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The origin of micronuclei in X-irradiated 
or colchicine-treated cells is uncertain. Two 
explanations have been offered: a )  Schleich 
et al.( 1)  and Stroud and Brues( 2 )  have evi- 
dence that such structures may arise by frag- 
mentation of nuclei in interphase, and b) 
Bloch(3), Hsu and Kellogg(4), and others 
indicate that micronuclei are produced by 
chromatid breakage and subsequent develop- 
ment of these fragments to the completed 
forms. We have used fluorescence microscopy 
to measure, with respect to time of colchicine 
treatment, the number of mitotic figures and 
micronuclei produced in the McCoy cell line. 
Our results favor the second hypothesis. 

Materials and methods.  McCoy cells were 
propagated on cover slips in Leighton tubes 
a t  37°C. Culture medium (1  ml per tube) 
consisted of Mixture 199 plus 0.57. lactalbu- 
min hydrolysate, 5% heat-inactivated calf 
serum, 100 units/ml penicillin, and 0.1 mg/ 
ml streptomycin. I t  was adjusted to pH 7.4 
with sterile sodium bicarbonate. A large num- 
ber of tubes seeded initially from the same 
pool of cells were drained. One ml of me- 
dium per tube was replaced and contained, in 
addition, one of the following concentrations 
of colchicine: / I  1 : lo8, 1 : lo7, 1 : lo6, 1 : lo5, 
(wt/vol) . Control preparations without col- 
chicine were included. At regular intervals 
2-3 tubes were removed from each group. 
Cover slips were fixed, stained with acridine 
orange, and examined by fluorescence mi- 
croscopy as described by Starr et al. ( 5 ) .  Ap- 
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proximately 500 cells per coverslip were 
counted (800 magnification) and placed 
into the following categories: mitotic figures, 
micronucleates, and interphases. Polyploid 
giant cells were included in the interphase 
group. 

Since the cells were reproducing 
asynchronously, a fixed proportion would 
come into mitosis a t  any one time. Fig. 1 
shows this to be the case for control prepara- 
tions. These data indicate, also, that after 
a lag period of approximately 4 hours mitotic 
figures increased in the colchicine-treated 
groups. This increase continued for 12 hours 
after which a rapid decline was noted which 
was correlated with the appearance of micro- 
nucleated cells (Fig. 2 ) .  Presumably, an in- 
terval of approximately 12 hours is required 
before a detectable number of cells in mitosis 
can undergo developmental stages to micro- 
nucleated forms. After 12 hours, the transi- 
tion of cells in mitosis to those with micronu- 
clei occurred faster than the appearance of 
colchicine-induced mitotic figures which origi- 
nated from the pool of interphase cells. This 
brought about a reduction in the proportion 
of cells with mitotic figures to approximately 
that value observed in control populations and 
was noted about 15 hours after colchicine 
treatment (Fig. 1 ) .  At this point, a second 
lag period of approximately 4 hours occurred 
while colchicine-induced mitotic figures accu- 
mulated, perhaps from the poorer genomes of 
the cell population which had been delayed in 
coming into mitosis. During this time, the 
proportion of cells with micronuclei remained 
somewhat stationary as indicated by the pla- 
teau effects shown in Fig. 2 between the 15th 
and 19th hour after colchicine treatment. 
This indicated that the mitotic figures ob- 
served between the 12th and 15th hour must 
have been advanced in their development 
toward micronucleated forms. The colchi- 
cine-induced mitotic figures increased syste- 

Results.  
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FIG.  1. Percentage of cells counted with mitotic 
figures. 

FIG.  2. Percentage of cells counted with niicro- 
nuclei. 

FIG.  3. Percentage of available cells counted 
with mitotic figures. Cells with micronuclei were 
excluded. 

matically between the 19th to the 30th hour. 
This increase was correlated with a propor- 
tional increase in the micronucleate fraction 
(Fig. 2 ) .  I t  could be inferred that the de- 
velopmental time for the evolution of a micro- 
nucleated cell from one in mitosis is constant 
through this 19- to 30-hour interval, and fur- 
thermore, that this period is longer than that 

required for a colchicine-induced mitosis to 
occur. If this is true, the data presented in 
Fig. 1 indicate that the rate of mitotic figure 
formation is increased during this time inter- 
val. Support for this statement can be ob- 
tained by considering the micronucleated form 
as an irreversible stage and replotting the 
data of Fig. 1 in terms of corrected values to 
exclude this fraction. When this is done (Fig. 
3 ) ,  it can be seen that the proportion of cells 
with mitotic figures (19th to 30th hour), 
which originated from the interphase pool, is 
increasing; although a fixed number are con- 
tinually being shunted toward the irreversible 
micronucleated state. In this regard, Har- 
rington (6)  has presented evidence that col- 
chicine treatment can, indeed, bring about 
an increase in the rate a t  which certain cells 
enter mitosis. 

