppose the instrument records a relative 

absorption of 800 arbitrary units when it 

integrates all the absorption in a field of 
2 

x mm covered by a homogenous filter of 

extinction 1.0. Then, for a specimen 

occupying the same area (x mm ), having a 

relative absorption of 200 arbitrary units, 

the mean integrated extinction can be calculated 

using this equation: 

X.I.E. = mean relative absorption of the specimen 
relative absorption of a filter of extinction l.Q 

= 200 
800 

= 0.25 

For convenience, such results are usually presented as mean 

integrated extinction x 100, Thus, this result would be 25. 
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Chapter 4 

LACTATE DEHYDROGENASE ENZYME ACTIVITY AND ITS 

ISOENZYME PATTERN IN GASTRIC JUICE 

Introduction 

The impetus behind the intense study that has been made 

on lactic dehydrogenase (LDH) in cancer dates back to the 

early demonstration by Warburg (1930) that malignant 

tumours are characterised metabolically by exhibiting a 

high rate of glycolysis and 'disturbed respiration
1

 or 

oxygen consumption. After the demonstration of high 

LDH activity in tumours by Hill and Levis (1954), the 

relationship between neoplasia and LDH has attracted the 

interest of many investigators. Thus, there have been 

numerous studies which have shown an increased activity 

• 

of this enzyme in carcinomas from different sites in 

man (and experimental animals). For example, Goldman 

et al. (1964) demonstrated a significantly higher value 

of LDH activity in malignant tumours of the thyroid, 

large bowel and uterus as compared with the normal tissue 

of origin. These authors also noted that the mean 

total activity of LDH in other tumours was suggestive of 
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higher value in malignant tumours, although the results ! 
were variable, Motomiya et al. (1979) reported high 

levels of LDH activity in the urine from patients with 

malignant bladder tumours in comparison with normal 

healthy persons. Abramson et al. (1979) demonstrated 

high LDH activity in retinoblastoma. Many other 

examples could be cited, in which the LDH activities of 

tumours in man have been shown to be elevated above those 

found in the normal tissue from which the tumours originated. 

Studies on the stomach have shown high LDH activity in 

homogenates of gastric tumours (Hoch-Ligeti et al., 1965) 

and in the gastric juice from patients with carcinoma of 

the stomach (Piper et al., 1963; Figus and Simon, 1972; 

Faulk et al*., 1972; Rogers et al., 1981). However, 

most of the above-mentioned authors reported a variable 

value in malignant tumours and in some of their cases 

the LDH activity was either decreased or even absent, 

(Faulk et al., 1972; Piper et al., 1963; Simon and Figus, 

1972; Abramson, 1979; Rogers et al., 1981). 

With the discovery of multiple molecular forms of enzymes, 

a qualitative facet was added to the quantitative studies 
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of LDH in cancer. 

The evolution of the mature, tissue-specific, LDH isoenzyme 
i 

pattern through a sequence of changing isoenzyme patterns, 

was strongly suggestive that the isoenzymes were of 

physiological significance and that the isoenzyme pattern 

may reflect facets of cellular differentiation at the 

molecular level (Wilkinson, 1970). The implication of 

this in the study of established and developing malignancy 

has stimulated many investigators who demonstrated a 

characteristic shift in the isoenzyme pattern in malignant 

and even in premalignant tissue towards the cathodic 

isoenzyme in comparison with the normal tissue of origin. 

Such a shift has been demonstrated in stomach carcinoma, 

(Yasin and Bergel, 1965; Leese, 1965; Woollams et al., 

1976; Carda-Abella et al., 1978; Mate et al., 1978): in 

colonic carcinoma, (Goldman et al., 1964; Langvad, 1968): 

in carcinoma of the cervix, (Latner et al., 1966), and in 

other tumours. 

It has also been shown that the uninvolved tissue of an 

organ developing a primary tumour also exhibits isoenzymatic. 
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changes similar to those characterising tumour tissue. 

Such changes have been reported in the stomach (Yasin and 

Bergel, 1965; L e e s e , 1965; Woollams et al., 1976; 

Carda-Abella et a l . , 1978; and Mate et al., 1978) in 

the colon (Langvad, 1968) and in the cervix 

(Latner et a l . , 1966). These changes appear to be inde-

pendent of the presence of preneoplastic morphological 

changes suggesting that they may occur very early in the 

process of carcinogenesis. In this study, total LDH 

activity and the LDH isoenzyme pattern were investigated 

in gastric juice from n o r m a l , benign and malignant 

conditions of the stomach. Before I discuss the method 

used and the results obtained, some of the relevant 

information needs to be reviewed briefly. 
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Lactate Dehydrogenase 

(LDH, L-lactate : NAD oxidoreductase, Ec 1.1.1.27) 

mediates the reversible reduction of pyruvate, by 

NADH, to lactate and NAD + 

C H
3
 C H

3 

»
 +

 ^ I
 + 

C = 0 + NADH + H H-C-OH + NAD 
I ~ I 

COOH COOH 

Pyruvic acid Lactic acid 

It was first identified in washed muscle by Meyerhof 

(1919) and was crystallised in 1940 by Straub. 

(Straub, 1940). It is widely distributed 

in tissues, almost exclusively in the soluble fraction 

of tissue homogenates as a soluble enzyme (Dixon and 

Webb, 1964). LDH is a tetramer,(i.e. composed of four 

polypeptides) with a total molecular weight of about 

135,000. The tetramer can be composed of two types 

of monomer, the H type (abundant in heart), or the M type 

(abundant in skeletal muscle). By random association 

of the
1

 two types of sub units into all possible tetrameric 

combinations, five electrophoretically separable isoenzymes 
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are formed (Fine et a l . , 1963). The sub unit- structure 

of each isoenzyme (Fig.4.1) would be as follows: 

H
/ f
 (or LDH^) ; H^M (or L D H

2
) ; YLJA (or LDH^) ; 

H M
3
 (or LDH4); M

4
 (or LDH^) 

I II III IV V 

• H M M M 

• • B M M 

• • • 0 0 

• • • • 
Fig. 4.1 Sub u n i t composition of 

the various LDH isoenzymes 
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The H and M sub units are controlled by different genes 
i 

(Dixon and Webb,.1964; Markert, 1963; Cahn et al., 1962; 

Kaplan, 1963) and they have been shown to differ in 

their aminoacid composition (Markert, 1963); immuno-
/ 

chemically (Cahn et al., 1962) and catalytically 

(Plagenman et al., 1960; Kaplan and Ciotti, 1961; 

Cahn et al., 1962). 

Although each monomer has the same molecular weight, 

namely about 34000 (Apella and Markert, 1961), distinct 

catalytic, physical and immunological properties are 

conferred upon the tetramer according to the relative 

representation of each type of sub unit. Thus, within 

the range of sub unit composition H^- M^, a graded 

spectrum of physico-chemical properties is found such as 

substrate affinity and substrate/product inhibition (as 

will be discussed later). 

• 

In the pH range 7-9 the LDH-H^ has a greater net negative 

charge than LDH-M^; accordingly, under these conditions, 

the isoenzymes exhibit decreasing anodic mobilities from 

H^ to M^, H^ moving fastest towards the anode. According 

to the European system of nomenclature LDH^ moves fastest 

towards the anode and LDH
C
 moves the slowest'. The 
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American numbering is exactly the reverse, thus the 

American LDH^ is the European LDH^. In this thesis 

the European system will be used. 

Catalytic Activity 

As mentioned before, LDH mediates the reversible 

interaction of pyruvate and NADH to lactate and NAD
+ 

Pyruvate + NADH + H
+

 ^ Lactate + NAD
+ 

The equilibrium strongly favours the formation of lactic 

acid at pH 7.2-8, but the reaction can be reversed at 

higher pH values (pH 8-9). LDH acts by a direct hydrogen 

(electron) transfer in a stereospecific fashion both 

with respect to the substrate and with respect to the 

coenzyme. 

Substrate Specificity 

In studies on the substrate specificity of LDH, 'Meister 

(1950) compared a series of a-Keto and a-y-diketo acids 

as a substrate for crystalline ox heart LDH and found 

that only pyruvate and a-oxobutyrate were readily reduced 

in the presence of NADH, though certain diketo acids 

reacted at a much slower rate (Meister, 1950, Wilkinson, 1970). 
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For the reverse reaction, i.e. in the presence of N A D
+

, 

L (+) Lactate and a hydroxybutyrate have been shown to 

be effective substrates for L D H . (Meyerhof and Lohmann, 1926) 

Green and Brosteaux, 1936; Kubowitz and Ott, 1943). 

Coenzyme Specificity: LDH is a dehydrogenase that functions 

with nicotinamide adenine dinucleotide ( N A D
+

) as the 

preferred coenzyme. Mehler et a l . (1948) found that 
+ + 

NAD is.about 170 times as effective as NADP in oxidising 

lactate in the presence of the purified rabbit muscle e n z y m e . 

In the reverse reaction Meister (1950) found that for a 

series of a-Ketoacids NADH is 100 to 380 times as effective 

as NADPH with crystalline bovine heart enzyme. 

Sulphhydryl Groups: The possible functional role of SH 

groups in, or close to, the active site of dehydrogenase 

enzymes has been observed b y Eys et al. (1958). The 

inactivation of pig h e a r t LDH with sulphhydryl reagent 

(e.g. p-chloromercuribenzoate arid p-benzoquinone) and the 

corresponding decrease of free SH groups was shown by 

Pfeiderer et a l . (1959). Quantitative study, on the 

number of active SH groups per molecule of LDH from various 

species showed that the finding of one mole, of sulphhydryl 

reagent per m o l e , of enzyme caused a loss of one fourth 

of the activity, w i t h a total inactivation by four m o l e s , 

of reagent per m o l e , of enzyme. (Di Sabato and Kaplan 1963). 

No denaturation of the enzyme appeared to occur by the 

binding of the sulphhydryl reagents and the inactivation 

was found to be reversible w i t h cysteine (Di Sabato and 

Kaplan, 1963) 
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Further evidence of the involvement of the SH group in 

the enzymatic activity of LDH has been obtained by the 

finding that the binding of NAD , NADH or of the reduced 

acetylpyridine analogue of NAD , AC PYNADH
2
, in order of 

increasing efficiency, protects the enzyme against 

inactivation by sulphhydryl reagents. The protection 

of the enzyme by prior binding of coenzymes was found to 

be maximal at four moles of coenzyme bound per mole of 

LDH (Di sabato and Kaplan, 1963; 1964). 

Glycolytic Reactions in Normal and Malignant Tissues 

In carbohydrate metabolism, the series of reactions which 

convert glycogen (or glucose) to pyruvic acid involve 

for the main part phosphorylation, hydrolysis, splitting 

of the central C-C bond in the hexose, dehydrogenation 

and molecular rearrangements. Other systems, like those 

of the pentose-shunt, may also be involved. From 

pyruvate on, the pathway of metabolism diverges in two 

different directions. It is in this last step of 

glycolysis that LDH plays its role. In normal tissue, 

under anaerobic conditions, pyruvate is reduced to 

lactate (anaerobic glycolysis). In the presence of 

oxygen, formation of lactate is partially or wholly 
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suppressed (Pasteur effect) - although there is some 

exception, e.g. the retina. However, in most aerobic 

tissues, much of the pyruvate is converted to acetyl-

coenzyme A and utilised in the Krebs
1

 cycle so that, 

with the involvement of the cytochrome system and molecular 

oxygen, the final products are CO^ and w a t e r . (Greenstein, 

1954). 

In malignant tissue both aerobic and anaerobic glycolysis 

were reported to be h i g h (Greenstein, 1954). High 

aerobic glycolysis w a s considered as a characteristic and 

distinctive metabolic feature of malignancy (Warburg, 1930; 

Boxer and Devlin, 1961; Eigenbrodt & Glossmann,1980). 

In normal tissues, B o x e r and Devlin (1961) recognised 

that the N A D H , generated in the oxidation of glyceraldehyde 

3-phosphate, can be reoxidised to N A D
+

 (to maintain the 

activity of the oxidative enzyme) by at least three 

routes. The first is by its use in the reduction of 

pyruvate to lactate (as .in Fig. 5.2). The second is in 

the reduction of hydroxyacetone phosphate to glycerophosphate 

to carry reducing equivalents in the shuttle between the 

cyto sol and the metochondria. The third is in the 
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Fig. 4.2: Pathways of intracellular hydrogen transport 

(Boxer and Delvin, 1961) 
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i 

reduction of aceto-acetyl-coenzyme A in the biosynthesis 

of fatty acids. These workers believed that, in malignant 

cells, only the first route operated, so producing the 

/ 
exaggerated production of lactate. / However, it now 

i > 

appears that this view was over-simplified in that the 

reoxidation of cytosolic NADH can also be brought about (i) 

by transhydrogenages, that can transfer the reducing 

-f. 

equivalents to NADP to maintain the high cytosolic 

concentration of NADPH;- (ii) by the microsomal respiratory 

chain, with cytochrome b^ as the terminal acceptor. 

Therefore, pyruvate reduction to lactate would become a 

metabolic necessity for malignant cells in supplying NAD
+ 

for maintaining the process of glycolysis. 

Glyceraldehyde 3-phosphate 

1-3 phosphoglyceric acid 

\ Glyceraldehyde/ 

1 3 phosphate / 

J dehydrogenase V 

NAD 

NADH 

Lactic 
acid 

Pyruvic 
acid 
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LDH Isoenzymes in developing Tissues 
! 

The pattern of distribution of LDH isoenzymes in adult 

tissues shows some difference from /that found in embryonic 

or newborn tissues (Markert and Miller, 1959), 

In the early stages of human embryonic development, LDH^ 

is thfe predominent activity of most tissues. With 

advancing development, the LDH isoenzyme pattern is 

subjected to sequential alteration leading towards the 

final pattern which is characteristic for the cells and 

tissues, (Wilkinson, 1970). In normal adult human 

gastric mucosa the H-subunit was found to be the major 

component, (Leese, 1965). These changes in isoenzyme 

pattern during the.development of a tissue have been 

considered to be a parameter of the state of differentiation 

of its cells (Markert and Miller, 1959). 
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Rationale of investigating LDH Activity in Malignancy 

i 

As mentioned earlier in this chapter, glycolysis - both 

aerobic and anaerobic - is high in malignancy (Greenstein, 

1954; Boxer and Delvin, 1961). Since LDH would be 

expected to play a critical role in this regard, there is, 

therefore, the implication of a functional difference 

in this enzyme between malignant tumours and normal 

tissues, (Goldman et al., 1964). 

Rationale of investigating LDH Isoenzymes in Malignancy 

Tissue-specific isoenzyme patterns have been considered 

to reflect a facet of cellular differentiation. If 

this is correct, it has obvious implications in malignancy. 
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i 

Measurement of LDH Activity 

A number of procedures have been developed for measuring 

total LDH activity (Demetriou et a l , 1974). 

An ultraviolet s p e c t r o p h o t o m e t r y method 

(as described b e l o w ) 

A fluorometric method based upon measuring 

the fluorescence of NADH 

Visible-range spectrophotometric methods: 

these are based upon the use of redox 

indicators such as tetrazolium salts which 

are colourless until reduced by NADH; the 

reduction of the indicator by NADH is 

indirect and involves an intermediate 

electron transfer from NADH to phenazine 

methosulphate. 

Because the first method was used in this study, the 

discussion will be limited accordingly. 

The principle of this method is the fact that the reduced 

NADH absorbs U V light w i t h a peak at 340 n m , while the 

oxidised form, ( N A D
+

) , shows no absorption between 300 

and 400 nm (Fig.4.3). Therefore the activity of LDH 

(i) 

(ii) 

(iii) 
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260 300 340 380 420 
Wavelength (nm) 

Fig. 4.3: Absorption spectra of the oxidised (black 
line) and reduced (white line) nicotinamide-adinine-
dinucleotides 
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which catalyses the reversible reaction 

pyruvate + NADH + H
+

^ = ^ l a c t a t e + NAD
+ 

can be assayed by measuring the NADH utilised during the 
i 

reduction of pyruvate or the NADH generated during, the 

oxidation of lactate. 

Knowing the molar absorption coefficient (£) of NADH 

and by using the Beer-Lambert law (see Chapter 3 ), the 

concentration of NADH can be calculated: 

A 

6 

= concentration 

= absorption 

= extinction coefficient 

Provided the reaction is linear, the amount of NADH/ 

litre/minute utilised or generated can be calculated 

from this formula: 

• 
6 

x — T x = units (iimol NADH/min/litre) 
t £ x d SV 

A is difference in reading for t time 

t is time in minutes of reading 

d . is the path length of the cuvette (1 cm) 
6 

10 is inserted to convert ml to litre and mols/litre or 
m mol/ml into jimol/litre . 

TV is the volume in the cuvette (3 ml) and SV is the 
volume of the sample (e.g. 0.1 ml) 

C 

C 

A 

e 
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! 
i 

Unit of Enzyme Activity 

In 1961 the Commission on enzymes of the International 

Union of Biochemistry recommended the use of a standard 

unit for all enzymes which is defined as follows: 

One unit (U) of any enzyme is that amount which 

will catalyse the transformation of one micro-

mole of substrate per minute under defined 

conditions. 

Under "defined conditions" one has to consider temperature, 

pH, buffer systems, substrate and cofactor concentration. 

Another unit that has been used is the Wr6blewski unit 

which is defined as the amount of enzyme required to bring 

about a change in absorbance of 0.001/minute/ml of sample. 
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i 

Factors affecting the Measurement: of Enzyme Activity 

1. Temperature: The effect of temperature on the 

activity of LDH is complex and interrelated with 

other variables such as pH, buffer system and substrate 

concentration (Plagemann et al., 1961). The temperature 

recommended by the enzyme Commission (1961) was 25°C 

and later 30°C (quoted by Mattenheimer, H., undated 

publication, for the theory of enzyme tests). The 

control of the temperature during the reaction is 

crucial since the activity of the enzyme increases by 

about 7% per degree centigrade. At higher temperatures, 

enzyme inactivation (due to denaturation of the enzyme 

protein) becomes an important factor. Henry et al. 

(1960) reported linear reactions at 24°C, at 32°C and at 

38°C but at 45°C the reaction was not linear due to 

heat inactivation of the enzyme. Provided the reaction 

is linear at a given temperature, it is possible to 

* 

correct the activity of the enzyme to that at a standard 

temperature by the use of a conversion factor. However, 

in this study a fixed temperature of 25°C was used in 

all the experiments. The H sub unit of LDH differs 

from the M sub unit in its lability to elevated 
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i . • 

temperature, the latter being less stable in comparison 

with the former (Wilkinson, 1970). 

i 

2. The pH: Publications concerned with the optimal 

pH for measurement of the LDH enzyme have been 

somewhat contradictory. The optimum pH has been 

reported to be at 6.6 to 7.2 (Hill, 1956); 6.8 to 8.0 

(Winer and Schwert, 1958) and 7.3 to 7.7 (Henry et al., 

1960). The optimum pH depends partly at least on 

the pyruvate concentration (Winer and Schwert, 1958) 

and on the nature of the buffer (Wilkinson, 1970). 

The M sub unit differs from the H sub unit in its 

sensitivity to variation in pH. With pyruvate as the 

substrate, Fritz (1967) found rabbit skeletal muscle 

LDH (i.e. M-LDH) to have a sharp peak of activity at 

pH 6.8 (at 37°C), while the activity of rabbit heart 

LDH (i.e. H-LDH) was scarcely affected by pH changes 

in the range 6.2 - 8.0 (Fig.4.4) (see also Wilkinson, 

1970). 
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P H 

• 
Fig. 4.4: The effect of pH variation on rabbit-heart LDHi 
and rabbit muscle L D H 5 with 0.224 mM pyruvate as substrate 
in 0.03M phosphate buffer at 37C°. The results shown in 
curve (X) were determined at pH 7.4 after L D H 5 had first 
been incubated for 3 min. at the pH indicated (Fritz, 1967) 

\ 
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3. The Substrate Concentration: \ With other variables 

(e.g. pH, temperature, cofactor) and the amount of 

the enzyme being constant, the activity of LDH was found 

to be increased with the increased concentration of 

pyruvate, maximal activity occurring at a concentration 

of approximately 0.6 mM (Hill, 1956; Henry et al., 1960). 

Kubowitz and Ott (1943). 

observed optimal concentrations of pyruvate of between 

0.7 and 0.85 mM and slight inhibition at a higher 

concentration. Slight inhibition at 1.2 mM concentration 

was also reported by Henry et al., (1960) but not by 

Hill (1956). 

At a fixed pH each isoenzyme exhibits a substrate 

concentration optimum which is different from the other 

isoenzymes (Plagemann et al., 1960). The optimal 

concentration of pyruvate required by H-LDH is lower 

than that for M-LDH and it is more inhibited by excess 

pyruvate (Plagemann et al., 1960; Gerhardt-Hansen, . 

1968). Plagemann et al. (1960) reported the optimal 

pyruvate concentration for M-LDH as 1.2 m mol at pH 7.0. 

This concentration allows only 70% of the optimal 

activity of H-LDH. Conversely, a lower concentration 
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of pyruvate (0.15 m mol) was nearly optimal for H-LDH 

but allowed only 70% of the optimal activity of M-LDH. 

(Fig.4.5) The concentration of pyruvate used in the 
/ 

present study was 0.6 m mo 1/1 itre'which is intermediate 

between the optimal concentration required for the 

activities of the H and M sub units. 

More recently, it has been shown by Wuntch et al. (1970) 

that at high concentrations of the enzyme (more than 

3.5x10 ^M), H-LDH is not sensitive to inhibition by 

excess pyruvate. Since the presence of intracellular 

enzyme concentrations of this order has been demonstrated 

(Griddle et al., 1968) the physiological significance 

of inhibition of LDH, by high pyruvate concentrations, 

must still be regarded as uncertain. 

4. Variation in Coenzyme Concentration: The coenzyme 

» 
has to be added to the assay system in amounts 

% 

sufficient not to become the limiting factor of the 

reaction. A broad optimum for the concentration of the 

coenzyme has been reported. For example, Henry et al. 

(1960) found the maximal rate of LDH activity to occur 
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/ 

2 4 6 8 10 12 14 16 18 

PYRUVATE CONCENTRATION, M x I 0 4 

Fig. 4.5: Effect of pyruvate concent tat ion on the velocity 
of the reaction with human lactic dehydrogenase isoenzymes 
LDHi and L D H 5 at pH 7.0. (Plagemann et al., 1960) 
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i 

at a concentration of NADH of approximately 

0.04 m mol/litre; Hill (1956) recommended a concentration 

of 0.19 m mol for abnormal serums, whereas substantially 
/ 

less was needed for normal serums. A significant 
/ i 

decrease in the rate of enzyme activity has been reported 

by Henry et al. (1960) to occur above a concentration 

of approximately 0.2 m mol/litre. 

In the present study NADH has been used at a concentration 

of 0.19 m mol/litre. 

5. Variation in buffer Concentration: At pH 7.4, the 

activity of LDH enzyme was found to decrease with 

increasing concentrations of the buffer (Henry et al.1960). 

In the present study the buffer concentration used was 

0.05 M; this concentration gave least inhibition in 

the study by Henry et al. (1960) 

6. Product Inhibition: The study of inhibition of LDH 

by L-lactate (as the product of the reaction) showed 

that at a concentration of 21.9 mM, L-lactate caused 55% 
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inhibition of the H^-isoenzyme, whereas the 

M^-isoenzyme was inhibited by only 14% by the same 

concentration. (Stambaugh and Post, 1966). Although 

such a high concentration of lactate has been reported 

in tissues (Vessell and Pool, 1966) it is unlikely 

that such a high concentration will be reached in the 

present study using pyruvate at a concentration of 

0.6 m mol as the substrate and using dilution whenever 

the mean absorbance/minute exceeded 0.100. 

Stability of LDH in the Specimen 

There is an abundance of conflicting literature on the 

stability of LDH in serum at various temperatures. M o s t 

data suggest that LDH is reasonably stable at room 

temperature (Demetriou et.,al.91974).Some workers suggest 

that LDH is stable at about +4°C for up to four weeks; 

however, others have reported loss of activity. 

A similar conflict of results occurs in relation to 

freezing (jDemetriou et al 1974). However, it seems clear 

that LDHj- is more heat- and cold-labile than L D H , . 

(Zondag, 1963; W r o b l e w s k i and Gregory, 1961). 
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In the present study, samples of gastric juice w e r e 

collected and transferred quickly to the laboratory in 

an ice-bag; the measurements were done on arrival 

to avoid any possible loss of enzyme activity. 

The Effect of Gastric Acid on LDH Activity in Gastric Juic-e 

Being a protein, exposure of LDH to acid leads to 

denaturation and therefore, obviously, inactivation of 

the enzyme. This problem in studying LDH in gastric 

juice has been recognised by most of the workers in 

this field (Macoun et al., 1963; Piper et al., 1963; 

Simon and Figus, 1972). More recently, Ibrahim et a l . 

(19813 demonstrated that LDH activity was totally 

and irreversibly inactivated at pH levels around 

4.5 - 5.0. 

The Effect of Cimetidine on Gastric Acidity 

It has been shown by Barbezat and Bank (1977) that 

Cimetidine in a single dose of 200-400 mg is sufficient 

to keep the patient achlorhydric for from 1.82 - 0.39 

hours to 2.75 - 0.35 h o u r s . 
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i 

The potential value of this property of Cimetidine in 

overcoming the effect of acidity on LDH in gastric 

juice was investigated in the present study. 
i 

The Effect of Blood, Bile and Saliva on Gastric Juice LDH 

LDH activity in blood, bile and saliva has been 

investigated by Piper et al. (1963). They reported a 

value of 12 Wroblewski units/ml in blood diluted Is 10 000 

.7 units/ml in bile diluted Is2000 and 7 units/ml for 

undiluted saliva. Consequently such contamination will 

tend to elevate falsely the LDH activity of gastric juice 

However, Smyrniotis et al. (1962) have shown that LDH 

activity falls in gastric juice incubated with 

regurgitated duodenal secretions, probably owing to 

digestion of the LDH by enzymes of pancreatic origin. 

Electrophoretic Separation of LDH Isoenzymes 

At pH range 7-9 the H^-isoenzyme has greater net 

negative charge than the M^-isoenzyme. Accordingly, 

under these conditions, the isoenzymes exhibit decreasing 

anodic mobilities from H^ to M^. A variety of electro-

phoretic supporting media has been used for separating 

LDH isoenzymes, each having its own advantages and 
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disadvantages. This subject has been reviewed by-

Wilkinson (1970). Cellulose acetate membranes were 

used in the present study as they have been extensively 

used for clinical investigations of LDH (Hawkins and 

W h y l e y , 1962; B a m e t t , 1962; Preston et a l . , 1965). 

This system has the advantage that•separation and staining 

can be completed in 120 minutes with sharp separation 

of the isoenzymes. 

Staining of the Isoenzymes 

This method is based on the use of L-lactate as the 

substrate for the reaction catalysed by LDH: 

Lactate + N A D
+

 ^ ^ Pyruvate + NADH + H
+ 

By the action of LDH on the substrate., lactate, the 

coenzyme N A D
+

 becomes reduced to NADH; the reducing 

equivalents are transferred quantitatively by the 

intermediate hydrogen acceptor phenazine methosulphate 

to the terminal hydrogen acceptor nitroblue tetrazolium 

w h i c h , on reduction, changes into a highly coloured 

insoluble formazan. 



