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Effect of warfarin on cell kinetics, epithelial
morphology and tumour incidence in induced colorectal
cancer in the rat
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suMMaRY The effect of low dose warfarin and high dose warfarin on epithelial cell kinetics (as
determined by stathmokinetic techniques), and preneoplastic morphological changes was studied
during azoxymethane induced carcinogenesis in the rat. Warfarin, at either low or high dose, had
no effect on crypt cell production rate (CCPR) at any time interval whereas tumour incidence in
both low dose warfarin and high dose warfarin groups was significantly reduced. Morphological
changes were observed using scanning electron microscopy, which by conventional histology
were shown to be adenoma precursors. In the control group the number of microadenomas
increased with time after starting azoxymethane. In warfarin treated animals, the number of
microadenomas also increased with time, but the actual incidence was reduced when compared
with controls. These results suggest that the effect of warfarin on tumour development is
unrelated to its anticoagulant effect, because increased dose did not result in greater tumour
reduction. Furthermore, there was no overall change in CCPR when warfarin was administered.
Warfarin may exert a specific effect, by preventing neoplastic change in cells which have
undergone morphologically undetectable functional changes associated with early

carcinogenesis.

The adenoma carcinoma sequence has been shown
in man,' and more recently in animals.? It is possible
that anticoagulants may modify this sequence. Some
anticoagulants are known to have an ‘antimetastatic’
effect in models where tumour cell lines have been
mJected or where solid tumour has been im-
planted.* In the latter type of experiment they have
also been shown to reduce ‘primary tumour’ growth.
More recent studies, on spontaneously metastasising
autochthonous tumours, induced chemlcally, have
shown similar effects.® This finding is more relevant
to the clinical situation.

A number of explanations for the mode of action
of warfarin have been postulated. In particular, they
have been said to act by a direct anticoagulant
effect,® or alternatively by a cytotoxic or cytostatic
effect.”

Previous studies have shown that the colonic
mucosa of patients with colorectal cancer undergoes
ultrastructural changes.® These changes include
crypt distortion, protrusion of epithelial cells, and
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breakdown of the mucous layer. Similar changes
have been observed in the descendmg colon of rats
treated with dlmethylhydrazme The incidence of
induced tumours in the animal model used, is
greatest in the distal colon and rectum,? and this
equates with the predominant distribution in man.
For these reasons we have concentrated on changes
in the descending colon and rectum.

To determine the mode of action of warfarin we
have investigated its effect, at high and low dose, on
cell kinetic parameters and epithelial morphology.

The kinetic studies should indicate whether a
cytotoxic effect on cell proliferation is responsible
for previously resported reductions in primary
tumour incidence.” If warfarin does not cause an
overall change in the crypt cell production rate
(CCPR), then it may have an effect on adenoma
precursors which is detectable by scanning electron
microscopy.

Methods

ANIMALS
One hundred and thirty male Cob Wistar rats
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received 12 weekly subcutaneous injection of azoxy-
methane, at a dose of 10 mg/kg week. At week eight
they were divided into three groups: group 1 -
azoxymethane alone (control), n=50; group 2 —
azoxymethane + low dose warfarin (LDW), n=40;
group 3 - azoxymethane + high dose warfarin
(HDW), n=40. Group 1 continued to receive
azoxymethane alone. Groups 2 and 3 additionally
received warfarin in their drinking water (LDW and
HDW respectively). The intake of water was not
monitored, but careful note was made of the clotting
time (see below).

‘Therapeutic’ anticoagulation occurs when clot-
ting times are between two and three times the mean
normal clotting time. In the LDW group the
warfarin dose was 0-6-1-2 mg/l, and clotting times
were in the range between normal and ‘therapeutic’
values. In the HDW group, ‘therapeutic’ anticoagu-
lation was maintained, at a dose of between 1:2-1-8
mg/l. Clotting times were monitored using a throm-
botest kit (Thrombotest, Nyegaard) on citrated
venous blood taken from the tail vein (Fig. 1).

