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INTRODUCTION

Synchrony of mitotic nuclei within a multinucleate
cell is more of a biological rule than an exception
(13) . Synchronized division of nuclei in multinu-
cleate cells has been reported in slime molds (10),
protozoa (12, 15, 16), insects (18), and mammalian
germ and somatic cells (2, 6, 7, 13) . The influence
of a cytoplasmic humoral factor which controls
nuclear division has been supported by observa-
tions on the synchrony in cells joined by cytoplas-
mic bridges (2, 6, 7) and by experiments on nuclear
transplantation (5, 8) . However, a few rare excep-
tions to the general rule are known (9, 13, 19) .

Cytochalasin B, a mould metabolite from Hel-
minthosporium dematioideum isolated by Aldridge et al .
(1), causes multinucleate cell formation by sup-
pressing daughter cell separation following an
otherwise normal nuclear division (4, 14, 17) . In
time-lapse cinematographic observations,' the mi-
totic cells round up, chromosomes segregate, and a
normal cleavage furrow is seen to develop . The two
resulting daughter cells move away from each
other, but remain connected by a thin intercon-
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netting bridge often showing a midbody . Subse-
quently, this connecting bridge fails to break, and
the daughter cells reunite and form a large bi-
nucleate cell. In some instances, the two resulting
nuclei reunite to form a single large nucleus .' On
continued incubation in the drug-containing
medium, this process of nuclear division followed
by reunion of the daughter cells is repeated until
cells with as many as eight nuclei are formed . As
reported earlier by Carter (4), many of these cells
have odd numbers of nuclei, suggesting that prob-
ably all the nuclei in a multinucleate cell do not
divide at the same time . He has suggested that
probably a multinucleate cell may enter mitosis
when only one of its nuclei is fully prepared while
the remaining nuclei may be induced to go through
a "pseudomitosis" which closely imitates mitosis
but involves no over-all change in the nuclei . Such
a cycle could entail chromatin condensation and
chromosome formation followed by complete re-
construction of each nucleus in its original form
(4) .
In short term cultures of human lymphocytes

exposed to cytochalasin B, Ridler and Smith (14)
reported that all the nuclei in a dividing cell ap-
peared to be at the same stage of division and that

All the figures are from cultures exposed to cytochalasin B (1 ,ug/ml) for 72-120 hr .
Magnification marker on figures is 10 µ.m long .

FIGURE 1 Arrow points to an interphase nucleus with diffuse chromatin . The remaining
three nuclei of this tetranucleate cell have condensed early prophase chromosomes .
X 1,500 .

FIGURE 2 A cytochalasin-induced multinucleate cell arrested in mitosis by Velban
(0.01 Mg/ml, 3 hr) . Arrow points to the metaphase chromosomes of one nucleus ; the other
three nuclei are still in the interphase. X 1,250 .

FIGURES 3-6 Radioautographs of thymidine- 3 H-labeled, cytochalasin-induced multi-
nucleate cells. In Figs . 3 and 4, the arrows indicate nuclei with only a few reduced silver
grains ; these nuclei show relative nonincorporation of thymidine- 3 H label compared to
the remaining nuclei in the same cell . Fig . 5 shows two multinucleate cells with heavy
and lightly labeled nuclei . In Fig . 6, four nuclei of a multinucleate cell show different
amounts of radioactive label uptake as indicated by the number of reduced silver grains
on their surface . Fig. 3, X 1,875 ; Fig . 4, X 875 ; Fig . 5, X 300; and Fig . 6, X 850 .
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none of the cells had a mitotic figure as well as an
interphase nucleus.

In the present study, we have tried to explore,
with the help of thymidine-3H radioautography
and Velban-(vinblastine sulfate, Eli Lilly, Indian-
apolis) induced mitotic arrest, the asynchrony of
nuclear development, and mitosis in cells exposed
to cytochalasin B .

MATERIALS AND METHODS

Earle's L-929 fibroblasts were grown in Leighton
tubes on medium 199 supplemented with 10% fetal
calf serum, penicillin (100 I .U./ml) and streptomycin
(100 pg/ml). After 42 hr, the old medium was re-
placed with fresh, prewarmed medium containing
1 ,ug/ml of cytochalasin B . Following the suggestion
of Carter (4), stock solution of cytochalasin B (1
mg/ml) was made in dimethylsulfoxide and stored
at 4 °C .

