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Morphological studies on the long-term organ culture of
colonic mucosa from normal and dimethylhydrazine treated
rats
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Summary Mucosal explants were prepared from the colons of normal rats and from the non-neoplastic
colonic mucosa of rats which had been treated chronically with the intestinal carcinogen dimethylhydrazine.
They were maintained in an organ culture system which permitted survival up to at least 25 days.
Morphological preservation of the mucosa was excellent up to 6 days in culture and thereafter changes began
to occur. But even at 25 days normal crypt structures were still evident.
The hyperplastic and dysplastic changes seen in pre-culture samples of DMH-treated mucosae remained

recognisable during the first two days in culture. They were no longer seen in explants examined after this
time however and, indeed, there appeared to be no difference in the morphology and survival of control and
DMH-treated mucosae. It is possible that our culture system does not permit further neoplastic progression,
but an alternative explanation is that the system discriminates specifically against the survival of neoplastic
elements.

The detailed study of cell proliferation in the
human intestine in vivo is restricted since ethical
constraints preclude the experimental use of radio-
active isotopes, except under very exceptional
circumstances, and limit the application of stathmo-
kinetic agents such as vincristine (Wright et al.,
1977). Because of this, short-term organ culture (i.e.
for periods up to 48h), using biopsy or surgical
material, has proved useful, and the technique has
been widely used to study cell proliferation in both
normal and diseased human intestinal mucosa (e.g.
Eastwood & Trier, 1973). Biochemical studies have
also been facilitated (Hauri et al., 1975; Neutra et
al., 1977). Similar short-term organ-culture studies
have been carried out on tissues of animal origin
(Kedinger et al., 1974; Berteloot et al., 1979;
Ferland & Hugon, 1979a, b). There are however
two major difficulties in the interpretation of data
from short-tenn organ-culture experiments. Firstly,
it is inevitable that during the procedure of
explantation the tissue is subjected to injury of
various types such as ischaemia, warming, cooling
and mechanical trauma. This may result in a series
of immediate adaptive responses which must be
allowed for in the selection of an optimum time for
an experimental procedure (Pritchett et al., 1982).
Secondly, in most culture systems for intestine there
occur further profound changes in cell proliferation
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after 48 h (Johnson, 1970; Senior et al., 1982).
These two factors therefore limit the type of kinetic
experiment which can be performed. Clearly,
therefore, it is desirable to prolong that period in
organ culture where structure and function are well
maintained and hopefully are representative of what
happens in vivo.

Acting on the hypothesis that normal collagen
metabolism is essential to the survival of tissues
consisting of a mixture of epithelial and connective
tissue elements, Hodges & Melcher (1976)
developed a defined medium, containing ferrous
ions and ascorbic acid, which permitted the
prolonged maintenance in culture of foetal mouse
mandible. They found also that the addition of
hydrocortisone improved survival, and ascribed this
to an inhibition of the release of lysosomal
enzymes. Defries & Franks (1977) successfully used
this medium, supplemented by foetal calf serum
(FCS), to culture adult mouse intestine, albeit with
some morphological change. Recently we have
applied this system to the culture of human colonic
mucosa obtained from surgical resection specimens
(Senior et al., 1982) and have found that this tissue
undergoes a remarkable phase of regenerative
activity following a degenerative phase which
occurs after 2-4 days in culture. Using this system
we have maintained explants for up to 23 days; as
yet we have not made observations beyond this
period.

In the present report we describe further modi-
fications of this culture system, designed to
facilitate the prolonged survival of the intestinal
mucosa of rats. If such a system were good enough

© The Macmillan Press Ltd., 1984



282 P.V. SENIOR et al.

it would provide a useful means of investigating the
effects of various putative trophic agents on the
intestine, since in culture the direct effects of these
agents would be seen in the absence of the
compensatory phenomena which cloud the
interpretation of in vivo experiments. The direct
effects of drugs and toxins could also be monitored
and, an aspect of particular interest, new light
could be shed on the process of intestinal
carcinogenesis.
The synthetic chemical carcinogen 1,2-dimethyl-

