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SUMMARY

Time-lapse cinematography of human fibroblasts revealed that mitotic cells separated into
numerous cell fragments containing varying amounts of chromatin and cytoplasm when treated
with colchicine. As cell fragments were very loosely attached to the surface of the culture vessel
during their formation, they could be easily detached like mitotic cells by gently shaking the vessel
and thus separated from normal interphase cells. Fragments obtained by this procedure were able
to exclude trypan blue indicating, therefore, an intact cell membrane. When placed into Petri
dishes many of them attached to and even spread out on the surface. Five hours later the majority
of the attached fragments incorporated [*H]leucine. Time-lapse films showed that fragments were
able to extend and retract pseudopodia at least for several hours after their formation. Although
the fragments degenerated within a few days, in the present experiments the possibility was not
excluded that fragments which had lost only a very small amount of chromatin and cytoplasm
survived for longer periods of time. The observations clearly indicate viability of many newly

formed fragments.

Colchicine can be used to experimentally
fragment the nuclei of cells into a number
of separate karyomeres each presumably
containing some or only one of the chromo-
somes of the complement [1]. The present
paper shows that human fibroblasts treated
with low doses of colchicine can not only
form multinucleate cells but also split up
into numerous cell fragments. The morpho-
logy of such fragments and results of viabil-
ity tests thereof are described below.

MATERIAL AND METHODS

Cells and cultivation procedures

Two strains of human fibroblasts were used for the
experiments. If not stated otherwise the results refer
to experiments performed with strain 1 which was
derived from skin biopsy of a 3-month-old male baby.
The karyotype was a normal 46 XY. Strain 2 was

23761805

derived from the Fascia lata of a 9-year-old boy. The
karyotype of the latter was not investigated. Cells
were grown in Eagle’s MEM supplemented with non-
essential amino acids and 12 % fetal calf serum (FCS),
in a humidified atmosphere with 5% CO, at 37°C. Cul-
tures were subcultivated when they reached con-
fluency using a 2: 1 split ratio [2]. During the experi-
En]ents the strains were in phase IT of their lifespans
2].

Production of cell fragments

Confluent cultures were trypsinized and the cells were
sown into Roux flasks using a 3 : 1 split ratio. Two days
later colchicine (Biocult Laboratories) was added to
give a final concentration of 0.02-0.04 ug/ml of medi-
um. Untreated cultures of the same passages served
as controls. Twenty-four hours later the medium was
removed and the cell layer was washed by one rinse
of MEM without FCS. Then 2 ml of a trypsin solution
(0.01 % trypsin in MEM without FCS) were added and
the flasks were agitated slightly for 2-3 min. In later
experiments only 2 ml of MEM without FCS were
used instead of the trypsin solution. By this procedure
mitotic cells and many cell fragments were pre-
dominantly detached from the glass surface while most
interphase cells remained attached. The medium—
containing an enrichment of cell fragments and mitotic
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Fig. 1. (a—d), (e-h) Process of fragmentation of two
mitotic cells from a culture treated with colchicine.
The photographs were taken from a television screen.
Time-lapse cinematography started only after the two
cells had entered mitosis. No alteration of the ball-
shaped form was detectable during 5 and 2.5 h, respec-
tively, of continuous observation. Time (min) (a) 0;
(b) 0.5; (c) 16.5; (d) 17.5; (e) 0; (f) 1; (g) 13.8; (h) 17.8
is given with reference to time 0 directly before the
first protrusion was observed. (a), (¢) Ball-shaped cells

cells as established by cytological examination—was
removed and diluted with MEM. Dispersion of the cell
fragments was done by repeatedly pipetting the
suspension. Finally FCS (12 %) was added. The final
product established by this experimental procedure
is referred to as fragment-suspension though it con-
tains, of course, a certain amount of normal cells.
Fragment-suspensions were pipetted into plastic Petri
dishes (Nunc, & 5 cm) and incubated in a 5% CO,
humidified atmosphere at 37°C for various time inter-
vals. The medium was afterwards removed, the dishes
were washed by three rinses of Hanks’ BSS and fixa-
tion was performed with methanol. Those cells and
cell fragments which remained attached to the dish
during this procedure constitute a sample.
Colchicine-treated cultures, samples and control
dishes were stained with acridine orange for fluores-
cence microscopy. Cells and cell fragments were
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during mitosis before the process of fragmentation;
(b) formation of several protrusions; Fig. (c¢), (d)
numerous fragments that have constricted off com-
pletely. The arrows point to some fragments that
moved away from their sites of formation. The num-
ber of fragments formed by the mitotic cell (e)—(h) was
much smaller. Change of form and formation of further
constrictions in the fragment marked by arrows in (f)—
(h) may be noticed. X650.