-91-

Pyruvate 

L-Lactate 

IN n u n 

Reduced phenazine 
methosulphate 

Oxidized phenazin 
methosulphate 

Nitro blue 
tetrazolium 

Formazan 

Although the pH value of 8-9 recommended to assist 

the reaction to progress from lactate to pyruvate, many 

authors have chosen pH value of 7.4 to 7.6 for staining 

the isoenzymes ( B a m e t t , 1964; Brody, 1964; Preston et al 

1965; Gerhardt-Hansen, 1968). It appears that the 

critical factor in determining the equilibrium of the 

lactate-pyruvate system at this pH is the rate of 

removal of the hydrogen which is affected by phenazine 

me tho sulphate. This hydrogen acceptor is very unstable 

at higher pH values. Hence the advantage of doing the 

reaction at high pH values to assist the reaction to 

progress from lactate to pyruvate may be countered by 

the decomposition of the hydrogen acceptor at such pH 

values. 

% 

Barnett (1964) reported that the use of a relatively low 

pH has the advantage of reducing the background colour, 
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and that the intensity of the reaction in the bands was 

apparently identical whether the reaction was performed 

at pH 8.6 or 7.6. 
/ 

Validity of Isoenzyme Quantitation 

The method of staining makes use of the fact that 

reducing equivalents which have been transferred to 
+ 

NAD to form NADH may be taken up by phenazine 

methosulphate and thence be transferred to the soluble 

nitro blue tetrazolium which is thereby reduced to the 

highly insoluble deep purple blue formazan. The formazan 

is deposited at the site of lactate oxidation. Thus, 

localisation and intensity of the isoenzyme activities. 

are indirectly visualised. The LDH isoenzymes present 

in the gastric juice (or in a tissue homogenate) have 

individual substrate and coenzyme requirements. No 

single standardised assay medium can therefore be 
» 

expected to provide optimal conditions for all LDH 

fractions present on an electrophoretic strip. 

Consequently, the quantitative evaluation of an LDH 

isoenzyme pattern after electrophoresis and incubation, 

in a single incubation medium may yield information 

only about the observed isoenzyme activities under the 
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i 

given standardised assay conditions, as opposed to the 

absolute maximal activities of the individual isoenzyme 

fractions. 
t i 

The prerequisite for evaluating the relative isoenzyme 

activity by the tetrazolium staining is the linear 

relationship between the amount of formazan formed at 

the site of each isoenzyme fraction and the isoenzyme 

activities at these sites under the given condition. 

Provided that the relation between the amount of formazan 

and the densitometric reading is linear, the isoenzyme 

activities observed under given standardised conditions 

may be evaluated by direct densitometry. 



-94-

Materlals 

/ 

LDH activity was measured in gastric juice from 102 

patients including 33 with carcinoma of the stomach; 

20 normal subjects; 23 patients with gastric ulcers; 

17 patients with gastritis; 6 patients with duodenal 

ulcer and 3 others. . Tables 4.1 to 4.6 contain some 

of the relevant clinical information. 

\ 

LDH isoenzymes were studied in the gastric juice from 

17 of the malignant cases and 25 of the non-malignant 

cases. (Tables 4.7 and 4.8) 

Cimetidine was tried on 8 of the patients in whom the 

pH of the gastric juice was below 4. These included 2 normal 

subjects, 5 patients with adenocarcinoma of the stomach 

and one patient with lymphoma of the stomach. (Table 4.9) 

Confirmation of the lesions was based on histological and 

cytological examination and on the obvious endoscopic 

appearance of the normal cases. 
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TABLE4.1 TOTAL LDH ACTIVITY IN MALIGNANT CASES 

Number 
of case 

. Total 
LDH IU/L 

pH of Basal 
gastric juice 

Age/Sex 

1 2865 7 54M 

2 1250 ? 57 r 
3 1480 7 76M 

4 1620 7 77 F 

5 1480 7 81F 

6 150 4.71 92 n 

7 N.D 3.35 70F 

8 980 7.3 68F 

9 N.D 4.01 " 7 7 f 

10 2400 7.00 78-F 

11 N.D 2.88 71M 

12 1030 6.00 66 F 

13 2710 7.00 78 M 

14 2950 6.00 481*1 

15 1480 5.97 58 p| 

16 1280 7.20 77 M 

17 N.D 1.50 69F 

18 790 ? 63 F 

19 N.D 3.00 65M 

20 590 7.44 56 M 

21 665 5.80 65 F 

22 1480 6.30 68 F 

23 980 7.00 67 |V| 

24 * N.D 4.10 68M 

25 1330 6.50 54PI 

26 581 7.00 71F 

27 980 6.50 65 M 

28 N.D 3.00 63M 

29 344 4.75 77 F 

30 640 5.5 78 F 

31 N.D 4.00 77M 

32 840 6.00 79 F 

33 N.D 3.21 67 F 

N.D. - not detectable 
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TABLE 4.2 TOTAL LDH ACTIVITY IN APPARENTLY NORMAL CASES 

Number 
of case 

Total 
LDH IU/L 

pH of Basal 
gastric juice 

Age/Sex 

1 N.D. ? 63M 

2 N.D ? 68 F 

3 N.D ? • 55M 

4 N.D ? 54M 

5 N.D 3.67 30M 

6 N.D 1.5 63M 

7 N.D 1.5 45 F 

8 300 5.5 70 F 

9 N.D 7.20 63M 

10 490 6.0 65M 

11 98 7.25 46 M 

12 64 7.00 28 M 

13 200 6.00 69 F 

14 N.D 4.5 76 F 

15 N.D 1.00 80F 

16 N.D 1.5 53M 

17 492 5.00 62M 

18 167 7.00 54M 

19 N.D. 6.5 67F 

20 N.D 4.0 79F 

N.D. - not detectable 
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TABLE 4.3 TOTAL LDH ACTIVITY IN GASTRIC ULCER CASES 

Number 
of case 

Total 
LDH IU/.L 

pH of basal 
gastric juice Age/Sex 

1 N.D. ? 73 M^ 

2 890 ? 49 F 

3 150 ? 79 F 

4 490 7.25 66 M 

5 N.D '1.5 77 M 

6 N.D 3.5' 50 F 

7 N.D 1.5 68 M 

8 49 5.5 49 F 

9 N.D 2.1 61 F 

10 25 7.0 60 M 

11 N.D 7.0 63 M 

12 125 7.0 84 M 

13 N.D 3.0 54 M 

14 N.D 4.0 83 F 

15 30 5.5 60 F 

16 84 .7.0 74 F 

17 128 7.00 67 F 

18 * N.D 1.5 77 M 

19 295 6.00 75 M 

,20 320 7.00 59 M 

21 49 7.00 65 M 

22 381 7.00 71 F 

23 738 5.5 60 M 

N.D. - not detectable 
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TABLE 4.4 TOTAL LDH ACTIVITY IN GASTRITIS CASES 

Number 
of case. 

Diagnosis Total 
LDH IU/L 

pH of Basal 
gastric juice 

Age/Sex 

1 Gastritis 250 ? 68F 

2 »r N.D ? 55M 

3 it N.D. 2.75 21M 

4 
Atrophic 

Gastritis 
1480 7.25 78^ 

5 
II 

300 6 .0 75F 

6 II 
320 5 .5 83F 

7 
It 

2260 7 .0 5LM 

8 
11 

1970 7.2 61M 

9 
II N.D 6.0 84M 

10 II N.D 7.0 . 45 F 

11 II 
123 7 .0 84M 

12 II 
394 7 .0 46M 

13 295 7 .0 82F 

14 II 
344 7 .0 72F 

15 
Active 

Gastritis 
356 7 .0 39 F 

16 ii 295 7 .0 64M • 

17 Gastritis N.D 2.00 34M 

N.D. - not detectable 
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TABLE 4.5 TOTAL LDH ACTIVITY IN CASES OF DUODENAL ULCER 

Number Total pH of basal Age/Sex 
of case LDH IU/L gastric juice 

1 N.D ? 50F 

2 N.D. 1.25 56F 

3 N.D 1.8 39M 

4 N.D 4.5 46M 

5 N.D 4.75 41M 

6 N.D 1.25 77TY 

N.D. - not detectable 

TABLE 4.6 CASES OF MISCELLANEOUS DIAGNOSIS 

Number 
of case 

Diagnosis Total 
LDH IU/L 

pH of Basal 
gastric juice 

Age/Sex 

1 Gastric 
polyp 

69 6.5 33M 

2 Lymphoma N.D 3.5 49 F 

3 
Leiomyo-
sarcoma 

3200 5.0 73M 

N.D. - not detectable 
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TABLE 4.7 LDH-ISOENZYMES IN MALIGNANT CASES 

i 

Number 
of case 

Age/Sex pH of basal 
gastric juice 

Total LDH 
Activity U/L 

Electrophoretic 
Pattern 

1 7 8 F 7.2 2400 

5 bands seen 
with shift to 
the cathodic 

isoenzyme 

2 68 F 7.4 980 tt 

3 78M. 7.0 2710 it 

4 66M 6.00 1030 tt 

5 63F ? 790 

6 66F 7.42 not done tt 

7 48 M 6.00 2950 tt 

8 92M 4.71 150 LDH5 only seen 

. 9 81F ? • 1480 LDH5 only seen 

10 76M ? 1480 it 

11 77F ? 1620 tt 

12 77F 4.01 not 
detectable 

nothing seen 

13 71M 2.85 it it 

14 67 F 3.21 it 

15 71M 3.0 ti tt 

16 69 F 1.5 tt ti 

17 70F 3.35 it it 
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TABLE 4.8 LDH ISOENZYMES IN NON-MALIGNANT CASES 

Number 
of case 

Diagnosis Age/Sex pH of basal 
gastric juice 

Total LDH 
act iv i ty U/L 
i 

Electrophoretic 
pattern 

1 Normal \ 83F 5.5 300 5 isoenzymes seen o f 
equal intensity 

2; Atrophic 
g a s t r i t i s 

78F 7.25 1480 

/ ' 
i 

5 isoenzymes seen with 
s h i f t towards the 
cathodic isoenzyme 

3 

4 

Chronic 
g a s t r i t i s 

.u 

611*1 

21M 

7.2 

3.00 

: 1970 

not 
detectable 

5 isoenzymes seen with 
s h i f t towards the 
cathodic isoenzyme 

nothing seen 

5 tt 841*1 6.00 tt tt tt 

6 Gastric 
ulcer 

661*1 7.25 490 tt it 

7 • tt 50 F 3; 5 not 
detectable 

tt tt 

B tt 45 F • 5.5 49 tt w 

9 tt _ 61F 2 .1 • not 
detectable 

tt tt 

10 tt 601*1 7.00 25 tt it 

11 tt 771*1 1.5 not 
detectable 

tt tt 

12 tt 611*1 3.5 not done tt tt 

; 13 tt B2F 3.7 not done tt tt 

14 Duodenal 
ulcer 

391*1 l . B not 
detectable 

tt tt 

15 tt 56 F 1.25 tt tt »t 

16 tt 561*1 4.2 not done tt tt 

17 Normal 76 F 4.5 not 
detectable 

tt tt 

IB tt 541*1 ? tt tt it 

19 tt 43M 3.6 not done tt tt 

20 tt 401*1 ? not done tt tt 

21 tt 551*1 ? not 
detectable 

« tt 

22 tt 301*1 3.67 tt tt tt 

23 tt 45 F 1.75 tt tt tt 

24 tt 78 F 2.6 not done tt tt 

' 25 it 35 F 7 not done tt tt 



TABLE 4.9 CASES USED FOR CIMETIDINE TRIAL 

Number 
of Case 

Diagnosis 
Total LD H I U / L pH of gastric juice 

Age/Sex Number 
of Case 

Diagnosis Before 
Cimetidine 

After 
Cimetidine 

Before 
Cimetidine 

After 
Cimetidine 

Age/Sex 

1 Normal N.D 9 8 3 . 5 0 7 . 2 2 8 M 

2 
it N.D 2 2 6 3 . 0 . 6 . 9 • 4 5 M 

3 Adenocarcinoma N.D. 3 6 9 3 . 2 7 . 1 

4 
it N.D 8 9 1 . 5 7 . 2 6 1 F 

5 
ti N.D N.D 4 . 0 5 . 5 8 4 F 

6 
it N.D 7 9 3 . 0 7 . 0 0 6 3 M 

7 
it N.D N.D 4 . 0 7 . 0 7 7 M 

8 Lymphoma N.D 9 8 3 . 5 6 . 5 4 5 F 

N.D. - not detectable 
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Methods. ! 

Collection of the 'Specimens 
/ 

Resting gastric juice from all patients was collected 

either during endoscopy or by nasogastric tube. One 

millilitre of the resting juice was diluted 1:10 with 

phosphate buffer pH 7.5 (0.067M). The pH of the 

buffered juice and the resting juice was then measured. 

All samples were transferred to the laboratory in an 

ice-bag and all measurements were performed immediately on 

arrival. Specimens that were stained with bile or blood 

were excluded from the study as these contaminants have 

been shown to affect the results. (Smyrniotis, 1962; 

Piper et al., 1963). 

Measurement of Total LDH Activity in Gastric Juice 

Total LDH activity was measured by the spec tropho tome trie 

method using an sp 1800 ultraviolet spectrophotometer 

(Pye-Unicam Ltd., York Street, Cambridge). The rate of 

NADH oxidation was measured at 340 nm in a 3 ml cuvette of 

1 cm path length. The assay was done at 25°C controlled 

by circulating water from a constant temperature water bath. 

The reagents were obtained as a commercial Kit (from 
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Boehringer) containing NADH as the coenzyme and pyruvate 

as the substrate. 

The reagents in the kit were dissolved gently (to avoid 

foaming) in 3 ml phosphate buffer (50 mmol/L; pH 7.5); 

the final concentration of the substrate was 0.6 mmol/L, and 

of the coenzyme 0.18 mmol/L. Before the start of the 

reaction, the reagents in the cuvette were incubated in 

the instrument (in which the temperature was already brought 

to 25°C) for 10 minutes to equilibrate their temperature. 

Then 0.1 ml of the gastric juice was added to the cuvette 

by tip-pipette and mixed gently. Absorbance readings 

were taken at one minute intervals for at least 3 minutes. 

The mean absorbance change per minute (AA/minute) was 

determined and the total activity of LDH in the sample 

could then be calculated either from a table of values 

provided with the reagents, or by the equation: 

U/L (25°C) = 4921 x 4 A 

When the absorbance change (AA/minute) exceeds 0.1, further 

dilution was used to avoid exhaustion of the coenzyme. 
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i 

Isoenzyme Separation 

• * 

Electrophoretic separation of the LDH isoenzymes was 

performed on cellulose acetate strips by means of a 
i 

Shandon universal apparatus (Kohn, 1960). The site of 

application of the "samples and the direction of the current 

flow was labelled; then the strip was floated on the 

surface of barbital-barbituric acid buffer, pH 8.6, so 

that air was displaced from the pores of the membrane. 

Then the strips were blotted with filter paper to remove 

the excess buffer. The strip was then inserted into the 

apparatus which had been charged with the barbital-barbitutic 

acid buffer, pH 8.6, with ionic strengths of 0.05 to 0.07. 

About 20 |il of-gastric juice, and aligned close to it, 

20 of a sample of serum,were applied to each electro-

phoretic run on the same membrane, 1.5 to 2 cm from the 

cathode side of the centre of the cellular acetate membrane. 

The lid of the apparatus was closed and a constant voltage 

of 200 V was applied for 90 minutes. Towards the end of 

the electrophoretic run the staining reagents to be used 

in the developing chamber were prepared so that they were 

fresh for each development. 
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i 
In most experiments, to ensure an adeauate concentration 

of the enzyme, the sample of the gastric juice was used 

both undiluted and at a dilution of Is 10. Both samples 
/ 

were run on the same strip, together with the sample of 

serum. 

Staining of the Separated- Isoenzymes 
/ 

Freshly prepared reaction medium (pH 7.5) was poured into 

the developing chambers, the amount used being dependent on 

the size of the cellulose acetate strip used. Towards the 

end of the electrophoretic run, a new cellulose acetate 

strip, of the same size as the one used for the electro-

phoresis, was- floated on the-surface of the reaction medium 

until it became fully saturated with the reaction medium. 

Then the strip used for electrophoresis was removed from 

the electrophoretic chamber, inverted and superimposed on 

the strip saturated with the reaction medium. The 
• 

developing chamber was then closed and the strips were 

incubated at 37°C for 30 minutes. The strips were then 

fixed in a solution of methariol-acetic acid for 10 minutes; 

the strips were then separated, blotted and dried between 

filter paper under pressure to avoid curling. 
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The Incubation Medium 

The incubation meidium consisted of: 

(i) 1 ml of 1M sodium lactate (prepared by 

diluting 60% syrup (5M) 4:1 with 

0.1M phosphate buffer pH 7.5; the 

pH was then adjusted to 7.5 with 

sodium hydroxide) 

3 ml of 1% nitro blue tetrazoline (Sigma) 

0.3 ml of 1% phenazine methosulphate (Sigma) 

1 ml of 0.1M phosphate buffer, pH 7.5 

10 mg of NAD added to the final working 

solution in the dry state (Sigma) 

c 

The Fixative 

The fixative consisted of: • 

(i) 50% methanol 

(ii) 40% distilled water 

(iii) 10% glacial acetic acid 

(ii) 

(iii) 

(iv) 

(v) 
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The Effect of pH on LDH Stability
 ! 

The pH stability was tested on five samples of gastric 

juice with known LDH activity and /standard preparation 
i 

of LDH. The pH of a number of aliquots of the samples 

was adjusted to a series of pH values with hydrochloric 

acid (1 M/L). 

To determine the LDH activity in these aliquots, the pH 

of the reaction medium in the cuvette was measured to 

confirm that the strength of the buffer was sufficient to 

maintain the pH at between pH 7.0 and 7.4 which is optimal 

for the activity of the enzyme during the actual assay 

(Henry et al., 1960). The LDH activity was measured 

as described before. 

The Use of dithiothreitol 

A gastric juice with known LDH activity (98 IU/L) was 

used. The pH of the juice was lowered by slow titration 

with 1M HC1 from pH 6.5 to 3.0 at which pH, LDH activity 

was completely abolished. An equal volume of the 

titrated juice was mixed with the dithiothreitol solution 
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i 
i 

(10 mmol/L) and left at room temperature for 10 minutes. 

Then the LDH activity was measured again. 

' / 

The Use of Cimetidine 

800 mg of cimetidine was used in a single dose, orally, 

in a fasting subject. After one hour, gastric juice 

was collected by nasogastric tube: 2-4 specimens were 

collected from each case at intervals of half-an-hour. 

The pH of the specimens was checked and the LDH activity 

measured as discussed before. 
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Resuits 

1. LDH Activity in Samples of Gastric Juice 

Lactate dehydrogenase activity was measured in the gastric 

juice of patients with various malignancies of the stomach 

and with various non-malignant conditions. In the 102 

samples examined (Fig. 4 . 6 ) , most of the samples from 

benign conditions had less than 500 IU/litre, whereas 

many of the samples from the malignant conditions had 

activities in excess of this value. However, there was 

some degree of overlap, and 34 of the 67 samples from 

benign, and 10 of the 35 samples from malignant conditions 

had undetectable levels of LDH activity. Thus, from 

these results, the measurement of LDH activity did not 

seem to offer a useful way of detecting malignancy in 

the stomach. 

* 

However, the occurrence of so many samples with 

undetectable levels was surprising and obviously merited 

further investigation. Consequently, the LDH activity 

in the various malignant and benign conditions, was plotted 

against the pH of the resting gastric juice (Fig.4.7 and 4.8) 
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Fig. 4.6: Scattergram showing LDH activity in resting 
gastric juice plotted against the diagnosis 
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Fig. 4.7: Relationship between the pH of the resting 
gastric juice and LDH activity in gastric juice from 
patients with benign lesions of the stomach and 
apparently normal individuals. The right hand column 
represents the cases before the effect of pH was 
appreciated to be significant 
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Fig. 4.8: Relationship between the pH of the resting 
gastric juice and LDH activity in gastric juice from 
patients with malignant lesions of the stomach. The 
right hand.column represents the cases before the 
effect of pH was appreciated to be significant 
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i 
In 33 cases of carcinoma of the stomach, high LDH 

activity (above 500 IU/L) was found in all the cases 

(16/33) in which the pH of the resting gastric juice 
/ i 

was above 5.0, and in 6/33 cases in which the pH of the 

resting gastric juice was not known. No LDH activity 

was found in any of the nine cases in which the pH of the 

resting gastric juice was below 4.5, and low activity 

(below 500 IU/L) was found in both cases in which the pH 

of the resting gastric juice was 4.7 (Fig.4.8 and Table 4,1). 

On the other hand, in 67 cases that were either gastro-

scopically normal or that had non-malignant lesions of 

the stomach, either no LDtt activity or low activity 

(below 500 IU/L) was found in 63 cases. High activity 

(above 500 IU/L) was found in only 5/67 cases. The pH 

of the resting gastric juice was above 5.0 in 35/67 

cases; below 5.0 in 22/67 cases, and unknown in 10/67^ 

cases. (Fig. 4.7 and Tables 4
0
2 to 4.6). As was 

found in the malignant cases, undetectable levels of LDH 

activity were found in all 22 samples in which the pH of 

the gastric juice was below pH 5. However, undetectable 

levels were also found in 5 samples .in which the pH was 

pH 6-7.4., 
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Of the other samples, high activity was found in one case 

with Leiomyosarcoma of the stomach in which the pH of the 

resting gastric juice was 5.0. No activity was found in 

one case of lymphoma of the stomach in which the pH of 

the resting gastric juice was below 5.0. 

2. Effect of pH in LDH Activity 

Decreasing the pH of the solution of either the standard 

or 

preparation of LDH^of samples of gastric juice (n = 5) 

produced a marked decrease in the activity of the LDH at 

a pH of just below pH5. Although the samples were tested 

at the pH for optimal activity (as discussed previously) 

even short exposure (less than 10 minutes) to a pH of 4.5 

apparently caused total inactivation of the enzyme. 

(Fig. 4.9) This inactivation was virtually 

immediate because one sample of gastric juice, with an 

initial pH above 5.0 and with 98 IU/L of LDH activity, had 

no activity when the pH was dropped to pH 3.0 and the 

measurement of activity done as rapidly as possible after 

it had attained this pH. This inactivation could not be 

overcome by the addition of dithiothreitol to the sample 

at a low pH. 
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PH 

Fig. 4.9: pH stability test demonstrates rapid 
inactivation of LDH activity at pH 4.5 to 5.0 
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/ 

When cimetidine was administered to eight patients, the 

pH of the gastric juice increased (Table 4.9 ; also as 

discussed previously). In six the levels of LDH activity 

became measurable but it remained undetectable in two. 

3. Electrophoretic Studies 

On electrophoretic separation of the LDH isoenzymes from 

samples of the gastric juice from 17 malignant cases, it 

was possible to demonstrate all the five isoenzymes in 7 

cases. In all of these, there was a marked shift of 

the isoenzyme pattern toward the eathodic (i.e. slow moving) 

isoenzyme (Fig.4.10 & 4.1!liln a further four cases, only 

LDH,- (the slowest) isoenzyme was demonstrable. In the 

rest of the malignant cases investigated (6/17) nothing 

could be demonstrated; the pH of the resting juice was 

below 4.5. (Table 4.7) 

In gastric juice from 25 normal and non-malignant cases, 

it was possible to demonstrate all five isoenzymes 

only in three cases. In the rest of the cases (22/25) 

no isoenzymes, could be demonstrated. In these cases 

total LDH activity was either very low or undetectable 
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/ 7 f f f 
Fig. 4.10 and 4.11: LDH isoenzyme patterns o£ gastric juice from patients with adenocarcin-
o m a o f t h e s t o m a c h 
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i 

due to the low pH of their resting gastric juice 

(Table 4.8). In one case, although LDH activity was 

490 IU/L it was not possible to demonstrate the isoenzyme 
i 
i 

probably because of loss of the enzyme activity caused 

by a few hours delay in performing the electrophoresis. 

The isoenzyme pattern demonstrated was uniform (i.e. 

the isoenzyme stained equally) in one of the 3 cases; 

in the other 2, there was a shift towards the cathodic 

(slow moving) isoenzyme. (Figs. 4.12 to 4.14) 

The serum used With each electrophoretic run showed 

either uniform pattern or a shift to the* anodic (fast 

moving) isoenzyme (Fig. 4.15). 



Fig. 4.12: LDH isoenzyme 
pattern of gastric juice 
from an apparently normal 
person 

Fig. 4.15: LDH isoenzyme 
pattern of normal serum 



I 

Fig. 4.13 and 4.14: LDH isoenzyme patterns of gastric juice from patients with atrophic 
gastritis 
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i 
i 

Discussion 

The results indicate high total LDH activity (above 500 

IU/L) in the gastric juice from 22/33 cases (i.e. 66%) 

with apparently false negative results in 11/33 cases 

(i.e. 33%) in comparison with either low or absent 

activity in 62/67 normal and non-malignant cases (i.e. 

about 93% with false positive results in 5/67 cases 

(i.e. about 7%). These 5 false positive cases included 

3 with atrophic gastritis and 2 with a gastric ulcer. 

High LDH activity in such non-malignant cases might be 

useful in drawing attention to such lesions which may 

need further surveillance. 

The false negative results (33%) in the specimens from 

malignant conditions seriously detract from the value that 

LDH estimations in gastric juice might have in the 

detection of gastric cancer. 

» 

It seems that the immediate cause for this substantial 

number of false negative cases is the inactivation of the 

enzyme by the low pH of the gastric acid (Fig. 4.9) • . 
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By plotting the activity against the pH value of the 

resting gastric juice it can be seen from Fig, 4,7 and 

Fig.4,8 that when the pH of the resting gastric juice was 

above 5.0 the LDH activity was high in all the malignant 

cases (16/16), whereas in the normal and non-malignant 

cases, even when the pH of the resting gastric juice was 

above 5.0, the total LDH. activity was either low or 

absent in 31/35 cases; only 4 cases showed high activity 

(above 500 U/L). 

Therefore, if this factor (i.e. gastric acidity and acid 

inactivation) can be excluded in one way or another, then 

LDH activity could be a sensitive test for carcinoma of 

the stomach with only a small percentage of false 

positive results. 

In an attempt to overcome the effect of acidity, a variety 

of methods have been used. These include the use of 

intravenous Diamox (Smyrniotis et al., 1962); intra-

gastric neutralization of the gastric juice with buffer 

or alkali (Simon and Figus, 1972 ;' McCoun et al., 1963. ; 

Piper et al., 1963). The efficiency of such techniques 
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is difficult to assess because no correlation with the 

original pH of the gastric juice has been made except by 

Macoun et al., (1963). However,, the number of carcinomas 

i 

investigated by these authors was very small (only 5) 

and in none of them was there any detectable acid in the 

resting gastric juice. Consequently, these cases cannot 

really be used to demonstrate the value of their technique 

because the LDH activity would have been regulated by the 

originally high pH in the carcinoma cases. Added to that, 

the difficulty of these techniques and the discomfort that 

they may cause to the patient, make them unacceptable as 

a screening test for carcinoma of the stomach. 

The use of cimetidine was effective in overcoming the 

acidity but the high LDH activity expected in malignant 

cases was not recoverable (Table 4.9). This may have 

been due to the relatively short time over, which cimetidine 

acts (e.g. 2 hours) which may be insufficient for the 

accumulation of uninhibited LDH. 