Ten animals were killed 10, 15, 20, and 25 weeks
after initial azoxymethane injection from each of the
three groups, and in addition 10 animals were killed
from the control group at five weeks. Ten normal
animals, which had received neither azoxymethane
nor warfarin were killed at time zero.

STATHMOKINETIC STUDIES

Animals were injected intraperitoneally with the
vinca alkaloid, vincristine (1 mg/kgg (Lilly) which at
this dose causes metaphase arrest.”” The number of
arrested metaphases increases with time after injec-
tion. To prevent variation in kinetic results due to
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Fig. 1 Variation in clotting times during administration of

low and high dose warfarin.
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diurnal changes,!! each procedure started at 9 am.
In each group, the first animal was killed 30 minutes
after injection with vincristine, and thereafter one
animal was killed every 15 minutes up to 2§ hours.
The colon was removed from each animal, opened,
and washed in saline to remove faecal contents.
Samples of approximately 1 cm? were excised from
caecum, ascending colon, transverse colon, de-
scending colon, and rectum. They were fixed in
Carnoy’s solution for four to six hours, and then
transferred to 70% alcohol for storage.

Subsequently specimens were rehydrated on an
alcohol gradient, and hydrolysed tissue was stained
with periodic acid Schiff’s reagent as part of the
Feulgen reaction. Crypts were microdissected in
15% acetic acid, and a wet squash preparation of
each sample made for microscopic examination
(Fig. 2).

Each group of animals killed, at each time
interval, generated 50 samples — that is, 10 animals,
five areas. The number of arrested metaphases was
counted in 10 crypts for each sample, and the mean
metaphase count plotted against the time that the
sample was taken (10 points, 30 min — 2§ h). The
crypt cell production rate (CCPR) - that is, the
mean number of cells produced per crypt per hour
was calculated for each site, in each group, from the
slope of the graph (Fig. 3).

In those animals killed at 25 weeks, tumour
incidence, distribution, and volume were also noted
in each colon before excision of samples for cell
kinetic studies.

SCANNING ELECTRON MICROSCOPY

After sampling for CCPR, samples of descending
colon and rectum were taken from 28 animals for
scanning electron microscopy. These included two
normal, 10 control (two each at 5, 10, 15, 20, and 25
weeks), eight LDW and eight HDW (two each at 10,
15, 20, and 25 weeks).

Samples measuring approximately 1 cm? were
excised and pinned flat in 10% formol saline. They
were then postfixed in osmium tetroxide for two
hours. Subsequently they were washed in distilled
water, then dehydrated on an acetone gradient and
subjected to critical point drying with liquid carbon
dioxide. Samples were mounted on aluminium
stubs, sputter coated with gold and palladium, then
scanned using the JEOL 35 scanning electron
microscope. Micrographs were taken at X40 magni-
fication and the following parameters were deter-
mined: (1) the number of microadenomas per low
power field; (2) the area of each microadenoma
(using the Apple II graphics tablet); (3) the number
of crypts per microadenoma.

For the purposes of this study no distinction was
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Fig. 2 Crypt microdissection/squash preparation, stained with Periodic acid Schiff showing metaphase arrest

(X150 original magnification).

made between distal colon and rectum, as results
from an earlier study’? have shown that morpho-
logical epithelial changes during carcinogenesis are
similar in both areas.

STATISTICAL ANALYSIS
In the calculation of CCPR, linear regression

analysis was carried out to determine the correlation
coefficient. The standard deviations of the slopes
were also calculated but, as is normal practice in this
analysis, they were not quoted. Cell kinetic data
between the different groups were compared for
statistical significance using Student’s ¢ test, mod-
ified for this model.!?
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Fig. 3 Linear relationship of metaphase arrest to time,
used to calculate CCPR.

All other statistical analyses were done using the
Mann Whitney U test for non-parametric variables.

Results

CLOTTING TIME
As indicated in Figure 1, clotting times determined
by the thrombotest method were as follows: in
normal animals the median clotting time was 24-7
seconds (range 23-6-29-6), in animals receiving
HDW the clotting times were greater than 49-4
seconds — that is, therapeutic levels, and in animals
receiving LDW they were between 24-7 and 49-4
seconds — that is, ‘non-therapeutic’ levels. Clotting
times within each of the two groups — that is, LDW
and HDW, were equivalent.