photographed using a Zeiss fluorescence microscope
(transmittance light, dark field, Apochromat 40x/1.0
oil, iris). Other samples and controls were stained
with hematoxylin-eosin or Giemsa. All cells and cell
fragments contained in randomly chosen fields were
photographed or were drawn at 500x magnification
using a microscope with a drawing tubus (Wild-Heer-
brugg, 50x Ph/oil). The areas of the nuclei and micro-
nuclei, and the areas occupied on the dish surface by
cells and cell fragments, were determined from plani-
metry of either photographs or drawings.

Trypan blue exclusion test

Fragment-suspensions were centrifuged for 5-10 min
at about 50 g. The pellet was diluted in a trypan blue
solution in PBS (final dye concentration 36 mg%).
Stained and non-stained cells and cell fragments were
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Fig. 2. (a), (b) Two examples of mitotic cells having
abnormally divided in a culture treated with colchicine
for one day and, thereafter, been fixed and stained
with acridine orange. The bright fluorescing chromo-
somes stand out clearly against the weak fluorescing
cytoplasm of the cell fragments which are still con-
nected with each other by small cytoplasmic bridges,
as marked by heavy arrows. The numbers of chromo-

scored in a Neubauer chamber [3]. Those protoplasms
which were obviously smaller in size than normal
mitotic cells were assumed to be fragments in this
test.

Autoradiography

For autoradiography [*H]leucine (Amersham-Buchler,
55 Ci/mM) was used. The final activity was 50 uCi/ml
of medium. After 12 h of incubation fixation with
methanol was performed as described above. In ad-
dition three rinses with an acetic acid/methanol mix-
ture (1:3) were carried out, each rinse of at least 10
min duration, in order to remove unincorporated pre-
cursors. Appropriate pieces were cut off from the bot-
tom of the plastic Petri dishes and covered with Kodak
stripping film AR 10. After an exposure time of 7-20
days the autoradiographs were developed according
to standard procedures and stained with Giemsa.
Autoradiographs were analyzed microscopically by
classifying cells and cell fragments in random fields
into one of groups A-F (see results) and by scoring
the percentage of labeled cells and fragments respec-
tively. Those cells and fragments in which the grain
density was undoubtedly (=10x) higher than back-
ground were considered as labeled.

Time-lapse cinematography

A video camera was adapted to the microscope (Zeiss
Universal or Leitz Diavert) and combined with a
monitor and a time-lapse videotape recorder (Sanyo
VTR 1360). Cells and cell fragments were observed in
phase contrast using a special chamber described else-
where [4]. HEPES-buffered medium was used to keep
pH constant at about 7.2. The microscope was placed
into a thermoregulated box at 37°C.

somes contained in each fragment differ greatly. Occa-
sionally very few (marked by light arrows), or even no
chromosomes are detectable. (b) indicates the pos-
sibility that cell fragments might be formed lacking in
only very few chromosomes; (c¢) single fragment
which had spread on the dish surface 14 h after a frag-
ment suspension was pipetted into the dish. It con-
tains two small clusters of chromatin. x860.

RESULTS

Fragmentation of cells treated
with colchicine

When cultures were treated with colchicine
for 24 h, a large proportion of mitotic cells
fragmented, giving rise sometimes to as
many as a dozen or more fragment en-
tities. The process of fragment formation in
colchicine-containing medium was inves-
tigated using time-lapse cinematography.
Fig. 1 shows two examples. The cells went
into mitosis but became arrested in meta-
phase [5]. Over several hours no further
change in the metaphase cells was visible,
but later “protrusions” of different sizes
were suddenly formed at different sites of
the cell membrane (fig. 15). These protru-
sions subsequently either regressed or led
to the formation of fragments which often
became completely separated while some
remained connected with each other by
small cytoplasmic bridges. The process of
fragmentation itself was completed within
a few minutes after the appearance of the
protrusions. It was observed that totally
separated fragments could cleave again by
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Table 1. Composition of samples obtained after incubation of fragment-suspensions for

various times

Cell A B C D E F

strain t(h) n (%) (%) (%) (%) (%) (%)