The use of dithiothreitol, which protects sulphhydryl 

groups, was shown to be ineffective in recovering the 
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enzyme activity after it has been 'inactivated by acid 

(Ibrahim et al., 1981). 

The shift in the isoenzymes' pattern towards the cathodic 

isoenzyme that was demonstrated in the gastric juice from 

malignant cases was in agreement with the findings from 

tissue homogenates of malignant gastric tumours (Yasin 

and Bergel, 1965; Mate et al., 1978) assuming that the 

pattern in normal gastric juice is similar to the pattern • 

of the normal gastric mucosa which shows a shift to the 

anodic isoenzyme (Leese, 1965; Yasin and Bergel, 1965; 

Mate et al. 1978). Because of the low pH of normal 

gastric juice, it is difficult to obtain gastric juice 

from normal subjects in which it is possible to demonstrate 

the LDH isoenzymes. However, in one of the apparently 

normal patients, the isoenzyme pattern of the gastric juice 

showed an equal distribution of the isoenzymes. 

The shift to the cathodic isoenzyme demonstrated in 2 

other non-malignant cases with high total LDH activity 

could reflect an early premalignant phase which may need 

a long time of follow-up to prove. 
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i 

i 
The demonstration of either equal • distribution of the 

isoenzymes or a shift towards the anodic isoenzyme in the 

serum sample used alongside the gastric juice showed that 
i 

there was no artefactal fault in the technique. Moreover, 

any artefactal change in the - isoenzyme pattern arising 

from the handling of the specimen would be expected 

to be in the slow moving isoenzyme since it is more 

temperature-labile than the fast moving (anodic) isoenzyme. 

In conclusion, it was possible to demonstrate high total 

LDH activity in the gastric juice of malignant cases 

which could be a useful prescreening test for carcinoma of 

the stomach if the effect of acidity could be overcome. 

Although a characteristic isoenzyme pattern was demonstrated 

in the gastric juice of malignant cases and in some of the 

benign lesions, I think that the use of this technique, 
» 

at the present time, is too laborious to help in screening 

for gastric cancer: yet it could help in further research, 

in this field, especially if the shift in some of the 

benign lesions will be proved (on long follow-up) to 

represent ah early change in the process of carcinogenesis. 
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Chapter 5 

STUDIES ON THE DNA IN NORMAL AND MALIGNANT 

GASTRIC MUCOSAL CELLS 

/ 
Introduction ! 

DNA 

is a polymer of molecular weight around 6 - 10 x 10 

dalton. It is the essential genetic material of the nucleus 

and confined to the chromosomes (Walter and Israel, 1979). 

Nucleic acid, almost certainly DNA, was first isolated 

by Miescher 1826 (Sandritter 1966). It has been extensively 

investigated both in physiological and pathological conditions, 

many different biophysical, biochemical and cytochemical 

methods being used in such studies, (e.g. Leuchtenberger 

et al., 1951; Walker and Yates, 1952; Chargaff and Davidson, 

1955; Davidson, 1972, and Zelenin, 1977). 

In this study I have used Feulgen cytophotometry for studying 

DNA in individual pells. The Feulgen reaction depends 

upon the fact that acid hydrolysis unmasks the aldehyde 

groups in the DNA; these, in turn, react with Schiff's 

reagent to give a coloured end-product suitable for 

measurement by microdensitometry at 550 nm. 

Although quantitative results of Feulgen cytophotometry 

have generally been shown to be in good agreement with the 
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results of biochemical methods (Leuchtenberger et al., 1951) , 

it has been stressed by Ris and Mirsky (1949) that the Feulgen 

stain can be used to determine only the relative, and not the 

absolute, cellular concentration of DNA. 

Many workers have used the Feulgen method for investigating 

the DNA content of malignant cells (Atkin and Richards, 1956; 

Sandritter, 1965; Wilbanks et al., 1967) expressing their 

results as population histograms relating the amount of 

the DNA (along the x-axis) with the number of the cells (or 

the proportion of the population) containing that amount of 

DNA (on the y-axis). It was possible to distinguish 

malignant tumours from normal cell populations by the 

presence of an aneuploid -DNA stem line and the wide scatter 

of the individual DNA values. However, some tumours, for 

example bronchial and gastric tumours, were reported to 

have a regular DNA distribution (Sandritter, 1965; 

Wiendl et al., 1974; Sprenger and Witte, 1978). Moreover, 

Wiendl et al. (1974) demonstrated an elevated DNA content 

and aneuploidy in benign gastric lesions such as ulcers, 

polyps, severe inflammatory conditions and intestinal 

metaplasia, to the extent that this aneiiploidy overlapped 

the variable DNA content found in the malignant cases. 

( 
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There is some evidence that the DNA' in cell nuclei can be 
j 

present in qualitatively different forms. Depending on the 

metabolic activity of the cell (Solomons, 1978), and on the 

position of the cell in the cell cycle, one might find 

stable genetic DNA, derepressed DNA, newly synthesized DNA 

and some DNA that Pelc (1972) described as "metabolic" DNA. 

As abnormal growth is a characteristic of malignancy, the 

amount of derepressed and newly synthesized DNA may be 

increased in malignancy, (Millett, 1979). 

By the use of Feulgen hydrolysis profile it has been 

suggested by several workers that it is possible to 

differentiate between different forms of DNA depending on 

their acid lability and therefore on their optimum 

hydrolysis time: Agrell and Bergqvist (1962); Sandritter, 

(1966); B6hm and Sandritter (1966); Solomons,(1978) and 

Millett (1979). 

In this study Feulgen hydrolysis profiles of cells from 

malignant and benign gastric mucosa were investigated for 

any difference which can be used in the diagnosis of 

malignancy. 
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Before discussing the method used and the results 

obtained, some of the relevant information needs to be 

discussed briefly. 

i 

Theory of the Chemistry of Feulgen Reaction 

\ 

Although the exact chemical processes involved in the 

Feulgen reaction are not yet fully understood, the theory 

originally postulated by Wieland and Scheuing (1921) 

and Feulgen and his School (1924). 

seems to be the one most accepted. (Lessler, 1953; 

Leuchtenberger, 1958; Walker and Richards, 1959; 

Chayen et al., 1973b. An alternative theory has been 

suggested by Hardonk and van Duijn (1964). 

According to most, -workers the Feulgen reaction depends on 

unmasking the aldehyde group in the dioxyribose moiety 

by splitting off the purine base from the DNA under the 

influence of acidj- the exposed aldehyde group on the 

deoxyribose sugar then reacts with the Schiff's reagent 

to give a coloured chromophore which is covalently bound 

in situ to the DNA. (Leuchtenberger, 1958; Deitch 1966), 

(see Fig. 5.1) 
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Fig. 5.1 The chemistry of Feulgen reaction for DMA (after Leuchtenbsrgor, 1958) 
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Splittirig off the purine base from the DNA by acid 

hydrolysis has been demonstrated by'DiStefano (1948, 1952) 

showing a decrease in the ultraviolet absorption due to 

the purines and pyrimidines with various times of hydrolysis 
i 
i 

The production of aldehyde groups has been' investigated 

by Lessler (1951) who showed that reagents that couple 

with aldehydes, if applied after the acid hydrolysis of 

DNA, completely blocked the Feulgen reaction. These 

reagents included sodium bisulfite, semicarbazide 

hydrochloride, phenylhydrazine, hydroxylamine hydrochloride 

and trimethylaminoacetohydrazide (Girard's reagent). Acid 

hydrolysis of RNA does not produce aldehyde group, 

although the exact chemical reason is unknown (Chayen et al. 

1969). It may be related to the ability of the phosphate 

to migrate to a different site in the sugar (Brown & Todd, 

1955), this migration being blocked by the lack of an -OH 

group at the deoxy-site of the deoxyribose sugar. 

The Specificity of Feulgen Reaction 

Although the specificity of Feulgen reaction has been 

questioned by Stedman and Stedman (1943), and by Carr (1945) 

it is now generally agreed that the Feulgen reaction is 
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specific for DNA. Support for this claim comes from 
i 

experiments in which the digestion 'of the DNA by a 

specific deoxyribonuclease, or its extraction by hot 

trichloracetic acid, abolished the Feulgen reaction 

(Leuchtenberger, 1958). On the other hand, digestion 

by enzymes such as ribonuclease and proteases did not 

produce any change (Leuchtenberger, 1958: Deitch, 1966). 

Lessler (1951) using a series of gelatin films containing 

different concentrations of DNA (and its sodium salt), 

RNA, distilled water and other substances demonstrated 

that the Feulgen reaction was positive only for DNA and 

its sodium salt. As the aldehyde group is the fundamental 

site for the reaction, aldehyde groups other than those 

attached to the DNA may interfere with the specificity; 

the investigations done by many workers (Leuchtenberger, 1958) 

indicated that there are few sources of aldehyde that can 

interfere with the Feulgen reaction and that, since these 

are not tightly bound in the cell (as are the aldehydes 

formed in the DNA-molecule) they are readily extractable. 

Nature of the Schiff's Reagent 

Schiff's reagent consists of basic fuchsin which is a 

mixture of pararosaniline, rosaniline, and magenta II 

(Kaston, 1960) the chief constituent being pararosaniline. 
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Treatment of these dye solutions with sulphurous acid 

converts the dye into a colourless form (SC^ pararosaniline 

complex, or leuco-basic fuchsin). Impurities and other 

coloured matter, like excessive pararosaniline not 

t 

changed to leuco-basic fuchsin, can then be removed by 

absorption to an activated charcoal, (Chayen et al. 1969; 

Fukuda, et al., 1978). Reaction of this colourless 

reagent with aldehyde groups produces a coloured 

chromophore having an absorption maximum at 550 nm, 

(Leuchtenberger, 1958). (See Fig. 5.1) 

Application of the Feulgen Reaction to the Study of 

Cellular DNA 

The applications of the Feulgen reaction to the study of 

DNA in chromatin involve both quantitative and qualitative 

studies, (Leuchtenberger 1951; Solomons 1978). As 

both of these applications depend on the production of 

the coloured reaction product, it is important to discuss 

the factors affecting the production of this chromophore. 

These include: 

(i) The pH of the Schiff's reagent: The pH of the 

Schiff's reagent is an important factor affecting 

the stainability of nuclei. The density of the 

staining achieved at pH 2.3 is double that at pH 0.8, 

(Fukuda et al., 1978). 'Therefore the pH of 
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the Schiff's reagent should be kept as constant as 

possible if the Feulgen reaction is to be used for 

comparing the results from different experiments. 

The use of buffered Schiff's reagent at pH 2.3 i 

(Fukuda et al., 1978) avoids the variation due to 

the pH. 

(ii) The Concentration of SO^ in the Solution: The 

c 

condition of the leukofuchsin is delicately 

affected by the concentration of SC^ in the Schiff's 

reagent. In practice, the density of the staining 

progressively decreases with increasing concentration 

of bisulphite in the staining solution. At 10% of 

optimal concentration of, bisulphite the intensity 

of staining is halved (Walker and Richard, 1959; 

Fukuda et al., 1978). 

(iii) The Effect of Temperature and Acid-Concentration 

on DNA Hydrolysis: Although higher temperatures 

accelerate the hydrolysis of the DNA, the 

hydrolysis depends mainly on the concentration of 

acid used, while further degradation of the 

hydrolysed DNA (apurinic acid) depends mainly on 



-136-

the temperature rather than on the concentration 

of acid, (Jordanov, 1963; DeCosse and Aiello, 

1966). It follows, therefore, that the optimum 

hydrolysis-time will vary with the variation of 

these two factors. 

(iv) The Effect of the Fixative: The kind of fixative 

used influences the rate of liberation of aldehyde 

during hydrolysis, the rate of loss of the apurinic 

acid from the nuclei and the maximum Feulgen stain 

attainable, (Deitch, 1966). In general, DNA of 

tissue fixed in fluids containing chromate or 

dichromate withstands hydrolysis cleavage and loss 

longer (30-60 minutes) than that of tissue fixed 

in alcohol-acetic acid or in formalin, (Deitch,1966), 

In the present study, in investigating the influence 

of acidic hydrolysis, the results from different 

slides in the same experiment were compared and 

drawn as a hydrolysis profile. All the slide.s in 

each experiment were fixed and stained by the same 

solutions, and treated together in the same jar 

whenever possible. Therefore, minor variations in 

the factors mentioned above are not important in 
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this study, even though great care was taken to 

i 
avoid any variation between different experiments. 

(v) The Time of Hydrolysis: One of the problems 

facing the application of the Feulgen reaction to 

the quantitative measurement of total DNA in a 

nucleus is to find the time at which the removal 

of purines from the DNA is complete before the 

loss . of the depurinised DNA from the 

nucleus begins, (Lison, 1960). Although 

various methods have been tried with some success 

in an attempt to achieve this purpose (Jordanov 1963), 

the problem seems to be complicated, and many 

factors such as the type of the fixative (Deitch, 1966) 

and the state of the DNA (Solomons, 1978; Millett,1979), 

seem to affect the optimum hydrolysis time. 

Theoretical Basis for the Use of DNA Feulgen Hydrolysis-

Profiles in the Study of Malignancy 

» 

Different species of DNA have been recognised by their 

acid lability, (Woods, 1957; Agrell and Bergqvist, 1962; 

BtJhm and Sandritter, 1966; Davidson, 1972; Rasch and Rasch 

1973; Solomons, 1978; Millett, 1979). It has been 

suggested that the ratio of acid labile to acid stable DNA 

reflects the metabolic or the proliferative state of the 

cells; the greater the acid labile portion, the greater 
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the activity, (Argell and Bergqvist', 1962) 
i 

This concept has been taken in consideration over the 

question of the control of gene activity, (Paul and 

Gilmont, 1968). By DNA-RNA hybridization studies, these 

authors showed that most of the DNA of the native 

chromatin is in a suppressed or masked state, apparently 

due to its binding to histone protein (Bradbury 1975,1978). 

Such parts of the genome are metabolically inactive. On 

the other hands, during genetic activity, phosphorylation 

and acetylation of the chromatin protein reduces the 

degree of protein-DNA binding, so that part of the DNA 

becomes derepressed and available for transcription, 

(Letnansky, 1978; Bradbury, 1978). 

Depending on the position of the cell in the cell cycle 

one might find, together with the derepressed and repressed 

DNA, some newly synthesized DNA (that is not yet strongly 

bound to chroma tin-proteins) and perhaps some metabolic 

DNA, (Pelc, 1972). The acid labile portion has been 

equated with the newly synthesized DNA, the derepressed 

DNA and the metabolic DNA. The supressed DNA, or masked 

DNA, represents the acid stable DNA, (Millett, 1979). 
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In malignant cells, where growth and metabolic activity 

are expected to be enhanced, derepressed and newly 

synthesized DNA, representing the more labile DNA, have 
• j 

been demonstrated by Agrell and Bergqvist (1962); by 

Sandritter (1966); by Solomons (1978) and by Millett (1979) 

Millett (1979) demonstrated three different species of 

DNA in cell nuclei from the cervix, on the basis of their 

lability to acid hydrolysis. In this study the Feulgen 

hydrolysis-profiles of cells from normal and malignant 

gastric mucosal cells were investigated to see whether 

they showed different hydrolysis-profiles and, if any 

were detected, whether these could help in the diagnosis 

of gastric cancer. 

In the course of the Feulgen reaction, the, acid 

hydrolysis of DNA results in the removal of purine bases 

from the DNA-molecUle. It is this apurinic acid that 

reacts with the Schiff's reagent. However, with 

extended hydrolysis, and more significantly, with elevated 

temperatures, the hydrolysis cleaves the backbone of the 

apurinic acid, releasing the Feulgen-positive material 

from the nuclei into the acid, (Ely and Ross, 1951). 
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These factors could confuse results' on nuclei which 
i 

contain an acid-labile species of DNA, especially if in 

the case of cells desquamated into the stomach, these 

cells may have been exposed to acidic conditions before 
i 

they were collected for study. Thus it seemed reason-

able to try to retain the apurinic acid, and to ameliorate 

the effect of the Feulgen hydrolysis by the use of 

polyethylene glycol, or of polyvinyl alcohol, as 

suggested by Scott (1974). Another benefit of the use 

of the former in the Feulgen reaction is the feasibility 

of using unfixed cells, so avoiding the potentially 

deleterious effect of an acidic alcoholic fixative, 

(Jordanov, 1963; Deitch, 1966). 

Material 

were 

Smears
A
obtamed by brush, or by scrape from resected 

specimens, or from the sediment of the resting gastric 

juice. 

Three groups of experiments were done with some 

modification of the method. The number of cases, the 

nature of the specimens and the diagnosis of the cases 

used in each of these experiments were as follows: 
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The First Group of Experiments ' 
i. 

(i) Normal: (a) sediment of gastric juice 5 

(b) gastric brush 1 

(ii) Gastritis: sediment of /gastric juice 2 

(iii) Gastric
 #
 (a) sediment of gastric juice 1 

ulcer 
(b) scrape 

(iv) Careinoma: (a) sediment of gastric juice 

(incl. 8 adenocarcinoma 
and 1 squamous cell ca.) 

(b) brush 

(incl. 1 adenocarcinoma 
and 1 squamous cell ca.) 

(c) scrape 

(all adenocarcinoma) . 

The Second Group of Experiments 

(i) Normal: gastric brush 1 

(ii) Gastritis: gastric brush 1 

(iii) Carcinoma: (a) gastric brush 4 (incl. 3 adenocarcinoma 
and 1 squamous cell ca. 

(b) scrape 3 (all adenocarcinoma) 
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The Third Group of Experiments 

(i) Normal: gastric brush 2 

(ii) Gastric ulcer: gastric brush 1 

(iii) Carcinoma: (a) gastric brush 2 

(b) scrape / 1 

Methods 

Three groups of experiments were done with some modification 

of the method.-

The First Group of Experiments 

Smears were fixed in acetic-alcohol (25:75%) for 10 

minutes and then dried in air. At each time interval 

one slide was dipped briefly in IN hydrochloric acid at 

room temperature and transferred to 5N hydrochloric acid 

at room temperature. By using suitable time intervals, 

(60, 50, 40, .30, 20, 15, 10, 5 minutes), the process of 

hydrolysis of all the slides finished at the same time. 

The slides were then quickly removed, rinsed in IN 

hydrochloric acid and immersed in the Schiff's reagent 

for one hour in the dark. They were then washed in 

three baths of freshly prepared SO^- water 

(2:1 v/v 0.5% solution of sodium metabisulphite to 

IN HC1). After brief washing in distilled water they 
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dehydrated in 70% and absolute alcohol, cleaned in 
! 

xylene and mounted in Styrolite. 

As a control, a slide was fixed in/the same way and 

immersed in the Schiff's reagent; thus it was treated 

in the same way as the other slides with the exception 

of hydrolysis. This was to exclude the possibility of 

interference from plasmal aldehyde groups, and to rule 

out the possibility of hydrolysis by the acetic acid in 

the fixative. 

The Second Group of Experiments 

The same method was used as in the first group except 

that the hydrolysis times used were 1, 2, 3, 4, 5, 10, 

15, 20, 30, 40, and 50 minutes. 

The Third Group of Experiments 

The same method w^s used as in the first group except 

that the hydrolysis time used was 3, 5, 10, 15, 20, 30, 

40 and 50 minutes. The slides were used without 

fixation, and polyethylene glycol 6000 was used in a 

concentration of 20% for the hydrochloric acid, 10% 

for the SO^- water rinse and 5% for the distilled water 

wash. (Scott, 1974). The Schiff's reagent used in 

this group was buffered Schiff's. 
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The reaction product was measured in twenty nuclei on 

each slide by means of a Vickers M85 scanning and 

integrating microdensitometer at a wave length of 550nm, 

with a x40 objective and a scanning spot size of 0.5um 

i 

diameter in the plane of the specimen. A mask of 20 |im 

diameter was used; this was large enough to encompass 

the larger malignant nuclei. The results were expressed 

as the relative absorption, as recorded by the micro-

densitometer. 

Buffered Schiff's reagent at pH 2.3 

Pararosaniline Schiff's reagent 10 ml 

15% Potasium metabisulphite 10 ml 

Glycyl-glycine buffer0.24M at pH 2.3 80 ml 

Glycyl-glycine buffer solution (Glycine/HCl buffer) 

The stock solution was made by adding distilled water-

to glycyl-glycine (7.505 gm) and NaCl (5.850 gm) to 

make the total volume 1000 ml. 

Glycyl-glycine buffer solution at pH 2.3; 

60.3 ml of the stock solution were added to 39.7 ml 

of 0.IN HCl 
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i 
Results ; 

The absorbance of the Feulgen-DNA reaction product 

/ 
was measured in 20 nuclei for each, time of hydrolysis. 

/ 
The mean values were plotted against the time of 

hydrolysis to give a hydrolysis-time graph (as in Fig. 5.2 to 5.10 

In the first group of experiments, the graphs obtained 

from the malignant and from the non-malignant cases 

were overlapping. (Fig. 5.2 and Fig. 5.3). A peak 

after 5 minutes of hydrolysis was 

demonstrated in some of the malignant cases (4/17) as 

well as in one case of gastritis and in two cases of 

gastric ulcer (3/11 of the non-malignant cases). (See 

Table 5.1 and Table 5.2). 

In the second group of experiments, there was a peak or 

a hump at 4 minutes of hydrolysis in 4/7 of the malignant 

% 

cases, whereas no such peak or hump could be demonstrated 

in two non-malignant cases, the first peak in the latter 

cases being at 10 minutes in a case of gastritis, and at 

15 minutes in a normal case, (see Tables 5.3 and 5.4: and 

Figs. 5.4 and 5.5) 
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Fig. 5.2: Feulgen hydrolysis profile obtained from benign gastric 
mucosal cells. (From the first group of experiments) 
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Fig. 5.3: Feulgen hydrolysis profile obtained from adenocarcinoma of 
the stomach. (From the first groug of experiments) 
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Table 5.1 

Number of 
Case 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

/ ' 

Details of the Non-malignant Cases used 

in the First Group of Experiments 

Diagnosis Nature of Time in min. of 
Specimen the Peak & Hump 

Normal Sediment of 15 
Gastric juice 

15, 40 

15, 60 tt 

tt 

tt 

t i tt 

t« Sediment of 
Gastric juice 

Gastric 
scrape 

15 

10, 50 

Gastric 10, 15, 40 
brush 

Gastritis Sediment of 5, 20 
Gastric juice 

5, 30 

Gastric Gastric 5, 20, 50 
ulcer scrape 

10, 20 

10, 20, 30 



i 5 

i r 

;e 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
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Details of the Malignant Cases used in the 

First Group of Experiments 

Diagnosis Nature of Time in min. of 

Adenocarcinoma 

it 

Gastric 
Scrape 

tt 

1 5 , 

2 0 , 

4 0 

5 0 

ft tt 
1 0 . 2 0 , 4 0 

tt tt 
1 5 , 4 0 

tt tt 
1 0 , 2 0 , 5 0 

tt Sediment of 
Gastric juice 

5 , 1 5 , 5 0 

ti it 
1 0 , 2 0 , 5 0 

tt tt 
1 5 

tt tt 
1 0 , 2 0 , 4 0 

tt tt 
1 0 , 2 0 , 6 0 

tt ti 
1 0 , 2 0 , 4 0 

tt tt 
1 0 , 6 0 

tt tt 
1 0 , 4 0 

tt • • Oesophageal 
brush 

5 , 2 0 , 6 0 

Squamous cell 
carcinoma 

tt 
5 , 1 5 , 3 0 

tt Wash 
sediment 1 5 , 4 0 

Dysplasia Gastric 
scrape 

5 , 2 0 



Time (m in ) 

.Fig. 5.4: Feulgen hydrolysis profile obtained from benign gastric 
mucosal cells. (From the second group of experiments). 
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70 r 
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Time (min) 

Fig. 5.5: Feulgen hydrolysis profile obtained from 
adenocarcinoma of the stomach. (From the second 
group of experiments) 
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Table 5.3 Details of the Non-malignant Cases used 

in the Second Group of Experiments 

Number of Diagnosis Nature of Time in min. of 
Cases Specimen the Peak & Hump 

Gastritis Gastric, 10, 30 
brush 

Normal " 15, 30 

Table 5.4 Details of the Malignant Cases used in 

the Second Group of Experiments 

Number of Diagnosis Nature of Time in min. of 
Cases Specimen the Peak & Hump 

Adenocarcinoma Gastric 4, 15, 40 
brush 

tt tt 

tt 

in-situ 

4, 15, 50 

Gastric . 20 
scrape 

4 „ „ 4, 20, 40 

5
 ff

 „ 20, 40 

6 Carcinoma Gastric 
brush

 :

 4

'
 1 5

'
 3 0 

Squamous cell Oesophageal ^ ^Q 40 
carcinoma brush

 9 9 
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In the third group of experiments there was a peak or 

hump at 3 minutes of hydrolysis in all the malignant 

cases (3/3) (see Table 5.6; Figs; 5.9 and 5.10), whereas 

in the non-malignant cases there was no peak or hump at such, 

a short time of hydrolysis, (in 3/3). The first peak 

in two of the normal cases was at 10 minutes, and in a 

third case - which came from a patient with a gastric 

ulcer - the first peak was at 5 minutes (see Table 5.5; 

Figs. 5.6 to 5.8). 
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Table 5.5 Details of the Non-malignant Cases used 

in the Third Group of Experiments 

Number of 
Cases 

Diagnosis Nature of Time in min. of 
Specimen the Peak & Hump 

Normal 

Gastric 
ulcer 

Gastric 
brush 

m 

tt 

10, 40 

10, 30 

5, 20, 50 

Table 5.6 Details of Malignant Cases used in the 

Third Group of Experiments 

Number of Diagnosis Nature of Time in min. of 
Cases Specimen the Peak & Hump 

Adenocarcinoma Gastric 3, 10, 30 
brush 

it 3, 40 

" Gastric 3, 15, 30 
scrape 



Acid Hydrolysis Time ( min) 

Fig. 5.6: Feulgen hydrolysis profile obtained from normal gastric 
mucosal cells. The smears were unfixed and polyethylene glycol was 
included in the hydrolysis-medium. (From the third group of 
experiments) 



Acid Hydrolysis Time (m in ) 

Fig. 5.7: Feulgen hydrolysis profile obtained from normal gastric 
mucosal cells. The smears were unfixed and polyethylene glycol was• 
included in the hydrolysis-medium. (From the third group of 
experiments) 



Acid hydrolysis Time (m in ) 

Fig. 5.8: Feulgen hydrolysis profile obtained from benign gastric 
mucosal cells. The smears were unfixed and polyethylene glycol was 
included in the hydrolysis-medium. (From the third group of 
experiments) 
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f 

Fig. 5.9/ : Feulgen hydrolysis profile obtained 
from adenocarcinoma of the stomach. The smears 
were unfixed and polyethyleneglycol was included 
in the hydrolysis-medium. (From the third group 
of experiments) 



30 r 

C 
o 

o 
to -Q < 

CD > 

20 • 

S 10 
cc 

0 

I 
M 
Ln 
vO 
I 

Acid hydrolysis Time (min) 

Fig. 5.10: Feulgen hydrolysis profile obtained from adenocarcinoma 
of the stomach. The smears were unfixed and polyethylene glycol was 
included in the hydrolysis-medium. (From the third group of 
experiments) 
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i 
Discussion j 

As can be seen from Table 5.1 and Table 5.2 the 

DNA-Feulgen hydrolysis profiles obtained from the 

malignant and non-malignant cells showed no remarkable 

difference over a period of hydrolysis ranging from 

5-60 minutes. In both of them there was a peak or 

hump at 5 or 10 minutes, and other peaks at a later time. 