Cultures exposed to cytochalasin for 72-120 hr
were labeled for 30 min-24 hr with fresh medium
containing thymidine 3H (5 mc/ml) . Following the
labeling, the cultures were washed three to four
times in prewarmed Hanks' balanced salt solution,
and fixed in Carnoy's 1 :3 acetic : alcohol . Coverslips
from these preparations were coated with Ilford K-5
liquid emulsion, dried, and stored at 4 °C. After 15
days of exposure time, preparations were developed
in Kodak D-19 at 22 °C for 2 min, washed in distilled
water, and fixed for 3 min . In a second series of ex-
periments, Leighton tube cultures exposed to cyto-
chalasin B for 120 hr were incubated in fresh medium
containing Velban (0 .01 gg/ml) for 3 hr to arrest
mitotic cells . Following this treatment, cultures were
washed, reincubated in fresh medium, and fixed
after varying lengths of time from 3 to 10 hr . All
preparations were stained with carbol fuchsin (3)
and 1 % fast green FCF .

OBSERVATIONS AND COMMENTS

Cultures incubated with cytochalasin B show pro-
gressive accumulation of cells with multiple nuclei .
In earlier stages, e .g . 76 hr, nearly all multinu-
cleate cells have even numbers (two or four) of
nuclei. On further incubation in the cytochalasin-
containing medium, an increasing number of cells
show odd numbers of nuclei, till by the 5th day
there are nearly equal numbers of cells with odd or
even numbers of nuclei .

In some of the multinucleate cells, the nuclei
appear to be at varying stages of development, as
judged by their chromatin condensation. Fig . I
shows a tetranucleate cell from a culture exposed
to cytochalasin B for 120 hr. As seen in this figure,
three of the four nuclei have discrete, condensed
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prophase chromosomes enveloped by the intact
nuclear membrane. The fourth nucleus (arrow) is
definitely in a different stage of development, as
indicated by the diffuse appearance of chromatin
in this nucleus . In cultures arrested in mitosis by
Velban, this asynchrony of nuclear development
becomes all the more apparent as seen in Fig . 2 .
The arrow in this figure points to the scattered
chromosomes in the cytoplasm of a cell (presum-
ably from a single nucleus) ; the three other intact
interphase nuclei share the common cytoplasm
with the scattered chromosomes .

Pulse-labeling with thymidine 3H for 30 min
followed by incubation in cold medium confirms
the asynchrony of nuclear development in some of
these cells . Figs. 3 and 4 show multinucleate cells
with three and four nuclei, respectively . Arrows
point to the nuclei which did not take up the label
and thus do not show any appreciable number of
developed silver grains on their surface .

Figs. 5 and 6 show the difference in the uptake of
the thymidine-1H by the nuclei of cytochalasin-
induced multinucleate cells exposed to the labeled
precursor for 24 hr. In Fig. 5, the cell on the left
has one labeled and two unlabeled nuclei, while
the neighboring cell has two heavily labeled nuclei,
one partially labeled nucleus, and one lightly
labeled nucleus. In Fig. 6, a similar pattern of
differential labeling of the nuclei is seen . In culture
labeled with thymidine3H, approximately 25%
of the multinucleate cells show asynchronous up-
take of the radioactive label .

These observations, which are based on three
different experimental designs, i .e. cells from
normal cultures, are exposed to cytochalasin and
then either arrested in mitosis or labeled with
thymidine-5H, confirm the observations of Carter
(4) who first suggested that some of the nuclei in
cytochalasin-induced multinucleate cells may be
out of synchrony although sharing a common cyto-
plasm with other nuclei . He has based his conclu-
sion on the presence of odd numbers of nuclei in
some of the cytochalasin-induced multinucleate
cells .

In some earlier observations (11), 1 large groups
of centrioles (often as many as ten) have been re-
ported in cultures treated with cytochalasin.
Further experiments are in progress, and it will be
interesting to see whether all or only one pair of
these centrioles take part in the formation of the
spindle, when only one of the nuclei enters mitosis
and the others remain in the interphase stage .
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