Control 1 - 210 96.5 e 0 20 0 0.5
Expt 1 1 6 235 19 4 0 75 1 1
20 150 48 21 5 23 2 I
40 167 45 32 1 8 2 12
120 106 65 23 0 1 0 11
Expt 2 1 14 164 16 29 7 39 7 2
Expt 3 2 14 301 25 20 2 43 8 2

t, Incubation time (hours) of sample before fixation.

n, Number of cells and cell fragments classified in groups A-F. For morphological criteria used for classification,
see text. A, “‘normal” cells; B, multinucleate cells and cell fragments; C, cell fragments with one micronucleus;
D, cells and cell fragments containing very condensed chromatin; F, apparently dead cells and cell fragments.

¢ Binucleate cells only.
& Mitotic cells.

Samples were stained with hematoxylin-eosin. In expt 2 only those cells and cell fragments were used for seeding
which were found in the trypsin solution after a 1-min rinse. Control cells of strain 2 are not included in table 1,
because they showed very similar results as compared with the data indicated for control cells of strain 1.

furrow formation (fig. 1/~h). Remarkably,
fragments were seen to exhibit distinctive
and obviously active alterations of form
(see p. 351, “Viability of cell fragments”).

Staining with acridine orange revealed an
irregular distribution of the chromosomes
(fig. 2). The fragments contained one or
several clusters of chromosomes, and in a
substantial part of the fragments very little
or even no chromatin was detected. The
term cell fragment will be used when it is
assumed that a protoplasm contains ob-
viously less than its normal set of chromo-
somes or less than the normal amount of
cytoplasm.

Composition of samples

Fragment-suspensions were placed into
Petri dishes and samples were obtained as
described under Material and Methods.
Cells and cell fragments were stained with
acridine orange or hematoxylin-eosin and
classified into one of the groups A-F ac-
cording to morphological criteria (see
below). The percentages obtained for each
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group in samples scored after different
times of incubation are given in table 1.

Group A: Normal cells. All cells con-
taining one nucleus with a nuclear area
larger than 75 % of the smallest nuclei of the
control cells (figs 44, 5a) were presumed
to have a normal content of chromatin. By
this rough criterion, of course, the loss of a
small amount of chromatin cannot be ex-
cluded. Therefore, the percentage of group
A given in table | represents an upper limit
of normal cells. Normal cells in the samples
descended either from viable interphase
cells which detached from the surface of the
culture flask while being shaken (see Ma-
terial and Methods) or from mitotic cells
which formed two normal daughter cells af-
ter the metaphase arrest was raised.

Group B: Multinucleate cells and cell
fragments (B-fragments). Protoplasms clas-
sified into group B (fig. 3) contained two or
more karyomeres. About one quarter of
these protoplasms were binucleate, about
two-thirds had between 3 and 10 karyo-
meres. The maximum number of karyo-
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meres was between 30 and 40, but such
cases were rare. While large multinucleate
protoplasms presumably represent multi-
nucleate cells which arose from abnormal
anaphases of mitotic cells without cell divi-
sion, the occurrence of very small multi-
nucleate protoplasms (B-fragments) (fig.
3b) could be attributed to abnormal ana-
phases followed by cell fragmentation. Fig.
Sc¢ shows the size distribution of the areas
of 137 karyomeres contained in 29 multi-
nucleate cells and cell fragments. Eighty
percent of these karyomeres were smaller
than the smallest nuclei in the control
sample (compare fig. 5a with 5¢). DNA de-
terminations based on Feulgen micro-
spectrophotometry performed by Ege &
Ringertz [6] showed that the mean DNA
content of karyomeres of multinucleate
cells obtained by colchicine treatment is
considerably smaller than the DNA content
of nuclei of untreated cells. Karyomeres

349

Fig. 3. (a) Binucleate cell
from a control Petri dish not
treated with colchicine; (b)
multinucleate cell fragment;
(c) multinucleate cell (right)
and cell fragment contain-
ing one micronucleus (/eft).
Staining: acridine orange.
x860.

which are reduced in size because they con-
tain less than the whole set of chromo-
somes have been termed micronuclei 1, 6].
Morphologically these micronuclei appear
similai to normal nuclei [1].