hydrazine (DMH), when administered parenterally
to rats, causes the development of multiple
carcinomas of both small and large intestine
(Druckrey et al., 1967; Druckrey, 1970; Sunter et
al., 1978a,b). The period of latency prior to the
development of tumours varies with the dosage
schedule of the drug and the strain of animal used.
In the system we have employed we have observed
immediately prior to the development of frank
neoplasms a state of mucosal hyperplasia in both
the small intestine (Sunter et al., 1978a) and in the
colon (Sunter et al., 1981). This hyperplasia is
confined to tumour-prone sites in the bowel and is
accompanied by kinetic changes which have been
documented (Sunter et al., 1978a, 1981). The
changes appear stable and are readily reproducible.
In view of this it was considered of interest to
examine how the abnormal mucosa compared with
the normal in its adaptation to and survival in the
in vitro environment. If the hyperplasia and other
changes do represent a specific preneoplastic state
then some morphological expression of this might
be expected in culture. On the other hand if further
carcinogenic influences are needed to produce frank
neoplasia such changes may not be seen. To
investigate these possibilities we have therefore
compared the performance in long-term culture of
explants of colonic mucosa taken from normal rats
with that of colonic mucosal explants from rats
treated chronically with DMH.

Materials and methods

Animals, treatment and culture techniques
Virgin female albino Wistar Porton rats were used
throughout. The animals were obtained at an age
of eleven weeks from Olac Ltd., Bicester, and were
allowed a four week settling-in period. Following
this the animals in the DMH treatment group
began a 24 week course of carcinogen injections.
The DMH was administered weekly by the
subcutaneous route at a dosage of 15mgkg-1 body
weight of base as a solution consisting of 1.66g per
100 ml of dimethylhydrazine dihydrochloride
(Aldrich Chemical Co., Milwaukee, Wisconsin). The
DMH was dissolved in normal saline containing

1.5% EDTA, and the solution adjusted to pH 6.4
by the addition of I M sodium hydroxide solution.
It was freshly prepared each week. Both groups of
animals were maintained under normal animal
house conditions; they were fed on Rat and Mouse
Breeders Diet (Special Diet Services) and allowed
tap water ad libitum.
At various times after the final DMH injection

(v.i.) groups of DMH-treated animals and control
animals of the same age were killed by cervical
dislocation. Immediately post mortem the whole
intestinal tract was removed and the large intestine
opened along its length and emptied of faeces. A
segment of colon 100-120mm in length, and ending
40mm from the anal margin, was removed and
gently washed in cold Hanks' balanced salt
solution containing 100Uml1 penicillin, 100U ml- 1
streptomycin and 100 U ml1 mycostatin (Gibco).
The small intestine and that part of the colon not
placed in Hanks' solution was then carefully
examined. The appearance and location of
intestinal tumours were noted and blocks of them
were taken for routine microscopy. General post
mortem findings were also recorded and tissue
blocks were taken from any metastatic deposits or
other pathological lesions.

The isolated segment of intestine was then
subjected to stereo-microscopic examination. Using
fine watchmakers' forceps the mucosa and
muscularis mucosae were stripped from the
underlying muscularis propria in the plane of the
submucosa. This was most easily accomplished by
first detaching one corner of the tissue and working
from the proximal end to the distal. The mucosa
was then spread, luminal surface uppermost, on a
sheet of sterile dental wax. The presence and nature
of any tumours were noted and they were excised
with 3- mm of adjacent mucosa. The rest of the
mucosa was divided into a number of explants each
measuring about 3 x 5mm and these were
transferred to the support phase, which consisted
either of cellulose acetate filters or triacetate filters
(Gelman).
The culture medium for maintenance of the

explants consisted of Waymouth MB 752/1 (Gibco)
containing 100Uml-1 each of penicillin,
streptomycin and mycostatin (Gibco) supplemented
with 10% foetal calf serum (Northumbria
Biologicals), 300 Mg ml -1 ascorbic acid (Sigma),
3 Mg ml - hydrocortisone - 21 - sodium succinate
(Sigma) and 0.45 pigml-1 ferrous sulphate (BDH).
Cultures were maintained at 37°C in an atmosphere
of 95% 02 and 5% CO2 within a humidified
controlled atmosphere chamber (Bellco) rocked at 8
cyclesmin-m on a rocking platform (Bellco) so that
the medium was washed over the explants
intermittently.
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Those explants selected for morphological
evaluation by light microscopy were fixed in 10%
neutral buffered formol saline and then processed
routinely into paraffin wax (Fibrowax, 50% and
Pure Paraffin wax 50%, Lamb). Vertical 3 pm
sections were cut through each block and stained
with Harris's haematoxylin and eosin.
Representative sections were also stained by the
PAS method, Gordon and Sweet's reticulin method
and by Miller's elastic-van Gieson. Blocks for
electron microscopy were fixed in 2%
gluteraldehyde for 1-1.5 h, stored in cacodylate-
sucrose buffer and post-fixed in osmium tetroxide.
The tissue was epoxy-embedded, ultrathin sections
were cut and double stained with uranyl acetate
and lead citrate. Low power microscopy was
undertaken in order to assess cellular changes.

