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BACKGROUND:
Metastatic cancers share several common properties with lymphocytes, in
particular their ability to colonise lymph nodes and permeate tissues.
CD44 is a cell surface protein expressed on lvmphocytes which facilitates
both these functions. The discovern that variant forms of CD44 are
expressed on certain tumour cells may lead to further understanding of
carcinogenesis. This study was perfonned to examine the relationship
between the expression of v6 variant (CD44v6) and clinical outcome in
early colorectal cancer.
METHODS:
The records at 2 district general hospitals were reviewed to identify
patients who had undergone potentially curative bowel resection for early
colorectal cancer between 1987 and 1994. The pathology was reviewed.
Expression of the CD44v6 variant protein w;as determined
immunohistochemically using tissue blocks from the original tumour.
Staining was assessed by an independent observer. Details of clinical
outcome were obtained from hospital records and by contacting the
patients' General Practitioners. Outoome measures used were evidence of
disease relapse and death from recurrence.
RESULTS:
97 patients were identified who had early primary colorectal cancers (85
Dukes A, 12 Duk-es B) treated by surgical resection between 1987-94. 45
were men and 52 women. Median age was 70 years (range 33-90).
Median follow up was 37 months (range 0.5-8 vears). 14 patients had
disease relapse. 11 died and 3 patients underwent further surgery for local
recurrence. 36 tumours were positive for CD44v6. Staining was
heterogeneous and generally of low intensity when compared with a
positive control of normal keratinocvtes. 3 of 11 cancer deaths and 1 of 3
local recurrences were CD44 6 positive. Of the 14 patents with disease
relapse, 9 (60%) did not express CD44v6.
CONCLUSION:
CD44v6 expression did not correlate with recurrence, sunrival or any
histological mark-er examined.

BILE FROM 1;RANSGENIC MICE CARRYING A MUTATION IN
THE Apc GENE INDUCES MORE DNA DAMAGE THAN DOES
BILE FROM WILD-TYPE MICE FROM THE SAME GENETIC
BACKGROUND. DK Scates. S Venitt (Section of Molecular
Carcinogenesis, Institute of Cancer Research, Sutton, SurTey),
AD Spigelman (Academic Surgical Unit, St. Mary's Medical School,
London), RKS Phillips (The Polyposis Registry, St. Mark's Hospital,
Northwick Park, Harrow), JC Mathers (Department ofBiological &
Nutritional Sciences, University of Newcastle upon Tyne, UK),
R Fodde (Department of Human Genetics, University of Leiden, The

Netherlands)
Patients with familial adenomatous polyposis (FAP) carry germline
mutations in the APC gene and are at high risk of developing duodenal
neoplasms. The periampullary clustering of these duodenal tumours
suggests that biliary carcinogens contribute to their formation. This
hypothesis is supported by studies showing that levels of DNA adducts
(promutagenic markers of carcinogen exposure) are higher in FAP
duodenum than in nornal duodenum, and that FAP bile produces more
adducts than does normal bile in rat small-bowel in vivo, and in human
cell lines and naked DNA in vitro. We now show that bile from
transgenic mice that are heterozygous for a chain-termination mutation
(Apc1638N) in the 1 5th exon ofthe mouse Apc gene, and which
develop intestinal tumours similar in type and progression to human
FAP, produces significantly more adducts when incubated with DNA
in wtro than does bile from wild-type mice.
DNA adducts per 109 nucleotides, median p (Mann(range) of 4 replicate 32P-postlabelling assays Whitney)
Wild type
Expt
Apc1638N heterozygotes
1
36.5 (12.4-54.4)
168.1 (80.4-235.5)
0.0143
2
59.0 (32.9-69.7)
89.4 (79.4-146.8)
0.0286
These results show that the increased capacity of human FAP bile to
produce DNA damage can be replicated in a mouse model, opening the
way for experimental studies of the factors that may influence the
development of foregut neoplasia in FAP.
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PHASE I/II TRIAL OF A MATRIX METALLOPROTEINASE
INHIBITOR IN PATIENTS WITH MALIGNANT ASCITES.
S.L.Parsons, S.A.Watson, S.S.Amar and
R.J.C.Steele. Department of Surgery, University
Hospital, Nottingham. United Kingdom. NG7 2UH

THE EFFECT OF BOLUS ENTERAL FEEDING ON HUMAN
COLONIC MOTOR ACTIViTY.
H.D.Duncan,S.J.Cole.T.E.Bowling,D.B.A.Silk.Dept.of Gastroenterology
and Nutrition, Central Middlesex Hospital NHS Trust. London, U.K

Malignant ascites is associated with a poor
prognosis, measured in weeks. Intraperitoneal
administration of Batimastat, a synthetic matrix
metalloproteinase inhibitor, has been shown to
resolve ascites in animal models. We, therefore,
studied whether a single intraperitoneal dose of
Batimastat could resolve ascites in symptomatic