Group C: Cell fragments with one micro-
nucleus (C-fragments). The amount of cyto-
plasm and the size of one karyomere con-
tained in C-fragments was clearly less than
in control fibroblasts (compare fig. 4a with
figs 4b—d and 3c¢). The little karyomeres
were assumed to be micronuclei by the fol-
lowing criteria: (a) The nuclear area was
smaller than 75 % of the area of the smallest
nucleus observed in the controls; (b) they
showed zones of dispersed and condensed
chromatin like karyomeres of control cul-
tures or karyomeres of groups A and B; (¢)
the intensity of staining of these karyomeres
was comparable to that of control karyo-
meres and karyomeres of groups A and B,
respectively. The argument that the colchi-
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cine treatment could generally reduce the
size of nuclei was excluded: In 170 control
fibroblasts (fig. Sa) the mean nuclear area
was 202497 um? (S.D.). The mean nuclear
area ascertained for 78 mononucleate cells
of a culture treated with colchicine (0.02—
0.04 wpg/ml) over a period of 24 h was
205+96 um?, while that of 63 mononucleate
cells treated for 70 h was 224176 um?, The
proportion of C-fragments found in the cul-
tures after colchicine treatment was too
small to decrease the mean nuclear area ob-
tained from mononucleate protoplasms to
any considerable extent.

Green fluorescing micronuclei of groups
B and C occasionally revealed a red fluo-
rescing spot when stained with acridine
orange. This spot probably represented a
nucleolus, since normal cells stained with
acridine orange showed red fluorescing nu-
cleoli within green fluorescing nuclei. The
size distribution of the micronuclei obtained
from 59 C-fragments was found to be simi-
lar to that of micronuclei in multinucleate
protoplasms (fig. 5b, ¢). Occasionally C-
fragments were seen connected by small
cytoplasmic bridges to multinucleate proto-
plasms. These observations support our
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Fig. 4. (a) Two control cells
with small nuclei from a
Petri dish not treated with
colchicine. Nuclear areas
104 and 98 um?; (b)<d) three
cell fragments each contain-
ing one micronucleus. Stain-
ing: acridine orange. x860.

conclusion that C-fragments were formed
by abnormal cytokinesis and contained a
reduced amount of chromatin.

Group D: Cell fragments which contain
one or several clusters of very condensed
chromatin. While B-fragments and C-frag-
ments showed micronuclei as described
above, in the large majority of cell frag-
ments the chromatin remained in a very
condensed state and formed one or several
clusters (D-fragments) (fig. 2). At a high
magnification it could be often observed
that the clusters were composed of an ag-
gregation of single metaphase chromo-
somes. As shown in fig. 2, the amount of
chromatin could be very small and differed
from fragment to fragment.

The large majority of cases classified into
group D was clearly smaller in size than
normal interphase and mitotic cells. The
mean area occupied on the dish surface by
200 D-fragments obtained from samples was
found to be 76 +52 um? (S.D.). In a control
culture fixed with methanol, the mean area
occupied on the dish surface by 28 mitotic
cells was established to be 150+34 pm?
(S§.D.); the mean area occupied by normal
interphase cells depended on cell density
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Fig. 5. Abscissa: nuclear area (um?); ordinate: no. of
nuclei and micronuclei. Cells and cell fragments were
stained with acridine orange.

Size distribution of nuclei and micronuclei. (@) Nu-
clear areas of 170 fibroblasts not treated with colchi-
cine (control cells); (b) nuclear areas of 70 small mono-
nucleate cells and cell fragments selected from a
sample fixed 15 h after seeding. They contained each
only one micronucleus or nucleus smaller than the
smallest nucleus of the control cells. The horizontal
bar indicates the size distribution of micronuclei of
59 C-fragments. The size distribution of nuclei with
normal sizes is not shown (see text); (¢) nuclear areas
of 137 karyomeres contained in 29 multinucleate cells
and cells fragments of the sample.

and was in every case much larger. The
smallest interphase cells covered an area of
at least 300 um?, the largest ones an area of
more than 2 000 um?. Taking into considera-
tion that the mitotic cells were approxi-
mately ball-shaped, while many D-frag-
ments sown into a Petri dish became more
or less flat spread on the dish surface, it is
evident that many of the latter contained
much less cytoplasm than normal mitotic
cells and interphase cells. A certain per-
centage of cases classified in group D may
represent mitotic cells which performed ab-
normal anaphases but did not produce frag-
ments or develop into multinucleate cells.

