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Effect of the dietary fibre content of lifelong diet on
colonic cellular proliferation in the rat
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Abstract

The effect of the fibre content of lifelong (18
months) diets on proximal and distal colonic
cellular proliferation and short chain fatty acid
(SCFA) content was investigated in 40 rats.
Rats were fed a low fibre diet (17 g/kg non-
starch polysaccharides NSP) or the stock diet
(133 g/kg NSP). The higher fibre fed rats had
increased caecal and colonic total contents
(p<0-001) and SCFAs than the low fibre fed
rats (caecal SCFAs: higher fibre rats 96-4 (6-8)
umol/g wet weight v low fibre 22.7 (3-0):
p<0-001, colonic SCFAs: higher fibre 52-3
(3:1) umol/g wet weight v low fibre 6-9 (2-2)
umol/g wet weight: p<0-001). Cellular pro-
liferation was increased in the proximal colon
(bromodeoxyuridine labelling index, higher
fibre 9-3 v low fibre 8:4 p<0-05; flow cyto-
metry, % cells in S phase higher fibre diet 7-9 v
low fibre 6-9; p<<0-01) and there was a shift of
proliferating cells to a higher region in each
crypt. There was no significant difference in
the percentage of cells in S phase in the distal
colon of rats in both diet groups. The prolifera-
tive zone, however, was expanded in the distal
colon of the higher fibre diet fed rats. This
study indicates that long term higher fibre
intake in rats is associated with a modest
increase in cellular proliferation in the proxi-
mal colon but not the distal colon.

(Gut 1992; 33: 1076-1079)

It has now been shown by several laboratories
that ingestion of fibre causes an increase in
cellular proliferation in the colon of rats.'? This
is probably related to an increase in the exposure
of the colonic epithelial cells to short chain fatty
acids (SCFA), which in addition to being a
possible energy source® for the cells, may also
promote cellular proliferation.’ Most studies,
however, have looked at short term ingestion of
isolated dietary fibres compared with elemental
diets and some have measured the effects of
post starvation recovery.’ In this study, we have
fed rats diets containing 133 g/kg non-starch
polysaccharides (NSP) or 17 g/kg NSP for 18
months, equivalent to lifelong ingestion in man,
and have measured both cellular proliferation
and colonic SCFA.

Although increased cellular proliferation does
not necessarily relate to carcinogenesis, some
researchers have suggested the use of increased
cellular proliferation as a marker of cancer risk in
man’® and since some dietary fibres have been
shown to increase colonic cellular proliferation
and to increase tumour yield in animal models of
colon cancer'’ the effect of fermentable fibre on
cellular proliferation may be a cause of concern.
The relevance of these animal models is difficult
to assess, as by using carcinogens such as 1,2

dimethylhydrazine (DMH) they concentrate on
the final development of the tumour and not on
the previous initiating stages of this long multi-
stage process. Dietary fibre may have more
inhibitory actions earlier in the process.

Since Deschner and Maskens® have suggested
that abnormalities in the distribution of S phase
cells within the proliferative compartment of
the colonic crypts are important in defining the
degree of cancer risk in high colon cancer risk
patients, we have measured the distribution of
cellsin S phase in addition to the overall numbers
of S phase cells in each crypt in this study.

Methods

Forty male Wistar rats, caged in groups of five,
were maintained on the test diets for 18 months
and were housed on refined cat litter to prevent
them eating the bedding. There were 20 rats in
each diet group, fed either a low fibre diet
(Special Diet Services Ltd, Whitam) containing
17 g/kg non-starch polysaccharide (NSP 12 g/kg
soluble NSP), 124 g/kg digestible protein, 801
g/kg digestible carbohydrate, 20 g/kg lipid, and
vitamin and mineral mixes at 55 g/kg providing
2990 cal/kg, or a higher fibre diet (CRMX;
Labsure Ltd) containing 133 g/kg NSP (31 g/kg
soluble fibre), 205 g/kg digestible protein, 569
g/kg digestible carbohydrate, 24 g/kg lipid, and
63 g/kg vitamin and mineral mixes providing
2885 cal’/kg. (NSP measured by Englyst
method.®) The rats were bred specifically for this
study and the parents of experimental animals
were fed the appropriate diet for one month
before mating.

