Chronic ethanol consumption selectively stimulates
rectal cell proliferation in the rat
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Cell proliferation was examined in the gastrointestinal tract of 30 pair fed rats having
received an isocaloric liquid diet containing 36% of total calories either as ethanol or carbohydrates
for four weeks. Utilising the metaphase arrest technique with vincristine, cell proliferation was
measured as crypt cell production rate. This was selectively increased in the rectal mucosa of
ethanol fed rats (19.1±2-0 vs 9-1±1-8 cells/crypt/h; p<0-005). There was a concomitant increase
in proliferative compartment size (48-1±5-6% vs 30-1+8-5% of crypt population size; p<0-001).
Serum gastrin concentrations were also found to be significantly increased after ethanol feeding
(172±51 vs 106±27 pmoVI1; p<001). The ethanol dependent proliferative changes in the rectal
mucosa are predictive of higher susceptibility of this site to carcinogenesis, supporting
experimental and epidemiological data. Increased gastrin concentrations may partly explain the
observed rectal hyperproliferation. Other possible causes cannot, however, be excluded.
SUMMARY

body weight (Ivanovas, Kisslegg, FRG) were
randomly paired and individually housed in wide
metal wire cages. These animals were pair fed
nutritionally adequate liquid diets. Thirty six percent of total calories were given either as ethanol or
isocaloric carbohydrates as described by Lieber and
DeCarli13 and modified by Seitz et al.9 Protein (18%
of calories) and lipid (35% of calories) contents
were thus the same, but the diets had different
amounts of carbohydrates (11% in the alcohol fed
rats and 46% in the control rats). The ethanol
concentration of the alcohol diet was 6-6% (vol/vol).
Liquid diets were renewed every day at 2.00 pm, so
that the animals consumed ethanol continuously.

Colorectal cancer is one of the most frequent
malignancies in man,1 with the highest incidences
in industrialised countries.' Immigrant
occurrin§
studies2 produced strong evidence for the role of

environmental factors in the aetiology of colorectal
cancer. Low dietary fibre content,4 high fat intake5
and alcohol consumption (especially beer) 8 have
been shown to be associated with an increased risk
of developing colorectal cancer. The implication of
alcohol consumption in the aetiology of this malignancy was confirmed in animal studies9 10 utilising
the rat 1,2-dimethylhydrazine (DMH) colonic cancer
model. Changes in epithelial cell kinetics play an
important role in promotion of colorectal cancer.'1 12
There are no data yet available, however, on cell
kinetic changes in ethanol dependent colorectal
tumor promotion. The purpose of this study was to
examine kinetic behaviour of gastrointestinal epithelia after chronic ethanol ingestion, which had
been proven to be cocarcinogenic in the rectum.9

CELL PROLIFERATION STUDIES

After four weeks of pairfeeding, animals were
injected ip with 1 mg vincristine/kg body weight
at 9.00 am and one pair of rats was killed by cervical
dislocation at each of the following time points
(minutes after vincristine: 30, 35, 40, 45, 60, then
every 10 minutes until 160 minutes. Tissue samples
were taken from the lower oesophagus, antral
region of the stomach, duodenum (3 cm distal of the
pylorus), ileum (10 cm proximal of the ileocaecal
valve), proximal colon (3 cm distal of the ileocaecal
valve) and rectum (3 cm proximal to the external
anal sphincter). Osophageal tissue and half of the
rectal tissue samples were fixed and kept in 10%

