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racil). Reiter and Littlefield (1964) obtained
INTRODUCTION synchronized mouse fibroblasts by the use

Recently many investigators in cytology
and molecular cytogenetics fields have been
greatly interested
zation using chemicals. In 1963, Smith et al.
succeeded in partial cell synchrony of plant
cells by the treatment of 5-AU (5-aminou-

in mitotic synchroni-

175

of 5-fluorodeoxyuridine (FUdR). Steffen and
Stolzmann (1969) reported that addition of
amethopterin with adenosine, FUdR or thy-
midine in high concentrations to phytohae-
magglutinin stimulated human lymphocytes
caused synchronization of cells. Lavronsky
(1969) obtained synchronous cell population
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in Crepis capillaris by the treatment with
5-AU.

But the usc of chemicals for the purpose
of synchronization is limited, as scvere tem-
poral distortions may rcsult by the che-
mical stresses imposed on cells (Kim and
Perez, 1965). Olivieri and Brewen (1966) ob-
served chromosome aberrations in 5-AU
synchronized human leucucyte cells. Kang
et al. (1970) suggested that synchronizing
agents induced chromosaome aberrations in
the cultured human kidney cells and Hel.a
cells. Some other authors have achieved the
studics on chromosame aberration and radio-
sensitivity of synchronized cells in vitro.
However, the synchronization cffects of ag-
ents in connection with the stage radiosens-
itivity and DNA synthetic pattern of sync-
hronized cclls are still to be more studicd.

The present experiment was designed to
clarify the mechanism of cell synchrony
and its rclation to radioscnsivity by study-
ing the effect of 5-AU on DNA synthetic
pattern of chromosome together with its
effect on the mitotic activity and the freq-

uency of aberrations in 3-AlJ synchronized
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cultured cells.

MATERIALS AND METHODS

Materials for this study were kidney tis-
sues obtained {rom 4 fetuses (male: 2, fem-
ale: 2) aborted artificially at 5 to 6 months
of pregnancy.

In accorance with the method of Chu (19
65), 5-AU (final concentration: 3mM) was
added to the 24- hour cultured cells for 24
hours. Growth medium was TC media 199
supplemented with 102 bovine serum. 100
and 200R of X-irradiations were performed
with an X.ray generator, General Electric
Maxitron 250-III operated at 230 kv and 10
mA with Th 2 filter. Tritiated thymidine
was treated at a final concentration of 0.5
2Ci/ml medium and autoradiographic strip-
ping film (Kodak AR-10) was applied. The
detailed procedures on air-drying and
autoradiography were performed as descr-
ibed previously (Kang and Park, 1969).

RESULUS

As shown in Fig. 1, cells were observed

cevery two hours after removal from 5-AU
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Fig. 1. Mitotic indices of 5-AU synchronized human kidney cclls after X-irradiation in vitro.
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up to 30 hours in synchronized human Kkid-
ney cells. In control group, any significant
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not observed. However, experimental group
(5-AU) showed mitotic peak (0.7) at 10

difference of mitotic activity with time was hours after treatment.

Table 1. Frequency of chromosome aberrations in synchronized
human kidney cells after X-irradiation.

Types of aberrations (27) t;l‘ot?{l Breaks
Experimental Cells . . St reaks per cell
£roups seored Chromatid-type Chromosome-ty pej per per

CD ICTD CE Rings and dicentrics cell roentgen
Contrcl 100 20 L0 — 0.030
5-AU 103 729 1.9 4.9 0. 147

5-AU-100R 102 43.7 6.8 7.8 None 0. 583 0. 0035

0. 669

5-AU~200R 98 5.0 81 7.8

Cﬂ; chromatid deletions
ICTD; isochromatid deletions
CE; chromatid exchanges

Total breaks; chromatid delctions-+isochromatid deletions—+2
(chromatid exchanges+dicetrics+rings)

In 5-AU--100R group, the mitotic peak
(0.2) appeared at 14 hours, whereas in 5-
AU-+200R group the mitotic activity was re-
markably reduced to show mitotic peaks
0.06 and 0.07 at 10 and 24 hours after tre-
atment respectively. From the above results,
it can be assumed that partial synchroniz-
ation is occurred by 5-AU. In other words,
5-AU group showed mitotic peak 6 times
higher than that of control group and X-
irradiation caused the mitotic delay as well
as mitotic inhibition.

Table I shows the frequencies of chromo-

some abcerration in each experimental group
observed at 10 hours after removal from
5-AU. In control group. the chromosome
aberrations per cell were 0.030, which con-
sists of 2% chromatid deletion and 1% iso-
chromatid deletion, while those of 5-AU
treated group was 0.147 showing 7.9% of
chromatid deletion, 1.9%; of isochromatid
deletion and 4.99; chromatid exchange. In
5-AU~+100R groups, the chromosome aber-
rations per cell were 0.583 (chromatid dele-
tion: 43.7%, isochromatid deletion: 6.8%,
chromatid exchange: 7.8%%) and 0.669 (chr-

Table 2. Frequency of labeled metaphases in synchronized
human kidney cells after X-irradiation.