After 18 months, the rats were Kkilled by
overdose of ether. After death, the caecum and
colonic contents were collected, weighed wet,
and then freeze dried and reweighed. SCFA in
the caecal and colonic contents of 10 rats in each
group were analysed by gas liquid chromato-
graphy.” The caecum and colon were then
carefully dissected and divested of fat, rinsed in
isotonic saline, blotted, and weighed.

COLONIC MUCOSAL PROLIFERATION

This was assessed by two methods which
measured the number of colonic cells in S phase
of the growth cycle. Five rats from each group
were given an intraperitoneal injection of 50 mg/
kg bromodeoxyridine (BrdUrd) one hour before
death. After death, 1 cm sections of proximal
(1 cm from caecum) and distal colon (2 cm from
anal sphincter) were removed from all animals
for cell proliferation analysis. The colonic seg-
ments were fixed in Carnoy’s fixative and pro-
cessed to paraffin. For BrdUrd analysis" 3 pm
sections were taken through the vertical crypt
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TABLE1 The effect of 18 months of low fibre and higher fibre
diets on the caecal and colonic tissue and contents weights of
rats

Low fibre diet  High fibre diet
Mean (SEM)  Mean (SEM) p
Caecal tissue:
Weight (g) 117 (0-02) 1-28 (0-02) <0-001
Caecal contents:
Wet weight (g) 3-56 (0-24) 5-93(0-19) <0-001
Dry weight (g) 1-:35(0-13) 1-9(0-08) <0-01
% Water 62:0(1-65) 67-9(0-8) <0-01
Colonic tissue:
Weight (g) 1-4 (0-02) 2-05(0-07) <0-001
Colonic contents:
Wet weight (g) 2-05(0-2) 3-56 (0-31) <0-001
Dry weight (g) 1-09 (0-16) 1-56 (0-15) <0-05
% Water 55-3(5°1) 56°1 (1-46) NS

p Values refer to Student’s unpaired ¢ test comparing higher fibre
with low fibre fed rats.

TABLE I Short chain fatty acid (SCFA) content of caecal
and colonic contents of rats fed lifelong (18 months) low or
higher fibre diets (n=10)

Low fibre diet  Higher fibre diet
Mean (SEM) Mean (SEM) »p
Caecal contents
Total SCFA:
umol/g dry wt 60-2 (10-3) 2966 (18:4) <0-001
umol/g wet wt 22:7(3-0) 964 (6-8) <0-001
Total pmol/caecum  88-4(12:9) 597 (49-6) <0-001
Molar proportions:
Acetic 700 (12) 619 (14) NS
Propionic 161 (9-7) 130(12) <0-01
Butyric 59 (4) 203 (5-3) <0-001
Isobutyric 30(2) 28(5:3) NS
Valeric 32(2) 16 (3) <0-001
Isovaleric 19(1) 6(0-7) <0-001
Colonic contents
Total SCFA:
umol/g dry wt 24-7(3-5) 135-9(12-1)  <0-001
umol/g wet wt 6:9(2:2) 52:3(3:1) <0-001
Total pmol/colon 19-9(5-9) 168 (19-8) <0-001
Molar proportions:
Acetic 640 (36) 715(21) NS
Propionic 121 (6:4) 104 (13) NS
Butyric 63 (6°5) 146 (14-8) <0-001
Isobutyric 59(9:7) 10(1) <0-001
Valeric 42(5-5) 15(1-7) <0-001
Isovaleric 62(11-3) 8:4(0:7) <0-001

p Values relate to Student’s ¢ test, higher fibre diet rats compared
with low fibre diet rats.