CELL KINETICS
Linear regression analysis of metaphase arrest
graphs gave a correlation coefficient of 0-98 or
greater in all cases. In normal animals, variations in
CCPR along the colon were observed (time interval
0, Table 1). The highest values were seen in the
caecum (10-23), with intermediate values in the
ascending colon and descending colon (7-96 and
6-36 respectively). The lowest values were observed

Table 1 Crypt cell production rate at sites sampled during
induction of carcinogenesis in normal animals

Time
(wks) Caecum AC TC DC Rectum
0 10-23 5-48 7-96 5-60 6-36
5 10-20 6-40 8-80 6-93 6-84
10 10-40 6-55 8-96 5-11 7-56
15 11.04 821 9-:20 7-80 9-01
20 12.07 8:16 10-90 993 11-30
25 13-33 10-34 12-40 1113 12-01
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in the transverse colon and rectum (5-48 and 5-6).
There were significant differences between some,
but not all, sites.?

Control study

In the control group - that is, non-warfarin treated
animals, CCPR increased with time after initiation
of carcinogenesis. This increase was highly signifi-
cant between five and 25 weeks (p<0-01), and
significant between 20 and 25 weeks (p<0-05). The
percentage increase in CCPR was greatest in the
rectum (88:8%) where the value for CCPR was
initially low and the final tumour incidence was
highest; and least in the caecum (30:3%), where
CCPR was initially highest (Table 1) and the final
tumour incidence was lowest.

Warfarin groups

In the LDW and HDW groups, CCPR also in-
creased with time after initial azoxymethane admin-
istration. The CCPR values obtained for both LDW
and HDW groups were, however, not significantly
different from controls at any time interval. That is,
the values for CCPR in LDW and HDW groups at
any site, either caecum, ascending colon, transverse
colon, descending colon, or rectum, at any time
interval studied, either 10, 15, 20, or 25 weeks, were
not significantly different from the corresponding
values in the control group. For example, in the
rectum at 10 weeks, the control CCPR was 7:-56,
LDW was 7-24 and HDW was 7-73. At 25 weeks,
values were as follows: control 12-:01, LDW 12:66,
and HDW 11-86 (Table 2).

TUMOUR VOLUME AND INCIDENCE

In those animals killed at 25 weeks, the number of
malignant tumours was significantly reduced in both
LDW and HDW groups when compared with
controls (17 in each group of warfarin treated
animals, and 37 in controls, p<0-05, see Table 3).

Table2 Crypt cell production rate during induction of
carcinogenesis in warfarin treated animals

Time
(wks) Caecum  AC TC DC Rectum
Low dose warfarin
10 9-60 9-66 10-26 3-60 7-24
15 16-62 10-44 11.22 9-24 8:46
20 10-20 13-08 14.70 1224 9-48
25 17-82 11-58 7-74 12-54 12-66
High dose warfarin
10 11-33 5-98 8-58 5-49 7-73
15 11-79 7-59 9:10 693 8:95
20 12-86 9-24 11-25 10-25 10-70
25 14-23 10-71 12-81 11-91 11-86
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Table 3 Tumour incidence and tumour volume in control,
low dose warfarin (LDW) and high dose warfarin (HDW)
groups

Median tumour

Tumour 5
Group (no) Incidence (range) Vollmm’ (range)
Control 37 3.0(2-8) 840 (264-3126)
LDW 17* 2-0 (0-3)* 560 (56-1250)
HDW 17+ 2:0 (0-5)t 1001 (114-3113)

*p<0-05. +p<0-01. NS

Median tumour incidence is quoted since the distri-
bution is skewed. Tumour burden (total tumour
volume per animal/mm?) in warfarin treated animals
was not significantly different from that in controls.
Tumour incidence was greatest in the descending
colon and rectum, followed by the transverse colon,
the ascending colon and the caecum respectively.