Experiment I

Two groups of control and two of treated rats were
used. The first group was used to set up cultures 4
weeks after the treated animals had been given their
final DMH injection, and the second group 8 weeks
after the final injection. In both cases eight treated
and six control animals were used. In the first
experiment a support phase of 3 ,m pore size
cellulose acetate filter membrane (Millipore) was
used. The cultures were maintained in 100mm
square petri dishes (Sterilin) to which 10ml of
medium was added. Material from 2 animals of the
same group was accommodated per dish. The
medium was changed after 24h and thereafter at 2-
day intervals. A representative sample of colonic
primary tumours was also cultured. Preculture
samples (Day 0) from each animal were obtained
and also a minimum of four explants for light
microscopy and two for electron microscopy on
Days 1, 10 and 20.

Experiment 2

In order to study the adaptive changes during the
early part of long-term culture a second batch of
animals was used, and samples were fixed at 0, 1, 2,
3, 4, 5, 6, 10, 15, 20 and 25 days. Clearly only a
limited amount of tissue is provided by a single
animal and although 17 control and 17 treated
animals were used it was necessary to devise a
sampling strategy in order to permit a number of
replicate samples per animal at any one time point.
Thus the material from each animal provided
observations at 4 time points (in addition to times 0
and 1) and at each time point material from 6
control and 6 treated animals was obtained.

Cultures were set up as before on Gelman GA4
triacetate membranes in 60mm vented petri dishes
(Sterilin) in 2.5 ml of medium. Because of the

smaller volume of medium involved it was changed
daily throughout the experiment. Three or 4
explants per animal were fixed at each time point
for light microscopy and explants from at least 2
animals per time point were fixed for electron
microscopy.

Results

In none of the control animals was there any
evidence of the formation of intestinal tumours and
this is to be expected in view of the exceptional
rarity of spontaneous intestinal tumours in
laboratory rodents. The incidences of small
intestinal and colonic tumours in the DMH-treated
animals were somewhat lower than we have
observed previously in animals of the same strain
obtained from a different source (Sunter et al.,
1978a, b). Of 25 rats killed 4 weeks after the end of
DMH treatment 12 animals had large bowel
tumours, which were multiple in 5; eleven animals
had small bowel tumours. Three animals showed
metastatic dissemination of intestinal carcinomas.
Of the 8 animals killed 8 weeks after the end of
treatment 5 had large bowel tumours. The types
and distributions of tumour were broadly similar to
those previously observed. Despite the reduced
tumour incidence there was generalised crypt hyper-
plasia in the treated animals and dysplastic crypts
were identifiable quite frequently in preculture
samples (Figure 1). These latter changes were more
conspicuous in the animals killed 8 weeks after
cessation of DMH treatment.

In the first experiment none of the cultures was
lost to infection. In the second experiment 4/51
plates from treated animals and 13/51 plates from
control animals became contaminated. Since in
several cases not all the samples from one animal
were contaminated it was concluded that this
problem was not a failure to suppress enteric
microflora but rather contamination from an
exogenous source.