With regard to effects noted with different 
colchicine concentrations, it was observed 
that concentrations of 1 : lo8 (wt/vol), or less, 
were incapable of producing colchicine-in- 
duced mitosis. A concentration of 1: lo7 had 
limited efficiency and did induce mitotic figure 
formation and subsequent micronucleated 
forms but in smaller number than was ob- 
served in preparations treated with higher 
colchicine concentrations. However, by the 
end of the second lag period (approximately 
19 hours after treatment) neutralization or 
binding of residual colchicine, apparently had 
reached a point where insufficient amounts 
were available to stimulate the enhanced rate 
of mitotic figure formation. Higher concen- 
trations (1 : lo5 and 1 : lo6 wt/vol) acted simi- 
larly until roughly the plateau point in the 
curve of micronuclei formation (about 30 
hours after treatment). I t  was evident from 
microscopic examination that even before this 
period the higher concentration of colchicine 
was inducing toxic degeneration of the cul- 
ture. Persumably these cells had been "poi- 
soned" and mitosis was thereby retarded. 

Three additional experiments were carried 
out in a similar manner to that described. Al- 
though some variation in the magnitude of the 
effects was encountered, the data were repro- 
duced in each case in their essential form. I t  
was also shown that as time of colchicine 
treatment ( 1 : lot6 wt/vol) was prolonged, the 
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proportion of cells with mitotic figures de- 
creased gradually to the point where at ap- 
proximately 50 hours post-treatment their 
numbers equalled those of the control cul- 
tures. By 72 hours, virtually none were found. 
The curve for micronucleated cells plateaued 
at about 36 to 42 hours post-treatment. How- 
ever, their numbers increased slowly after this 
point; a t  72  hours about 90% of the cells 
were micronucleated and the remainder were 
polyploid giant cells. Prolonged incubation 
of such cultures for 1 week or longer did not 
alter this proportion. Cultures obtained dur- 
ing the 72-hour period, trypsinized, and trans- 
planted into medium without colchicine rather 
quickly established a near-normal cell morph- 
ology. Some few micronucleates and giant 
cells persisted, however. Further work is 
needed to establish which cell types are re- 
sponsible for growth and reproduction under 
these conditions (4) and whether this phe- 
nomenon might serve as a means to achieve 
a synchronously growing cell population. 

The capacity of both colchi- 
cine and X-irradiation to induce micronuclei 
formation in certain cell lines has been dis- 
cussed by a number of investigators interested 
in mechanism of action. Harrington (6)  re- 
ported a lag period of approximately 4 hours 
before colchicine induced a significant in- 
crease in mitosis of strain U-12 fibroblast. 
The initial peak of mitosis occurred at  about 
10 hours after treatment. Bloch(3) described 
the effect of colchicine on rat fibroblasts as 
an initial rise in mitotic activity over a 24- 
hour period followed by a decline to nearly 
control values. A progressive increase in mul- 
tinucleated cells was noted after 21 hours. 
Mizutani et aZ.( 7 j found that the increase of 
multinucleated giant cells in X-irradiated hu- 
man amnion cultures was linear from the 2nd 
to 5th post-irradiation day. Murray et al. 
(8) demonstrated toxicity to fibroblast cul- 

Discussion. 

tures from rats when the alkaloid was used at  
a concentration of 2 X M (Le.,  1: 1.27 X 
105 wt/vol). Concentrations of 2 x M 
resulted in little, if any, mitotic arrest. 

Summary. Formation of mitotic figures 
and micronuclei in a colchicine-treated human 
synovial cell line (McCoy) were quantitated 
a t  different times after treatment. After a lag 
period of 4 hours, mitotic figures increased in 
a roughly linear manner until the 12th hour. 
A rapid drop to control values by the 15th 
hour was correlated with the appearance of 
micronucleated cells. A second lag period of 
approximately 4 hours was followed by an 
apparently enhanced rate of formation of mi- 
totic figures to the 30th hour after treatment. 
After this point their numbers gradually de- 
creased so that a t  72  hours virtually none was 
seen. Except for shifts induced by this sec- 
ond lag period, micronucleated cells contin- 
ued to increase after the 12th hour a t  a more- 
or-less constant rate through the 30th hour. 
The micronucleated cells were terminal forms 
resulting from colchicine treatment except for 
a nearly constant fraction (10%) of poly- 
ploid giant cells which remained unchanged. 
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