Group E: Cell fragments in which chro-
matin was not found. An example of such
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a fragment is shown in fig. 24. It cannot be
excluded that some fragments classified
into this group contained a single chromo-
some which escaped detection.

Group F: Apparently dead cells and cell
Jragments (table 1, F). The main criterion
for this classification was that cells or cell
fragments showed a state of lysis. It is not
claimed that all the fragments classified into
groups B, C, D and E were viable. The ex-
periments described below, however, show
that these fragment types were indeed
viable for some time in a considerable num-
ber.

Viability of cell fragments

Roughly 70% of cell fragments in freshly
prepared fragment-suspensions excluded
trypan blue indicating an intact cell mem-
brane. When suspensions were pipetted in-
to Petri dishes, fragments were able to at-
tach to and spread out on the surface in
considerable number (figs 2¢, 3b, 4b-d).
But 120 h after seeding (table 1), fragments
belonging to groups C, D and E had disap-
peared from the samples. The samples still
contained a considerable percentage of mul-
tinucleate cells. Very small multinucleate
protoplasms which could be classified with
certainty as B-fragments (fig. 3b4) could,
however, no longer be detected.

Table 1 shows no C-fragments after 6 h,
though these were present at later times.
This might be a mere accident due to the
small sample sizes from which the percent-
ages were calculated. The majority of C-
fragments possibly survived during the first
twenty hours after the fragment-suspen-
sion was placed into the Petri dishes, while
a large number of D-fragments degenerated
and detached from the surface. This might
explain why the percentage of C-fragments
shows a relative increase during the first
day. It was not investigated whether frag-
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ments containing single chromosomes were
able to form micronuclei or whether B- and
C-fragments were directly produced by
fragmentation of cells in which micronuclei
had already developed. But obviously many
D-fragments degenerated without further
development. Fifteen hours after a frag-
ment suspension was placed in a Petri dish,
about 50% of the cell fragments were not
attached to the surface of the Petri dish.
The marked loss of D-fragments from the
samples during the first 2 days of incuba-
tion was not accompanied with a compar-
able increase of B- and C-fragments (table
1). Since only those fragments still adhering
to the dish surface after the fixation proce-
dure including three rinses with Hanks’
solution were counted, the majority of dead
cell fragments was not included in the
scorings (table 1, F). It was shown by
Stubblefield [5] that metaphase arrest pro-
duced by colcemid lasted for an average of
12 h, and was followed by both normal and
abnormal anaphases. Metaphase arrests
lasting for many hours were also found in
our own time-lapse cinematographic ob-
servations. Despite removal of the medium
containing colchicine it seems possible that
mitotic cells contained in the fragment-sus-
pensions could give rise even after several
hours to normal interphase cells, multinu-
cleate cells and cell fragments. The increase
of percentages in groups A and B during in-
cubation of the fragment suspension could
be due to both new formation of normal in-
terphase cells and multinucleate proto-
plasms during the first day and to the de-
crease of D-fragments.

The experiments shown in table 1 were
not intended to investigate minor varia-
tions. It is only concluded that D-fragments
established the predominant fragment type
while the proportions of C- and E-frag-
ments in the samples were small, and that
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these fragments degenerated within a few
days.

Two kinds of experiments were per-
formed in order to investigate the viability
of attached fragments more precisely: time-
lapse cinematography in order to investi-
gate motility and [*H]leucine incorporation
in order to show protein synthesis.

