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To determine the rates of cell proliferation it is necessary not only to know the mean diurnal number
of mitoses, but also the duration of mitosis,

Several methods have been suggested for determining the duration of mitosis, but only the stathmokinetic
method, with the use of colchicine and its derivatives, has achieved wide popularity. However, some aspects
of the use of this method still remain incompletely explained. Most workers consider that colchicine only
blocks cell division in metaphase without disturbing the rate of entry of cells into mitosis. Meanwhile, there
is evidence, although not very much, and what there is is contradictory, to show that colchicine and its deriv~
atives can inhibit the entry of cells into mitosis {1, 4-7]. This problem can be resolved by comparing the
number of prophases in the test tissues of intact animals and of animals treated with colchicine, If the num-
ber of prophases in animals receiving colchicine is statistically significantly less, it is justifiable to con~
clude that colchicine causes preprophase inhibition of injury of cells into mitosis.

The object of this investigation was to study whether colchamine (colcemid) in fact has the property of
inducing preprophase inhibition of mitotic activity of tissues, and if so, whether it exhibits this property
equally at different times of the 24~h period,

EXPERIMENTAL METHOD

Altogether, 150 control and 68 experimental mice were used; the latter were given an intraperitoneal
injection of colchamine (4 mg/kg) 4 h before sacrifice. The experiments conformed to two schemes, differing
only in the time of commencement: at 10 a.m. (scheme 1) and at noon (scheme 2),

Mitotic indices (MI) were determined in the tissues of the control animals, mitotic indices of the num-~
ber of blocked mitoses (Mipe]) in the experimental animals, and prophase indices (PI) in both groups. The
duration of mitosis (ty,) was calculated by the usual formula [3].

The error of the duration of mitosis was calculated by the equation for error of the quotient obtained by
dividing arithmetic means with their errors [2].

EXPERIMENTAL RESULTS

Diurnal changes in MI and PI in the lingual epithelium of the control mice (Table 1) showed maximal
values between 10 p.m. and 2 a.m, and between 6 and 10 a,m. The changes in C-mitoses were of the same
character in the experimental mice,

At all four-hourly intervals of the 24~h period a significant increase was observed in Ml;,] compared
with MI in the control mice. However, whereas between 6 a,m. and 6 p.m, the level of significance was very
high (P = 0.0001), between 6 p.m. and 6 a.m, it was more moderate,

Injection of colchamine between 10 a.m, and 10 p.m. was not followed by significant differences between
PI in the control and experimental mice, Between 10 p.m. and 2 a.m, a significant decrease (P = 0.035) was
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TABLE 1. Diurnal Changes in Mitotic and
Prophase Indices and Duration of Mitosis
(tm) in Lingual Epithelium of Mice (scheme
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observed in PI in the experimental mice, but during the next two intervals, although these differences were
still present they were less marked and were not significant.

Comparison of the values of PI showed that during the first half of the 24-h period (10 a.m.~ 10 p.m.)
colchamine caused no decrease in PI of the experimental mice (P = 0.555), whereas during the second half
(10 p.m.-10 a.m.) a significant decrease in this index (P = 0.014) was found in the experimental mice. Dif-
ferences were equally significant (P = 0.011) between the mean values of PI for the 24-h period,

Consequently, colchamine leadsto preprophase inhibition of entry of the cells into mitosis, which is
manifested more clearly at night and in the early morning.

The duration of mitosis (tyy) varied from 16 to 71.5 min. Only on comparison of these minimal and
maximal values were significant differences (P = 0.028) found, namely at times when a significant decrease
in PI was demonstrated in the experimental mice, when the rates of entry of the cells into mitosis were mini-

mal,

In the pancreas (Table 2) diurnal changes in MI and PI in the control mice and Mlgo} in the experimental
mice reached maximal values between 8 a,m. and noon. At nearly all times Mlgol wWas significantly higher
than MI in the control mice. However, between 8 a,m, and noon these differences were not significant, as was
also the case at the end of the night and beginning of the day (4 a.m. to noon).

In the afternoon and evening {noon-midnight) no significant differences were found between the values of
PI in the control and experimental mice (P = 0,555) during each of the time intervals studied or for this peri-
od as a whole, but at night (midnight to 4 a.m.) a significant decrease in PI was observed in the experimental
mice (P = 0.003). Between 4 and 8 a,m. and between 8 a.m. and noon PI fell, but not significantly (P = 0.154
and 0.065, respectively). Corresponding comparison of PI at the end of the night and beginning of the day peri-
ods (4 am to noon) revealed a significant decrease in PI in the experimental mice (P = 0.005), The differ-
ences found on comparing PI, both during the second half of the 24-h peiiod (midnight-noon), including the
whole of the night period, and for the 24 h as a whole, likewise were significant (P = 0.14 and 0.045, respec-
tively). Consequently, at night and in the morning, by contrast with the afternoon and evening, colchamine
exhibited an inhibitory action of the entry of the cells into mitosis.

The duration of mitosis varied from 45 to 213 min. Comparison of these extreme values only gave sig-
nificant differences (P = 0.028). Only between 8 a.m. and noon was a tendency for colchamine to inhibit the
entry of the cells into mitosis observed.

In the parenchymatous cells oftheliver, values of MI,,] Were slower than those of MI in the control
mice at nearly all times of investigation. Whereas these differences during the afternoon and evening (10 a.m.~
10 p.m.) were not significant (P = 0.555), at night and in the early morning (10 p.m.~10 a.m.) they were
close to significant (P = 0.089). Differences between the mean diurnal values of MI (0,97%,) and MI¢o] (0.28%0)
also were close to significant (P = 0,072).

Consequently, injection of colchamine not only did not lead to accumulation of blocked mitoses, but it
also led to a decrease in the values of MI.,] compared with MI in the control mice.

In the experimental mice, throughoutthe evening and night (from 6-10 p.m. to 2-6 a.m.) no prophases
were found. This decrease in PI in the experimental animals was not significant compared with the values of
PI in the control mice, for in some of the latter no prophases likewise were found. These data show that pre-
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TABLE 2, Diurnal Changes in Mitotic and
Prophase Indices and Duration of Mitosis
(tm) in Pancreatic Exocrine Cells of Mice

(scheme 2)
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dominantly in the evening and night colehamine causes deep inhibition of the entry of cells into mitosis. The
presence of a certain number of mitoses in the liver of the experimental animals at these times can be ex~
plained by the sharp delay in the course of mitosis itself. The absence of accumulation of C-mitoses in the
liver of the experimental animals led to distinctly distorted results for the duration of mitosis: In the evening
and at night the duration of mitosis (t;,) increased to 30-40 h. It is quite evident that the data obtained on the
duration of mitosis do not reflect the real values of this parameter,

These results indicate that colchamine damages the whole parenchyma of the liver so severely that the
colchicine technique cannot be used to investigate cell division in this organ,

It was thus shown that colchicine undoubtedly causes preprophase inhibition, by changing the rate of en~
try of the cells into mitosis or, as in the liver, by disturbing the whole dynamics of cell proliferation. This
property of colchamine is manifested primarily in the late evening and at night. The reasons for this temporal
selectivity in the sensitivity of cells to the action of colchamine are not clear. However, it may be pointed out
that preprophase inhibition of mitosis, in the lingual epithelium for example, coincides approximately in time
with the period of the maximal number of DNA-synthesizing cells [3].

Consequently, differences which probably exist in the duration of mitosis in the tissues cannot be re-
vealed by the use of the colchicine method.
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