MORPHOLOGICAL CHANGES

In the distal colon and rectum, at low magnification,
the mucosa was relatively flat, and crypt orifices had
a round, regular appearance (Fig. 4a). In contrast
the ultrastructural appearance changed with time
after initiation of carcinogenesis. There was loss of
crypt regularity, with marked slit like distortion or
crypt orifices (Fig. 4b).

Microadenoma formation

In the control group, after only five weeks azoxy-
methane treatment, small raised areas were
observed, encompassing one to three crypts (Fig. 5).
Scanning electron microscopy samples were repro-
cessed and sections through the lesions submitted
for conventional histology. This showed epithelial
dysplasia in the upper portion of the crypt, which at
a later stage of treatment with azoxymethane
extended to a greater depth (Fig. 6). Widening and
branching of crypts also occurred. These morpholo-
gical changes were similar to the dysplastic changes
observed in histological sections of adenomas from
the same model; therefore the lesions were termed
microadenomas.? The mean number of microadeno-
mas per low power field, mean area, and mean
number of crypts per microadenoma were then
determined in samples from the distal colon and
rectum in all groups, at each time interval.

Number of microadenomas

In the control group the median number of micro-
adenomas increased with time after initial injection.
This increase was highly significant between five
weeks (median 3-5, range 3-4), and 25 weeks
(median 14-0, range 4-22, p<0-01). A significant
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difference was also found between 20 weeks (me-
dian 9-0, range 3-15) and 25 weeks (p<<0-05). In the
LDW and HDW groups, microadenomas were also
observed, and similarly the number increased with
time. The numbers of microadenomas in both LDW
and HDW groups were significantly lower than in
control animals, at all time intervals (p<0-01 in most
cases, see Table 4). At 10 weeks — that is, after only
two weeks of warfarin treatment — the number of
microadenomas in the HDW group was significantly
lower than in the LDW group (p=0-0214). From 15
weeks onwards there was no difference in the
number of microadenomas between the two warfar-
in groups.

Area of microadenomas

The mean area of microadenomas was not signifi-
cantly different between controls, and LDW and
HDW groups at any time interval (Table 5). There
was, however, a gradual increase in area with time
in each of the groups.

Mean number of crypts per microadenoma

The mean number of crypts per microadenoma in
controls, LDW and HDW groups were also not
significantly different at any time interval (Table 6).

Discussion

In a previous study we showed that a relationship
existed between morphological appearance of nor-
mal epithelium and normal crypt cell kinetics.? This
confirmed that normal function is intricately related
to structure. We also reported that structural
changes, seen during carcinogenesis were associated
with altered cell proliferation. These changes may
therefore be a consequence of functional change.
In this study, our aim was to determine whether
previously reported reductions in tumour incidence
with warfarin administration® are the result of an
overall effect on cell proliferation; or of a specific

Table 4 Incidence of microadenomas in control and
warfarin treated animals at various time intervals, in the
distal colon

Median microadenoma - incidence (range)

Time

(wks) Control LDW HDW
5 3.5(34) — —

10 7-5(0-12) 1-0 (0-6)* 0(0-1)

15 7-0 (3-15) 0(0-3) 1(0-3)

20 9-0 (3-15) 0-5(0-3) 1(0-5)

25 14-0 (4-22) 0(0-5) 0(0-3)

* p<0-02. p<0-01 (all other control/warfarin comparisons)
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Fig. 4 Scanning electron micrographs of distal colon: (a) Normal epithelium characterised by smooth surface appearance
and regularity of crypts (X40 original magnification); (b) Dysplastic epithelium following 20 weeks azoxymethane
treatment. Surface irregularity and marked crypt distortion due to protrusion of cells (X 40 original magnification).
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Fig. 5 Scanning electron micrograph of distal colon (five weeks treatment with azoxymethane) showing the presence of a

microadenoma (X 40 original magnification).

target effect on the adenoma carcinoma sequence,
either at the stage of malingnant transformation, or
even earlier. To ascertain whether the action of
warfarin was directly related to its anticoagulant
properties, warfarin was administered at ‘therapeu-
tic’ and ‘non-therapeutic. levels.