Methods
ANIMALS AND DIETS

Thirty male Sprague-Dawley littermates of 220 g
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neutral buffered formalin. All other tissue was fixed
in Carnoys fixative (6 parts ethanol, 1 part acetic
acid, 2 parts chloroform) for approximately four
hours, and stored in 70% ethanol thereafter. 14
Transverse sections, 3 tim in thickness, were cut
from paraplast embedded formalin fixed tissue and
stained with haematoxylin and eosin. The tissue was
sectioned as follows: oesophagus: transverse sections; rectum: transverse and longitudinal sections
to reveal longitudinally and cross sectioned crypts.
Approximately 2000 basal cells per oeosphageal
sample were examined for mitotic figures. The
mitotic index (mitoses per 1000 cells) was plotted
against time after vincristine. From all other locations of the digestive tract, small samples of about
2x2 mm size were dehydrated, stained by the
Feulgen reaction and crypt squashes prepared by
microdissection. 14
Metaphase figures were counted in 10 to 100
crypts per animal and site, and the mean plotted
against time for each site. All counting was done by
the same person, who was not aware of the identity
of the samples. Metaphase arrest lines were fitted by
least squares linear regressions. The slopes of the
lines give the crypt cell production rates (CCPR) in
cells per crypt per hour in stomach and intestine and
the birth rate expressed as cells per 1000 cells per
hour for the oesophagus. l5 For estimation of the size
of the proliferative compartment (PC) a graphical
method was used, determining the 50% peak value
of the mitotic index distribution curve. 16 Crypt sizes
were analysed for treated and control animals by
counting cells per crypt column of 200 longitudinally
40
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sectioned crypts and cells per circumference of 150
cross sectioned crypts. At the time of death, blood
was sampled for gastrin radioimmunoassay. Samples
were randomised and coded before being processed.
In addition, serum ethanol concentrations were
measured by gas chromatography.
STATISTICAL ANALYSIS

Results are given as means±SD. The slopes of
regression lines of control and treated animals were
compared at each site, using the unpaired two sided
Student's t test. Gastrin values and PC sizes were
compared using the Student's t test for paired data.
Results

All tissues of ethanol fed and control animals
appeared normal, as judged by light microscopy.
In the squamous epithelium of the oesophagus
ethanol feeding did not influence the birth rate
(27.5±5-3 vs 23-3±1-5 cells/1000 cells/h; p>0.05).
In addition, no alcohol mediated effect was found in
the stomach, duodenum, ileum and proximal colon
(Fig. 1). In the rectum, however, there was a
significant 2.1 fold increase of CCPR in ethanol
treated animals when compared with controls (Fig.
1). Crypt sizes were not altered by alcohol ingestion:
The column count was 39-3±6-6 vs 36-9±5 4 cells/
crypt column (p> 0.05) and the circumferential
count was 14-8±2-3 vs 14-7±2-5 cells/circumference
(p> 0-05).
The proliferative compartment size was significantly extended towards the rectal lumen after
chronic ethanol feeding (Fig. 2). The proliferative
compartment comprised 48-1+5-6% in alcohol
treated rats and 30.1+8-5% (p<0.001) in controls,
related to the actual crypt size.
After four weeks of pairfeeding liquid diets, the
serum gastrin concentrations were significantly
increased in alcohol fed animals (172±51 vs 106±27
pmol/l; p<0-01). Mean serum ethanol concentration
at the time of death was 197±59 mg/100 ml.
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Fig. 1 Effect of chronic ethanol ingestion on crypt cell
production rate in various sites of the gastrointestinal tract.
Only in the rectum a significant difference (p<0005)
was noted.

Discussion
Alcohol consumption has a clear hyperproliferative
effect in the rat rectum. In other parts of the
gastrointestinal tract, however, no such effect was
demonstrable. Features of this hyperproliferative
state were an increased cell production per crypt
expressed as raised CCPR and an upward extension
of the proliferative compartment comprising the
lower half of crypts in ethanol fed rats, whereas in
control animals the proliferative compartment did
not exceed the lower third of the crypts. This
hyperproliferative state did not, however, result in
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Fig. 2 Effect of chronic ethanol ingestion on proliferative
compartment size in rectal crypts. (a) Crypts in ethanol fed
rats (b) Crypts in pair fed controls. The hatched area
shows the proliferative compartment. The difference was
statistically significant (p<O-00J).