Introduction:Up to 25% of patients receiving continuous enteral feeding
(CEF) develop diarrhoea, the pathogenesis ofwhich remains unclear. Our
previous studies show that CEF related diarrhoea is likely to be due to an
abnormal colonic response, occurring earlier and more commonly with
continuous intragastric than with intraduodenal feeding. The aim of the
present study was to determine whether the abnormal colonic response to
CEF could be overcome by administering intragastric enteral feed using a
bolus technique to simulate more closely normal feeding patterns.
Methods:Intraluminal pressure recordings in the unprepared descending
and sigmoid colon were studied in 6 healthy subjects using an established
technique on 3 separate occasions in random order. Continuous
recordings were made for 8.5 hours; 3 hours before and 5.5 hours after
the start of a 15 minute intragastric tube fed bolus infusion of a polymenrc
enteral diet. Group 1 were fed 83mls over 15 minutes hourly for 4
instillations (5.53kcal/min, 34.9mgN/min); group 2 were fed 250mls over
15 minutes 2 hourly for 2 instillations (16.7kcal/min. 105mgN/min) and
group 3 were fed 50Omls over 15 minutes once (50kcal/min,
313mgN/min) feed. The pressure records were analysed in 30 minute
epochs for the study segment (sum of 4 channels) activity index (AI =
area under the curve: mmHg.min) by fuily automated computer analysis.

patients.
Nine patients with proven malignant ascites
were recruited, with ethical approval and
underwent intraperitoneal administration of a
500ml suspension of Batimastat after removal of
an equal volume of ascites. Response to
treatment was assessed by weight, abdominal
girth and drainage.
Rapid systemic drug absorption was achieved
with drug levels remaining elevated for 6 weeks
and were higher than in a corresponding study
where the ascites was drained to dryness prior
to drug administration. Side effects consisted
of abdominal pain of mild to moderate intensity
(6 pts), pyrexia (2 pts), nausea (3 pts) and
vomiting (2 pts). Only abdominal pain (3 pts)
and scrotal oedema continued beyond 72 hours.
A treatment response was seen in 5 out of 9
patients.
Intraperitoneal Batimastat is well absorbed
and the large volume of dissolution(Cascites not
drained) improved absorption.Our results suggest
that this agent may be useful in controlling
ascites though further studies are required to
confirm this.

Results:l of group 1, all 6 of group 2 and 5 of 6 subjects in group 3
developed diarrhoea. There were no sigificant differences in AI
between the 3 groups prior to feeding: group 1 - 2670 (132); group 2 2957 (227); group 3 - 3021 (214) mmHg.min, mean (SE). In group I
there were no significant differences in Al before and after feeding (2694
(28)). In group 2 the Al fell to 2505 (72), p<0.05 and in group 3 the Al
fell to 2455 (86), p<0.04. Conclusion: Low load bolus infusion of
polymeric diet in Group 1 subjects was without effect on the colonic
motility response. However bolus infusion of 16.7kcal/min or greater
resulted in significant suppression of colonic motor activit, associated
with a hi,gh incidence of diarrhoea.
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DRINKING BEFORE ENDOSCOPY

-

MILK

OR WATER?

Background: The traditional fluid fast before endoscopy
is unnecessary. A previous study from our unit has shown that
drinking water up to 90 minutes prior to a morning endoscopy
does not effect either the quality of mucosal views or residual
gastric fluid volumes, compared to patients endoscoped after a

standard overnight fast. The present study was designed to
establish whether milk, which may delay gastric emptying,
could also be drunk prior to endoscopy without adverse effect.
Methods: 48 patients (mean 48 yrs, range 20-79) undergoing
routine upper gastrointestinal endoscopy after overnight fast
were randomised to drink 200ml of either still mineral water
(n=27) or full fat milk (n=21). Endoscopy was performed 90-120
mins later (mean 109 mins), when all residual gastric fluid was
aspirated via the endoscope. Volume and pH was measured,
and the quality of the mucosal view at endoscopy recorded.
Results: Using un-paired Student t-tests no difference was
shown between water and milk drinkers in gastric fluid volume
(mean+ SEM, water v milk) (16.0m1 + 1.5 v 18.9m1 + 2.9) or pH
(2.23 + 0.14 v 2.48 + 0.14). The quality of mucosal view is
shown below:
'Poor' 'Adequate' 'Excellent'
(n)
26
1
0
Water 27
6
4
11
Milk 21
32
12
4
Total 48
18.7%
92.7%
100%
% MiLk drinkers
The percentage of milk drinkers was shown to decrease on
progressing from 'poor' to 'excellent' views (Chi square test for
trend=21.7, df=1, p < 0.001), demonstrating that milk drinking
was associated with significantly worse endoscopic views.
Conclusion: Drnking water up to 90 mins prior to
endoscopy is safe, but milk should be discouraged because of
suboptimal mucosal views.

Park, NORWICH, NR4 7UA.