From the results of work done by Millett (1979) on 

cervical cells it was possible to differentiate between 

malignant and non-malignant samples on the basis of 

their acid hydrolysis profiles. She demonstrated 3 

peaks in malignant samples and equated the first peak 

at(5 minutes)with a highly labile DNA which could be 

either the metabolic DNA of Pelc (1972) or derepressed 

DNA. The second peak (at 20 minutes) was equated with 

the newly synthesized DNA because it resembled the peak 

that had been demonstrated by Solomons (1978) in trans-

formed normal lymphocytes. . In the present study, as 

the first peak, at 5 or 10 minutes, was demonstrated 

in.both the malignant and the non-malignant cells, it 

was suggested that this could represent the second peak, 
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namely, newly synthesized DNA, that had been rendered 

more labile by the acidic environment of the stomach. 

Consequently, the search for "peak one" in the malignant 
/ 

cases was continued, using a shorter time of hydrolysis. 

As can be seen from the results of the second group of 

experiments (Table 5.3 and Table 5.4 ) it was 

possible to demonstrate the presence of a peak or hump 

at a shorter time of hydrolysis (4 minutes) in some of 

the malignant cases (4/6), whereas in the few non-

malignant cases studied (2/2) there was no such peak 

or hump before 5 minutes of hydrolysis. 

The early peak or hump, at 4 minutes, might represent 

highly labile DNA that was equated with peak one by 

Millett (1979). The absence of an early peak ( i.e. 

at 4 minutes) in some of the malignant cases (2/6) 

could be attributed either to the rapid hydrolysis 

and extraction of such a highly labile form of DNA, or 

to the effect of the acidic fixative on its optimum 

hydrolysis time and therefore on the site of the peak 

in the hydrolysis-profile. Therefore, it was decided 

to use polyethylene glycol in an attempt to avoid such 
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an undesirable effect, j 

With this procedure it was possible to demonstrate a 
I 

peak or hump in all three malignant cases tested in 

comparison with the three non-malignant cases which 

showed no such peak, although the specimens from the 

patient with a gastric ulcer showed a peak at 5 minutes. 

In conclusion*, it has been found that the cells 

investigated in the present study did not behave similarly 

to those studied by Millett (1979). With simple 

fixation and hydrolysis (the first series) the Feulgen 

hydrolysis-profiles from the malignant and non-malignant 

cells were very similar. Shorter hydrolysis times 

(second series) seemed to give better discrimination 

between the malignant and non-malignant specimens, the 

former tending to show an earlier peak. It was 

conjectured that the difference between these results 

and those of Millett (1979), done on cervical cells, 

might have been due to the DNA, in the cells of the 

present study, having been somewhat labilized by the 

environment in the stomach before they were collected. 
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To test this possibility, three samples from cases 

with adenocarcinoma and three from non-malignant cases 

were subjected to the Feulgen hydrolysis without prior / 

treatment with an acidic fixative, 'and with polyethylene 

glycol present in the hydrochloric acid, to protect 

the DNA. In the few cases studied, results were 

obtained that were comparable with those reported by 

Millett (1979). Thus it seems that Millett's (1979) 

idea that characteristically labile DNA may be present 

in malignant cells may apply even to stomach cancers. 

Although the difference obtained by this procedure with 

polyethylene glycol was too small to be examined further, 

at present, as an aid in diagnosis of carcinoma of the 

stomach, it may contribute to further research on this 

subject 
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Chapter 6 / 

i i 

THE NAPHTHYL AM ID AS E ACTIVITY IN GASTRIC MUCOSAL CELLS 

Introduction / 

Cytochemical and biochemical investigation of lysosomal 

enzymes in tumours have shown apparently high activity of 

these enzymes in tumour cells and in the interstitial 

fluid surrounding the invasive edge of the tumour where 

they serve an important function for the physiology, 

detachment and invasion of the tumour cells (Sylvan and 

Malmgren, 1955; Willinghagen and Planteijdt, 1959; 

Sylven and Bois-Svensson, 1965; Sylven, 1968a, 1968b). 

Among the many enzymes investigated in this context the * 

activity of the heterogeneous group of L^leucyl-(3-

h 

Naphthylamide splitting enzymes was markedly increased, 

(Willinghagen and Planteijdt, 1959; Sylven and Bois-Svensson, 

1965). More recently Millett (1979) demonstrated 

significantly raised naphthylamidase activity in cells 

from invasive cervical cancer and some cases of carcinoma 

in-situ. She suggested that the latter represented a 

preinvasive stage. 
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There is some evidence suggestive of a change in the 

stability and function of the lysosomal system associated 

with a release of lysosomal enzyme on to the cell surface 

and into the micro-environment of the tumours (Sylv£n et 

al., 1974). Such changes have been demonstrated in 

many other pathological conditions including rheumatoid 

arthritis (e.g. Bitensky, 1963; 1978). 

The cytochemical reaction for naphthylamidase activity 

can be used for the demonstration of a hydrolytic lysosomal 

enzyme arylamidase (Tappel et al., 1963): it produces 

a coloured reaction product which is suitable for measure-

ment by microdensitometry. 

Before there can be any discussion of the nature of this 

reaction and the results obtained by applying this method 

to the study of malignancy in gastric mucosal cells, we 

need to consider briefly some of the relevant information 

concerning ly so somes and the enzymes they contain. 



-166-

The Lysosome Concept 

Lysosomes are small intracellular organelles, first 

identified biochemically by de Duve in 1955. He named 

i 

them lysosomes, i.e. lytic bodies (de Duve et al., 1955) 

Later it was found that they were small sacs limited by a 

single layer of lipoprotein membrane to protect the rest 

of the cell from the powerful digestive enzymes that it 

encloses. Changes in the permeability of this membrane 

have been implicated in many pathological conditions, 

(Bitensky, 1963, 1978; Peters et al., 1978; 

Wattiaux and Wattiaux, 1981). 

Lysosomes have since been found to be present in cells 

from all the major animal phylla (Tappel et al., 1963) and 

in plants (Gahan 1967) though their morphology and 

distribution vary according to the cdl type studied. 

Lysosomes contain a variety of enzymes (for example, 

acid phosphatase, deoxyribonuclease, cathepsins, etc.). 

They are held in a latent condition behind the semi-

permeable membrane of the lysosomes and are involved in 

many normal physiological conditions ranging from autophagy 

of cells during amphibian metamorphosis 

to the regulation of hormone secretion in man (Wollman, 

1969; Farquhar, 1969). 



-167-

The many varied functions of lysosomes have been reviewed 

in the multi-volume, multi-author series edited by Dingle 

and Fell (e.g. 1969, 1970). The role of lysosomes in 

pathological conditions has been reviewed by Weissman (1965) 

and more recently by Dean and Barrett (1976) and by 

Bitensky (1978). 

Although the lysosomes do contain a variety of enzymes 

and are involved in many physiological and pathological 

conditions, it is the activity of their proteolytic enzymes 

that is of most interest to this study. They include 

various cathepsins which digest proteins and peptidases 

(such as arylamidase or naphthylamidases) which can 

hydrolyse the peptides resulting from the proteolytic 

activity of endopeptidases. 

Lysosomal Enzymes and Malignancy 

As mentioned earlier in this^chapter, there seems to be an 

increased activity of lysosomal enzymes in tumour cells 

and in the interstitial tissue surrounding the invasive 

edge of the tumour. The enzymes that are extruded from 

the tumour seem to subserve various functions: (i) to 

dissolve, the matrix through which the cells are to invade 
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(Sylven and Malmgren, 1955; Burstone, 1956; Willinghagen 

and Planteijdt, 1959; Sylvan, 1968a)j (ii) to digest 

extracellular protein and so increase the pool of free 

amino-acids that are required by the tumour for rapid 

proliferation (Sylven and Bois-Svensson, 1965) and 

(iii) to aid the detachment of tumour cells prior to 

metastatic spread (Sylven, 1968b). 

Although the mechanism by which this secretion of 

enzymes takes place is not yet fully understood 

(Wallach, 1973; Sylven et al., 1974) it probably 

involves fusion of the lysosomes with the cell membrane 

(de Duve and Wattiaux, 1966) and almost certainly it 

requires a change in the physical nature of the lysosomal 

membrane {Sylven et al., 1974; Bitensky, 1978). This 

change in the lysosomal membrane is important in this 

study because (as we will see later) in the cytochemical 

demonstration of naphthylamidase enzyme activity the 

amount of the coloured end product depends on two factors: 

(i) an increase in the enzyme activity, (ii) an 

increase in the permeability of the lysosomal membrane 

to the chromogenic substrate. 
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The Naphthylamidases (Arylamidases) 
i 

The Tiaphthylamidases (arylamidases) are a group of 

enzymes which hydrolyse a variety of aminoacid 

naphthylamide. Two main classes are recognised 

(Bitensky and Chayen, 1977): 

(i) Aminopeptidases such as leucine aminopeptidase,. 

occur in the cytoplasmic fraction other than the 

lysosomes (Smith, 1951, 1960; Smith and Spackman, 

1955), and may be associated with the plasma 

membrane (Depierre and Karnovksy, 1973), An 

amidase, which also can hydrolyse aminoacid 

naphthylamide, has been reported in the super-

natant fraction of rat liver (Roodyn, 1965). 

(ii) Naphthylamidases, or arylamidases, or aminoacid 

naphthylamidases (Barrett and Heath, 1977) are 

found mainly in the lysosomes. 

Cytochemically, the activity of these two classes of 

enzyme can be differentiated: 

(a) by the pH optimum. Aminopeptidases, like leucine 

amino peptidase, and amidase, have their pH optimum 
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i 
between 7,0 and 8.5 (Bitensky and Chayen, 1977), 

whereas naphthylamidases have their pH optimum 

around pH 6.0. In this study pH 6.1 was used 

which may be taken as a compromise between what is 

believed to be optimal for the enzymic activity and 

what is known to be essential for adequate coupling 

between the liberated naphth}3amine and the diazonium 

salt (Chayen et al., 1969). 

Aminopeptidases and amidase act preferentially on 

leucine amide, hydrolysing this substrate about 

15,000 times more rapidly than naphthylamides and 

therefore releasing a non-chromogenic reaction 

product which does not contribute to the final 

coloured reaction product. In this study leucine 

amide has been added to the reaction medium at four 

times the concentration of the naphthylamide to 

enhance the specificity of the reaction (Bitensky 

and Chayen, 1977). 
\ 

Being an intralysosomal enzyme, naphthylamidases 

show latency against leuc in-2-naphthylamide 
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(Bitensky and Chayen, 1977), , 

(d) Naphthylamidases are inhibited by divalent metal 

ions and by p-chloromercuribenzoate but are activated 

by dithiothreitol (Mahadevan and Tappel, 1967 ) 

whereas microsomal aminopeptidases are dependent on 

divalent ions 

Although the physiological role of naphthylamidases is not 

well known, it has been suggested that they are involved 

in the inactivation of regulatory peptides in the liver 

(Behal et al., 1969), and in the liberation of bradykinin 

from its inactive precursor (Hopsu-Havu and MSkenin, 1966), 

More recent evidence (Barrett and Heath, 1977; Kirschke 

et al., 1977) suggests that naphthylamidase activity in 

lysosomes is an indicator for the presence of cathepsin H 

that has endopeptidase activity, similar to that of 

cathepsin B, as well as aminopeptidase (or naphthylamidase) 

activity. It acts optimally at pH 6.0. 

However, the specific function of lysosomal naphthylamidases 

is not of great consequence for this study as this enzyme 

activity has been chosen solely as the active agent within 
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the lysosomes for the chromogenic reaction which is 
i 

suitable for assessing the activity of the lysosomal 

enzymes as well as the permeability of the lysosomal 

membrane. This follows from extensive studies (Bitensky 

et al., 1973; Bitensky and Chayen, 1977) that have shown 

that the lysosomal response in the cytochemical test 

depends both on the activity of the intralysosomal enzyme 

and on the permeability of the lysosomal membranes that 

control the entry of the substrate to the enzyme. 

The Nature of the Cytochemical Reaction of Naphthylamidase 

The cytochemical demonstration of naphthylamidase involves 

the release of the aminoacid leucine and naphthylamine 

from the substrate leucine-2-naphthylamide by hydrolysis 

of the peptide bond. The released naphthylamine then can 

be trapped by coupling to a diazonium salt (Fast blue B) 

to form an insoluble purple azo-dye which can be measured 

by microdensitometry. (Nachlas et al., 1957a; McCabe 

and Chayen, 1965). 

It has been shown that fast blue B decomposes in the 

incubation medium at 37°C (Chayen et al., 1973b). 

Consequently, it must be replenished every 15 minutes to 
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ensure that the coupling is fully effective. In practice 
• t 

it is easier to replace the whole reaction medium fresh 

every 15 minutes as in the pulsing technique suggested by 

Poulter (Chayen et al., 1973b). 
/ 
i 

As leucine amino-peptidase will also hydrolyse leucine-2-

naphthylamide, the specificity of the reaction can be 

enhanced by adding leucine amide to the reaction medium 

at approximately four times the concentration of the 

naphthylamide (Bitensky and Chayen, 1977). Aminopeptidase 

will act preferentially on the leucine amide, releasing a 

non-chromogenic reaction product which will not therefore 

contribute to the final colour. 
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Material ' 
i 

Smears were prepared from brush, from scrapes, from 

resected specimens or from the sediment of gastric 

/ 
juices. The cases included in tl|is study are: 

/ 

i Normal 

(a) brush: 3 cases 

(b) juice: 6 cases 

ii Gastritis 

(a) brush: 4 cases 

(b) juice: 5 cases 

iii Gastric ulcer 

(a) brush: 5 cases 

(b) juice: 2 cases 

iv Carcinoma 

(a) brush: 11 cases including 7 cases of adeno-

carcinoma and 4 cases of squamous 

cell carcinoma of oesophagus 

(b) juice: 8 cases; all adenocarcinoma 

(c) scrape: 2 cases of adenocarcinoma 



-176-

i 
Diagnosis was made by histological• examination of the 

resected specimen or of the endoscopic biopsy obtained 

at the same time that the research samples were 

/ 

collected, except in normal cases .where the diagnosis 

was obvious by gastroscopy. Brush material was also 

collected for cytological examination whenever brush 

material was used for research, 

"Method 

Unfixed, air-dried smears were incubated in Coplin 

jars containing the reaction medium (see below) at 37°C 

for 15 minutes. At 15 minute intervals the reaction 

medium was replaced with fresh medium, the total 

incubation time being 45 minutes. The slides were 

then rinsed in a 0.85% solution of sodium chloride at 

room temperature and transferred to a Coplin jar containing 

a 0.1M solution of copper sulphate at room temperature, 

* 

(This step is to chelate and so intensify the dye that 

has been formed; it also binds the dye more strongly to 

the tissue elements). The slides were mounted directly 

in Farrants
1

 medium. When possible, 20 cells were 

measured, the cells with the highest intensity of stain 

being selected. 
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l 

The measurements were made with a Vickers M85 scanning 

and integrating microdensitometer at 550 nm, with a x40 

objective and a scanning-spot of 0.5 diameter. A 
i 

mask which had a diameter of 30 jiim was used for all 

measurements. The results were expressed as relative 

absorption, as recorded by the microdensitometer. 

Reaction Medium 

0.1 M acetate buffer . 10 ml 

0.85% sol* sodium chloride 8 ml 

0.2 M potassium cyanide 1.0 ml 

Leucy1-2-Naphthylamide 8 mg) . 
\ m 1.0 ml distilled H~0 

Leucine amide hydrochloride 32 mg) 

Just before use, add Fast blue B 10 mg 

Results 

In benign cases (that is, either from normal subjects 

or from patients with gastritis or with gastric ulcers) 

there was no reaction in 12 out of 25 cases. In the other 

13 cases as well as in all the malignant cases the 

reaction product varied from a diffuse pink stain in 

the cytoplasm of the cells to an intense blue/purple 
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stain occurring in lysosome-like particles. (Fig. 6.2 a & b ) 

i 

The mean value of the enzyme activity (relative absorption) 

was calculated from each case and plotted in the form 
> i 

of a scattergram (Fig.6.1) against the histological 

diagnosis. Although there was a trend towards high 

activity in the malignant specimens there was a 

considerable number of benign cases (8/25) that showed 

activity as high as the activity of the malignant specimens. 

Other benign cases (5/25) showed low activity, the 

rest being virtually uncoloured. 
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Fig. 6.2 a and b: Naphthylamidase activity 
demonstrated in brush smears from two 
patients with adenocarcinoma of the stomach 
x 630. 
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Discussion / 

i 

The results indicate that there was high naphthylamidase 

activity in cells obtained from bojth adenocarcinoma of 

the stomach and squamous cell carcinoma of the oesophagus. 

This finding is consistent with the finding of high 

naphthylamidase activity in other tumours (Sylv£n and 

Holmgren, 1965; Willinghagen and Planteijdt, 1959; 

Millett, 1979, etc.). 

However, although the enzyme activity was low or absent 

in about half (12/25) of the non-malignant cases, the 

other cases (13/25) showed activity as high, or nearly 

as high, as that found in the malignant cases. It 

seems that there are many causes for the' apparently 

high activity of this enzyme in the non-malignant cases. 

Thus this enzyme activity has been shown to increase in 

intestinal metaplasia (Nakahara, 1978), in atrophic 

gastritis (Willinghagen and Planteijdt, 1959), and as 

a consequence of inflammation (Bitensky, 1978). 

Therefore, the high activity in non-malignant cases 

may be useful in detecting cases of intestinal meta-

plasia which is considered to be a precancerous lesion 

in the stomach (Nakahara, 1978). However, there seem 
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i 

to be other problems in applying this method of 

investigation to the stomach. For example, the lumen 

of the stomach contains a heterogenous population of 

cells, some of which normally have high naphthylamidase 
i 

activity. Such cells may include swallowed alveolar 

macrophages and regurgitated intestinal cells from the 

duodenum. Although the differentiation of these cells 

on a morphological basis is not impossible, it would 

make the use of a naphthylamidase test unwieldy. 

Consequently, even though this method has been suggested 

as a method of detecting malignant cells (Willinghagen 

and Planteijdt, 1959; Millett, 1979) I believe that 

it is not appropriate for investigating malignancy in 

cells obtained from the stomach. 
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i 

Chapter 7 j 

GLUCOSE 6-PHOSPHATE DEHYDROGENASE ACTIVITY IN THE DIAGNOSIS 

/ 

OF GASTRIC CANCER 

Introduction 

Most of the investigations of malignant tumours are 

concerned either with the general biosynthetic activity of 

tumours or with factors associated with their growth. 

Because of the important role of the pentose shunt (hexose 

monophosphate shunt) in these features, namely the supply 

of NADPH, and of ribose (as will be discussed later), the 

enzymes involved in this shunt have been much investigated 

in malignancy (Chayen et al., 1962; Bonham and Gibbs, 1962; 

Cameron and Husain, 1965; McLean and Brown, 1966 and 

others). • 

Glucose 6-phosphate dehydrogenase (G6PDH) plays an* important 

role as the initial and regulatory step (Eggleston & Krebs, 

1974) of the pentose shunt and was one of the most 

frequently investigated enzymes in relation to malignancy 

(Cohen, 1964; Cohen et al, 1968; Diengdoh and Chayen,1969; ' 
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f 

Altman et al., 1970; Butcher, 1979 and others). However, 

there has been much conflict among the reports about 

glucose 6-phosphate dehydrogenase activity in malignancy 

from different sites in man: some reported a markedly 

increased activity of this enzyme in carcinoma (Cohen, 1964; 

Raina and Ramakrishnan, 1964; Livni and Laufer, 1975; 

Weber, 1977) while others reported either an absence or 

a decreased activity of glucose 6-phosphate dehydrogenase 

in neoplastic cells (Greenstein, 1954;. Mori et al., 1963). 

By means of a special cytochemical method, a peculiar 

activity of glucose 6-phosphate dehydrogenase was demonstrated 

by Altman et al. (1970), namely, the inhibition by oxygen 

of its apparent activity when tested in sections of 

normal rat liver, in contrast with the lack of oxygen 

inhibition in sections of experimentally induced liver 

cancers. Later similar results were obtained in 

tumours of the skill and-mouth (Heyden, 1974) and in 

bronchogenic carcinoma (Butcher, 1979). However, Butcher 

(1979) considered that the effect of oxygen would be the 

same in malignant and benign tissue provided that the 

activity in the former was very much greater than in the 

latter. His work was complicated by technical problems 

that resulted in loss of the coloured reaction-product-
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i 

i 
from his malignant tissues. He concluded that: "Until 

such problems are resolved, the value of the oxygen 

insensitivity phenomenon as an aid to the diagnosis of 

carcinoma must remain in doubt". However, because of 

its great potential, it was decided to investigate this 

phenomenon in malignant and non-malignant gastric mucosal 

cells. 

Before the discussion of the methods and the results 

obtained in the present, studies, some of the relevant 

information needs to be presented and explained briefly. 

Pentose Shunt and Malignancy 

Normal oxidation of glucose (or glucose 6-phosphate) can 

go along one of two pathways, (Fig.7.1) the most common 

being the Embden-Meyerhof pathway. Here the glucose 

(containing six carbon atoms) is phosphorylated and then 

split into two halves, each of three carbon atoms (triose 

phosphate) which are then oxidised by glyceraldehyde 3-

phosphate dehydrogenase and converted, ultimately, to 

pyruvate. This can then be fed into the Krebs
1

 cycle 

(as acetyl- coenzyme A) or be reduced to lactate* The 

alternative pathway, first described by Warburg and 
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Fig, 7,1 : Relationship between the Embden-Meyerhof and pentose shunt pathways 



-187-

Christian (1931) is a shunt mechanism in which the phospho-

rylated glucose (glucose 6-phosphate) is dehydrogenated 

by glucose 6-phosphate dehydrogenase, ultimately to 
f 

yield 6-phosphogluconate. 6-Phosphogluconate then 

undergoes oxidative decarboxylation by 6-phosphogluconate 

dehydrogenase to form D-ribulose 5-phosphate. By the 

action of ribose phosphate isomerase, D-ribulose 5-phosphate 

is reversibly transformed into D-ribose 5-phosphate which, 

is a vital precursor for the synthesis of ribonucleic 

acid and deoxyribonucleic acid. 

The two dehydrogenase enzymes, glucose 6-phosphate 

dehydrogenase and 6-phosphogluconate dehydrogenase, are 

NADP-dependent enzymes so they are a major source of 

NADPH. This reduced coenzyme is of considerable 

importance in a number of essential metabolic reactions 

such as the reduction of folic acid by folate reductase 

to the physiologically active tetrahydro form; the 

synthesis of proteins, steroids and fatty acids (e.g. as 

discussed by Chayen et al., 1973b; Lehninger, 1975). 

Growth and proliferation are among the important features of 

malignancy so that the importance of pentose shunt to 

malignancy is obvious. 
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Glucose 6-Phosphate Dehydrogenase 

This enzyme was first discovered by Warburg and Christian 

in 1931. Later, it was found throughout the phylogenetic 

scale (Long, 1961; Noltmann & Kuby,1963; Bergmeyer, 1963). 

It has been isolated and purified from a variety of sources 

including yeast, moulds, bacteria and different mammalian 

tissues. It has been investigated in great detail (as 

discussed by Long, 1961; Noltmann & Ruby, 1963; Lehringer, 1975). 

In this thesis the activity of this enzyme was measured 

cytochemically; the review of the biochemical data will 

be limited accordingly. 

Biochemical Action of Glucose 6-Phosphate Dehydrogenase 

Glucose 6-phosphate dehydrogenase catalyses the following 

reaction: 

D-Glucose 6-phosphate + N A D P — ^ 6 phospho^gluconolactone + 

NADPH + H
+ 

Like other dehydrogenases, glucose 6-phosphate dehydrogenase 

oxidises its substrate by removing hydrogen from the 

substrate (glucose 6-phosphate) and passing it to a suitable 
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acceptor. In contrast to the oxidases, the acceptor 

for dehydrogenase enzymes cannot be atmospheric oxygen; 

in almost all cases it is a coenzyme like NADP or a 

flavoprotein. The hydrogen is then passed either through 

a hydrogen transport system such as a 'diaphorase* to 

react ultimately with oxygen (pathway I) or to an enzymic 

process in which it is used for biosynthetic reactions 

(pathway II) (Altman, 1972). (See Fig.7.3)-

Glucose 6-phosphate dehydrogenase is highly specific for 

glucose 6-phosphate (Long, 1961; Demetriou et.al, 1974) and 

almost totally dependent- on NADP for its action (Chayen 

et al., 1973b.) The activity decreases by more than 95% 

if only NAD is present (Demetriou et al 1974). Its optimal 

pH is about 8.0 (Chayen et al., 1973b). 

Assay of Glucose ^-phosphate Dehydrogenase Activity 

Glucose 6-phosphate dehydrogenase activity has been 

measured by different methods: 

(i) spectrophotometric method: this depends on 

the increase in the absorbance at 340 nm 

(Long, 1961; Bergmeyer, 1963; Demetriou et al., 

1974) 
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(ii) Colorimetrie methods employing 

dichloroindophenol and phenazine 

methosulphate (Noltmann. and Kuby, 1963). 

(iii) The Cytochemical method as described in the 

present study. 

As only the cytochemical method was used in this thesis, 

the discussion will be limited accordingly. 

Cytochemical Assay of Glucose 6-Phosphate Dehydrogenase 

Activity 

Glucose 6-phosphate dehydrogenase can be demonstrated 

cytochemically,in tissue sections or smears, when these 

are incubated in a buffered reaction medium at pH 8.0 

containing sufficient concentrations of the substrate 

(glucose 6-phosphate); coenzyme (NADP
+

) and a suitable 

chromogenic final liydrogen acceptor (e.g. N T ) . For 

demonstrating the activity of the dehydrogenase, an 

intermediate hydrogen-acceptor is required. Because . 

it is a 'soluble
1

 enzyme, the reaction-medium must also 

contain a stabilising agent (such as PVA or polypeptide) 

I | 

at a suitable concentration. Activators such as Ca 

or cyanide may. be added to the incubation medium. 
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Glucose 6-phosphate dehydrogenase catalyses the following 

reaction: 

j 

Glucose 6-phosphate + NADP ^ 6-phospho g gluconolactone + 

NADPH + H
+ 

By the action of glucose 6-phosphate dehydrogenase, the 

reducing equivalents are transferred from the substrate 

(glucose 6-phosphate) to the coenzyme (NADP ) which 

becomes reduced to NADPH. The reducing equivalents 

are then transferred quantitatively by the intermediate 

hydrogen-acceptor (phenazine methosulphate) to 

the tetrazolium salt (NT). On reduction, the tetrazolium 

salt changes into a highly coloured insoluble formazan 

which precipitates in the tissue section or ii the cells in 

the smear and can be measured by microdensitometry (see 

Chapter 3 ) (Fig. 7.2) 

Glucose 
6-phosphate 

6-phospho 
gluconolactone 

N A D P t >
R

f
U C e d 

\\ r p h e n a z m e 
methosulphate 

NADPH 
/ oxidised 

phenazine 
methosulphate 

Tetrazole 

Formazan 

Fig. Diagramatic representation ,of the cytochemical 
7.2 demonstration of glucose 6-phosphate dehydrogenase 

activity 
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Because of the difference in the electrode potential of 

some of the tetrazolium salts (e.g. NT) and the electrode 

potential at which the coenzyme becomes reduced, either 

an artificial intermediate or a natural hydrogen transport 

system must be used, as discussed below. 