hyperplastic mucosa, as the crypt size (cells per
crypt) was unchanged. When calculating the life
span of cells in the functional compartment, that
is, (crypt cell number - PC cell number)/CCPR,
alcohol feeding led to a life span reduction of 61%
(16 hours vs 41 hours).
Surprisingly chronic ethanol feeding resulted in
cell proliferative changes only in the rectum and not
in other parts of the gastrointestinal tract. The
available data on cell regeneration in the upper
gastrointestinal tract are controversial. Tritiated
thymidine incorporation studies indicate increased
cell proliferation,17 18 whereas mitotic index determination suggests depressed cell renewal in the
small intestine after chronic ethanol consumption.'9
Compared with the metaphase arrest technique,
however, these methods, especially when using
mucosal scrapings seem to be rather insensitive and
questionable.20 Proliferative indices such as the
mitotic index or labelling index are 'state measure-

ments' - that is, they reliably reflect changes in
proliferative activity only, if cell cycle phases are
constant. Increased proliferation for example, may
not result in a higher mitotic index, when the
duration of mitosis is decreased simultaneously.
Changes in gastrointestinal cell proliferation are,
however, often due to changes in cell cycle
phases,2' 22 hence a dynamic measurement, like the
metaphase arrest technique, is preferable.
As hyperproliferation plays an important role in
tumour promotion, it is of relevance that chronic
alcohol ingestion also caused an increased rectal
tumour incidence.9 It has to be emphasised that in the
carcinogenic experiments by Seitz et al, liquid diets
and rat strain were identical to those used in the
present study. Increased cell proliferation is involved
in carcinogenesis in two distinct phases: namely
during promotion and as preexisting epithelial
status, that is before initiation. In DMH treated
animals mucosal hyperplasia and enlargement of
proliferative compartment is found,11 characterising
the phase of promotion. Non-hyperplastic hyperproliferative changes similar to those observed with
alcohol in the present study that is, enlarged
proliferative compartment without crypt size increase, may also occur in the promotion phase after
DMH treatment in rats.23
In the context of this study, however, it seems to
be more important that the preexisting proliferative
status has implications for the susceptibility of the
target tissue to carcinogens. Increased tumour
incidences were observed in a variety of hyperproliferative conditions in the colon: in the rat
caecum after ligature insertion," after cholic acid
feeding,24 after small bowel resection,25 and in
ulcerative colitis in man.26 27 Hyperproliferation
and expansion towards the colonic lumen of the
proliferative compartment as observed here with
ethanol appear to be predictive of increased susceptibility to chemical carcinogenesis.28 29 Thus, Lipkin
utilises proliferative compartment changes for risk
assessment with respect to colorectal cancer.30 31
Taking these data into account, our observations
are highly suggestive of a link between rectal
hyperproliferation and rectal tumour promotion.
Thus, enhanced rectal cell proliferation may be at
least one mechanism explaining the cocarcinogenic
effect of alcohol on this tissue.9
The means by which alcohol brings about rectal
hyperproliferation, however, remain unclear.
Mucosal alcohol dehydrogenase (ADH) activities
are selectively increased in rectal mucosa after
prolonged ethanol ingestion,9 matching the distribution of hyperproliferation. Indeed, an association
has been recognised between rectal ADH activity
and the number of luminal epithelial cells.32 An
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increased rectal ADH activity may lead to an
accumulation of acetaldehyde, a toxic ethanol metabolite, in rectal epithelial cells.33 Morphological
alterations observed in rectal biopsies34 from alcoholics as well as the reduced life span of functional
epithelial cells shown in this study may be indicative
of such toxic events. Thus, hyperproliferation would
be of secondary, compensatory nature.
Subsequently, the high serum gastrin concentrations in alcohol treated animals may be associated
with rectal hyperproliferation. Although effects of
gastrin on intestinal cell proliferation remain controversial,35 36 there is some evidence that gastrin
causes hyperproliferative hyperplasia mainly in
the colon.
There are currently no data available
as to whether the rectal mucosa is preferred by the
stimulatory action of gastrin. Furthermore, we did
not observe hyperplasia in the ethanol fed hypergastrinemic animals.
The mechanism and the reason for the rectal
preference of the observed hyperproliferation
following chronic ethanol ingestion remain unclear.
Further investigations are needed to determine
whether these findings are also evident in humans,
especially with respect to the increased incidence of
rectal cancer found in the alcoholic.8
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