Virtually no difference was observed between the
behaviour of control mucosa in culture and that of
treated mucosa. The results of Experiments 1 and 2
will be considered together. The separation of the
mucosa from subadjacent muscularis propria was in
most cases achieved with relatively little
traumatisation. When significant trauma did occur
however it was easily detected microscopically in
time zero material. After 24h in culture adaptive
changes were obvious (Figure 2). Crypt cells
showed a considerable loss of intracytoplasmic
mucin, resulting in increased cytoplasmic
basophilia. Basic crypt architecture was well
maintained however and proliferating cells
remained normally distributed as evidenced by the
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limitation of mitotic figures to the lower two-thirds
of the crypt. The overall impression gained was
that the crypts were more "spread out" than usual.
This was at least in part accounted for by the
marked reduction in the population of mononuclear
cells in the lamina propria, which occurred even at
this early stage of culture. No other alteration was
apparent in the lamina propria. Overall the
preservation of both control and treated mucosae
was excellent. But areas of trauma sustained during
dissection were clearly visible as discrete areas of
complete crypt loss and lamina propria
depopulation. It was possible to discern in some
DMH-treated mucosae residual evidence of hyper-
plasia, and occasional dysplastic-looking crypts, but
these differences were less conspicuous than they
had been in preculture samples.
During the next 5 days in culture no evidence

was seen of the degeneration and regeneration
phases which occur in human colonic mucosal
explants (Senior et al., 1982). Instead relatively
minor changes were apparent, consisting of a
further reduction of epithelial-cell mucin, slight
crypt shortening and some collapse of the lamina
propria. Mitotic figures distributed as normal were
seen in approximately normal numbers within the
crypts, but not at the surface. Control mucosae and
DMH-treated mucosae were indistinguishable
(Figure 3) and, after day two dysplastic crypts were
no longer identifiable in the latter. Central necrosis
in the explants was seen only when the size of the
explants exceeded 3 x 5 mm. By 10 days more
profound changes were apparent: most of the
explants were much reduced in size, the lamina
propria being collapsed, acellular and hyalinised.
Some crypts retained a near-normal form (Figure 4)
with a relatively normal distribution of mitoses, but
were reduced in numbers and shortened. Others
were distorted to form tiny cyst-like formations or
structures of irregular shape often grouped
together. The epithelium lining these abnormal
structures appeared crowded and hyperchromatic
and had a vaguely adenomatous appearance,
reminiscent of the dysplastic crypts seen in
preculture DMH-treated mucosa. These changes
were seen however in both control and treated
material with a roughly equal frequency, and are
illustrated in Figure 5. This mixed appearance
persisted for the rest of the culture period; even at
25 days well formed crypts remained in some
material (Figure 6). At the electron microscopic
level (Figure 7) cellular polarity was preserved and
microvilli were still evident at the luminal border.
The basement membrane complex was intact, but
there were large intercellular spaces with interdigi-
tating processes, a feature which has been
commented upon previously in organ culture
B.J.c.-(

material (Defries & Franks, 1977). Tight junctions
were still evident between the cells near their apices.
The mixed appearance of the explants, with

normal and abnormal crypt structures, persisted
over the rest of the experimental period up to 25
days. Even at this time well differentiated crypts
with goblet cells were preserved. In areas of
explants devoid of crypt structures the surface
epithelium remained intact, and occasionally
contained mitotic figures.

Attempts to culture the tumours from the DMH-
treated animals met with little success. Of the nine
tumours cultured all showed very extensive central
necrosis occurring in the earliest stages, with
survival of only a narrow rim of tumour tissue at
the surface of the explant.

Discussion

A number of systems have been proposed for the
prolonged culture of adult rodent mucosa. Schiff &
Moore (1980) used a medium similar in
composition to that presently described to culture
adult rat colonic mucosa. They used a static organ
culture system with a support phase consisting of
human fibrin foam; survival was observed up to 21
days. In our own initial studies we used a static
technique closely similar to theirs and the same as
that which we employed for human colonic mucosa
(Senior et al., 1982), but had little success. Use of a
rocking technique, coupled with medium supple-
mentation with steroid hormones has greatly
improved both survival and the degree of mucosal
preservation. These measures have been used by
several other groups to gain good preservation of
rodent mucosa in different media formulations
(Autrup et al., 1978; Shamsuddin et al., 1978; Reiss
& Williams, 1979), and in general the tissue
preservation obtained by these groups has been
similar to that seen in the present study despite the
differences in media. Autrup et al. (1978) originally
maintained their explants at 30°C which might be a
disadvantage in any functional studies. A further
observation is that several of these groups had
success using full-thickness explants of bowel wall;
we found in pilot studies that the survival of full
thickness explants was less than satisfactory.