Chronic hyperproliferation of colonic epithelial cells, which increases
their vulnerability to genetic damage, is the first stage in tumourigenesis.
Protein kinase C is involved in the control of cell proliferation, and this
enzyme is activated by intracellular diacylglycerols (DAG). It has been
established that exogenous DAG can stimulate the growth of cells
derived from human adenomatous polyps. DAG is known to occur in
human faeces and may therefore play a role in the development of
colorectal cancer. It has been proposed that faecal DAG is derived from
the metabolism of dietary or endogenous phospholipids by bacteria
having phospholipase C activity. The aim of this study was to
investigate this hypothesis by measuring the expression of bacterial
phospholipase C in the faecal microflora of human subjects, and
comparing the levels of DAG in human faeces with those in small
intestinal chyme.
Methods: Faeces were collected from healthy human volunteers and
temporarily placed in cool storage before being transferred to an
anaerobic cabinet for subsampling. Portions for microbiological
investigation were dispersed in growth media, serially diluted and
plated, and incubated under anacrobic conditions. Samples for chemical
analysis were dispersed in water, and the total lipid was extracted with
chloroform-methanol. The lipid was fractionated using silica gel
columns, and the diglyceride fraction was subjected to capillary gas
chromatography. The same procedure was also applied to ileostomy
effluents collected from 6 human volunteers.
Results: Faecal samples from all 13 subjects contained DAG, but
there was marked inter-subject variation. In contrast, DAG was
uniformly absent from ileostomy effluent. In thecase of faecal samples,
phospholipase C activity was expressed by vegetative bacterial cells and
by isolated, germinating spores from all subjects, but the numbers of
positive organisms were relatively low (<l08/g faeces) and varied
markedly between subjects.
Conclusions: The absence of DAG in ileostomy effluent indicates
that faecal DAG has its origins in the large bowel. Its fonnation may be
associated with the metabolic activity of only a very small proportion of
the bacterial population, and it may prove possible to reduce the
numbers of such organisms in the faecal stream by dietary intervention.
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PROFILE OF DISACCHARIDASE ACTIVITY AND SODIUMDEPENDENT GLUCOSE TRANSPORT IN THE BRUSH BORDER
MEMBRANE ALONG HUMAN SMALL INTESTINE. Dib R, Sim
AJW, Broadbent K, Mensah-Brown E, Gamer A. Faculty of Medicine,
United Arab Emirates University, PO Box 17666, Al Ain, UAE.
Brush border membrane vesicles (BBMVs) are a convenient means of
studying the apical p!asma membrane of enterocytes. The majority of
studies have used vesicles from a distinct region and there are almost no
reports comparing properties of BBMVs along the length ofthe human
intestine. In the present study highly purified BBMVs were prepared by
magnesium precipitation and differential centrifugation from duodenum,
jejunum, mid and terminal ileum. Histologically normal tissues were
obtained from patients undergoing resection for non-inflammatory benign
disease (mid ileum) or localised malignancy.
BBMVs from all four regions were enriched in alkaline phosphatase (7
to 12-fold) by comparison with the initial homogenate and depleted in
basolateral-associated Na/K-ATPase activity. Purity was confirmed by
ultrastructural examination. Diameter of BBMVs prepared from human
ileum was 160 ± 9 nm (mean ± SEM, n=50). There was no significant
difference in the size distribution of vesicles from different regions. The
specific activity (gmol/minImg protein), enrichment and recovery (%) of
sucrase and peak glucose uptake (pmolUmg protein) in the presence of
100 mMl NaSCN or KSCN are shown in the Table.
Rezion

duodenum
jejunum
mid ileum
terminal ileum

Activity

Enrichment

Recovery

NaSCN

KSCN

0.3

13
15
24
24

27
28
41
47

168
829
352
169

53
117
71
114

1.6
3.6
2.4

These data reveal the regional differences in distribution and activity of
membrane-bound disaccharidase along the human intestine. Sucrase
activity was low in the duodenum and maximal in the ileum. All vesicles
supported Na-dependent accumulation of D-glucose as evidenced by an
overshoot in the presence of NaSCN but not KSCN. The rate of Dglucose uptake by human BBMVs was maximal in the jejunum where
values were 5-fold greater than either duodenum or terminal ileum.

THE EFFECTS OF DIETARY IRON AND PHYTATE ON CELL
PROLIFERATION AND APOPTOSIS IN RAT LARGE INTESTINE.
EK Lund, SJ Wharf, S Fairweather-Tait and IT Johnson. Department
of Nutrition Diet and Health, Institute of Food Research, Norwich
Research Park, Colney, Norwich NR4 7UA.