axis at intervals of 100 pm and plated onto
Poly L-lysine coated slides for subsequent
immunostaining. Sections were immunostained
with mouse anti-BrdUrd antibody (Becton-
Dickinson) at a dilution of 1 in 400, visualised
with diaminobenzidine, and counterstained with
Mpyer’s haematoxylin. The sections were scored
blind for Brd Urd labelling. Sections were scored
at the original magnification X400 for the
number of stained cells along each crypt. Forty
crypt columns were analysed for each section of
colon." Since the colonic tissue was to be
analysed by x ray diffraction for another study,
BrdUrd could not be used in all animals as we
had not established that the label had no effect on
x ray scatter, therefore similar segments of colon
to those described above were taken from all 40
rats and the DNA content of the epithelium
analysed by flow cytometry. Colonic epithelium
was shed after incubation in EDTA solution
using the method of Bjerkness and Cheng" and
fixed in 50% ethanol. Nuclear suspensions were
then prepared by digestion of the fixed epithelium
in 0-5% pepsin solution (pH 1-5) at 37°C for 30
minutes. After washing and filtration, the nuclei
were stained in propidium iodide solution (50
ug/ml) containing RNAase (1 mg/ml) for 30
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TABLE 111 Effect of lifelong (18 months) feeding low and
higher fibre diets to rats on colonic crypt cell proliferation,
measured by flow cytometry and bromodeoxyuridine (BrdUrd)
labelling index

Low fibre diet  Higher fibre diet
Mean (SEM) Mean(SEM)  p*
Crypt cell count
lls/crypt:
Proximal colon 28:7(0-3) 31-1(0-3) <0-01
Distal colon 30-9%(0-3) 33-51(0-3) <0-01
BrdUrd labelling index
(n=5)
Proximal colon <0-05

0-27) 9-3(0-32)
7.

84 (
Distal colon 7-6t1(0-25) 91 (0-30) NS

Flow cytometry

(n=20)

% Cells in S phase:
Proximal colon 6-9(0-32) 7-9(0-39) <0-01
Distal colon 6-8(0-27) 7-4(0-27) NS

*p Values relate to Student’s 1 test higher fibre group compared
with low fibre group.

1Proximal colon compared with distal colon.

1p<0-05, $p<0-01; proximal colon compared with distal colon.

minutes at 4°C" and analysed in an EPICS CS
flowcytometer (Coulter Corporation). DNA
histograms were collected for 3x10* nuclei and
the proportion of cells in S phase calculated using
a linear S phase fitting programme.'* This was
well correlated with the values obtained from
those with BrdUrd labelling in the 10 rats in
whom both methods were used (r=0-72,
p=0-001).

STATISTICAL ANALYSIS

Results of the low fibre and higher fibre diet
animals were compared by Student’s : test.
Differences between the cumulative BrdUrd
labelling distributions of the colonic crypts of
both groups were analysed by two sample, two
tailed Kolmogorov-Smirnov test."

Results

Rats fed the higher fibre diet weighed less (at 18
months; higher fibre rats 570 g (26) v low fibre
rats 675 (28) g) and were more healthy than the
low fibre fed rats. At post mortem, the low fibre
diet rats had more abnormalities and tumours
of body tissue than the higher fibre diet rats.
The higher fibre rats had eight testicular
tumours and one mesenteric lesion. In the low
fibre group there were six rats with nodular and
reticulated lungs, 14 with pale or nodular
livers, eight with a pale or nodular pancreas,
and 12 rats with testicular tumours. Eight rats
were so obese that they developed anterior
abdominal wall abrasions. There was also a
higher incidence of diverticulosis in the low
fibre diet rats (41:2% v 0%). Three rats in the
low fibre diet group suffered from middle ear
infections and were removed from the study.

CAECAL AND COLONIC CONTENTS

The wet weight of caecal contents was signific-
antly less in the low fibre compared with the
higher fibre diet rats (Table I, p=0-001). Dry
weight, however, was not changed. The propor-
tion of water was therefore significantly less in
the low fibre group (Table I). The concentration
and total amount of caecal and colonic SCFAs
were less in the low fibre diet rats (Table II,
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The cumulative labelling of cells in S phase by
bromodeoxyuridine (BrdUrd) along the length of colonic
crypts in the proximal and distal colon of rats fed low or higher
fibre diets. Curves show the cumulative number of cells in

S phase progressing up the crypt towards the lumen. A shift in
the curve to the right indicates an expansion of the proliferative
zone with S phase cells appearing further up the crypt.

p=0-001). The pattern was also different, with a
higher proportion of SCFAs as butyric acid and
a lower proportion of propionic acid in both the
caecal and colonic content samples (Table II).