Nature of the Specimens .; 

Chemical fixatives cause considerable loss of enzymic 

activity. Therefore unfixed cryostat sections and 

air-dried smears must be used. This subject has been 

discussed in Chapter 2. 
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i 
i 

Hydrogen Transport and Electrode Potential 

The hydrogen is removed from the substrate (glucose 
i 
i 

6 phosphate) by glucose 6-phosphate dehydrogenase, and 
i 

passed directly to the coenzyme (NADP). The substrate 

becomes oxidised at the expense of the coenzyme which 

becomes reduced to NADPH. This in turn acts as a hydrogen 

donor and becomes oxidised back to NADP at the expense 

of a tetrazole, which becomes reduced to the formazan. 

(Fig.7.2) So we have a continuous process in which 

NADP becomes successively and cyclically reduced to 

NADPH and then oxidised back to NADP, and hydrogen 

passes from the substrate to a tetrazole which.can take 

the place of molecular oxygen. Hence we have an 

oxidation-reduction system and a hydrogen transport 

system (Chayen et al., 1973b). 

The flow of hydrogen from NADPH to the tetrazolium salt 

does not depend on any enzymatic activity. It depends 

on the compatibility of the electrode potential of the 

different systems from the NADP
+

/NADPH to the tetrazole/ 

formazan system. The general rule is that electro-

negative molecules or couples are capable of reducing 
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more electropositive molecules. On simple thermo-

dynamical considerations it seems likely that the greater 

the voltage-gap between two couples', the greater will be 

the chance of their reaction. However, this does not 

seem to apply to biological systems. Instead, it appears 

to be essential for there to be only a relatively small 

difference in electrode potential between the inter-

acting couples. Altman (1969) found that most of 

the commonly used tetrazolium salts do, in general, obey 

this rule. The reducibility (as quantified by the 

redox potential) of such tetrazolium salt was found to 

be in the following order (Altman, 1972, 1976): 

INT > MTT > TNBT > NBT > NT > BT > TV > TT 

Measurement of the electrode potential of different 

systems (Altman, 1972, 1976) showed a considerable gap 

between the electrode potential at which the co-^factor 

(NADP ) became reduced and the electrode potential at 

which the neotetrazolium (NT) became reduced. Therefore, 

with neotetrazolium, the hydrogen must be carried by 

some hydrogen-transport system until it reaches an 
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oxidation-reduction system whose electrode potential is 

suitable for reducing the tetrazolium salt. Such a 

hydrogen-transport system could be either one of the 

diaphorases present in the tissue section, or an exo-

genous hydrogen-carrier such as phenazine me tho sulphate. 

Diaphorases are not suitable for the demonstration of 

full dehydrogenation action. At best, they demonstrate 

the reducing equivalents passing down the diaphorase 

system (pathway I). Hence the NADPH used in various 

metabolic and biosynthetic processes (pathway II) 

escape such an assay. Alternatively, by the use of 

phenazine methosulphate almost all the hydrogen from 

the NADPH can be short-circuited out of these routes 

and transferred non-enzymatically to the .tetrazole, 

(Fig.7.2), In this way, an assessment of the total 

production of NADPIJ can be made since, under such 

conditions, the amount of formazan produced is directly 

proportional to the enzyme activity. 
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Glucose 
Pathway II —^Biosynthesis, etc. 

6-phosphate ^NADPH PMS \ Formazan 

J- I i i :
 f isnho—

 v

 Pathway I "n-i anVinra 00 — 6-Phospho-
gluconolactone 

Diaphorase 

Fig. Diagrammatic representation of NADPH pathways 
7.3 related to dehydrogenase activity in the cytosol 

Phenazine Methosulphate 

Phenazine methosulphate (PMS) was first prepared in the 

1910's. Singer and Kearney (1954) showed that PMS could , > 
react directly with the reduced flavoprotein of succinate 

dehydrogenase. Farber and Bueding (1956) showed that 

reduced PMS could,, in turn, reduce tetrazolium salts 

quantitatively. Since it can react directly with 

reduced flavoprotein and reduced coenzyme, and then, 

non-enzymatically, with tetrazolium salts, PMS was able 

to bypass the endogenous diaphorase systems in the tissues 

completely (Altman, 1972). 

Phenazine methosulphate has been used very widely in 

dehydrogenase histochemistry for many reasons: 

(i) it improves the localisation of the 

enzyme, especially when used in 

conjunction with a suitable tissue 
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stabiliser (e.g. PVA or polypeptide) 

(Altman, 1972, 1976) 

(ii) by the use of PMS, the actual activity 

of the dehydrogenase can be measured. 

This is because PMS takes the hydrogen 

directly off the NADPH as it is produced 

by the enzyme; whereas, in the absence 

of PMS, only the hydrogen passing down 

the diaphorase system will be measured ' 

(i.e. pathway I) 

(iii) the phenazine methosulphate-mediated 

oxidation of NADH is 800 times as 

fast as the enzymic oxidation achieved 

by the tissue sections, so that the PMS 

system is not likely to be rate-limiting 

(Altman, 1976)»in comparison with the 

diaphorase system where rate-limitation 

may be a problem (Chayen et al.; 1973b) 

The recommended concentration for PMS is about 200 |j^m/ml 

incubation medium (Chayen et al., 1973b). 
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Tetrazolium Salts and Formazan 

Tetrazolium salts are a large group of organic compounds. 

The first was prepared in 1894 by Pechmann and Runge 

(cited in Altman, 1972) and a large number of them 

was prepared in the following years. 

Among their extensive usage, tetrazolium salts were shown 

to be acting as indicators of biological reducing systems. 

They were particularly useful because their reduction 

products were coloured, insoluble and non-auto-oxidizable. 

Their historical background, chemistry and application 

have been fully reviewed by Altman (1972, 1976). 

Tetrazolium salts are quaternary derivatives of tetrazoles 

and have the following structure: 

^ N — N — R 

N = N — R 
or 

N = N 
R CT | — R 

* ^ N — N 
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The structural formula of PMS and its reduced 

form is as follows: 

N 

L 

'N 
I C H 3 

Phenazine 
methosulphate 

C H 0 SO, 
3. 4 

2H
+

+ 2e 

H 
N 

—CH 

^ / \ N 

J 

L Reduced phenazine — I 
metho sulphate 
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There are two types, of tdrazolium compound: mono-

tetrazolium salts (with one heterocyclic ring) and 

di-tetrazolium salts (with two such ,rings). They are white 

or yellow and water soluble, solids. On mild reduction, 

tetrazolium salts are converted into formazans which are 

highly coloured and insoluble in water; the formazan is 

produced when the tetrazole ring is opened. Each ring 

requires two electrons and one proton to open it; one 

proton and electron go to nitrogen and the other electron 

goes to the quaternary nitrogen to neutralize the charge. 

The reaction is shown in the following scheme: 

H 
I 

^ N — N — R
 0

 - ^ N — N R 
R Z > R — C ^ 

\ N = N R \ N = N R + 
Monotetrazole Monoformazan 

cation 

The actual reaction may be more complex since it seems that 

the formazan is produced via a reaction intermediate. 

(Altman, 1976). 

In choosing the tetrazolium salt of choice two important 

properties of the tetrazolium salt and its formazan are 
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usually considered. These are: 

(i) The speed of reduction of the tetrazole, 

and this is related to the redox (electrode) 

potential of the tetrazole; those with high 

positive.redox potentials (e.g. T T.NT) 

are reduced more slowly than those with more 

negative potentials (e.g. NBT) 

(ii) The size of the formazan particles and its 

lipid solubility. Small particles which 

are insoluble in tissue components give the 

best localisation and do not obscure the 

tissue histology (Altman, 1972) 

In the present study neotetrazolium chloride (NT) has 

been selected as the tetrazolium of choice. Although 

its speed of reduction and the degree of localisation 

are not the best available, nevertheless it has been 

found to be the best for the demonstration of the difference 

in susceptibility of glucose 6-phosphate dehydrogenase 

activity to oxygen between normal and malignant tissues, 

which would not be demonstrable with those tetrazolium 

salts whose reduction is unaffected by oxygen-such as 

nitroblue tetrazolium. 
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Altman (1970) studied the oxygen sensitivity of various 

tetrazolium salts. He found that the oxygen sensitivity 

of particular tetrazoles depends, at least in p>art, on 

their electrode potentials relative to that of oxygen; 

the electrode potential of MTT, INT, TNBT and NBT are 

sufficiently far removed from that of oxygen to allow 

these tetrazoles to react with hydrogen without inter-

ference from oxygen. On the other hand, the electrode 

potentials of NT, BT, TV and TT are presumably closer to 

that of oxygen, so that the hydrogen is preferentially 

handed on to oxygen. 

Neotetrazolium chloride is a di-tetrazolium salt (Fig. 7.4) 

FIG.7.4 

FORMULAE OF NEOTETRAZOLIUM CHLORIDE I 

AND ITS CORRESPONDING FORMAZAN II 

N N » » 

/ ' W 

, N — N — 

. ^ V c A W 

N = N 

+ 2HC1 

II 

J \ 
After Chayen 1969 
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i 
So, on reduction, it can produce half-reduced molecules 

i 

which are red formazan, and fully reduced molecules 

which are purple diformazan (Altman and Butcher, 1973; 

Altman, 1974). • It has been shown'by Butcher (1972) 

and Butcher and Altman (1973) that the absorption curves 

of these two formazans (the mono- and the di-formazan) 

as they occur in sections, cross at 585 nm. Consequently, 

if this isobestic point is used for measuring the 

dehydrogenase activity then it is possible to calculate 

the amount of dehydrogenation irrespective of the nature 

of the formazan which is produced. 

The size of the granules of the formazan of neotetrazolium 

was found to be about 1.5 to 2 jam in diameter which gave 

acceptable localisation and the histology of the sections 

was still clear. (Altman, 1976). 

The Use of Tissue Stabilisers 

Glucose 6-phosphate dehydrogenase can be lost very readily 

from unfixed sections or smears when incubated in an 

aqueous medium a.t a relatively neutral pH (as discussed 

in Chapter 2 ). This problem can be avoided by including 
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in the reaction medium 30% w/v of particular grade of 

polyvinyl alcohol (PVA Grade M05/140), (Altman and Chayen, 

1965) or 40% of a polypeptide (Polyp 5115: Sigma), 

Butcher, 1971b). The theory and mechanism of action 

of tissue stabilis.ers has been discussed in Chapter 2. 

The Buffer 

The most commonly used buffer for the study of pentose 

shunt dehydrogenases is glycylglycine buffer (Chayen et 

al., 1969; Altman et al., 1970, and others). 

Glycylglycine buffer has an optimal buffering capacity 

in the physiological range and it does not seem to have 

some of the undesirable properties of other common 

buffers such as phosphate buffer and Tris buffer, which 

may have an inhibitory effect; borate buffer is notorious 

for complexing a wide range of organic compounds including 

many respiratory "intermediates. 

Enzyme activators and inhibitors 

Calcium, cyanide and manganese have been reported to be 

activators of glucose 6-phosphate and 6-phosphogluconate 
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dehydrogenases;- mercury, p-chloromercuric . benzoate 

and copper are inhibitors (Chayen et al., 1969; 1973b). 

/ 

Although the exact mechanism of this activation and 

inhibition is not always clear, Chayen (personal 

communication) suggested that calcium, by its saponification 

action might stabilise the cytoplasm against forming 

myelin processes on the surface of the cell and to prevent 

the dissolution of cells that can occur even in the 

presence of colloid-stabilisers. (Some of Butcher's 

technical problems, mentioned above, may have been 

caused by this effect). Thus it would diminish the loss 

of the enzyme during incubation and improve its localisation. 

Activation by cyanjLde may be attributed to its chelation 

action and thus the removal of an inhibitor (copper) 

found in glycylglycine buffer which is commonly used in 

the study of glucose 6-phosphate dehydrogenase. 

The effect of oxygen on glucose 6-phosphate dehydrogenase 

Earlier studies with tetrazolium salts have led to the 

discovery that with some, formazan
x
 production was 
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inhibited when the reaction was performed under aerobic 

rather than under anaerobic conditions (Seligman and 

Rutenberg, 1951; Nachlas et al., 1957b; Altman, 1969 
i 

1970). 

Altman and Chayen (1966) showed that both pentose shunt 

dehydrogenases were extremely sensitive to oxygen when 

tested in sections with neotetrazolium as the final 

hydrogen-acceptor. Later, Altman et al., (1970) 

found that the reaction for pentose shunt dehydrogenases 

in normal rat liver was inhibited in the presence of 

oxygen, whereas experimentally induced liver cancer, 

tested under the same conditions, showed only slight 

inhibition. They also found the same oxygen insensitivity 

of the reaction for pentose shunt enzymes in some of 

human breast cancers. 

* 

Such a difference between normal and malignant tissues 

might provide a potential test for malignancy even though 

the exact mechanism behind it is not well understood. 
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Materials 
/ 

The material was studied either as sections or as smears. 

Cryostat sections were prepared from gastric biopsies from 

17 malignant and 18 non-malignant cases. The malignant 

cases included 13 adenocarcinomas and 4 squamous cell 

carcinomata from the lower end of the oesophagus; the non-

malignant cases included 7 normal cases, 5 cases with gastric 

ulcer and 6 cases with gastritis. These biopsies were 

obtained either through a gastroscope (23 cases) or from 

resected specimens (12 cases) as listed in Tables 7.1 and 7.2. 

Air-dried smears were obtained from 18 malignant and 15 

non-malignant cases. The malignant cases included 16 

adenocarcinomas and 2 squamous cell carcinomas the non-

malignant cases included 6 normal cases, 4 cases with 

gastritis and 5 cases with gastric ulcer. 

Materials studied as smears were obtained either through a 

gastroscope (29 cases) or by scraping the resected 

specimen with a spatula (4 cases). (see Table 7.3 and 7.4) 
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TABLE 7.1 

Details of non-malignant Cases Studied in Sections 

Number Age/Sex Diagnosis Type of Specimen 

1 31F Gastric ulcer Gastrectomy 

2 56F tt it Endoscopic biopsy 

3 46M II II Gastrectomy 

4 55M it it Endoscopic biopsy 

5 59F TI II Endoscopic biopsy 

6 65M Gastritis Endoscopic biopsy 

6 8 OF it Endoscopic biopsy 

8 21M it Endoscopic biopsy 

9 30M it Endoscopic biopsy 

10 45F it Endoscopic biopsy 

11 56M it Endoscopic biopsy 

12 39F Normal Endoscopic biopsy 

13 31M 
it Endoscopic biopsy 

14 35F IT Endoscopic biopsy 

15 - 37M it Endoscopic biopsy 

16 75F it Endoscopic biopsy 

17 27M it Endoscopic biopsy 

18 58F ti Endoscopic biopsy 
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t 

TABLE 7.2 Detail of Malignant Cases Studied in Sections 

Number Age/Sex Diagnosis
 i

 Type of Specimen 

1 73M Adenocarcinoma. Gastrectomy 

2 65F Adenocarcinoma Gastrectomy 

3 69M Adenocarcinoma Endoscopic biopsy 

4 63F Adenocarcinoma Gastrectomy 

5 58M Adenocarcinoma Gastrectomy 

6 48M Adenocarcinoma Gastrectomy 

7 63M Adenocarcinoma Gastrectomy 

8 8QF Adenocarcinoma Endoscopic, biopsy 

9 63M Adenocarcinoma Endoscopic biopsy 

10 60M Adenocarcinoma Endoscopic biopsy 

11 79M Adenocarcinoma Gastrectomy 

12 8 IF Adeno carc inoma Gastrectomy 

13 78F Adenocarcinoma Gastrectomy 

14 74M Squamous cell 
Carcinoma 

Endoscopic biopsy 

15 6 OF Squamous cell 
Carcinoma 

Endoscopic biopsy 

16 59F Squamous cell 
Carcinoma 

Endoscopic biopsy 

17 . 54M Squamous cell 
Carcinoma 

Oesophagectomy 
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TABLE 7 . 3 

Details of non-malignant Cases studied in Smears 

Number Age/Sex Diagnosis Type of Specimen 

1 26M Gastric ulcer Gastric brush 

2 60M " " "
 11 

3 30M " " "
 11 

4 69F " " " " 

5 62F " " " " 

6 40F Gastritis " " 

7 65M " " " 

8 45F
 11

 " " 

9 81M ' " " 

10 58F , Noraial "
 11 

11 54M "
 M

 " 

12 75M " " " 

13 28F "
 ,f

 " 
• 

14 56M " " 

15 56M "
 H

 " 
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TABLE Details of the Malignant Cases Studied in Smears 
7.4

 : 

Number Age/Sex Diagnosis Type of Specimen 

/ 

1 70M Adenocarcinoma• Gastric brush 

2 58F it Gastric brush 

3 .81F tt Gastric brush 

4 63M tt Gastric scrape 

5 8 OF tt Gastric brush 

6 65F ti Gastric brush 

7 58M it Gastric brush 

8 6 OF M Gastric brush 

9 63M ti Gastric brush 

10 60M it Gastric brush 

11 56M it Gastric brush 

12 68M II Gastric scrape 

13 72M II Gastric brush 

14 8 IF 
tt Gastric scrape 

15 7 IF • ti Gastric brush 

16 . 62M tt Gastric brush 

17 7 OF Squamous cell 
carcinoma 

Oesophageal brush 

18 54M Squamous cell 
carcinoma 

Oesophageal brush 
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i 

% i 

Whenever possiblej both malignant and benign specimens were 

incubated at the same time. Thus, for 9 of the malignant 

specimens and 7 of the malignant smears, it was possible to 

react these at the same time, and with the same reaction 

medium, as non-malignant 'control' specimens. Serial 

sections from each block were stained with toluidine blue 

or by haematoxylin and eosin for rapid histological 

diagnosis. 

The final diagnosis was made by histological examination 

of the resected specimen or of the endoscopic biopsy 

obtained at the same time that the research samples were 

collected, except in normal cases where the diagnosis was 

obvious by gastroscopy. Brush material was also collected 

for cytological examination whenever brush material was 

used for research. 
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Methods 

Preparation of the Smears 

Cells collected by a brush through a gastroscope or by 

spatula from resected specimens were spread on to 

albuminised slides; the slides were then left to dry in 

air and were reacted within 2 hours. 

Preparation of the Tissue-Section 

Tissue-sections were prepared in the following way: 

(i) Chilling of the tissue 

Pieces of tissue, as large as 5 x 5 x 3 mm, were 

chilled by precipitate immersion into n-hexane 

at -70°C (BDH; free from aromatic hydrocarbons). 

The hexane, in a beaker, was kept at -70°C by an 
» 

outer bath containing crushed solid carbon dioxide 

in absolute ethanol; the tissue was kept in the 

hexane for 30-60 sees, and was then removed by 

pre-cooled forceps (to ensure that the heat in M 
the forceps would not thaw the tissue); th6 
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excess hexane was auickly shaken off from the 

specimen which was then quickly deposited and stored 
/ 

in a dry glass tube (size 3 inches by 1 inch) 

containing a layer of absorbent paper in its bottom 

to remove any surplus hexane. The tube, with the 

absorbant paper in its bottom, had been cooled to 

-70°C by standing in a Dewar (vacuum) flask in 

intimate contact with crushed solid carbon dioxide 

ice. All tissue specimens were used within 48 

hours. 

Tiny endoscopic biopsies are difficult to handle; 

consequently, a special technique was developed. 

A piece of agar, as large as 5 x 5 x 3 mm, was used; 

a small cavity was prepared by means of a needle in 

its centre big enough to accommodate the tiny endo-

scopic biopsy; then the agar piece, with the biopsy 

(buried in it) was chilled and processed in the same 

way as a big biopsy. 
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(ii) Mounting 

A cavity was prepared in a block of solid carbon 
I 
i 

dioxide (by pressing a metal /chuck against it) 

into which the specimen was inserted and then 

covered with another piece of carbon dioxide ice. 

While the tissue lay in the ice cavity, its 

orientation was checked and the metal microtome 

chuck was prepared by keeping it standing in a slurry 

of crushed carbon dioxide ice and absolute ethanol 

at -70°C. When the microtome chuck was sufficiently 

cold, a few drops of water were added to its top to 

form a frozen platform; another drop of water, 

coloured with toluidine blue (tt> act as background 

for the specimen) was added to the ice platform and, 

when there was only a thin surface film of water 

left, the specimen was removed with pre-cooled 
from the cavity in the solid carbon dioxide ice 

forceps A and placed on that film. It was covered 

with a small piece of solid carbon dioxide ice for a 

few seconds until the film of the coloured water 

froze, holding the tissue firmly on the ice platform 

at the top of the microtome chuck. At all stages, 
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when the frozen tissue was to be handled, the forceps 

were pre-cooled to avoid warming the specimen. 

(iii) Sectioning 

Sections were cut (18 |im thick) on Bright's 

cryostat, fitted with an automatic cutting device, 

at a cabinet temperature of between -25°C and -30°C, 

The knife was cooled to -70°C by surrounding its shaft 

with crushed solid carbon dioxide ice, so that it 

would absorb any heat that might be generated from 

the energy of the impact and the friction of the 

.knife through the tissue block (as discussed in 

Chapter 2 ). Only that part of the tissue block 

which was not close to the freezing water was used; 

the rest of the block which was close to, and in 

contact with, the freezing water was not used as 

it might have been heated by the freezing water. 

(iv) Flash Drying 

The tissue section on the knife was flash-dried 

and attached to the slide by bringing a slide, at 
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room temperature, close to and parallel to the 

section on the knife (as described in Chapter 2). 
i 

The sections on slides were kept in the cryostat 

cabinet until the reaction medium was ready. 

Preparation and Use of the Reaction Medium 

40g of the stabilising polypeptide (Polypep 5115, Sigma) 

or 30g of polyvinyl alcohol (PVA Grade M05/140, Wactted 

chemical Ltd. Walton on Thames, Surrey, K12 IAS) were 

dissolved in 100 ml of 0.05 M glycylglycine buffer, pH 8.0. 

The polypeptide takes about 2 hours to dissolve. PVA takes 

even longer: the easiest way to dissolve it is to incubate 

the mixture (in an air-tight bottile) in a water bath at 

37°C overnight. The required volume for each experiment 

was measured by a wide-bore pipette and neotetrazolium 

chloride (NT. Serva) was then dissolved in a concentration 

of 3 mg/ml (5mM). NT takes about 1-2 hours to dissolve 

completely so this should be dissolved before sectioning 

or before smears were expected. When sections and/or 

smears were ready, 2.5 mg/ml (3 mM) of NADP
+

 (Boehringer) 

and i.5 mg/ml (5 mM) of glucose 6-phosphate (Boehringer) 
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were dissolved; 0.1ml of 10% CaCl2|then added to each ml of 

the reaction medium and the pH was then corrected to 8.0 (with 

1M sodium hydroxide). Finally, a freshly prepared 

solution of phenazine methosulphate (0.02 mg/ml; 0.67 rnM) 

(PMS, Sigma) was added and mixed very well. (To achieve 

0.02 mg/ml of PMS, 10 mg were dissolved in 0.5 ml of distilled 

water; 0.01 ml. of this solution was added to each 

1 ml. of the reaction medium). 

The reaction medium was then divided in 2 halves, one half 

bubbled with oxygen (95% 0
2
 and 5% C0

2
) and the other half 

with nitrogen (100% N^) for a full 2 minutes. Once it 

was fully gassed, the reaction medium was poured in an open 

Perspex ring adjusted around the section or the smear and 

a stop watch was started. The slides treated with 

oxygen-saturated medium were incubated in an atmosphere of 

oxygen and those treated with nitrogen-saturated medium were 

incubated in an atmosphere of nitrogen. These 

atmospheres were provided by a cabinet through which the 

corresponding gas was flowing. All the reactions were done 

in a hot room at 37°C. 
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At the end of the incubation time (5 min. in N^; 30 mins 

in 0 t h e slides were removed from the cabinet and immersed 

in distilled water to stop the reaction and wash away the 

reaction medium. The slides were then kept in the dark 

until measured by microdensitometry ( i n 1 - 2 days). 

Measurements 

Just before measurement the preparations were mounted 

in Farrants' medium. The coloured reaction product 

was measured at 585 nm by means of a Vickers M85 scanning and 

integrating microdensitometer, with a x40 objective and 

scanning spot of 0.5 jam diameter. A mask which had a 

diameter of 20 |im was used for all measurements. 

Whenever possible, 20 fields were measured from each 

section and from each smear. . When each slide had been 

measured, a filter of known absolute extinction (1.0) was 

measured in the same way as for measuring the reaction-

product: this can be used for converting the relative 

absorption into absolute units of integrated extinction 

if it is needed. 



-220-

i 
i i 

Results 

i 

The activity of G6PDH was shown by
;
 the deposition of 

formazan, forming purple grains and red colouration. 

When tested in nitrogen, the results showed no significant 

difference in activity between the malignant and the non-

malignant specimens (both in sections and in smears) (Figs. 

7.5 & 7.7). When tested in oxygen, malignant specimens 

showed considerable activity in comparison with the non-

malignant specimens, in which there was almost complete 

inhibition of formazan formation (Figs.7.6 & 7.8). Omission 

either the substrate (G6P) or the coenzyme (NADP
+

) resulted 

in virtually no formazan production in either the benign or 

the malignant cases. 

Linearity of the Reaction in Oxygen and in Nitrogen 

Early in these studies it became apparent that numerical 

comparison would be required for reactions done for 

different periods of time. Consequently,' biopsies from 

two patients with adenocarcinoma and a biopsy from one 

patient with squamous cell carcinoma from the lower end 

of the oesophagus were used for demonstrating the linearity 
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Fig. 7.5: Scattergram showing mean value of G6pDH 
activity (rel. abs.) for each sample (in section 
incubated in N2 for 5 min) plotted against the 
diagnosis 
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Fig. 7. 6: Scattergram showing mean value of G6PDH 
activity (rel. abs.) for each sample (in section 
incubated in 02 for 30 min) plotted against the • 
diagnosis 
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Fig. 7.7: Scattergram showing mean value of G6PDH 
activity (rel. abs.) for each sample (in smear 
incubated in N2 for 5 min) plotted against the 
diagnosis 
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incubated in O2 for 30 min) plotted against the 
diagnosis 
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of the reaction in oxygen and in nitrogen. From each 

case two groups of serial sections were prepared as 

described before. One group of sections was incubated 

in nitrogen and the other was incubated in oxygen. The 

reaction medium and the method of incubation were as 

described before. 

At regular periods of time, one slide was removed and 

immersed in distilled water to stop the reaction and wash 

away the reaction medium. 

The reaction products were measured by microdensitometry 

F i g s . 

and plotted as a graph (7.9 £ 7.10). The reaction in 

nitrogen was linear in all the 3 cases. In oxygen the 

reaction was linear in two of the 3 cases; in the other . 

it was also linear after an initial lag phase. 

Oxygen Sensitivity of Reactions with Neotetrazolium 

and Nitroblue Tetrazolium 

Two endoscopic biopsies, one from normal looking gastric 

mucosa and the other from a patient with gastritis,were 

used to compare the inhibitory effect of oxygen on the 



Time (min ) 

Fig. 7.9: The effect of time on G6PDH activity in section of 
o n e c a s e o£ a d e n o c a r c i n o m a . o£ t h e s t o m a c h i n c u b a t e d ( a ) iri 

for 5 min: and (b) in O2 for 30 min. 
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Time (mln) 

Fig. 7.10: The effect of time on G6PDH activity in sections 
of squamous cell carcinoma from the lower end of the oesophagus 
incubated (a) in N2 and (b) in O2 
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production of ne'o tetrazolium formazan and nitroblue 

tetrazolium formazan during the cytochemical demonstration 

of G6PDH. 