Epidemiological evidence suggests that high meat diets are associated
with an increased risk of colon cancer. This observation has led to the
development of the hypothesis that excess dietary iron is an important
factor in the aetiology of colon cancer. Maintenance of tissue
homeostasis requires a balance between cell division and cell death; we
have investigated the effects of dietary iron and phytate on cell division
and apoptosis in rat colon. The high iron diet was chosen to contain a
concentration of iron equivalent to human foods forified with iron.
Methods: Rats were fed a semisynthetic diet containing either 29
g/Kg dry weight or 102 g/Kg dry weight elemental iron, with or with
out phytic acid (2.5 g/Kg dry weight), for 5 days. Small (ca.0.5 cm)
sections from the mid colon and from the tip of the caecum was fixed in
ethanol:acetic acid, stained with Feulgen's reagent and dissected under
the microscope prior to counting and localising the mitotic figures in 10
crypts per rat. The remaining tissue was incubated in EDTA, DTT,PBS
(pH 7.2) for 60 minutes to facilitate the removal of crypts prior to fixing
in gluteraldehyde. The number of cells with DNA double strand braks
was measured using the TlJNEL assay.
Results. The concentration of availabl iron, defined as that extracted
from contents into 1 mmol 1-1 EDTA pH 7.4, in the caecum was
increased from 37±8 to 143±13 gmol/kg wet weight by the addition of
iron to the diet, and in the colon from 297±123 to 52±41 V4 wt
weight. The number of mitotic cells/crypt in the mid colon was greser in
rats receiving the higher level of iron (p<0.05). In the caecum there was
a significant shift in the prolifertive zone towards the mouth of the crypt
but no change in the total number of mitotic figures. Iron had no effect
on the number of cells with DNA double strand breaks but in the colon
phytate increased the number nearly two fold.
Discussion. This data suggests that unabsorbed iron is
physiologically active in the colonic lumen, and may play a role as a
determinant of mucosal cytokinetics. An increase in crypt cell
an
proliferation, or an extension of the proliferative zone, is considered
early marker of colorectal neoplasia. The increased incidence of DNA
strand breaks in animals fed phytate was consistent with a higher level
of apoptosis, the significance of which remains to be explored.
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THE ORIGIN OF DIACYLOLYCEROLS (DAG) IN T HUMAN
FAECAL STREAM.
JM Gc. TC Gotts, DA Fairim, MW Peck and IT Johnson.
Institute of Food Research - Norwich Laboratofy, Norwich Research
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EK.Lund.

Institute of Food Research - Norwich Laboratory, Norwich Research
Park, NORWICH, NR4 7UA.
Previous studies have suggested that highly unsaturated long chain fatty
acids such as those found in oil rich fish can reduce cell proliferation
both in normal rats and in patients with sporadic colonic adenomas. To
better understand how fish oil affects cell turnover we have investigated
the effects of low doses of eicosapentanoic acid (EPA) on the growth
characteristics of HT29 cells and how this is affected by ra-tocopherol.
Cell number is dependent not only on cell division but on cell death so
we have assessed the degree of apoptotic cell death in these cultures.
Methods. Cells were grown for 2 days prior to exposure to 0,5,10
or 15 tg/ml EPA. Culture media was changed daily and cells sampled
after 1,2,3,4,5,6,7 or 8 days. The effects of a-tocopherol on the EPA
induced responses were examined by incubating cells with EPA and atocopherol (17 gg/ml) for 5 days. Cell number was counted using a
haemocytometer and the level of apoptotic cell death detected using the
TUNEL assay for double strand breaks, gel electrophoresis and flow
cytometry.
Results. The growth of HT29 cells is inhibited on exposure to 10
±g/ml EPA and cell number is reduced at a dose of 15 jg/ml EPA.
Apoptosis, in adherent cells, was detected maximally after 24 hours
exposure and the percentage of cells labelled decreased over the
succeeding days to reach a minimum at five days. The TUNEL assay
results were confirmed by detection of DNA laddering in agarose gels.
The effects of EPA on cell number and apoptosis were completely
abolished by the addition of a-tocopherol to the media. These results
were not found when cells were exposed to oleic or linoleic acid.
Discussion. The addition of long chain highly unsaturated fatty
acids can reduce total cell number in cultured colorectal adenoma cell
lines. This effect is probably at least partially due to loss of cells by
apoptotis in response to oxidative stress. The degree to which this
response is selective toward precancerous cells as compared to normal
cells remains to be clarified.
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EFFECT OF INTRAGASTRIC INFUSIONS OF
MACRONUTRIENTS ON INGESTION AND SATIETY
J.Cecil, K.Castiglione, J.Francis, S.French and N.W.Read.
Centre for Human Nutrition, The University of Sheffield, Northern
General Hospital Sheffield SS 7AU, UK.
Previous studies using meal preloads have indicated that carbohydrate
has a greater satiating power than fat'. Our aim was to test this
hypothesis, avoiding influences of meal design and cognitive factors by
investigating the effects of direct intragastric macronutnent infusions on
ingestion and satiety.
In the first study, 10 fasted, male volunteers received isocaloric
(100Okcal) 500ml infusions of Intralipid, 1:1 Intralipid and glucose
mixture and saline over 15 minutes (66.6 kcal/min) on three separate
occasions. In a second study. another 10 fasted, male volunteers
received infusions of either Intralipid or glucose. For both studies,
appetite ratings were recorded for the first two hours of the study and
energy and macronutrient intake was evaluated from a test meal given
1.5 hours after the infusion. Food diaries were used to monitor food
intake for the remainder of the study day.
In the first study, both Intralipid and the Intralipid/glucose mixture
reduced hunger ratings and increased ratings for fullness compared with
saline. In addition Intralipid and the Intalipid/glucose mixture
significantly reduced intake at lunch compared to saline but had no
effect on energy intake during the remainder of the study day. There
was no difference in either ratings or energy intake between the
Intalipid and mixture conditions. In the second study there were no
signficant differences between the effects of isocaloric infusions of
Intralipid and glucose on ratings of hunger and fullness, or on energy
intake from the test meal or intake over the remainder of the day.
Taken together, these results show that intragastric infusions of either
Intralipid, glucose and a mixture of the two, reduced hunger and
increased fillness, but they failed to confirm the hypothesis that
different macronutrients have different satiating capacities. This
suggests that previous results using preloads might be related to the
influence of meal design on cognition, taste and gastric delivery.
1Cotton, 3., Burley, V., Wetae 1., Blundell, J. J. Hum. Nutr. Dietet. 7:11-24, 1994.