In common with the observations of Defries &
Franks (1977), who used mouse tissue, we found no
difference in the adaptive responses to culture
between control mucosa and DMH-pretreated
mucosa. Nor did we observe any difference in
culture between treated mucosa explanted 4 weeks
after the end of DMH treatment and that explanted
8 weeks after. This was despite the presence of clear
hyperplastic and dysplastic changes observable in
the treated mucosa prior to culture.
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Figure 7 Control (a) and treated (b) mucosa after 10 days in culture. Cellular polarity if preserved but large
intercellular spaces have developed.

Maskens (1982) has suggested that DMH
carcinogenesis in the rodent is a two-stage process.
The first stage, which could be seen as
corresponding to the initiation phase of skin
carcinogenesis (Friedewald & Rouse, 1944), results
in a stable, heritable change in a proportion of
cells, which does not confer upon them any
advantage over those not so affected. So there is no
build up of these cells within the tissue nor any
tumefaction. The relatively minor hyperplastic and
dysplastic-type changes seen in the non-neoplastic
mucosae of DMH-treated animals might well reflect
such a change. The second, or promotion, stage
occurs later and does not appear to require the
presence of the carcinogen since even a single dose
of DMH can effect the production of tumours after
a latent interval of months (Schiller et al., 1980). It
ends in the appearance of frank neoplastic disease.
Such a two-stage process has been postulated on
the basis of proliferative defects appearing during
the genesis of human colonic cancer (Lipkin, 1974),
and recently the conventional polyp-cancer theory
of human colonic neoplasia (Morson & Dawson,
1979) has been modified to accommodate a
dysplasia-neoplasia progression (Konishi &
Morson, 1982).
The precise mechanism by which DMH induces

intestinal neoplasms is still obscure, but it has been
shown to affect DNA synthesis in colonic
epithelium in organ culture (Mak & Chang, 1978;
Reiss & Williams, 1978; Telang et al., 1980) and to
bind to nuclear DNA in such cells (Autrup et al.,
1978). Prolonged exposure to DMH in vitro results
in enhanced tritiated thymidine labelling indices,
although it is not known if these changes persist
when DMH is removed from the culture

environment (Telang & Williams, 1982). In vivo,
different segments of the intestine show differing
susceptibilities to DMH carcinogenesis (Sunter et
al., 1978a,b), and to the acute toxic effects of the
chemical (Sunter et al., 1981). Thus either the
carcinogenic stimulus, or indeed carcinogenic agents
such as those discussed by Hill (1975) in the
context of human cancer, is available only in these
susceptible sites, or the epithelia at these sites have
some inherent predisposition. Transposition of
segments of tumour-susceptible and tumour-
resistant bowel does not, however, alter their
vulnerability to tumour formation (Gennaro et al.,
1973) and exclusion of segments of bowel from the
faecal stream did not prevent tumour formation in
the by-passed region (Wittig et al., 1971; Rubio et
al., 1980; Rubio & Nylander, 1981). These
observations strongly support the notion that
DMH and any promoting factors are acting
systematically on inherently susceptible cell
populations.
The DMH-treated mucosa used in this study has

undergone a stable change in its proliferative
characteristics (Sunter et al., 1981) and this is likely
to be the result of initiation of the neoplastic
process. But in vitro the final stimulus to neoplastic
transformation may well be lacking, since no
example of this was seen. A major problem with
this suggestion is that the dysplastic crypts, readily
apparent in preculture DMH-treated samples
disappeared in the cultured samples after as little as
forty-eight hours. While the small kinetic and
morphometric differences between normal and
DMH treated crypts could easily be masked by the
profound adaptive changes occurring during the
early stages of culture, it is more difficult to accept
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that dysplastic changes could be so easily masked.
It is tempting to suggest that the culture conditions
do not favour the survival of preneoplastic crypts
and that they are selectively lost during culture.
And in this context it may be significant that the
established tumours from the treated animals fared
very poorly in culture. Further studies are under
way to compare the adaptive kinetic responses of
normal and DMH-treated mucosae to the culture
system. Work is necessary to determine whether
further applications in vitro of DMH or other

stimulants of cell proliferation can effect neoplastic
transformation of mucosae in this culture system.
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technical staff of the histopathology laboratory in the
Queen Elizabeth Hospital who prepared the material for
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