Serial sections were prepared (as described above) 

from each of the two biopsies. Slides from each biopsy 

were tested for G6PDH activity in an atmosphere of 

either oxygen or of nitrogen using either neotetrazolium 

(NT) or nitroblue tetrazolium (NBT) as the final 

hydrogen acceptor. 

The coloured reaction products were measured by micro-

densitometry using a wavelength of 585 nm for NT and 

560 nm for NBT (see section on measurement). 

The mean level of activity (relative absorption), the 

standard deviation and the percentage residual activity 

per unit time were calculated for the results obtained 

in oxygen and in nitrogen, for both neotetrazolium (NT) 

Tables 

and nitroblue tetrazolium (NBT). (7.5 & 7.6.)
 I t : c a n b e 

seen that the inhibitory effect of oxygen on formazan 
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Table 7.5 

EFFECT OF OXYGEN ON NITROBLUE-TETRAZOLIUM FORMAZAN 

PRODUCTION 

In nitrogen 
for 5 mins. 

In oxygen 
for 10 mins. 

% residual 
activity per 

unit time 

First case 332.2 ± 30.7 390.5 t 64.8 58% 

Second case 426.6 t 72.0 344.3 t 49.7 40% 

Table 7.6 

EFFECT OF OXYGEN ON NEOTETRAZOLIUM FORMAZAN PRODUCTION 

In nitrogen 
for 5 mins. 

In oxygen 
for 10 mins. 

% residual 
activity per 

unit time 

First case 553.4 + 46.2 64.7 + 24.9 1.8% 

Second case 346.9 t 66.6 20.8 t 6.9 0.8% 
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i 

i 

production was almost complete (about 99%) when NT 

was used in contrast with about 50% inhibition when 

/ 
NBT was used. 
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Comparative Study on the Effect of PVA and Polypeptide 5115 

Serial sections were prepared from three of the malignant 

/ 
cases, and one of the non-malignant case as described 

i 

before. Slides were incubated in an atmosphere of either 

oxygen or of nitrogen as descnbed before. The incubation 

media were identical except that either Polypeptide 5115 

(40% W/V) or PVA (30% W/V) was included in the incubation 

medium. 

The coloured reaction product was measured as described 

before and the mean level of activity (relative 

absorption) was compared both in oxygen and in nitrogen 

for the effect of Polypeptide 5115 and PVA on G6PDH 

activity. As can be seen from Table 7.7 in general the 

Polypeptide 5115 gave slightly more activity, as shown by 

increased coloured reaction product. 

In addition to being at least as good a stabilising agent 

as PVA, the Polypeptide had the following advantages over PVA 

(i) smaller volume can be used as it is less viscid 

(ii) it is easier to handle and to correct the pH 

(iii) it does not.produce foam 
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/ i 
Table 7.7 

The Effect of FVA and Polypeptide 5115 on G6PDH Activity in 

Malignant and Non-malignant Cases 

Lesion Patient PVA POLYP. 

x
 i n N

2 " i n 0
2 

-in N
2 

"in 0
2 

1. P.J. 263.3 157.4 296.7 451.5 
Malignant 

Cases 
2. C.E. 218.4 651.4 282.7 534.6 

3. C.W.G. 245.2 535.9 254.0 587.9 

Benign 
G.A. 311.8 9.5 274.8 14.0 

Case 
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i 

The Effect of Calcium on G6PDH Activity 

Serial sections were prepared from eight of the malignant 

/ 
cases and four of the non-malignant/cases as described 

i 

before. Sections were incubated in an atmosphere of 

either oxygen or of nitrogen with either the normal 

incubation medium or the same medium containing C a C ^ 

(in a concentration of 1%). The coloured reaction 

product was measured as described before to determine 

the effect of CaCl
2
 on G6PDH activity. 

The effect of C a C ^ on G6PDH activity in the benign cases 

was minimal-both in nitrogen and in oxygen. 

In the malignant cases the effect on activity in nitrogen 

was not remarkable (except in one case), whereas in oxygen 

there was an increase in activity in all the eight cases; 

in four of them th6 increase was statistically significant 

at a level of probability equal to, or less than, 0.01. 

In the other four cases, although there was increased 

activity in the presence of calcium, the increase was not 

statistically significant (Table 7.8). Therefore, I 

decided to study the effect on G6PDH activity of various 
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i 
i 

Table 7.8 

EFFECT OF CaCl? ON GLUCOSE 6-PHOSPHATE ACTIVITY 

Diagnosis 
No. of 

Patients 
i 

-CaCl2 +CaCl2 

N

2 °2 
N 2 

°2 
5 min 30 min 5 min 30 min 

1 263.3 157.4 269.1 550.6* 

CO 
Qi 

2 375.0 642.7 384.0 686.4 
CO 
cd O 3 361.4 588.5 344.2 656.9 

4 131.6 142.4 208.2 150.6 

4J 
§ 
rj 

' 5 221.6 219.0 221.8 
* 

813.4 

8> 
•H I—1 FRT 

6' 271.7 444.1 331.0 464.3 

531.3* 1 7 320.3 390.8 348.5 

464.3 

531.3* 

8 327.7 169.8 317.7 266.4* 

CO 
Qi 
CO 
cd O 

1 222.7 24.2 163.5 22.4 
CO 
Qi 
CO 
cd O 

2 * 277.0 (-ve) 286.9 (-ve) 

CO 
Qi 
CO 
cd O 
c 
60 
•H 

3 219.0 24.9 211.3 24.5 c 
60 
•H 
<U 
pq 

4 352.3 17.2 323.7 13.9 

* significantly different (P^O.Ol) from the equivalent 
sections lacking calcium 



-235-

concentrations of calcium so as to determine the most 

suitable concentration. 

Two of the eight malignant cases were used. Serial 

sections from these two cases were incubated in an 

incubation medium containing the following concentrations 

of CaCl
2
: 

0%, 0.5%, 1%, 1.5%, 2% 

The incubations were done in an atmosphere of either 

oxygen or of nitrogen. The coloured reaction product was 

measured by microdensitometry (as described before); the 

results were presented as graphs, (Fig. 7.1Land 7.12). 

As can be seen from the graphs, although there were 

increases in activity, the response was not regular and 

it seems that a concentration of 0.5 to 1.0% is '.the best 

concentration to be used. 
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%CaCI
2 

Fig. 7.11: The effect of CaCl2 on G6PDH activity in sections 
of one case of adenocarcinoma of the stomach incubated (a) in 
N2 for 4 min; (b) in O2 for 15 min. 
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%CaCI
2 

• 
Fig. 7.12: The effect of CaCl

2
on G6PDH activity in sections 

of a second case of adenocarcinoma of the stomach incubated 
(a) in N2 for 4 min; (b) in 02 for 25 min. 
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The effect of Cyanide on G6PDH Activity 

Serial sections were prepared from five of the malignant 

cases and four of the non-malignant, cases (as described 

before). Sections were incubated in an atmosphere of 

either oxygen or of nitrogen using an incubation medium 

which either contained KCN (at concentration of 1%) or 

lacked it. 

The coloured reaction products were measured as described 

before and the results were compared for the effect of 

KCN on G6PDH activity. 

As can be seen from Table 7.9 the effect of KCN was 

variable with some increase in the activity in some of 

the cases. However, such increases were minimal with 

a statistically significant increase in only two of the 

five malignant specimens. 

Analysis of the Results 

Levels of G6PDH Activity in Sections 

The mean values of enzyme activity (relative absorption) 

in oxygen and in nitrogen were calculated for.each case 
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Table 7.9 

EFFECT OF KCN ON GLUCOSE 6-PHOSPHATE DEHYDROGENASE ACTIVITY 

Diagnosis 
No. of 
Cases 

-KCN +KCN 

N 2 

°2 
N 2 

°2 
5 min 30 min 5 min 30 min 

CO QJ 
03 
cd 

1 263.3 157.4 228.7 295.5* 
CO QJ 
03 
cd CJ 
•U 
s 

2 375.0 642.7 218.4 651.4 

cd A 
60 
•H 
r-J 

s 

3 

4 

361.4 

221.6 

588.5 

219.0 

245.2 

196.7 

535.9 

752.6'* 

5 271.7 444.1 319.5 382.3 

1 352.3 17.2 311.8 9.5 

CO 
CD 
CO 2 222.7 24.2 17.5.9 29.5 
cd 
CJ 
c 3 . 277.0 (-ve) 248.0 (-ve) 
bO 
•H 
g 4 '219.0 24.9 174.5 36.2 
PQ-

* significantly different(P<0.001) from the equivalent 
sections lacking KCN 
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i 

i 
and plotted in the form of a scattergram (Fig.7.5 and 7.6). 

In nitrogen, the overall mean level/of activity for the 

non-malignant cases was calculated as 284.00 units, with 

a standard deviation of - 101.1 and a standard error of 

the mean of - 24.5. pie corresponding values for the 

malignant cases in nitrogen were 255.4 units with a standard 
+ + 

deviation of - 63.6 and a standard error of the mean - 15.9. 

In oxygen, the overall mean level of activity for the 

non-malignant cases was calculated as 17.4 units with a 

standard deviation of - 19.2 and a standard error of the 

mean of - 4.7. 

The corresponding values for the malignant cases in oxygen 

were calculated as 410.3 units with a standard deviation 
+ + 

of - 151.7 and a standard error of the mean of - 37.9. 

The percentage residual activity, per unit time, that 

remained in the benign cases reacted in oxygen was 0.01% 

whereas the percentage residual activity per unit time in 

oxygen for the malignant cases was 26.8%. 
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i 

When compared by Student's t-test, the difference in 

activity between the malignant and the non-malignant cases 

was not significant in nitrogen, whereas in oxygen the 

difference was highly significant (p<0.001). (Table 7.10) 

See also Figs 7»13 to 7.17. 

Levels of G6PDH Activity in Smears 

The mean values of the enzyme activity (relative 

absorption) in oxygen and in nitrogen were calculated 

for each case and plotted in the form of a scattergram 

(Figs.7.7 & 7.8). 

In nitrogen the overall mean level of activity for the 

non-malignant cases was calculated as 176 units with a 

standard deviation of - 61.1 and a standard error of the 

mean of ^ 16. The corresponding value for the malignant 

samples in nitrogen was 176 units with a standard deviation 

of - 49 and a standard error of the mean of - 12. 

In oxygen, the overall mean level of activity for the 

non-malignant cases was calculated as 18.6 units with a 

standard deviation of - 46.0 and a standard error of the 

mean of ^ 12.3. 
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TABLE 7.10 

/ 
i 
i 

GLUCOSE 6-PHOSPHATE DEHYDROGENASE ACTIVITY IN 

SECTIONS OF THE STOMACH 

(mean relative absorption xlOO/unit field for 
5 mins in N2 and 30 mins in O2) 

Mean (isEM) activity in % residual 
activity/unit time 

No. N
2 

0
2 

% residual 
activity/unit time 

Benign 18 284.0 + 24 17.4 + 4.7 0.01 

Malignant 17 225.0 ± 16 410.0 ± 38.0" 26.8 

* p < 0.001 
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Fig. 7.13: G6PDH activity in sections of 
one case of normal gastric mucosa incubated 
(a) in N2 for 5 min. (b) in 02 for 30 min. 
(phaze) x 96. 
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Fig. 7.14: G6PDH activity in sections of 
a second case of normal gastric mucosa 
incubated (a) in N2 for 5 min. x 50; (b) 
in O2 for 30 min. (defracted) x 250. 
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Fig. 7.15: G6PDH activity in sections of 
one case of adenocarcinoma of the stomach 
incubated (a) in N2 for 5 min. (b) in O2 
for 30 min. x 250. 
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Fig. 7.16: G6PDH activity in sections of a 
second case of adenocarcinoma of the stomach 
incubated (a) in N2 for 5 min.x 50; (b) in 
02 for 30 min. x 96. 
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Fig. 7.17: G6PDH activity in sections of 
squamous carcinoma from the lower end of the 
oesophagus incubated (a) in N2 for 5 min.; 
(b) in 02 for 30 min. x 300. 
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The corresponding values for. the malignant samples 

in oxygen were calculated as 327.9 units with a 

standard deviation of ± 141.7 and a standard error of 

the mean of * 34.4. 

The percentage residual activity per unit time in 

oxygen for the benign cases was 0.02% whereas the 

percentage residual activity per unit time in oxygen 

for the malignant cases was 31%. 

When compared by the Student's t-test, the difference 

in activity between the benign and the malignant cases 

was not significant in nitrogen, whereas in oxygen the 

difference was highly significant (P<0.001). (Table 7.11) 
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TABLE 7.11 

GLUCOSE 6-PHOSPHATE DEHYDROGENASE ACTIVITY IN 

SMEARS 

(mean relative absorption xlOO/Unit field for 
5 mins in and 30 mins in O2) 

Mean (±SEM) activity in 
activity/unit time 

No. N 0 
activity/unit time 

Benign 15 176 t I
6 

18.6 + 12.3 0.02 

Malignant 18 176 + 12 328.0 + 34.0" 31.0 

* pCO.OOl 
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i 

i 

Discussion 

i 
The concept that malignant cells may show a peculiar 

"oxygen insensitivity" in the G6PDH reaction goes back 

over ten years. To investigate this phenomenon it was 

first necessary to define the optimal conditions for 

demonstrating this peculiar effect. Then it was shown 

that nitroblue tetrazolium is less effective in demons-

trating this effect than is neotetrazolium, assumably 

because the standard electrode potential for the latter 

is closer to oxygen than is that of the former. This 

study was of additional value, however, in that it . 

showed that oxygen can apparently compete with nitroblue 

tetiazolium, but is less effective than it is against 

Tables 

neotetrazolium (7.5 and 7.6). It was also found that, 

in a proportion of specimens at least, both calcium and 

cyanide appreciably 'enhanced the "oxygen insensitivity" 

of malignant specimens. Both had little effect on the 

activity recorded in uitrogen: cyanide appeared to have 

an inhibitory influence in some specimens. But both had, 

in general, a beneficial effect as regards the activity 

of the overall G6PDH reaction when done in an atmosphere 
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of oxygen. Thus it seems likely that calcium, and 

possibly cyanide, was influencing the mechanism by which 

the malignant cells showed "neotetrazolium reductase" 

activity in the presence of oxygen. 

Although the malignant cells did show activity in oxygen, 

this activity was weak relative to that in nitrogen. 

Hence, in order to have sufficient colour in the section 

to allow definition of the histology, and for measurement, 

the reactions in oxygen were prolonged. However, in 

order to be able to compare the activities under the 

different atmospheric conditions, the activities (relative 

absorption) had to be related to unit time of reaction.^ 

This was possible only once it had been shown (Figs, 7.9 & 7, 

that both reactions were linear with time. (The presence 

of a lag-phase in one specimen only detracts from the 

activity/unit time* based on a linear response). 

It should be emphasised that the "oxygen-sensitivity" 

is not a simple effect on a single, known entity. The 

reaction involves the production of NADPH by the 
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i 
i 
i 

dehydrogenation of glucose 6-phosphate by the relevant 
i 

enzyme. This activity is unaffected by oxygen when 

measured by conventional biochemical procedures; it is 

only slightly affected in the cytochemical reaction 

provided that the final hydrogen-acceptor is NBT and not 

NT. Consequently, it involves competition between oxygen 

and NT for the reducing equivalents, generated in this 

case by G6PDH activity. Thus it may be best to call the 

effect the "oxygen-sensitivity (or insensitivity) of the 
\ 

glucose 6-phosphate dehydrogenase-neotetrazolium 

reductase system". 

It is clear from the present study that by the use of 

strictly standardized cytochemical techniques it was 

possible to demonstrate a clear and statistically significant 

difference between malignant and non-malignant gastric 

mucosal cells base<J on the degree of oxygen-sensitivity 

of the glucose 6-phosphate dehydrogenase-neotetrazolium 

reductase system. 

Iri the non-malignant cells the competition with neotetrazolium 

by oxygen seems to be almost complete (the percentage 
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residual activity per unit time was less than 1%). (Figs. 

7.13 & 7.14) (Tables 7.10 and 7.11). 

Glucose 6-phosphate oxygen 

| + NADP *NADPH +PMS i^neotetrazolium 

6-phosphogluconolactone 

6-phospnogluconate 
Formazan 

Fig. Diagrammatic representation of the reaction in 
7.18 the non-malignant cases 

In contrast, in the malignant cells, the oxygen competition 

for reducing equivalents was much less and a considerable 

production of formazan was still obtained (the percentage 

residual activity per unit time being about 30%) 

(Figs.7.15 to 7.17)(Tables 7.10 and 7.11). 

oxygen 

Glucose 6-phosphate 

.+ NADP. 

6-phosp 

6-phosp 

/ 
/ 

iog lucono lactone 

iogluconate 

>NADPH +PMS -f- qeotetrazolium 

Formazan 

Fig. Diagrammatic representation of the reaction in 
7.19 the malignant cases 
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Early cytochemical studies on pentose shunt dehydrogen-

ases in human bronchial cancers (Chayen et al., 1962) 

and in experimentally-induced rat liver cancer indicated 

that cancers had a higher activity of pentose shunt 

dehydrogenase activity. It seems that these results 

were obtained because the tests were done in air, so that 

the activity of the glucose 6-phosphate dehydrogenase-

neotetrazolium reductase of the normal cells may have 

been somewhat inhibited, whereas that of the malignant 

cells would have been less affected. In the present 

study, the activity of glucose 6^phosphate dehydrogenase, 

tested in nitrogen (i.e. when the oxygen effect was 

excluded) showed no difference in activity between 

malignant and non-malignant samples. 

The ignorance of the effect of oxygen and the easy loss 

of the glucose 6-phosphate dehydrogenase enzyme, when an 

aqueous medium was used (Altman and Chayen, 1965), seem 

to be the main causes for the conflicting reports on 

glucose 6-phosphate dehydrogenase activity in malignant 

and non-malignant specimens (as reviewed in the 

introduction of this chapter). 
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Oxygen competition with some of the tetrazolium salts 

(e.g. N T, T T) for the reducing equivalents has been 

explained on the basis of free radical intermediate 

formation. An example of this has been shown by 

Sato (1967; Sato and Iwaizumi, 1969). They showed that 

TT was reduced to a free radical intermediate species, TT-, 

They postulated the following scheme, with TT interacting 

with the unknown component (X). 

NADPH FP ^X >Cyt.P450—> 0
o I 2-

Formazan < TT- <k TJTj-—-—> T T - ^ — > — H ^ 

Anaerobic Aerobic 

Fig. Postulated mechanism whereby oxygen inhibits 
7.20 formazan production from TT. (After Sato and 

Iwaizumi, 1969) 

A one electron reduction of the TT produces the TT free 

radical (TT-); under anaerobic conditions this is reduced 

further by the addition of another electron to form 

triphenyltetrazolium formazan. 
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In the presence of oxygen, the TT free radical (TT-) 

reduces molecular oxygen to the superoxide radical (C^-) 

and itself becomes oxidised back to TT. Super oxide 

radicals are unstable and eventually form peroxide. 

Thus, under aerobic conditions, formazan is not produced. 

Although Altman (1974) failed to demonstrate a free 

radical formazan intermediate in NT formazan extracted 

from tissue sections, he later appeared to believe that 

the same mechanism, suggested by Sato for TT, does apply 
\ 

to the reduction of TV, BT and NT (Altman, 1976). 

Although this mechanism might be applicable to the reaction 

in the non malignant cells and in test tube systems, it 

does not, however, seem to be the same in most malignant 

cells. In contrast, some cancer cells showed almost 

complete insensitivity of the glucose 6-phosphate 

dehydrogenase-neotetrazolium reductase system to oxygen, 

as shown by Altman et al. (1970) on experimentally-induced 

rat liver cancer. It seems that cancer cells may have 

something, or lack something, which excludes oxygen from 

the system. 
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Slater and Cook (1970) reported high concentrations of 

free radicals in benign tissue, in contrast with very low 

or even no free radicals found in malignant tissue. 

Therefore, it might be sensible to suggest that these 

free radicals in benign tissue, probably through the 

univalent reduction of oxygen, compete with NT for the 

hydrogen liberated during the dehydrogenase reaction. 

Another possible explanation is that cancer cells might 

contain some metabolite which accepts hydrogen from the 

reduced PMS and passes it to the NT in preference to the 

oxygen. 

A third possible mechanism is that malignant cells, at 

least those studied in the present investigation, contain 

material that reacts directly with oxygen: for example, 

when the cells or sections were reacted in an atmosphere 

of oxygen, the cells might not have been subjected to 

oxygen if they contained some m a t e r i a l l i k e ascorbate, 

which would react preferentially with oxygen. The 

ascorbate might be regenerated by reduction by, for 

example, reduced glutathione, with which it is, generally, 

in equilibrium (Chayen, 1953). It is an interesting 
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i 

i i 

coincidence that glutathione is maintained in the reduced 

form by NADPH, so that it could be retained in the 

reduced form, and yet reduce oxidised ascorbate, in 

the system used in this study where NADPH is being 

generated by G6PDH activity. 

However, whatever the mechanism of this "oxygen-insensitivity" 

of the glucose 6-phosphate dehydrogenase-neotetrazolium 

reductase system, it seems to depend on a metabolic 

peculiarity of the malignant cells. Thus, it may form 

a functional and valuable adjunct to histological or 

cytological diagnosis and, being virtually an all-or-

nothing response,, it could greatly simplify automated 

cancer screening. 
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Chapter 8 

APPLICATION OF THE CYTOCHEMICAL TEST'OF OXYGEN COMPETITION 

OF GLUCOSE 6-PHOSPHATE-NEOTETRAZOLIUM REDUCTASE 

IN THE DETECTION OF COLONIC CANCER 

Introduction 

Having obtained a remarkable difference between malignant 

and non-malignant gastric mucosal cells by the application 

of this test (Chapter 7) it would be interesting to see 

whether such results were just a peculiarity of gastric 

malignancy or, as seems likely, a metabolic change 

associated With malignancy in_general. If it were to be 

a more fundamental metabolic change, it should occur in 

other epithelial tumours. It was therefore decided to 

apply the same test on colo-rectal tumours. 

There have been very few reports on G6PDH activity in 

colonic cancer (Mori et al., 1963; Melnick, 1965) and as 

these histochemical reports came before the discovery of 

the effect of tissue stabilizers and the effect of oxygen 

on the cytochemical demonstration of G6PDH activity, the 
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results of these reports were not very helpful in the 

diagnosis of colonic cancer. 

The need for the use of this phenomenon of oxygen 

competition with the glucose 6-phosphate-neotetrazolium 

reductase activity on these tumours is obvious; the 

phenomenon might be of special help for cytology where 

interpretation of the cytological material could be 

extremely difficult, except for those who are highly 

experienced in this subject. 

Materials 

Cryostat sections (18[im) were obtained from 9 malignant 

tumours (adenocarcinoma) and 8 benign mucosa. The 

biopsies of the malignant cases were obtained from 

resected specimens in all the cases; normal mucosal 

tissue was obtained either through the fibreoptic colono-

scope (in 2 cases) or from the normal mucosa away from 

the tumour site (in 6 cases). 

In 7 of the malignant cases sections of normal tissue 

were reacted together with the tumour sections; the other 
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cases were stained separately. Serial sections were 

stained with toluidine blue or haematoxylin and eosin 

for rapid diagnosis. The final,diagnosis was made by 

conventional histological examination of the resected 

specimen or of the endoscopic biopsy. 

Methods 

Essentially, the same methods as were used in Chapter 7 

were employed in the present studies. 

Results 

The activity of G6PDH was shown by the deposition of 

formazan in the form of purple granules and red colour. 

When either G6P or NADP was omitted from the reaction 

medium, no formazan production was seen. 

The mean value of enzyme activity (relative absorption) 

in nitrogen and in. oxygen was calculated for each case 

and plotted in the form of a scattergram (Fig.8.1: see 

also Table 8.1 and Table 8.2). When.tested in nitrogen 
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activity (rel. abs.) for each sample (in sections 
incubated (a) in N2 for 5 min. and (b) in O2 for 30 min) 
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TABLE 8.1 
BENIGN CONTROLS OF COLON CASES 

Mean relative 
absorption in 

Age/Sex 5 min 02 30 min 

1 52F 261.7 21.3 

2 33F 222.0 15.4 

3 85F 213.4 12.3 

4 78M 202.2 17.0 

5 84F 199.9 (-ve) 

6 46M 277.5 (-ve) 

7 84M 212.1 (-ve) 

8 8 OF 290.7 (-ve) 
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TABLE 8.2 

MALIGNANT CASES OF THE COLON 

Mean relative 
absorption in 

i 
Age/Sex N

9
 5 min 0

9
 30 min 

1 76F 200.6 345.7 

2 85F 260.9 358.2 

3 56F 248.5 185.4 

4 64F 298.7 588.3 

5 78M 239.5 436.7 

6 84F 270.5 388.0 

7 46M 396.4 374.4 

8 84M 228.9 258.6 

9 80F 240.8 258.4 
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the results showed no significant' difference between 

malignant and non-malignant specimens (Fig. 8,1). The 

overall mean level of activity for the normal samples 

was 235 units with a standard deviation of +36.0 and a 

standard error of the mean t 12.8. The corresponding 

value for the malignant cases was 265 units with a 

standard deviation of 1" 56.4 and a standard error of the 

mean of t 20. 

On the other hand, when tested in oxygen, the difference 

in enzyme activity of the malignant and non-malignant 

samples was very clear. Formazan formation was almost 

completely inhibited in the non-malignant specimen^ 

whereas in the malignant specimens there was still 

considerable activity. The overall mean level of enzyme 

activity of the non-malignant cases was 8.3 units with 

a standard deviation of 1 9.2 and a standard error of the 

"mean of t 3.2. 

In contrast, the overall mean level of activity in the 

malignant specimens was 355 units with a standard deviation 
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of _ 117.3 & a standard error of the mean of 1 41.6. 

The percentage residual activity per unit of time 

reaction in oxygen for the benign cases was 0.58%, 

whereas the percentage residual activity per unit time 

in oxygen for the malignant cases was 22.3%. When 

compared by Student's t-test the difference in activity 

between the malignant and the non-malignant cases was 

not significant "when tested in nitrogen, whereas in oxygen 

the difference was highly significant (P<0.001 : Table 8.3), 

See also Figs. 8.4a, b,c, and Figs. 8.5a, b, c, and d. 

Linearity of the Reaction in Nitrogen and in Oxygen 

Two groups of serial sections were prepared from one of 

the malignant cases as described before. One group of 

sections was incubated in nitrogen and the other group 

was incubated in oxygen. The reaction medium and the 

method used was as described before. 

At regular periods of time, one slide was removed and 

immersed in distilled water to stop the reaction and wash 
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TABLE 8.3 

GLUCOSE 6-PHOSPHATE DEHYDROGENASE ACTIVITY IN 

SECTIONS OF THE COLON 

(mean relative absorption xlOO/unit field for 
5 mins in N2 and 30 mins in O2) 

NO. 
Mean (-SEM) activity in % residual 

activity/unit time NO. N 2 
°2 

% residual 
activity/unit time 

Benign 8 235 ± 12.8 8.3 ± 3.2 0.58% 

Malignant 9 265 t 20 355 + 41.6* 22.3% 

* PC0.001 
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i 

away the reaction medium. The reaction products were 

measured and plotted as in Fig. 8.2. The reaction 

was linear in nitrogen. In oxygen there was a slight lag 

i 
towards the zero point. 