Motility of cell fragments

When cell fragmentation was observed
using time-lapse cinematography (one pic-
ture per second) it was found that the out-
line of newly formed fragments changed
continuously. Using an accelerated motion
play back 60 times faster than the time-
lapse recording speed the motility of frag-
ments, including even the very small frag-
ments shown in fig. Ic, d, appeared so
rapid and varied that it was difficuit to fol-
low the changes in detail. Fragments be-
came thicker at one side and thinner at an-
other and vice versa. Fragments which
were able to spread on the surface con-
tinuously extended and retracted numerous
pseudopodia which were about one to sev-
eral um in length. Any moving point on the
edge of such a fragment showed a repetitive
protrusion and withdrawal resulting in ir-
regular fluctuations of the whole edge or at
least of several sites. The speed with which
pseudopodia were extended or retracted
was several um/min. These fluctuations
appeared very similar to those described by
Abercrombie et al. [7]. Those fragments
which clearly showed irregular fluctuations
of their edges during a period of at least 5 to
10 min of observation were considered to
exhibit active motility. Signs of active mo-
tility were not noticed in fragments which
had detached from the surface.

Daughter cells of normal mitotic cells
which were shaken off and allowed to reat-
tach to the dish surface showed a motility
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as they spread on the surface resembling
that of the fragments described above. But
when flattened interphase cells had formed,
movements of the whole edge slowed down
or were restricted to a leading lamella [7].
Remarkably, fragments continued to per-
form irregular fluctuations of their edges
even after they had spread on the surface.
Since this kind of motility was performed,
however, in all directions simultaneously,
fragments did not migrate.

Accelerated motion play back of time-
lapse films showed such flattened frag-
ments with rapid fluctuations besides inter-
phase cells of normal size and appearance
with little signs of motility. During pro-
longed microscopic observation (see below)
motility of the fragments decreased or
ceased. The observations possibly suggest
that such fragments till they degenerated
retained a motility typical for normal cells
which spread out on a surface. Microscopic
observation continued for many hours
seemed to impair the viability of cells and
fragments because of some unfavorable
conditions of the observation procedure in-
cluding bright illumination of the fragments.
Therefore dishes containing fragment-sus-
pensions were incubated up to 24 h before
they were used for time-lapse cinemato-
graphy. One hundred and six single frag-
ments which had spread on the surface and
were clearly smaller in size than the small-
est normal cells were chosen and continu-
ously filmed for at least 5 min up to 10 h.

Active motility was found in 71 of the 106
observed fragments. The size of 45 frag-
ments performing active motility was <100
pwm?, in some cases even considerably
smaller. In order to establish the fragment-
type according to the morphological criteria
described above some fragments exhibiting
active motility were localized, fixed and
stained after the observation was finished.
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The majority of them was classified as D-
fragments. Fifty-one out of 73 fragments
which were filmed in dishes after 3—13 h of
incubation exhibited active motility, while
this was the case for 20 out of 33 fragments
filmed in dishes after an incubation time of
18-32 h. Some fragments continued to show
irregular fluctuations of their edge during
10 h of observation, although the intensity
decreased after prolonged observation. In
other fragments motility ceased after 24 h
of continuous observation. The motility of
the fragments filmed in dishes after 18 h of
incubation appeared clearly slower than the
motility of fragments filmed only after a few
hours of incubation.

Possibly some fragments which per-
formed motility in late observation periods
arose from mitotic cells in which frag-
mentation occurred only after the fragment
suspensions had been prepared. The pro-
portion of mobile fragments is, of course,
not representative for the whole number of
fragments contained in the suspension,
since those fragments which did not at-
tach to the surface, or detached during in-
cubation, or showed a state of lysis, were
excluded from time-lapse observation. But
in spite of these limitations the observa-
tions demonstrate that some fragments
were able to maintain their motility for
many hours.

[®H]leucine incorporation

Freshly prepared fragment-suspensions
were pipetted into Petri dishes. After 5§ and
20 h respectively [*H]leucine was added.
The labeling period was 12 h, i.e. fixation
was performed after 17 and 32 h respec-
tively. Almost all cells and cell fragments
classified into groups A, B, and C and a con-
siderable portion of fragments D and E got
labeled during both labeling periods. The
grain density observed over the fragments
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Table 2. [®H]leucine incorporation by D-
fragments of different sizes

Labeling period

A B
Fragment size
(um?) n 1 (%) n 1 (%)
D;<50 226 5SS 388 31
D;<D,=<100 109 68 104 58
D,>100 293 96 189 92

n, number of fragments counted.

