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THE EXPERIMENTS described were
prompted by two recent observations
made in this laboratory. The first was
that i.p. injections of small doses (10 ,tg/kg)
of 5-hydroxytryptamine (5HT) increased
the mitotic rate in 1,2-dimethylhydrazine
(DMH)-induced carcinomas of rat colon,
but were without effect on the mitotic
rate in the adjacent non-malignant colonic
epithelium (Tutton and Barkla, 1977b).
The second observation was that i.p.
injections of 5,6-dihydroxytryptamine, a
toxic congener of 5HT (40 mg/kg) were
cytotoxic to malignant cells in DMH-
induced colonic carcinomas but non-toxic
to the adjacent non-malignant colonic
epithelium (Tutton and Barkla, 1977a).
The present communication reports the
cytotoxic effects of two 5HT antagonists,
cyproheptadine and methysergide, on
DHM-induced colonic carcinomas.

Colonic tumours were induced in male
Sprague-Dawley rats, using 1,2-dimethyl-
hydrazine (DMH) as described previously
(Druckrey et al., 1967; Tutton and
Barkla, 1976). Tumour-bearing animals
were given i.p. injections of either cypro-
heptadine (Merk Sharp & Dohme (Aust-
ralia) Pty. Ltd, 1 mg/kg, 3 rats) or
methysergide (Sandoz Australia Pty. Ltd,
0.1 mg/kg, 3 rats) and killed 15 h later by
decapitation.
The doses used are similar to those

reported previously as producing pharma-
cological blockade of peripheral 5HT
receptors (Baumgarten et al., 1972).
Whilst the treatment duration for maxi-
mum effect has yet to be determined, 15 h
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was chosen as being a suitable time for
identification of acutely necrotic cells in
situ before possible phagocytosis or loss of
necrotic cells into the intestinal lumen.

Specimens of descending colon and
tumours of transverse or descending
colon were prepared for light micro-
scopic examination as described pre-
viously (Tutton and Barkla, 1976). Cor-
responding tissues from 4 tumour-bearing
rats not treated with 5HT-antagonists
were also prepared for light microscopy
and served as controls. For electron
microscopy, specimens of descending colon
and tumours of transverse or descending
colon were taken from experimental
animals killed at 1 and 2 h after treatment
with either cyproheptadine or methy-
sergide, and prepared for electron micro-
scopy as described previously (Barkla and
Tutton, 1977). Corresponding tissues from
untreated tumour-bearing rats were also
prepared for electron microscopy using
the same methods and served as controls.
Histological sections of all tumours were
examined initially at X 125 magnification,
and those few tumours showing a histo-
logical organization other than well dif-
ferentiated adenocarcinomas were dis-
carded from the study.

Estimation of necrotic and non-necrotic
cell numbers in histological sections of
both control and experimental animals
were made in the following way. Sections
of tumours were examined at X 400
magnification and the numbers of necrotic
and non-necrotic cells per visual field
were counted using an eyepiece with a
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FIG. I .-Electron micrograph of the apical portions of several tumour cells abutting onto a glandular
lumen (containing spiral micro-organisms and taken 1 h after treatment with cyproheptadine
(1 mg/kg). Observe the discontinuous lateral plasma membranes and ribosomes in intercellular
spaces (asterisks) and the dilated nuclear membrane (arrows). x 16,000.

rectangular graticule. Each successive
visual field at an interval of 0 3 mm along
mutually perpendicular axes extending
from edge to edge of the histological
section was examined in this way, and

the mean percentage of necrotic cells per
tumour was calculated. Between 1200 and
1800 cells were scored per tumour. Only
cells with a distinctly pyknotic nucleus,
that is, one lacking the normal vesicular
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rmI. i.-x«iectron micrograph o0 necrotic tumour cells taken 2 h after treatment with cyproheptadine(1 mg/kg). The lumen (L) of the tumour acinus can be seen in the upper right hand corner of themicrograph. Dilated mitochondria (arrows) and cytoplasmic vesicles are apparent. x 4800.

chromatin pattern, were recorded as
necrotic. Results from each group of
tumours treated in a particular way were
pooled and the mean and standard
error for the percentage of necrotic cells
were calculated. The statistical signifi-

cance of the apparent difference between
treatment means was estimated using
Students' t test. The results are presented
in the Table.
The observations, using electron micro-

scopy of thin sections of treated and
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TABLE.-Cytotoxicity of 5-hydroxytrypta-
mine Antagonists

% necrotic
No. of cells 15 h
tumours after injection

Treatment examined (mean s.e.) P
nil (control) 4 9 I1
Methysergide 3 30 ± 7 < 0-001
Cyproheptadine 3 25 + 4 < 0-001

untreated tissues, are not yet completed,
but the preliminary observations suggest
that both cyproheptadine and methy-
sergide induce changes in the membranes
of malignant colonic epithelial cells. In
particular, discontinuities and dilatations
were apparent in lateral plasmamembranes,
nuclear membranes and in mitochondria
of malignant colonic epithelial cells taken
from treated animals (Figs. 1 and 2).
However, similar changes in membrane
morphology were occasionally seen in
sections of larger, untreated tumours, in
excess of 1 cm in diameter, which pre-
sumably contained anoxic, necrotic areas.
No changes in morphology were observed
using light or electron microscopy of
sections of non-malignant colonic epi-
thelium adjacent to tumours taken from
treated animals.
The cytotoxicity reported here of two

5HT antagonists (cyproheptadine and
methysergide) in DMH-induced colonic
carcinomas, when considered with our
previous observation that a toxic congener
of 5HT (5,6-DHT) is also cytotoxic to
DHM-induced colonic carcinomas (Tutton
and Barkla, 1977a), suggests that 5HT-
related compounds have a possible role in
the chemotherapy of colonic tumours.
The mechanism for the cytotoxicity

observed in the present study is unclear.
Although 5,6 DHT is a potent vaso-
constrictor (Baumgarten et al., 1972) and
the tumour necrosis previously observed
following injections of 5,6 DHT (Tutton
and Barkla, 1977a) could possibly be
explained as an event secondary to
vasospasm, both cyproheptadine and
methysergide, which were used in the
current study, have been reported to
inhibit vasoconstriction (Gilbert and Gold-

berg, 1975; Antonaccio and Cote, 1976)
and consequently vasospasm per se seems
an inadequate explanation for the tumour
necrosis observed.

Further investigations into cyto-
toxicity of 5HT-related compounds in
both DMH-induced colonic carcinomas
and in human colonic carcinomas xeno-
grafted to immune deficient mice are
proceeding. In addition, current experi-
ments are investigating the effects of
these drugs upon tumour-cell division,
and also the cytotoxicity of these drugs
both at different dose levels and in
combination with currently available anti-
neoplastic drugs.

This work was carried out during the
tenure of the Bladin Cancer Research
Fellowship awarded by the Anti-Cancer
Council of Victoria. We wish to acknow-
ledge the encouragement of Professor
G. C. Schofield and the technical assistance
of Fiona Christensen and Jody Jamison.
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