The Effect of Section Thickness on the Quantitative 

Measurement of Enzyme Activity in Nitrogen and in Oxygen 

T^o groups of serial sections were prepared as described 

before. Each consisted of sections of increasing 

thickness (14|im, 16jim and 18pm). One group was incubated 

in oxygen for 20 minutes and the other incubated in 

nitrogen for 5 minutes. 

The reaction medium and the method used were as described 

before. 

» 

The coloured reaction product was measured (as described 

before) and the result plotted as in Fig. 8.3. 

As can be seen from the figure, the measured enzyme 

activity, both in oxygen and in nitrogen increased 

linearly with increasing thickness. 
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Fig. 8.2: The effect of time on G6PDH activity in sections 
from adenocarcinoma of the colon incubated (a) in N2; 
(b) in 0

2 
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Fig. 8.3: The effect-of section thickness on'G6PDH activity 
in sections from adenocarcinoma of the colon incubated (a) 
in N2 for 5 min; (b) in 02 for 20 min. 
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The Use of Superoxide Dismutase 

Four groups of sferial sections were prepared as described 

before.from one of the malignant cases and from one of the 

n on-ma1ignant cases* Two groups of sections from each 

case were incubated (as described before) - one group in 

oxygen and the other in nitrogen. . To the incubation 

medium of the other two groups from each case superoxide 

dismutase was added (in a concentration of 6 units per ml 

of incubation medium): one group was incubated in oxygen 

and the other in nitrogen in the same way as the first 

two groups and for the same time. 

The coloured reaction product was measured and the mean 

levels of enzyme activity were compared, both in oxygen 

and in.nitrogen, for the effect of superoxide dismutase. 

TABLE 8.4 

THE EFFECT OF SUPEROXIDE DISMUTASE ON G6PDH ACTIVITY 

Diagnosis - Superoxide dismutase + Superoxide dismutase 

N^ 5 min 0
2
 30 min N^ 5 min 0^ 30 min 

Malignant 
240.7 • 258.4 259.4 283.2 

Case 
t 5.5 t- 9.1 • t 7.4 tio.o 

Benign 
Case 

290.7 

t 7.7 

(-ve) 275.6 

t 6.7 

(-ve) 

As can be seen from Tat2e 8.4 there was no difference in 

activity when superoxide dismutase was used. 
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The Effect of Calcium on the Glucose 6-phosphate 

Dehydrogenase Activity of the Malignant Colonic Mucosa 

The effect of calcium on the activity of G6PDH was tested in 

the same way as described in Chapter 7, 

TABLE 8.5 

THE EFFECT OF CALCIUM ON G6PDH ACTIVITY OF MALIGNANT 

AND NON MALIGNANT COLONIC. MUCOSAL CELLS 

Diagnosis 
- Ca 1

2
 ' + Ca* 12 1 % 

Diagnosis 
N^ 5 min 0^ 30 min N^ 5 min 0^ 30 min 

Malignant 

Cases 

396.4 

t 8.8 

249.6 

± 10.9 

395.2 

t 9.7 

331.4 

110.7 Malignant 

Cases 
228.9 

t 5.8 

258.6 

t 9.0 

282.5 

n . ? 

235.8 

1 7.0 

Non-
Malignant 
case 

212.0 

t 5.8 
. (-ve) 

217.4 

t 7.6 
(-ve) 

As can be seen from Table 8.5 calcium caused some increase 

in the activity found in one malignant specimen when 

tested in oxygen, but it had no effect on the benign specimen. 



Fig. 8.4(a): Section of normal colonic mucosa stained with H & E xllO. 
(b & c): Serial sections from the same block reacted for G6PDH 
activity; (b) in N2 for 5 min. (c) in 02 for 30 min. 



- 274 -

Fig. 8.5:(a) A section from carcinoma of the colon with an adjacent ' 
adenoma stained with H & E xl2.5. (b) higher magnification of part 
of the section to be seen in c & d xllO. (c) G6PDH activity in N2 
for 5 min. (d) G6PDH activity in 02 for 30 m i n . xllO. 

L _ . • ; 
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Discussion 

It is clear from ttie results that it was possible to 

differentiate between malignant and non-malignant colonic 

mucosal cells by the use of oxygen competition with the 

glucose 6-phosphate-neotetrazolium reductase system. 

In cells from non-malignant colonic mucosa the competition 

by oxygen was almost complete, the percentage residual 

activity per unit time being less than 1%, whereas in 

the malignant cases a considerable activity was still 

present (22% : Table 8.3). 

In one of the malignant cases of the present study, it 

happened that the block used consisted partly of 

carcinoma and partly of an adenoma (from which the tumour 

was presumably arising). When sections from this block 

were incubated in.nitrogen there was no remarkable 

difference in activity between the activity in the 

carcinomatous and the adenomatous area, whereas in oxygen 

the formazan was limited to the carcinomatous area only 

with almost complete inhibition of formazan formation in 
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the adenomatous area (Fig. 8.5 a, b, c, and d) 

In conclusion it was possible by the use of the effect 

of oxygen on the glucose 6-phosphate dehydrogenase-

neotetrazolium reductase activity to recognise malignant 

cells not only from normal cells but even from the 

benign neoplastic cells. In other words, this oxygen-

sensitive phenomenon seems to be a metabolic peculiarity 

of the malignant cells. Moreoever, it is not just an 

indication of normal cellular activity, as shown by the 

similar levels of activity in the malignant and non-

malignant cells, tested under nitrogen. Therefore, 

this phenomenon may form a functional adjunct to 

histological or cytological diagnosis. Being virtually 

an all-or-nothing response, it could aid in automated 

cancer screening. 
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Chapter 9 

GENERAL DISCUSSION 

Gastric cancer is one of the most serious cancers. In 

England and Wales it was responsible for about 11,497 

deaths during 1978. The prognosis of this disease is 

very poor and the 5 years survival rate is about 10% 

(Chapter 1). 

Although early detection of this disease has improved the 

5-year survival rate in Japan up to 99%, no screening 

programme has yet been started in Britain for the early 

detection of this disease, mainly because the cost and 

complexity of the Japanese procedures are not readily 

applicable to a relatively low-risk community as occurs 

in Britain. 

The current methods of diagnosis of gastric and colonic 

cancers depend ultimately on histological and cytological 

examination of material obtained from these lesions. The 

cytological diagnosis of gastric and colonic cancer is 



-278-

highly specialised and interpretation of materials from 

these lesions can be extremely difficult, even for highly 

experienced cytologists. 

The aim of this thesis is to provide further information 

about biochemical differences that may exist between 

malignant and non-malignant gastric mucosal cells in the 

hope that the information obtained may be useful for the 

development of a functional test to help in screening 

for gastric cancer or as an adjunct to the currently 

available cytological and histological methods of diagnosis. 

Lactate Dehydrogenase Activity in Gastric Juice 

High LDH activity has been correlated with the high rate 

of glycolysis and disturbed respiration of the malignant 

tumours (Warburg, 1930, 1956). A test based on LDH 

activity would provide a potential screening test as it 

involves a simple conventional procedure that could be 

available in routine clinical biochemistry. 

In this thesis the results of total LDH activity in the 

gastric juice obtained from 102 cases were analysed. 

The results showed that when total LDH activity was 
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correlated with the diagnosis (without any attention paid 

to the pH of the resting gastric juice) a high rate of 

false negative results was obtained' (Chapter 4 and Fig. 4.6) 

On the other hand, when total LDH activity was correlated 

with the diagnosis and the pH of the resting gastric 

juice, high activity (above 500 I.U/1) was found in all the 

malignant cases when the pH of the resting gastric juice 

was above 5.0 (Fig.4.8). This was in contrast to the 

low activity (below 500 I.U/1) in most of the non-malignant 

cases, even when the pH of the resting gastric juice was 

above 5.0. (Fig.4.7). The high activity found in three 

cases of gastritis and one case of gastric ulcer may be 

of significance as it might draw attention to such lesions 

that benefit from regular surveillance. 

As it can be seen Fig.4.8 all the apparently false negative 

cases have a pH of.the resting gastric juice below 5.0; 

therefore, it appears that the main cause for the false 

negative results is the acid inactivation of the enzyme. 

The effect of acidity on the enzyme activity was confirmed 

by the pH stability test. Attempts to overcome this 
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problem by the u s e of cimetidine or by dithiothreitol 

were unsuccessful. (Chapter 4) The isoenzyme pattern 

demonstrated from the gastric juice'from malignant and 

non-malignant cases was in agreement with the isoenzyme 

pattern demonstrated on homogenates of malignant and 

non-malignant gastric mucosal tissues. 

However, the problem of acidity of the gastric juice still 

applies in the demonstration of LDH isoenzymes. H e n c e , 

it seems unlikely that the activity, or the isoenzyme 

patterns of LDH w i l l provide a reliable screening test 

until such a time that the loss of this enzyme, in 

acidic gastric juice, can be overcome. 

The Naphthylamidase Activity in Gastric Mucosal Cells 

The demonstration in malignant cells of increased activity 

of some lysosomal enzymes, a n d their extrusion into the 

interstitial spaces, has led to the belief that the invasive 

potential of the malignant cells may be related to the 

activity of certain lysosomal enzymes (Sylven and M a l m g r e n , 

1955; Sylven and Bois-Svensson, 1965; Sylven, 1968a, 1968b 
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and Millett, 1979). 

Although the mechanism of release of these enzymes is not 

i 

known, it seems to involve a change in the permeability 

of the lysosomal membrane. The cytochemical demonstration 

of naphthylamidase activity performed in this thesis 

depends both on the change in permeability of the lysosomal 

membrane and on the activity of these enzymes (Chapter 6). 

The results obtained from gastric mucosal cells showed 

high activity of these enzymes in malignant cells, which 

parallels findings from other tumours. However, about 

half of the non-malignant specimens showed activity as 

high, or nearly as high, as that found in the malignant 

specimens. There seem to be many causes for such an 

apparent high naphthylamidase activity in the non-malignant 

gastric mucosal cells; these include the effects of atrophic 

gastritis, intestinal metaplasia and even simple 

inflammation (Bitensky, 1978). The presence of a 

heterogeneous population of cells in the stomach lumen, 

such as swallowed alveolar macrophages and regurgitated 

intestinal cells which normally have high naphthylamidase 
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I 

i 

activity, further confuse this test and detract from its 

sensitivity in the detection of gastric cancer. 

/ 

The Study of DNA in the Gastric Mucosal Cells 

During the past twenty years there have been reports 

indicating the presence of different species of DNA complexes 

in nuclei, recognisable by their different lability to 

acid hydrolysis (Agrell and Bergqvist, 1962; BShm and 

Sandritter, 1966; Solomon, 1978 and Millett, 1979). The 

various peaks and humps of the profile obtained by slow 

acid hydrolysis represent the optimum hydrolysis times 

of the various species of DNA in the tested nuclei. 

Millett (1979) demonstrated a highly acid-labile DNA, 

represented by a peak on the DNA hydrolysis profile at 

5 to 10 minutes of hydrolysis. She considered such an 

acid-labile DNA to'represent derepressed DNA or metabolic 

DNA: it was found in all the malignant cervical cases 

but not in the non-malignant cases (Millett, 1979). 

In this thesis a similar study on malignant and non-malignant 

gastric mucosal cells showed no such discrimination: an 
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i 
! 

early peak (at 5 to 10 minutes) was demonstrated in some 

of the malignant and some non-malignant cases. It was 

conjectured that the difference between these results and 

those of Millett (1979), done on cervical cells, might 

have been due to the DNA, in the present study, having 

been somewhat labilised by the gastric acidity. ' 

Therefore, the technique was modified by using a shorter 

time of hydrolysis, with the DNA-backbone protected by 

including polyethylene glycol in the hydrolysis-medium 

(Chapter 5 ) . Although it was ultimately possible to 

demonstrate an early peak or hump, at three minutes of 

hydrolysis, in all three malignant cases tested in comparison 

with three non-malignant cases which showed no such peak, 

it was felt that such a difference was too small to be 

exarrined further, at present, as an aid in the diagnosis 

of carcinoma of the stomach. 

The Study on G6PDH Activity in Gastric and Colonic Mucosal 
Cells 

Because of the important role of the pentose shunt in 

malignancy (Chapter 7), it has been the subject of much 

investigation in this field. Early histochemical 
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studies showed that malignant cells have higher pentose 

shunt dehydrogenase activity than did the comparable 

normal cells (Chayen et al., 1962; ''Cohen and Way, 1966). 

Later, Altman et al. (1970) demonstrated the oxygen-

sensitivity of the glucose 6-phosphate dehydrogenase-

neotetrazolium reductase system in normal rat liver in 

contrast with the lack of this sensitivity in experimentally 

induced liver cancer. 

In the present thesis G6PDH activity was investigated 

cytochemically in malignant and non-malignant gastric and 

colonic mucosal cells (Chapters 7 & 8). The reaction was 

done in an atmosphere either of oxygen or of nitrogen 

(to exclude the effect of oxygen). The results of 

reactions done in the absence of oxygen showed no difference 

in activity between malignant and non-malignant cells; 

in contrast, in an,atmosphere of oxygen, the difference 

was very clear and statistically significant.' 

As the activity in nitrogen was almost the same in both 

the malignant and the non-malignant cases, it is clear 
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that the difference in oxygen does not depend on a 

quantitative difference in the activity of the enzyme. 

i 

Thus, it seems to depend on a metabolic peculiarity of 

the malignant cells. It may be, therefore, that the 

early histochemical reports of high pentose shunt 

dehydrogenase activity in malignant cells were obtained 

probably because the tests were done in air, so that 

the activity of normal cells may have been somewhat 

inhibited, whereas that of the malignant cells would 

have been less affected. 

Although the nature of this peculiarity is not well 

known, and it may involve the production of free 

radicals or a defect in the respiratory chain that 

can exclude oxygen from the system (Chapter 7), it seems 

to provide a functional test that can clearly discriminate 

between malignant and non-malignant cells, thus forming 

a valuable adjunct to the histological and cytological 

diagnosis. 
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Concjusion 

The major obstacle in using LDH activity measurement 

for the detection of gastric cancer seems to be the 

acid inactivation of the enzyme; if this factor could 

be excluded, and if the levels of this enzyme are 

exceptionally high in malignancy, as the results in 

Chapter 4 suggest, it would be a potential screening 

test for gastric cancer. 

The difference in the DNA-hydrolysis profiles of the 

malignant and the non-malignant cases, seems to be too 

small to be used in discriminating malignant and non-

malignant gastric mucosal cells: however, it may 

contribute to further investigation in this field. 

High naphthylamidase activity was found in malignant 

cells, but similar high activity was found in cases 

with gastritis, intestinal metaplasia and in the 

contaminant cells commonly found in the stomach lumen. 

This made this test too insensitive to be used in the 
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diagnosis of gastric cancer. 

However, from the results obtained in this thesis it 

seems that it may be possible to use the effect of 

oxygen on the glucose 6-phosphate dehydrogenase-

neotetrazolium reductase system to differentiate 

malignant cells from the non-malignant ones. 

These can be considered only as preliminary results 

and the application of this test to a larger number of 

cases will be required to confirm its accuracy and 

specificity. 
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L D H in gastric juice and its limitation in the 
diagnosis of gastric cancer 
K S I B R A H I M , T C M A R R S , * A N D O A N H U S A I N j 
From the Departments of Cytopathology and Chemical Pathology, St. Stephen s Hospital, London 

SUMMARY L D H a c t i v i t y i n g a s t r i c j u i c e w a s h igh in all c a s e s o f c a r c i n o m a o f t h e s t o m a c h 
i n v e s t i g a t e d p r o v i d e d t h a t t h e p H o f t h e r e s t i n g g a s t r i c j u i c e w a s a b o v e 5 - 0 . N o L D H a c t i v i t y c o u l d 
be d e t e c t e d in g a s t r i c a s p i r a t e , w h e t h e r f r o m p a t i e n t s w i t h c a r c i n o m a o f t h e s t o m a c h o r n o t , w h e n 
t h e p H o f t h e r e s t i n g j u i c e w a s b e l o w 5 - 0 . L D H a c t i v i t y i n g a s t r i c j u i c e is r a p i d l y a n d i rrevers ib ly 
i n a c t i v a t e d b y h y d r o c h l o r i c a c i d at a p H o f 4 - 5 t o 5 - 0 . 

M e a s u r e m e n t o f L D H activity in gastric juice has 
been u s e d in screen ing for gastric carc inoma 1 a n d as 
an adjunct in the d iagnos i s o f that d i s e a s e . 2 - 4 S ince 
the relat ively h i g h incidence o f false negative results 
r e p o r t e d 2 - 4 ser ious ly detracts f r o m the value o f 
gastric j u i c e L D H measurements as a d iagnost ic 
test for cancer , w e invest igated the condi t ions under 
which L D H in gastric ju ice was destroyed by gastric 
acidity a n d w h e t h e r its activity cou ld be preserved or 
restored. E lec trophore t i c separat ion of L D H iso-
enzymes in h o m o g e n a t e s o f gastric cancer tissue has 
s h o w n an increase in the s l ow m o v i n g i s o e n z y m e , 5 - 7 

a l though F a u l k et al.2 cou ld not demonstrate this 
in gastr ic juice . W e therefore per formed L D H 
i s o e n z y m e separat ion o n the gastric juice o f s o m e of 
our pat ients t o investigate the possibi l i ty of any 
change in the e lec trophoret ic pattern assoc iated with 
mal ignant disease . 

Material and methods 
Seventy- three pat ients aged between 21 and 92 years 
( 4 4 % w o m e n a n d 5 6 % men) at tending the gastro-
entero logy departments in St. Stephen's Hosp i ta l 
and C h a r i n g Cross Hospi ta l were included in this 
trial. 

C O N F I R M A T I O N OF T H E L E S I O N 
T h e final d iagnos i s o f the different les ions in this 
series re l ied o n e n d o s c o p i c b iopsy (70 cases) , 
resection ( 1 0 cases) , p o s t m o r t e m findings (3 cases) , 
obv ious g r o s s appearance at l a p a r o t o m y in o n e 
*Present add re s s : Toxicology Section, Medical Division, 
C D E , P o r t o n Down , Salisbury, Wilts. 
"[Correspondence to Dr. Husain. 

inoperable case, and clinical f o l l o w - u p for up to t w o 
years in all the surviving cases. 

C O L L E C T I O N OF S P E C I M E N S 
Rest ing gastric juice w a s co l l ec ted f r o m all patients 
either during e n d o s c o p y or by nasogastric tube. O n e 
millilitre o f the rest ing juice w a s di luted with 10 ml 
o f p h o s p h a t e buffer, p H 7 - 5 ( 0 - 0 6 7 mol/1). Its p H 
a n d that o f the remainder o f the resting juice were 
then measured by p H meter in all except 16 patients 
in w h o m the p H of the rest ing juice was not 
measured. All samples were transported to the 
laboratory in an ice-bag and all measurements were 
performed immediate ly on arrival. 

Bile- and b lood-s ta ined spec imens f r o m three 
patients were exc luded f r o m the study since such 
c o n t a m i n a t i o n has been s h o w n to affect the result 
o f L D H e s t i m a t i o n . 3 

M E A S U R E M E N T OF T O T A L L D H A C T I V I T Y 
IN G A S T R I C J U I C E 
Total L D H activity was m e a s u r e d at 2 5 ° by a 
s p e c t r o p h o t o m e t r y m e t h o d us ing an S P 1800 
ultraviolet s p e c t r o p h o t o m e t e r at a wave length o f 
340 n m 8 ( P y e - U n i c a m Ltd, Y o r k St, Cambridge) a n d 
a commerc ia l kit ( B o e h i i n g e r Corporat ion Ltd, 
Lewes , Sussex). 

I S O E N Z Y M E S E P A R A T I O N 
Electrophoret ic separat ion o f the L D H i soenzymes 
of gastric juice f r o m 17 mal ignant and 25 n o n -
mal ignant cases us ing ce l lu lose acetate strips a n d a 
S h a n d o n Tank ( S h a n d o n Scientif ic C o m p a n y , 
L o n d o n ) was performed as described by Preston 
etal,9 

364 
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EFFECT Of pH ON LDH STABILITY 
Tests of pH stability were carried out o n botli 
commercial L D H (Boehringer Corporat ion Ltd, 
Lewes, Sussex, U K ) and samples o f gastric juice 
f rom live patients with known high L D H activity. 
Al iquots of the gastric juice samples and o f 
commercial L D H were titrated to a series of pHs 
with hydrochloric acid, I mol/1. For determinat ion 
o f L D H activity in their aliquots, the pH of the 
reaction mixture in the cuvette was measured to 
confirm that the strength of the buffer was sufficient 
to maintain the pH at 7 0 to 7 - 4 , which is opt imal 
for activity of the enzyme during the actual a s say . 8 1 0 

The pH in the reaction mixture was within the 
optimal pH range. 

USE OF DITHIOTHREITOL 
Dithiothreitol is a compound that conta ins free 
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Fig. 1 Relationship between the pH of resting gastric 
juice and LDH activity in gastric juice from patients with 
malignant lesions of the stomach. The right-hand column 
represents the cases before the effect of pH was noted as 
significant. 
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Fig. 2 Relationship between the pH of the resting gastric 
juice and LDH activity in gastric juice from patients with 
benign lesions of the stomach atul apparently normal 
individuals. The right-hand column represents the cases 
before the effect of pH was noted as significant. 

sulphydryl g r o u p s 1 1 and is capable of maintaining 
monoth io l s in the reduced state. We therefore used 
it in an attempt to restore the enzyme activity. A 
gastric juice with known high L D H activity was 
used in this test, and the pH of the juice was lowered 
by s low titration with HC1, 1 mol/1, f rom p H 6 - 5 
to 3 -0, at which pH the L D H activity was complete ly 
abolished. An equal vo lume of the titrated ju ice was 
mixed with dithiothreitol solution, 10 mol/1, and 
left for 10 minutes at room temperature, a n d then 
the L D H activity was measured again. 

Results 
The gastric juice L D H activity was investigated in 73 
patients. Figures 1 and 2 show the L D H activity 
associated with the various types of lesion, plotted 
against the pH of the resting gastric juice. It can be 
seen from Fig. 1 that most (18/23) of the mal ignant 
cases showed activity over 500 IU/1. In ! 1 o f these 
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Fig. 4 LDH isoenzyme pal/ern. of gastric juice from a 
patient with adenocarcinoma of the stomach. 
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Fig. 5 LDH isoenzyme pattern of gastric juice from a 
normal p erson. 

cases the pH of the resting juice was above 5 ·0 ; in 
six it was not known. No LDH activity was found 
in the gastric juice of a further six cases of gastric 
malignancy, in all of which the pH of the resting 
juice was below 4 · 5. 

In Fig. 2 it can be seen that 42 cases without 
malignant disease had LDH activities below 500 
IU/1, while only four cases showed LDH activities 
above 500 IU /l and a further two cases close to 500 
IU/1. 

Figure 3 shows that LDH was inactivated at pH 
4 · 5 to 5 ·0 . No LDH activity could be recovered by 
the use of dithiothreitol. 

Figure 4 shows an electrophoretic separation of the 
isoenzymes of LDH in the gastric juice of a case of 
carcinoma. It can be seen that there is an increase in 
the slow-moving isoenzyme of LDH, and this picture 
was found in all cases of carcinoma of the stomach 
except those with a low gastric juice pH. In non
malignant cases so examined, such an increase in the 
slow-moving isoenzyme was not found (Fig. 5) 
except in two of the cases which possessed a high 
total LDH activity. 

Discussion 

In our series, the highest level of LDH activity in 
gastric juice has been found in carcinoma of the 
stomach, as has been shown by other authors.1 - 4 It 
has been reported1 4 that LDH activity increases in 
intestinal metaplasia and in gast ric atrophy/leading 
to many apparently false-positive results. In our 
study, there was a n increase in LDH activity in such 
lesions, but the level was usually not as high as that 
in carcinoma, and the overlap between such 
conditions was small, as shown in Figs 1 and 2. In 
any event these high levels may be of significance 
because intestinal metaplasia, chronic gastritis, and 
pernicious anaemia are often regarded as pre
cancerous states,1 6 12 and a high LDH level in such 
cases might draw attention to a precancerous lesion 
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w h i c h c o u l d then benefit f r o m regular survei l lance . 
T h e fa lse-negat ive results in o u r series, n a m e l y , six 
out o f 23 cases , or 22%, ser ious ly detract f r o m the 
va lue that L D H es t imat ions in gastr ic ju i ce might 
have in the detect ion o f gastr ic cancer . T h e 
i m m e d i a t e cause for this substant ia l n u m b e r o f false-
negat ive cases appears to be the inac t iva t ion o f the 
e n z y m e by the ac id (F igs 1 a n d 3). M a c o u n et a / . 1 3 

f o u n d that L D H is inact ivated at a pi I b e l o w 6 0 , 
a n d S i m o n and F i g u s 1 q u o t e a p H o f less t h a n 3 0 , 
but it is clear f r o m our pH stabil i ty test that L D H is 
s tab le d o w n to a pH o f 4 - 5 - 5 0 (F ig . 3). H o w e v e r , 
b e l o w that pi I L D H was rapidly a n d irreversibly 
inact ivated , a n d any at tempt to restore act iv i ty by 
the use o f d i thiothrei to l or i m m e d i a t e extragastr ic 
neutral i sat ion by p h o s p h a t e buffer had n o effect if the 
original p H o f the ju ice w a s be low 5 0. 

Intragastric neutral isat ion used by S i m o n et a/.4 

was apparent ly not sufficient to o v e r c o m e the cffect 
o f acidity due possibly to the p o c k e t i n g o f the gastr ic 
j u i c e . " It is poss ible that the t ime that the s t o m a c h 
c o n t e n t s remained neutralised by the s o d i u m bi-
c a r b o n a t e or p h o s p h a t e buffer ( 1 0 - 2 0 m i n u t e s ) 2 - 4 

w a s not e n o u g h to a l low sufficient a c c u m u l a t i o n o f 
the e n z y m e in the gastric juice. 

M a c o u n et al,13 reported n o false negat ives w h e n 
measur ing L D H in gastric ju ice af ter intragastr ic 
neutral isat ion, but they h a d on ly l ive cases a n d in 
n o case was there detectable acid in the basal gas tr ic 
juice . 