MOLECULAR CHARACTERISATION OF CHOLECYSTOKININ
RECEPTORS EXPRESSED BY HUMAN AND RAT VAGAL
AFFERENT NEURONES.
PA Mori[1az, R Dimaline, DO Thompson* and GJ Dockrav. Dept of
Physiology, University of Liverpool, UK and *Dept of Medicine, Hope
Hospital, Salford, UK.

Background. The intestinal hormone cholecystokinin (CCK) is
released by both dietarv amino-acids and fats. CCK stimulates
gallbladder contraction and pancreatic secretion, and inhibits food
intake and gastric emptying. The latter two responses are mediated via
vagal afferent fibres, which have their cell bodies in the nodose
ganglia. The receptors for CCK in the gastrointestinal tract and the
central nervous system have been classified into two subtvpes, CCK-A
and CCK-B.
Aims. To characterise at the molecular level the CCK receptors
expressed by rat and human nodose ganglia cells.
Methods. Total RNA from rat pancreas, gastric corpus, kidney
(negative control) and nodose ganglia, and from human gallbladder and
nodose ganglia was isolated and reverse transcribed to eDNA.
Heterologous CCK-A and CCK-B specific-primers were then used in
PCR and appropriate products were cloned into the pCR-ll vector and
sequenced.
Results. RT-PCR revealed a cDNA product of the appropriate size for
CCK-A receptors (410 bp) in rat pancreas, gastric corpus and nodose
ganglia but not in kidney. Similar cDNA products were observed in
human gallbladder and nodose ganglion. Restriction digests revealed
fragments of the anticipated size. Sequence analysis of clones derived
from the rat and human nodose ganglia revealed >98% homology with
previously published CCK-A receptor sequences. RT-PCR revealed a
single cDNA product for CCK-B (210 bp) in both rat and human nodose
ganglia and their identities were confirmed by restriction digest analysis.
Conclusions. Both CCK-A and B receptors are expressed in rat and
human vagal afferent neurones. The molecular characterisation of these
receptors provides a rational basis for understanding and manipulating
the effects of CCK on vagal afferent fibres.
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GASTRIC MIXING OF A SOLID AND LIQUID MEAL MEASURED BY
ECHO PLANAR MAGNETIC RESONANCE IMAGING (EPI).

J Wright', V Adams2. P Gowland2, R Spi1ler3, D Evans4 and P Mansfield2.
Magnetic Resonance Centre2, Dept of Physics and Depts of Surgery' and
Therapeutics3, University of Nottingham, Nottingham, UK and GI Science
Research Unit4, St Bartholomew's and Royal London Hospital School of
Medicine. London, UK.
EPI can monitor motility and transit in the stomach and
antropyloroduodenal segment in real time. A further development of this
technique has enabled us to study mixing of gastric contents following
ingestion of a mixed viscous porridge/water meal.
Eight normal male subjects (mean age 23.5 yr) were imaged under a 0.5
Tesla MR system using EPI for up to 160 minutes following a mixed meai
of 500 ml porridge and 500 ml water. A rapid multislice technique was used
to image adjacent abdominal transverse slices (10 mm thick). enabling total
gastric volume and gastric emptying to be calculated. Changes in the signal
intensity ratio (SIR) of the pixels which form the brighter water image and
the darker porridge image were used to measure gastric mixing in each slice
The volume of the liquid component of the testmeal reduced
exponentially, having a 17 of 50.7 min (± 9.4sem). The solid phase had a
'17 of 145.8 min (± 9.8sem) and a lag phase of 50 min.. Immediatel)
following food there were two discrete pixel populations with median
intensity values of 45.7 (porridge) and 102.4 (water) and a median SIR of
0.43 (range 0.41-0.50). Hydration of the solid caused the SIR to increase
rapidly in the immediate post-food period (0-40 min) to 0.59 (range 0.520.74) (p=0.01), and thereafter at a slower rate to 0.71 (range 0.690.80)(p=0.03) at 120 minutes. The intensity populations also shifted position
(52.2 and 81.8 at 40 min and 64.2 and 89.1 at 120 min (solid, liquid
respectively)).
The clarity of images produced by EPI allowed easy differentiation
between solid and liquid layers. The continuing change of both the solid and
liquid intensities throughout the study period indicated that true mixing of
the gastric layers had taken place and that mixing was most active during the
initial post food period. SIR provides a new quantitative measure of gastric
mixing and is an important developmnent since it will allow non invasive
assessment of a wide group of patients in whom abnormal distribution and
mixing is thought to be responsible for their gastric symptoms.
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BACKGROUND AND AIM Feelings of sleepiness increase more
after eating meals rich in fat than after meals in which much of the fat is
compensated by carbohydrate. Physiological studies suggest that the
sedation may be related to the exposure of the small intestine to
nutrients, thus possibly by the reease of hormones. The aim of the
present study was to investigate whether differences in sleepiness
induced by meals of different fat and carbohydrate content are associated
with corresponding differences in specific hormonal responses.
METHODS Paired studies examined the effects of high fat - low CHO
and low fat - high CHO meals in 18 healthy volunteers (9 males, 9
fernales). The experimental meals were eaten at 10:30 h. 10 ml blood
samples and subjective measures of sleepiness were collected before and
at regular intervals after the meals. Plasma concentrations of glucose,
insulin, cholecystokinin (CCK), somatostatin, gastrin and oxytocin were
determined. RESULTS There was a small increase in lassitude in the
first hour after the low fat - high CHO meal, but the greater enhancement
in sleepiness occurred two to three hours after the high fat - low CHO
Multiple regressions indicated that insulin and CCK
meal.
concentrations were significantly predictive of sleepiness and fatigue
respectively (P=0.0002, P=0.0062). There was a significantly greater
increase in CCK and a smaller increase in insulin concentrations after the
high fat - low CHO meal than there was after the low fat - high CHO
meal (P<0.001). High insulin concentrations were associated with the
increase in sleepiness reported in the first hour after the low fat - high
CHO meal, whereas the larger increase in fatigue that occurred 3 h after
the high fat - low CHO meal was associated with high concentrations of
CCK. CONCLUSION Gastrointestinal hormones may partly mediate
postprandial alterations in sleepiness.