CAECAL AND COLONIC TISSUE WEIGHTS

The caecal and colonic tissue weights were
significantly higher in the rats fed the higher
fibre diet than those fed the low fibre diet (Table
I, p=0-001).

MUCOSAL PROLIFERATION

The BrdUrd labelling index showed a trend for
increased cell proliferation in the higher fibre rat
group, which reached statistical significance in
the proximal colon but not in the distal colon
(Table III, p=0-05). The labelling index was
higher in the proximal colon than in the distal
colon for both groups of rats (Table III, p<0-05).
Analysis of the distribution of the BrdUrd label
along each crypt showed a significant shift in the
population of dividing cells towards the luminal
surface in both sites of the colon (Figure). The
results of the flow cytometry analysis showed
similar changes in the rate of cellular prolifera-
tion as the BrdUrd method (Table III) but, these
changs were of smaller magnitude indicating the
lower sensitivity of this method.

Discussion
In this study we have shown that long term (18
months) ingestion of 133 g/kg dietary fibre
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resulted in a modest but significant increase in
cellular proliferation in the crypts of the proxi-
mal colon but not the distal colon of the rat
compared with an intake of 17 g/kg dietary fibre.
This was relatd to a several fold increase in the
concentration of SCFA in the caecum. Caecal
contents were used to indicate the composition of
‘the proximal colonic contents since it was diffi-
cult to obtain sufficient proximal clonic contents
in the low fibre diet rats to assay for SCFA. We
have attributed these effects to the difference in
fibre content of the two diets but some contribu-
tion may have been made by the difference in
protein content as some protein may have
reached the colon and also have been fermented.
The higher fibre diet fed to the rats could be
regarded as their normal fibre intake and thus
this study compared normal fibre intake with low
fibre intake. This may also be said of the fibre
intake in man where we generally eat a low fibre
diet but evolved eating a high fibre diet. In
addition since the rats on the low fibre diet were
heavier at the end of the study, although food
intake measurements at 12 weeks showed no
difference between the two groups, it is possible
that the differences in morbidity were due a
variation in calorie intake since caloric restriction
is known to prolong life in rodents."

In addition to the changes in the numbers of
cells in S phase of the cell cycle, the cumulative
distribution of these cells also changed so that the
population of dividing cells was spread further
up the crypt in the higher fibre fed rats. This
occurred in both the proximal and distal colon. It
has been proposed that an early event in the
development of colorectal tumours is the loss of
the ability of colonic epithelial cells to undergo
terminal differentiation as they migrate up the
crypt towards the luminal surface. This is
reflected in a retained capacity for DNA synthe-
sis which leads to an expansion (stage 1) or a shift
(stage 2) of the proliferative compartment
towards the upper portions of the crypt.*" In
this study it seems that the higher fibre diet
expanded the proliferative compartment in both
the proximal and distal colon and would thus
appear to increase the risk of colonic mucosal cell
instability. However, although significant, these
changes in cell proliferation were very modest
(<20% increase) and the most marked changes
in cellular kinetics were seen in the proximal
colon where most of the fermentation occurred
and the highest SCFA concentrations were seen.
The butyric acid concentration was particularly
high in the proximal colon and this has been
reported to induce differentiation in colonic
cancer cell lines. " Colonic cancer in the proximal
colon is very rare, most lesions occur in the distal
colon. Furthermore, none of the rats developed
colonic neoplastic changes in the 18 month
period. This many be because the rat model was
not exposed to an intiating factor or that 18
months was still not long enough to allow cancer
to develop. Some of these rats (five animals in the
low fibre group, six in the higher fibre group) did
develop testicular cancer.

In addition to the large increases in colonic
SCFAs, there were also important changes in the
physical properties of the colonic contents. The
luminal volume was greatly increased, and this
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