W e f o u n d an increase in the s l o w - m o v i n g i so-
e n z y m e in gastric ju ice in all ma l ignant cases w i t h 
h igh L D H activity (Fig . 4), w h i c h parallels t h e 
findings with h o m o g e n a t e s o f mal ignant gastr ic 
t u m o u r s . 6 7 

In the benign les ions o f our series, there w a s n o 
s u c h i s o e n z y m e shif t except in t w o cases with ra ised 
total L D H activity, a n d the poss ibi l i ty that this w a s 
ref lect ing an early or premal ignant p h a s e c o u l d n o t 
be ruled out" and certainly warranted fur ther 
inves t iga t ion a n d f o l l o w - u p . 
Conclusion 
It appears that the main cause f o r the fa l se -negat ive 
result is the ac id inact ivat ion o f the e n z y m e . If th i s 
fac tor can be exc luded, a n d w e are current ly 
invest igat ing this, then L D H act iv i ty c o u l d be a 
sensi t ive test for c a r c i n o m a o f the s t o m a c h with o n l y 
a small percentage o f fa lse-pos i t ive results (4 out o f 
73). T h e s e latter cases may reflect an a b n o r m a l 
degree o f cell activity that warrants c lose f o l l o w - u p . 
W e thank Drs R Zeegan , B G a z z a r d , a n d t h e 
e n d o s c o p i c clinic stalf at St. S tephen ' s Hospi ta l , a n d 
D r A Parkins a n d his staff at C h a r i n g C r o s s Hosp i ta l 

for their help in co l lect ing samples f r o m their 
patients , and the Department o f Medical I l lustrat ion, 
C h a r i n g Cross Hospi ta l , for the charts a n d figures. 
O u r special thanks g o to D r J C h a y e n and D r Lucille 
Bitensky for their expert adv ice a n d e n c o u r a g e m e n t . 
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Cytodiagnosis of Gastric Cancer 
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In discussing recent advances in the cytodiagnosis of gastric neoplasia one 
needs to consider not only the current potential of standard techniques but 
also those more specific tests, cytochemical and enzymic, which are designed 
to achieve a more functional assessment of the lesion. As these latter tests 
will be dealt with fully by Professor Munro Neville (see Chapter 15) we shall 
concentrate on the more traditional techniques which have improved con
siderably over the past 10 years, due mainly to the development of endo
scopic fibreoscopy. Moreover, cytology, both by the conventional and 
specific techniques for the screening for gastric cancer in its earliest stages, 
should be evaluated as this has produced a significant contribution from 
Japan. 

The cytodiagnosis of gastric cancer depended on simple gastric aspirates 
or washings until the 1940s when instruments in the form of sponges, 
brushes and abrasive balloons were devised, and the continuous-irrigation 
Faucher tube and the Woods gastroscope were introduced. None of these 
techniques was successful in effecting a persistently reliable sample or 
acceptable to the patient, and it was not until Hirschowitz introduced the 
gastrofibrescope in 1958 that real progress was made (Table 1). Its subse
quent development permitted sampling by biopsy, brush, suction and direc
tional lavage of anatomical sites which had previously been inaccessible 
(Kasugai, 1976; Winawer et al, 1976) and has had an important impact on 
diagnostic accuracy over the past 16 years (Kameya et al, 1964; Kasugai, 
1964; Kidokoro et al, 1966; Liavag, Marcussen and Serck-Hanssen, 1971; 
Kasugai and Kobayashi, 1974; Winawer et al, 1975; Shida, 1976; Witzell et 
a!, 1976; Table 2). In fact, in Japan in the decade from 1956 to 1966 the 
percentage of early cancers diagnosed rose from 3.8 to 34.5 per cent (Prolla, 
Kobayashi and Kirsner, 1969). 

Several studi~s from the United Kingdom (Roca, Whitehead and Bod
dington, 1974; Smithies et al, 1975; MacKenzie et al, 1977; Boddington, 
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A. Abrasive 
(i) 
(ii) 
(iii) 
(iv) 

B. Lavage 
(i) 
(ii) 
(iii) 

. (iv) 

Table 1. Gastric washing techniques 

Zelltopfsonde 
. Abrasive balloon 
Antral abrasive balloon 
Gastric brush 

Papain 
a.-Chymotrypsin 
Simple washout: saline, Ringer's 
or Hartmann's solution 
Martinez' continuous irrigation 
(Faucher tube) 

C. Gastrofibrescopes 

O.A.N. HUSAIN ET AL 

1978; Evans et al, 1978; Hughes, Lee and MacKenzie, 1978) have shown 
accuracies of up to 90 per cent. On the other hand, accuracy of blind tube 
washes has varied from 30 per cent (Segal et al, 197 5) to over 90 per cent 
(Schade, 1960; MacDonald et al, 1963; Cantrell, 1971). 

It is of interest that the early reports from Japan indicated a high level of 
sensitivity of 97 per cent (Kasugai, 1968) using a jet-wash technique, though 
Halter et al (1977) could achieve only a 50 per cent accuracy. Moreover, it 
was claimed that this technique was superior to direct biopsy (Fakuda et al, 
1967; Kasugai, 1968). In summary, the Japanese have preferred the jet-. 
wash technique to the nylon-brush technique though there have been some 
(Kasugai and Kobayashi, 197 4) who now believe washing need be used only 

Table 2. Gastric cytology: efficiency of various techniques 

Series No. with % Method 
cancer Accuracy 

Papanicolaou and Cooper (194 7) 27 37 Fasting aspirate 
Graham, Ulfelder and Green (1948) 24 62 Fasting aspirate 
Traut e_t al (1952) 42 71 Papain lavage 
Crozier, Middleton and Ross (1956) 29 69 Lavage and brush abrasion 
Seybolt and Papanicolaou (1957) 114 66 Abrasive balloon 
Fukuda (quoted by Tazaki, 1959) 76 85 Modified balloon 
Cabre-Fiol, Olo-Garcia and Vilardell {1959) 94 90 Mandril-sound 
Raskin, Kirsner and Palmer (1959) 131 95 Gastric washings 
Schade (1960) 258 97 Gastric washings 
Witte (1959) 184 65 Zelltopfsonde 
MacDonald et al (1963) 89 93 Chymotrypsin wash 
Taebel, Prolla and Kirsner (1965) 282 81 Gastric washings 
Blendis et al (1967) 100 81 Gastric washings 
Kasugai ( 1968) 375 97 Fibregastroscopic lavage 
Shida (1971) 60 90 Fibregastroscopic brush 
Witzell et al (1976) 73 84 Fibrescopic brush 
Thompson et al (1977) 59 90 Fibrescopic brush 
Young and Hughes (1977) 61 92 Fibrescopic brush 
MacKenzie et al ( 1977) 94 Fibrescopic brush 
Boddington (1978) 84 79 Fibrescopic brush 
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if biopsy fails. It seems that the nylon brush has become the method of choice 
of Western workers on the grounds that it gives a better and more reliable 
sample than the jet-wash technique. Some have used the imprint smear in 
order to achieve cytological sampling of deeper tissue than is given by 
surface brushing (Yoshii et al, 1970}, with better results than directional 
washes show (Tamura et al, 1977), but most pathologists believe that it is of 
little value and we ourselves no longer use this. 

Biopsy has rightly achieved a pre-eminent position with an acknowledged 
high sensitivity and specificity rate. On the other hand, some authors often 
present their h·istological results on the basis of biopsy and excised organ 
diagnosis. When the biopsy is considered separately the sensitivity, if not the 
specificity, resembles that of the brush sample. Here, the histologists do not 
always do themselves justice when they examine one or two sections from a 
minute biopsy. The· cytopathologist is accustomed to having his whole cell 
sample laid out on slides, but the biopsy needs step or serial sections to effect 
a full review of the material biopsied. 

COLLECTION AND PREPARATION TECHNIQUES 

Details of our own technical procedures for collecting and processing the 
blind-tube wash and gastroscopic-brush sample are worth relating here, 
both because they achieve a high accuracy rate and also because they 
provide useful information for the gastroscopist as well as the laboratory 
personnel. 

Blind tube wash 

This is still used on those patients unable or unwilling to undergo gastro
scopy (e.g., with oesophageal stenosis), or for screening purposes, as it is still 
the cheapest technique for the collection of those cell samples, using 
cytochemical techniques for more functional cellular assessment. Here, the 
procedure is to have the patient fast overnight though kept adequately 
hydrated by a plentiful allowance of water by mouth to maintain good cell 
exfoliation. A Levin tube is passed through the nose or mouth to the 
mid-gastric position and the resting juice aspirated. This is followed by the 
introduction down the tube of 250 to 300 ml of buffered saline, after which 
the abdomen is massaged and the patient made to flex the body so as to 
agitate the cells from the mucosal surface. This washing is then aspirated and 
the procedure repeated if desired. Each resting juice and gastric wash is 
immediately neutralized, if necessary to pH 6, and rapidly centrifuged, 
preferably in ice-cold siliconized tubes, and about six smears made from 
each sample. Most of these smears are rapidly wet-fixed in absolute alcohol 
for staining by the Papanicolaou technique, and one or two-thin smears 
rapidly air-dried for staining by one of the Romanovsky stains (May Gruen
wald Giemsa). Should there be much mucus present we give the patient 7 mg 
of a-chymotrypsin in a glass of water half an hour before washing, which is 
then carried out using a further 7 mg of a-chymotrypsin in a sodium acetate 
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buffer at pH 5.6. At this pH the enzyme digests the mucus but not the 
mucosa. 

The screening of such smears calls for much patience and skill in interpre
tation as the criteria of malignancy are often less well displayed than in brush 
preparations. 

The fibrescopic brush sample 

We have used the Olympic instruments, either the GFD end-viewing for the 
oesophagus, or the GFK (oblique viewing) which has become more popular 
for both stomach and oesophagus, one of us preferring the paediatric model. 
Patients are asked to attend after fasting overnight and are sedated with 
diazepam intravenously and the larynx is anaesthetized with lignocaine 1 per 
cent. The saline or glycerol-lubricated fibrescope is passed with the patient 
lying in the supine or left-lateral position, with or without an airway. After 
inspection of the stomach, any lesion is photographed and the brush and 
biopsy samples are collected. It is preferable to obtain the brush samples first 
to avoid obscuring the lesion fol_lowing the bleeding that invariably results 
from the biopsy. That it is not detrimental to the biopsy to do so was shown in 
a prospective randomized trial (Thompson et al, 1977), where biopsy and 
brush samples alternated as the first sample to be taken. In the study by 
Thompson and his colleagues of 211 patients (which included 59 cancers, 
109 benign gastric ulcers and 33 cases with polyps or atrophic gastritis), the 
diagnosis of the cancers was made by histology alone in 76 per cent of cases; 
by cytology alone in 90 per cent and by both in 98 per cent, with only one 
case being negative by both techniques. 

Collection of Brush Samples 

The collection of a satisfactory brush sample requires an assistant, as the 
gastroscopist may well be manoeuvring the end of the scope and holding the 
lesion in focus whilst the brush is manipulated by the associate. To obtain a 
good cellular sample the brush must be thrust vigorously 10 to 15 times into 
the mucosal lesion so that the lamina propria is penetrated and a small 
amount of- blood produced. This manoeuvre is not always carried out with 

. sufficient vigour or enough sweeps of the brush, and ·may then result in a 
false negative result. At one time a large uncovered brush, which served only 
to clean both the gastroscope and the brush, was marketed and used. As a 
result the manufacturers have produced a range of smaller brushes encased 
in transparent Teflon sheaths which permit the removal of a brush sample 
intact by just withdrawing it into the end of the sheath before removal from 
the scope, and in this way multiple brush samples can be obtained. We in the 
United Kingdom do not collect nearly enough brush or biopsy samples. In 
America, Europe and Japan anything from five to ten brush and biopsy 
samples are obtained per gastroscopy, whereas in this country we are lucky 
to.be given more than one of each. 
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Preparation of Brush Smears 

The brush is protruded from the Teflon sheath over a small one-ounce 
plastic vial or 'universal container' containing about 5 to 10 ml of saline. Any 
drop of fluid-containing cells is thus not lost. The brush is then rolled rather 
than rubbed on to the slide surface. About six to eight smears can be made 
from each brush sample, most of which are wet-fixed in alcohol for 
Papanicolaou staining, whilst one or two thinner smears are rapidly air-dried 
for staining by the May Gruenwald Giemsa technique. Even after this the 
brush still contains a considerable amount of cells and these are vortexed off 
in the vial containing saline. This cell suspension is then aspirated on to a 
Millipore membrane which is stained by the Papanicolaou technique. This 
often salvages a remarkable amount of cells and on more than one occasion 
has been the best or only evidence of neoplasia in a brush sample. The 
brushes, which are sold as disposable, can with care be thoroughly and safely 
cleaned by a needle or another firm nylon brush, by brushing towards the tip 
of the wire under running water, then sterilized by formalin steam at 70 to 
80°C for four to six hours. In this way, and with microscopic inspection of the 
bristle ends, these tiny fragile brushes can be re-used up to 12 to 15 times. 
We have made the cleansing, processing and repacking of these brushes the 
responsibility of the cytology department in order to ensure the removal of 
any residual cell material and to preserve the tiny brush heads as long as 
possible, which is well worth doing. 

THE CYTOLOGY OF GASTRIC SMEARS 

The cytology of gastric brush and wash samples can be easy or difficult. Our 
practice has been to make an immediate diagnosis if possible, and if neo
plasia is present in the first set of slides stained a telephoned report is given 
within half to one hour. If, on the other hand, there is no evidence of 
malignancy, or there are changes of atrophic gastritis with marked meta
plasia, all slides have to be stained and fully scanned before a negative report 
can be issued. 

There is no doubt that prompt reporting of malignancy reduces delay in 
operating, and anxiety and concern on the part of both patient and clinicians, 
but it may be demanding in terms of technicians' and pathologists' time. It is 
the gastric mucosal hyperplasias, the atrophic gastritis atypias and the 
extreme epithelial activity found on the edge of otherwise benign ulcers due 
to regenerative changes that need most skilled attention. As over 70 per cent 
of cancers develop in stomachs displaying atrophic gastritis with marked 
intestinal metaplasia {Mason, 1965) there is need to analyse these changes 
meticulously. This does consume skilled cytologist time, and an efficient 
team has to be built up to tackle such a substantial gastroenterological service. 

Reporting of cytology results 

The problem of presenting results is bedevilled by the traditional restraints 
on reporting both histology and cytology and it is here that close liaison 



between pathologist and clinician is necessary. The standard practice of 
presenting a simple black and white report relating to cancer is outmoded, if 
not unacceptable, for two main reasons. The first is the possible inadequacy 
or incorrect sampling of the lesion which will mislead, and the second is the 
fact that there are well-recognized precancerous states ranging from marked 
atrophic gastritis with atypical metaplastic changes to true surface cancer, 
and it would be unintelligent not to report such cellular changes as being 
worthy of follow-up, if not an immediate repeat examination. We therefore 
utilize a modified Papanicolaou grading of samples, namely: I for normal 
(Figure 1); II for inflammatory change; IIR for marked atypia that necessi
tates continued follow-up (and these include the more atypical pictures of 

Figure I. Normal gas tric mucosa l ce ll s. x 30. 

atrophic gastritis, often with considerable pleomorphism and nucleolation 
but nQt obvious neoplasia (Figure 2); Grade III is used to denote a picture 
suspicious of malignancy, usually inconclusive because the evidence is 
scanty; and finally, Grade IV, which presents a picture characteristic of 
malignancy (Figure 3). In this context we do not provide different grades for 
preinvasive and invasive stages, as in glandular cancers generally it is often 
difficult if not impossible to distinguish between them. 

The clinicians using the service are thus given a fairly refined grading of a 
report as well as a proper description conveying the nature of the cell picture 
and the histological lesion it reflects. We believe that this method of report
ing presents a significant advance in the use of a cytological service and does 
not lead to confusion. 

The natural outcome to this should be a clearer method of analysis of 
reports, both of histological and cytological biopsies. This is given in Tables 
3 and 4, which show our results over the past two years presented in this way. 



Figure 2. Atypical cell changes worthy of continued surveillance. x 120. 

Figure 3. Malignant cells from adenocarcinoma of stomach. x 120. 

These include both gastric and oesophageal brush cytology and demonstrate 
an accuracy for cytology of between 80 and 90 per cent, depending on 
whether unsatisfactory samples are included, compared with an almost 
equivalent figure for biopsy, but the sensitivity of both tests combined gives a 
figure of 98 per cent, which is presumably the result of continued practice 
and experience over the past 10 to 15 years. 
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T~ble 3. Gastric and oesophageal brush cytology examination, Charing Cross and St 
Stephen's Hospital, 1978!79 

Normal Inflammatory Atypical Suspect Positive Total 
(to follow) 

(I) (II) (IIR) (III) (IV) 

60(10) 132(4) 8(1) 16(3) 36 252 

Unsatisfactory samples in parenthesis. 

Table 4. Accuracy of biopsy and cytology diagnosis in gastric cancer, Charing Cross and St 
Stephen's Hospital, 1978/79 

Total Pos. cytol. Pos. cytol. 
cases Pos. hist. Neg. hist. 

61 34 9 

Cytology sensitivity (overall) 
Cytology sensitivity (- unsatis.) 
Histology sensitivity 

No false positive cytology 
Total sensitivity 

Neg. cytol. Pos. cytol. 
Pos. hist. No biopsy 

5 7 

50/61 = 83.3% 
50/56 = 89.2% 
44i54 = 81.4% 

60/61,= 98% 

Pos. hist. False neg. 
Inadequate Both 
cytol 

5 

(- unsatis.) = minus the five cytologically inadequate cases recorded above. 

It so happens that we have not produced a false positive result in the past 
two years. though we do have a category of IIR to denote the atypical and 
overactive cell picture which we believe may one day develop into neoplasia 
and warrants regular follow-up. 

We will not know fully what false negative results we have in either 
cytology or histology until cases have been followed for some years, and 
some of our early series will be worth analysing soon. 

A review of the cytology-negative/histology-positive cases has not dis
closed any atypical or malignant cells in the smears and one can only 
presume that here sampling was at fault. Again, multiple biopsies and 
brushes would help to reduce such an error. 

False positives have been reported by most skilled workers (Richards and 
. Spriggs, 1961; Prolla et al, 1977), including ourselves, but in any event it is a 
moot point whether an adequate search for a focus of surface cancer on the 
excised organ has been made before a cytology result is established as being 
a false positive. 

Table 5 gives our results in perspective against others and demonstrates 
the advantages of carrying out both biopsy and brush cytology and in many 
instances the greater success rate in detection by brush cytology. Again, this 
may well be 9ue to the fact that not all the biopsy fragment is sectioned and if 
the paediatric gastroscope is used, the biopsy may be too superficial to 
evaluate fully. 
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Table S. Percentage accuracy of endoscopic cytology and biopsy in the diagnosis of gastric 
tumours 

Total Correct Correct Correct 
Author Date sample cytol. histol. combined 

Kobayashi, Prolla and Kirsner 1970 26 97.0 66.7 100.0 
Serck-Hanssen, Marcussen and 

Liavig 1973 68 94.1 52.9 94.1 
Bemvenuti et a! 1975 58 77.8 82.2 ? 
Smithies et a! 1975 34 82.4 61.8 97.1 
Witzel et at 1976 73 83.6 79.5 95.9 
Young and Hughes 1977 61 91.8 68.9 91.8 
Boddington 1978 84 78.5 72.6 92.8 
(incl. 1969/73 series) 
Present series 1980" 61 83.3 81.4 98.4 

THE EARLY SURFACE CANCERS 

The aim of our efforts is to achieve detection of a greater proportion of 
neoplasia at the early surface cancer stage which occurs on average about 10 
years earlier than invasive cancer (Friesen, Docherty and Remine, 1962). 
Surface cancers are known to accompany so-called benign ulcers in up to 10 
per cent of cases in the surrounding mucosa, usually distal to· the ·ulcer. 
Several methods of identifying these lesions have been attempted, from 
inaking smears or small biopsies of geographic areas of the excised stomach 
to creating giant 'Swiss roll' sections of strips of stomach wall (Mason, 1966) 
in order to identify the thinned areas of mucosa that betray the existence of 
surface cancers. A simpler method developed by J. Grainger in our Cytology 
Departments has been to take strips of mucosa and submucosa only, 
leaving the bulky muscle behind, and to make sin all 'Swiss rolls' mounted on 
microscope slides, or even on projection slides; whichever way is adopted it is 
essential to attempt such an assessment as even at the surface cancer stage an 
occasional lymph node metastasis can occur (Konjetzney, 1953; Stout, 
1953). 

CYTOLOGICAL TUMOUR TYPING 

Mention should be made here of endeavours to type the gastric carcinomas 
by the Laurens Classification (Laurens, 1965; Pilotti et al, 1977). The latter 
reviewed 78 patients with carcinoma and made a correct diagnosis of the 
intestinal type in 36 out of 45 cases, and 14 out of 15 cases of the advanced 
diffuse carcinoma. In only 13 out ofthe 78 cases (i.e., 16.7 per cent) the type 
could not be specified, giving an overall accuracy rate of 83.3 per cent. 

SCREENING FOR CANCER OF THE STOMACH 

Much has been written on this subject (Shida, 1971; Husain, 1976), but 
perhaps the most significant demonstration of the advantage of cytology in 



conjunction with double-contrast fluoroscopy in the improvement in survi
val lies in two methods of approach to gastric cancer diagnosis. These are 
demonstrated on the one hand by a European seven-country cooperative 
study utilizing the traditional methods of diagnosis and on the other hand by 
the more screening-orientated or early-warning-detection programmes cur
rently being practised in Japan. 

. In their series from seven centres in Europe, Lundh and his co-authors 
(1974) showed that, when gastric cancers present clinically, where the 
predominant symptoms were weight loss, pain, vomiting, anorexia and 
weakness, and the diagnosis confirmed by barium studies in 'over 96 per cent, 
gastroscopy in 28 per cent and cytology in less than 6 per cent, the overall 
four-year survival rate was 9 per cent. 

This should be compared with the figures published by Shida (1971) 
which demonstrate a mean five-year survival due to early diagnosis. Here, 
the tumour cases are divided into those cancers restricted to the mucosa or 
submucosa where survival was around 90 per cent, and those invading the 
muscle where it was 77 per cent, while in those reaching the serosa only 27 
pe'r cent survived five years. 

There is no reason why such an approach cannot be adopted in Great 
Britain, even with its lower incidence rate. Evans et al (1978) demonstrated 
an increase in the proportion of surface cancers detected from 0.5 per cent to 
10 per cent in a Cardiff practice following the ~ntroduction of systematic 
gastroendoscopy in the Welsh Region; the message is obvious. 

As to whether screening could be afforded in the so-called low-rate 
countries such as the United Kingdom and the United States of America, the 
original quotation still holds (Husain, 1976), though affected by inflation. 

As the cost of a gastroscopy alone is now well over £20.00 and the 
laboratory examination not less than £12.00 to £16.00, careful selection of 
risk cases must be undertaken. The logistics of the Japanese experience are 
based not only on their high-risk rates but also on their practice of field
surveying, as demonstrated by Takahashi (1971). The initial screening of 
every 1000 persons, in a caravan, is by personal interview and double
contrast fluoroscopy, which detect an abnormality in 200 to 300 of them. 
These then have endoscopy, biopsy and cytology applied in hospital, result
ing in 50 to 100 final patients with a diagnosis of gastric cancer, ulcer, polyp 
or other pathology. The experience of the Massachusetts General Hospital 
of finding eight per 1000 extra early cancers, unidentified by any other 

· diagnostic technique, when applying routine gastric washing technique to 
symptomatic patients attending their gastrointestinal clinic presents another 
form of case selection, presumably relating to the symptomatology of 
atrophic gastritis (Husain, 1976). 

Such logistics have been commented on in a leader in the Lancet (1978) 
where it was pointed out that, even with screening, if the mean time of over 
seven months from first symptoms to operation persists in European prac
tice, as is currently prevalent (Lundh et al, 1974; Cohn, 1978), then the 
chance of improving on the present poor survival rates is unlikely. The fact 
that there is no radiologist writing in this volume does not augur well for the 
pursuit of this problem via double-contrast radiology which does detect 40 



per cent or more of these cases. However, it is estimated that there are about 
4500 dyspeptics in every 300 000 population (Barnes et al, 1974), that is, 
those served by a District General Hospital; most are probably over 45 years 
of age, and a method of selection may well have to be much more searching. 

SPECIAL CYTOLOGICAL DETECTION TECHNIQUES 

All the above test systems for early gastric cancer detection are probably too 
expensive to screen for low-risk populations as they are skilled-labour
intensive and involve expensive apparatus. Attempts at screening only 
known high-risk categories of the population will produce a patchy sample. 

It has therefore been necessary to explore other screening approaches 
which would more cheaply, and with less-invasive techniques, identify the 
high-risk cases for more purposive investigation by gastroscopy, biopsy and 
brush cytology. Leaving the pure biochemical, enzymic and immunological 
tests to Professor Munro Neville, we shall merely present a short list of those 
techniques that show some likelihood of being successful in this regard 
(Table 6). 

Table 6. Cytochemical and DNA tests for gastric cancer 

1. Naphthylamidase 
2. Cathepsins 
3. 6-Phosphogluconate dehydrogenase 
4. Sulphomucins 
5. DNA lability 
6. Aminopeptidase 

Most of these cytochemically-detectable enzymes are raised specifically or 
excessively in neoplasia, though they show some increase in the cells of the 
accompanying metaplasia. This was shown in histological sections by Wat
tenberg (1959) in relation to aminopeptidase, and more recently Jass and 
Filipe (1979) have studied the sialo- and sulpho-mucins which show raised 
activity in neoplasia and surrounding intestinal metaplasia, but as the latter 
accompanies gastric lesions other than carcinoma it is admitted by these 
authors that this approach may be too non-specific to be of value. 

We, however, have investigated the lysosomal hydrolytic enzyme, naph
thylamidase, a peptidase known to be secreted by invading cancer cells. We 
have demonstrated progressively increasing naphthylamidase activity in 
cells from dysplasias, through carcinoma in-situ, to invasive cancer of the 
cervix (Husain and Millett, 1979), and we are now attempting to apply this 
technique to aspirated gastric cells. The problem is going to be one of 
enzymically-intact cell salvage by aspiration or wash. Brush material cer
tainly provides better-preserved cell material but this would not be of great 
advantage as a prescreening technique though it would certainly help to 
identify the potential aggressiveness of the tumour. 

Another unique approach has been along the lines of work carried out by 



our colleague, Dr Jacqueline Millett, in studying the nature of DNA in the 
neoplastic cell. Again, working with cells from precancer and cancer of the 
cervix, she has developed a technique of slowing down the Feulgen 
hydrolysis by conducting it at room temperature and using 5 N HCI. By 
stopping the hydrolysis at stated intervals and assessing the amount of freed 
aldehyde-form dioxyribose sugar which has reacted with the leuco-basic 
fuchsin of the Schiff reagent, and by the use of a Vickers M85 integrating 
microdensitometer, she has shown that there are two main moieties of DNA 
in non-malignant cell samples, with peaks or humps at 20 and 60 minutes. In 
the cell nuclei of carcinoma in-situ and invasive cancer there appears to be a 
more labile or derepressed fraction of DNA with a hydrolysis peak at five 
minutes. Not only was this fraction present in the identifiable malignant cells 
but it appeared to be present in the normal cells in the surrounding 
epithelium, suggesting a field effect which might obviate the need always to 
seek for malignant cells in order to carry out assessment. 

We are attempting to apply such a technique to gastric aspirates in the 
hope of automating such a DNA assessment, or of providing a more func
tional test of the cell potential towards neoplasia. 

As yet, none of these approaches is worthy of serious consideration and 
the standard wash and brush cytology with biopsy will have to provide our 
main armamentarium against this disease. 
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Other markers are regarded 
amount the classical exampl 
tion by bronchial carcinoma~ 

Table 1 lists representativt 
be divided into a series of 
properties and the methods u 
released by the tumour cells a 
fluids, others appear to be ir 
categories of marker can be d 
use of immunocytochemical 

Many uses have been prop 
ering our understanding of t~ 
they may have a role to play 1. 

neoplasia. For the histop~t~c 
classification and apprectattc 

The present resume of tu 
plasms will attempt to demor 
of markers at the cellular le 
Some recent studies of new n 
be highlighted while placin1 
proved significance in the la1 

© 1980 W.B. Saunders Company 1 