The results obtained in this study confirm that

Table S Area of microadenomas in control and warfarin
treated animals at various time intervals, in the distal colon

Median microadenoma area
(mm? X magnification factor) (range)

warfarin has no field effect on colonic epithelial
proliferation, although a reduction in tumour num-
ber was seen. This reduction observed at both low
and high dose, supports the hypothesis that warfarin
exerts a cytotoxic effect as suggested by Lisnell,’
rather than an anticoagulation effect. This post-
ulated cytotoxic effect however was not detectable

Table 6 Number of crypts per microadenoma in control
and warfarin treated animals at various time intervals, in the
distal colon

Median number of crypts per microadenoma (range)

Time Time
(wks) Control LDW HDW (wks) Control LDW HDW
5 33.0 (16-70) — — 5 2:0(2-5) — —
10 37:5(9-91) 44-5 (7-108) 42-5(12-91) 10 3.0 (2-6) 2-0 (2-6) 2:5(2-4)
15 50-0 (18-137) 47-0 (33-106) 49-0 (18-106) 15 2:0(24) 2:0(24) 2:0 (2-5)
20' 67-0 (40-137) 69-0 (27-167) 60-0 (15-192) 20 3.0 (2-6) 20 (2-6) 3.0(2-7)
25 98-0 (30-223) 86-0 (34-145) 85-0 (55-147) 25 3.0(2-7) 2-0(2-10) 3.0(2-8)
NS NS
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Fig. 6 Histological features of a microadenoma demonstrating epithelial dysplasia. (Haematoxylin and eosin X250

original magnification).

by the cell kinetic techniques we used because
stathmokinetic techniques quantify whole crypt
changes, rather than changes in individual cells
within the crypts.

As warfarin does not cause a field change in cell
kinetic parameters, it must be concluded that there
is a specific target effect at some stage during the
adenoma carcinoma sequence. Lamont and O’Gor-
man'® have shown that 5,6,dihydroxytryptamine,
when administered to rats with dimethylhydrazine
induced tumours, caused specific tumour necrosis,
while normal epithelium in the same animals was
unaffected. In our study, warfarin was administered
before the formation of frank tumours, and accord-
ingly it must exert a similar target effect on the
adenoma carcinoma sequence, either at or prior to
malignant transformation.

If warfarin acts by preventing malignant transfor-
mation, then the number of microadenomas should
be the same in both control and warfarin treated
animals. In contrast, however, if warfarin acts

before malignant transformation the number of
microadenomas should be reduced in warfarin
treated animals when compared with controls.

In our study we observed that the latter was the
case — that is, the number of microadenomas was
decreased. This indicates that warfarin does indeed
act at a pre-adenomatous stage. We suggest there-
fore that warfarin is acting specifically on cells which
have undergone functional changes associated with
preneoplasia, but which are not morphologically
different from normal epithelial cells. This function-
al change may predispose to increased susceptibility
to the action of warfarin, even at low dose, although
some cells, which are not inhibited by warfarin,
subsequently develop into microadenomas and
frank tumours, as in controls. This hypothesis is
supported by the observation that there is no
difference in the tumour volumes observed in the
different groups of animals studied.

In summary we have reached the following
conclusions: (1) warfarin does not exert an overall
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effect on colonic epithelial cell kinetics, therefore it
acts on specific cells. This is not demonstrable by the
stathmokinetic techniques which we used; (2) the
action of warfarin is independent of the degree of
anticoagulation because the tumour incidence is
equally reduced in both high and low dose warfarin
groups; (3) when microadenomas arise during war-
farin administration, the area of the lesions is
unaffected when compared with that of controls.
Therefore if premalignant cells are refractory to the
effect of warfarin, their subsequent growth is
unaffected; (4) as microadenoma formation is re-
duced in animals treated with warfarin, it acts prior
to this stage of carcinogenesis.

Further studies are required to determine the
mechanism by which warfarin acts on susceptible
cells at this very early stage of carcinogenesis.
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