Plant lectins resist proteolytic degradation and can survive passage
through the gut in biologically active form, interact with brush border
membrane receptors and induce changes in the metabolism of
epitheial cells. Depending on the specificity of the lectin, the
location and extent of lectin binding to the gut varies from none to
complete binding. Lectins with strong binding to epithelial cells,
induce dose and time-dependent, fully reversible, hyperplastic growth
of the small bowel in rats. With continuous exposure to these lectins
the rate of crypt cell production (CCPR) increases, cell turnover
speeds up and the proportion of juvenile cells on the villi rises.
Changes in the activity of lactase, sucrase-isomaltase, peptidases and
alkaline phosphatase also reflect this shift. Accordingly, lectins which
can stimulate CCPR, cell turnover and metabolism also modulate gene
expression through their growth factor effects.
Lectins influence membrane glycosylation by direct interactions
with the glycosyl side chains of brush border receptors. Thus, lectins
which react with secreted glycoproteins overstimulate and exhaust the
capacity of goblet cells to synthesize mucins. By displacing
endogenous ligands, lectins can reveal glycan structures in epithelial
membranes and make them available for binding.
The medical exploitation of the reversible and predictable changes
in gut metabolism induced by these powerful and natural reagents is
now ready for exploration.
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THE LACTASE PERSISTENCE POLYMORPHISM: EXPRESSION
OF LACTASE TRANSCRIPTS IN SMALL INTESTINAL BIOPSIES
FROM FETUSES, CHILDREN AND ADULTS
C.B. Harvey', Y. Wang', A.D. Phillips2, J.A. Walker-Smith2 & D.M.
Swallowl
l MRC Human Biochemical Genetics Unit, Galton Laboratory, UCL,
London NW1 2HE. University Department of Pediatric
Gastroenterology, Royal Free Hospital, London NW3 2QG
2

The intestinal enzvme lactase is responsible for the digestion of the
major carbohydrate found in milk, the disaccharide lactose. In most
mammals lactase activity declines after weaning. In contrast, in about
half the world human population lactase activity persists into adult life.
The persistence or non-persistence of lactase is genetically determined
and we have recently shown that the critical DNA element which
determines whether or not lactase mRNA is expressed at high levels in
adult life resides within or close to the lactase gene itself (Wang et al,
1995 Hum Mol Genet 4 657-662). We made usc of DNA marker
polymorphisms within the lactase gene to show that in some individuals
lactase mRNA is only transcribed from one lactase allele. These
individuals tend

DIETARY LECTINS ACT AS GROWTH FACTORS FOR THE
SMALL BOWEL, CHANGING CELL TURNOVER TIME,
METABOLISM, MATURATION AND GLYCOSYLATION OF
THE EPiTHELIUM
S Bardocz, G. Grant, S.W.B. Ewen*, J. Koninkx, H. Hendrikst,
W.J. Peumanst, E.J.M. Van Dammet and A. Pusztai. The Rowett
Research Institute, Bucksbum, Aberdeen AB2 9SB; *Aberdeen
University Medical School, Scotland U.K.; tUniversity of Utrecht,
The Netherlands and tKatholieke University of Leuven, Belgium