1, percentage of labeled fragments.

Both labeling periods A and B lasted for 12 h. They
were started 5 and 20 h respectively after the fragment-
suspension was placed into Petri dishes.

was often obviously lower than over nor-
mal cells contained in the same autoradio-
graph. But there were also small fragments
which were labeled as densely as normal
cells. Since D-fragments constitute the ma-
jority of fragments, they were examined a
little closer. The result is shown in table 2.
The percentage of labeled fragments was
found higher in larger D-fragments than in
smaller ones. The labeling index of larger
D-fragments did not decrease in the second
labeling period, while a marked decrease
was observed in small D-fragments. One
could possibly expect a more pronounced
decrease of labeled fragments, but those
degenerated fragments which detached
from the surface were no longer present
and could not influence scoring.

DISCUSSION

Time-lapse cinematography revealed com-
plete fragmentation of colchicine-treated
diploid human fibroblasts into a number of
cell fragments containing varying amounts
of chromatin and cytoplasm. The effect
seems to depend on the cell line used,
since other authors using other cell lines
only described multinucleation but not cell
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fragmentation in cultures treated with col-
cemid or colchicine [1, 5, 6]. Stubblefield
[5] used time-lapse cinematography to
analyse the mitotic activity of colcemid-
treated Chinese hamster cells. He presented
a sequence of photographs showing a cell
cut by three cleavage furrows, but the
furrows later regressed and a trinucleated
cell was formed [5]. Cell fragmentation re-
sulting in completely separated cell frag-
ments as described above was not observed
in the experiments of Stubblefield (personal
communication (1975)).

Colchicine presumably acts by binding to
protein subunits of the microtubules [8],
while microfilaments which seem to form a
contractile ring on which cytokinesis de-
pends directly [9], appear unchanged in
colchicine-treated cells [10]. Since micro-
tubules are required for spindle function [8]
this effect explains abnormal anaphases of
colchicine-treated cells [1]. No explanation
can be offered for the process of cell frag-
mentation induced by this drug. We sug-
gest, however, that fragmentation is caused
by interference of colchicine with regulating
processes of cytokinesis, so that several
contractile rings are formed. Several ob-
servations concerning the functions of mi-
crotubules support this suggestion. Micro-
tubules seem to determine the topographi-
cal organisation of cell membrane compo-
nents [11] and it was suggested that they
are closely integrated together with micro-
filaments in regulating cell division [12].
During mitosis the orientation of the spindle
apparatus may determine the site at which
the contractile ring of microfilaments would
be formed [9]. Time-lapse cinematography
suggests that only mitotic cells were able
to perform cell fragmentation. Formation
of micronuclei and cell fragments was also
observed occasionally in Chinese hamster
cells which were microirradiated with a
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UV-laser microbeam during metaphase
[13]. Cell fragmentation was never observed
when either nuclei or cytoplasm of inter-
phase cells were microirradiated [4].

Our observations show that cell frag-
ments with a substantially reduced genetic
complement and cytoplasm are viable in
different respects, but cannot survive very
long. They exclude trypan blue, show con-
tinuous motility and incorporate [*H]leu-
cine. In the present experiments, however,
it cannot be excluded that fragments which
possibly had lost only a very small amount
of chromatin and cytoplasm survived for
more than 120 h. The reason for a strongly
limited lifespan could either be that parts of
the genetic complement essential for basic
cell metabolism were lost or that the
chromatin did not become genetically active
in the cell fragments. In addition, the effects
of a reduced amount of cytoplasm have to
be considered, because minicells, though
containing a whole nucleus, fail to re-
generate a cytoplasm and ultimately die
[14].

Cell fragments containing fractional parts
of a karyotype may be used for cell hybridi-
zation experiments like microcells obtained
by the techniques of Ege & Ringertz [6, 15].
While C-fragments may resemble micro-
cells, though the latter contain obviously
less cytoplasm, fragments which contain a
reduced number of single chromosomes (D-
fragments) or no chromatin at all (E-frag-
ments) represent new fragment-types and
might offer special possibilities in cell
hybridization experiments.

355

Further investigations of the process of
cell fragmentation induced by colchicine
might contribute to a better understanding
of the functions of microtubules in cell
division.
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