to

have intermediate lactase

activity

and

are

thought

to

he hetero7ygotes carrying one lactase persistence allele and one lactase
non-persistenice allele.
ln this study we have examined the expression of lactase mRNA and
activitv in 30) children (age range 4 mths -12 yrs) in comparison with 14
fe.tuses (I )- 17 wks) and our series of adults. 29130 of the small
intestinal biopsies fiom childreni (suction from the DJ flexure) had
evlatinelvnormal intestinal villous morphology, high lactase activity and
high levels ot lactase mRNA. The activities overlapped the high end of
the range previously found in duodenal endoscopy samples from lactase
persistent aidults. All the fetuses had low lactase activities and low
lactase mRNA. 5 of the fetuses were heterozygous for DNA marker
polymorphisms and all 5 expressed both alleles equally (like nonpersistent adults). 10 children were heterozygous and 4 of these (age
range 1 Xmths- 1 1 years) expressed just one lactase allele and are
presumably genetically lactase persistent heterozygotes, in which the
expression of the 'non-persistent' allele has been switched off. This
genetic approach thus provides direct information on the timing of the
down-regulation in the expression of the lactase gene and indicates that
it can occur as early as the second year of life. This observation is
relevant to the elucidation of the underlying causes of the loss of lactase
activity in childr.enl.

ROLE OF POLYAMINES IN THE ADAPTATIONAL GROWTH
OF THE SMALL BOWEL
S. Bardocz, G. Grant, S.W.B. Ewen* and A. Pusztai. The Rowett
Research Institute, Bucksburn, Aberdeen, AB2 9SB; *D)epatment of
Pathology, University of Aberdeen Medical School, Scotland, U.K.
Similar to the action of hormones and peptide growth factors, plant
lectins which bind to cell surface receptors of the brush border
membrane are powerful extraneous growth factors for the gut.
Because lectins resist proteolytic degradation by digestive enzymes
they retain their biological activity. By interacting with cell surface
receptors lectins induce extensive proliferation and/or changes in the
metabolism of epithelial cells. Since phytohaemagglutinin (PHA) or
other lectins accelerate normal metabolic reactions, while maintaining
their full reversibility without causing irreversible aberrations, they
are ideal tools to study changes occurring during differentiation and
maturation of the small bowel. It was established by using PHA that
lectins which bind avidly to the mucosal surface induce dose- and
time-dependent and fully reversible hyperplastic growth of the small
bowel. The resulting increase in crypt cell proliferation and speeding
up of turnover alter gene expression in epithelial cells. These
metabolic changes require polyamines, mostly spermidine. Thus, one
of the effects of the PHA signal is to stimulate the basolateral
polyamine uptake system to sequester sufficient polyamines from the
blood circulation to sustain gut growth and to mediate the effects of
the hormones involved. Polyamines then need to be derived from
other sources to replace those taken up by the gut and maintain
steady-state blood concentrations. The diet is an important source of
polyamines for adaptational growth of the gut. The stimulation of the
basolateral polyamine uptake system is a normal response in
adaptational growth of the small intestine as shown, for example, in
fasting-refeeding. The existence of such a system can explain the
contradictions between the localisation of enzmes involved in the
synthesis and metabolism of polyamines and the presence of their
products.
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Chronic oral administration of dietary lectins such as
phytohaemagglutinin, PHA (kidney bean, Phaseolus vulgdris lectin),
induces dose-dependent and reversible growth of both the small
intenstine and acinar pancreas which is coincident with the
accumulation of polyamines in these tissues. Furthermore, acute
exposure to PHA induces a significantly increased secretion of aamylase and other digestive enzymes from the pancreas. Both acute
and chronic effects of PHA on the pancreas have now been shown to
be due to a CCK-mediated stimulation of the pancreas which are
similar to those with dietary trypsin inhibitors (STI). However, on a
molar basis PHA is an order of magnitude more effective growth
factor for the pancreas and on acute exposure it is a better stimulant
of pancreatic enzyme secretion than STI. The involvement of CCKrelease from the duodenum by PHA is further corroborated by finding
that PHA is a powerful stimulant of CCK release from duodenal
mucosal cells in vitro. Moreover, both the in vitro and in vivo effects
of PHA are abolished in the presence of the CCK-A receptor
antagonists, L-364,718 (Merck) and loxiglumide. However, as PHA
not only modulates the secretion of CCK but also other hormones, the
overall effect of the lectin is more complex than that of STI.
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THE INFLUENCE OF FOOID ON PAIN PERCEPTION IN
HEALTHY HUMAN VOLUNTEERS
S. ZMARZTY. N.W. READ. CENTRE FOR HUMAN NlTRITION,
NORTHERN GENERAL HOSPITAL, SHEFFIELD, 55 7AU.
Studies in animals have shown that meals high in carbohydrate can
inhibit responses to a variety of painful stimuli. The aim of this study
was to investigate whether food could reduce pain perception in a group
of 16 healthy hwman volunteers (8 male and 8 female), and to explore
the differential effects of macronutrient composition on the response to
cold-induced.pain. All subjects underwent the Cold Pressor Test (CPT)
on 3 occasions, before and after administration of high fat and high
carbohydrate (CHO) meals, and when no meal was given. The meals
were identical in appearance and calorific value, supplied one third of
the subject's specific daily energy requirements, and were administered
in a random order. The CPT was carried out 4 times on each test day once before food/no food, and again 0.5 hours, 1.5 hours and 2.5 hours
following food/no food. Radial pulse and blood pressure measurements,
and visual analogue scales of mood/emotional state were carried out
before and after each CPT. Mean pain scores on a computerised visual
analogue scale were significantly reduced following both meals (P <
0.05), compared with the no food condition. The maximum eduction in
pain occurred 1.5 hours after ingestion (P< 0.01), and a significantly
greater effect was exerted by the high fat meal compared with the high
CHO (P < 0.05). Subjects recorded feelings of lethargy and relaxation
following the high fat meal but not after the high CHO meal. Neither of
the meals had any significant effect on blood pressure, but carbohydrate
significantly elevated the pulse rate 2.5 hours following ingestion.
These results therefore indicate that food, particularly high fat meals,
significantly reduced the pain induced by the Cold Pressor stimulus in
healthy human subjects, and in a manner that was unrelated to
cardiovascular response.
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CHANGES IN THE LEVELS OF HUMAN INTESTINAL NA+/GLUCOSE COTRANSPORTER (SGLT1) IN RESPONSE TO LUMENAL NUTRIENTS.
5
DyerJ. *Hosie K. B. &
Epitheial Functon and Development Group, Institute of Biogical Sciences,
Univerty of Wals, Aberystwyth, Dyfed SY23 3DD, UK. Clinical Sciences
Centre, Northern General Hospial, University of Sheffield, South Yorkshire 55
7AU, UK.
The Na+/lucose co-transporter (SGLT1) is involved in the uptake of diary
sugars, D-lucose and D-galacose, from the lumen of the inteine into the
enterocyte. It is well establed that lumenal monosacharides regulate the
acivity and the abundance of this protein in the intstinal brush-border
membrane of rat, rabbit, mouse and lamb. We have had an opportunity to
scrn the abundance and acivit of this protein in the proximal intestine of a 50
year old man with jqunostomy and mucus fistula, which had been present for 12
monh, follwing surgery for a stangulated hernia.
Biopy sampes were removed from the proximal intesine exposed to lumenal
nutients, and from the distal; but adjacent defunctonal small bowel. The Na+depndent transport actviy was measured in brush-border membrane vesicles
(BBMV) isolated from the bopsies. The abundance of the SGLT1 protein was
deermined by quanfttafive Western blot analysis using an antiody to SGLT1.
The abundance of the stuctural protein, villin, was also determined in the same
membrane vescs by Western bobing.
The results indicate that the acivity and the abundance of SGLT1 in BBMV
isolated from the nut
replete tissue (control) amounted to 36.3 + 1.2
pmols/mg protein and 53* 2 pmoi/mg protein respectively. These parameters
in the deWunc0onal tssue were 12.3 a 1.0 pmonsM protein and 25 3 pmolmg
protein respecvey. The abundance of vilin in th BBMV isolated from the
nut replete tissue (conto was 206 a 3 units, as measured by scanning
densitomey. This level was not changed in ve es isolbted from the
deuncional tissues.
The results indicate that in human instine the activity and abundance of
StLTI is maintained by the prese of lumenal nutrients.

METABOLISM OF 13C- AND 1 SN- LABELLED LACTOSE-UREIDE
IN NORMAL ADULTS. R.Bundy. A.Hounslow, C.Persaud, J.Murphy,
S.A.Wootton and A.A.Jackson. Department of Human Nutrtion,
University of Southampton, Bassett Crescent East, Southampton SO16
7PX.

The body may accommodate a range of protein intakes through
changes in the colonic salvage of urea nitrogen (Danielsen & Jackson,
1992). The relative inaccessibility of the colon makes direct
quantification of the process difficult. Lactose-ureide, not metabolised
in the upper gut but fermented and hydrolysed by the resident colonic
bacteria (Heine er al, 1995), carries labelled urea intact to the colon.
Eight normal adults were fed a diet prepared. to be marginally
adequate in protein, 36 (SD 2) g/d, over five days. Lactose-ureide, with
the stable isotopes 13C and 1 SN on the urea moiety, was administered
orally to each subject on day four Over the following 48 h, samples
of breath, urine and stool were collected and analysed for isotope
enrichment by isotope-ratio mass-spectrometry.
46% (SD 8) of the 13C was excreted on breath as C02 during the 17
h after the administration of dose, rising to 84% (SD 21) after 48 h.
About 35% of the 1 SN was excreted in the urine and 20% (SD 5) in the
stool over the period of measurement.
The data show that over half of the hydrolysed dose of labelled
nitrogen was retained within the body and indicate a functional
significance of the salvage mechanism. The results conform with what
has been found when 15N labelled urea was placed directly in the colon
either at colonoscopy or through a colostomy (Moran & Jackson,
1990a,b). The form in which urea nitrogen is retained is being
investigated.
Danielsen M. & Jackson A.A. (1992) Clin. Sci. 83: 103-108
Heine WE., Berthold H.K. & Klein P.D. (1995) Am. J.
Gastroenterology 90: 93-98
Moran B.J. & Jackson A.A. (1990a) _Q.u 31: 454-457
Moran B.J & Jackson A.A. (1990b) Clin. Sci. 79: 253-258
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LECTINS ARE EXTRANEOUS GROWTH FACTORS INDUCING
CCK-MEDIATED PANCREATIC GROWTH WHICHIS BLOCKED
BY CCK-A RECEPOR ANTAGONISTS
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