Experimental  Metaphases Labeling intensity (95)* Total labeled

groups scored LL ML HL metaphases (%
Control 892 10.3 32.6 24.3 67.2
5-AU 921 11.2 18.7 52.4 82.3
5-AU+100R 865 5.6 18.5 35.7 59.8
5-AU+200R 853 3.7 20.1 29.8 53.6

*Labeling intensity; LL (lightly labeled) ML (moderately labeled) HL (heavily labeled).
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omatid deletion: 51.09, isochromatid dele-
tion: 8.1%, chromatid exchange: 7.8%).
Chromosome aberrations per cell per R re-
moved those by 5-AU is 0.035.

Table II shows the frequencies of labeled
metaphases and the effect of X-ray on the
labeling intensity in synchronized cells obs-
erved from 2 to 30 hours after labeling. In
control group, 67.29% of 892 cells were lab-
eled, and this comprised lightly labeled
metaphases (10. 395), moderately labeled ones
(32.6%) and heavily labeled ones (24.8%).
In 5-AU treated group, the frequencies of
heavily,moderately and lightly labeled meta-
phases were 52. 4%, 18.7% and 11. 29 respec-
tively to show labeled metaphases, 82. 49 of
921 cells observed.In 5-AU+100R and 5-AU-+
200R groups, 59.8% and 53.6% were labeled
respectively, in which heavily, moderately
and lightly labeled metaphases were 35.7%,
18.5% and 5.6% in the former and 29. 8%,
and 3.7% in the latter respectively. From
the above results, it can be assumed that
5-AU accumulates the labeled cells, whereas
X-irradiation reduces both the frequencies
of labeled metaphase and the labeling inte-
nsity.

DISCUSSION

Smith et al. (1963) was the first to carry
out a chromosome work in synchronized
cells, and they succeeded in obtaining high
mitotic peak (up to 62.5%) at 14 hours after
24-hour treatment of 5-AU (700 ppm) in
Vicia faba. On the mechanism of mitotic
synchronization of 5-AU, Smith et al. (1963)
and Prensky and Smith (1965) reported that
5-AU blocked DNA synthesis of the cells at
S stage, but did not block the activites of
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the cells at other stages of the cell cycle
to produce cell-accumulation at S stage, so
the partial cell synchronization occurs when
5-AU is removed. Chu (1965) obtained par-
tial cell synchrony (27%), at7 hours after
24-hour treatment of 5-AU in 24 hour cult-
ured Chinese hamster cell line, and made
announcement that 5-AU inhibited the DNA
synthesis of chromosome and mitotic activ-
ities. Brewen and Olivieri (1966) also obse-
rved that 5-AU caused mitotic delay. How-
ever, Jakob and Trosko (1965) and Resch and
Schroeter (1969) suggested that the action
of 5-AU on cell synchronization might be
mediated through the accumulation of G.
cell. This suggestion was somewhat suppo-
rted by the observation that 5-AU did not
block DNA synthesis.

Futhermore Socher and Davision (1971)
suggested that treatment of Vicia faba with
5-AU indicated that cells were stopped at
the point of S-G, transition. So above all
mechanisms proposed are rather contradict-
ory each other.

It is a well established fact that chromo-
some-type aberrations (rings, dicentrics, etc)
are induced only in G, stage, but chromatid-
types (deletions, exchanges) are produced in

S or G; (Brewen and Christie, 1967; Kang
and Park, 1969). Hence, the facts that only

chromatid type aberrations were observed
in the present experiment suggest that 5~
AU act in G, or S stage of cell cycle. Furt-
hermore, our autoradiographic data showing
increase of labeled metaphases in 5-AU tre-
ated group indicated that action of 5-AU
may be of the nature of accumulation of
cells at S stage (Table 1 and 2). So our res-
ults from the present experiments, although
preliminary and incomplete, tend to offer su-
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port to the view of Chu (1965) and Prensky
and Smith (1965). But the difference in
mitotic activity with their experiments is
thought to be due to the difference in cul-
ture conditions or in the material used.
DNA synthesis is usually inhibited by
X.irradiation (Wong, 1968). Kang and Park
(1969) reported that radiation inhibited DNA
synthesis and mitotic activity, expecially
those of G. cells in study on the stage radi-
osensitivity of cultured human kidney cells.
In our present data the decrease of labeled
metaphase and the mitotic index observed

in X-irradiated groups in spite of removal
of 5-AU are thought to be due to the fact

that DNA synthesis is blocked and mitotic
activity is inhibited by X-irradiation as sh-
own in the result of Eckstein et al. (1967).

The more detailed study on the stage ra-
diosensitivity and the pattern and time sequ-
ence of the DNA synthesis in synchronized
cells is expected to contribute to find out
the relations between stage radiosensitivity
and the mechanism of cell synchronization.

SUMMARY

The effects of X-irradiation on the mitotic
activity, the chromosome aberration and the
DNA synthetic pattern in synchronized hu-
man kidney cells treated with 5-AU were
measured in the present experiment.

When 5-AU was added, mitotic activity
was markedly suppressed. After removal of
the cells from the chemical, its activity
proceeded synchronouly and reached peaks
at hours 10. In 5-AU-+100R groups, it was
observed that X-ray caused mitotic delay,
the irregularity of the time when mitotic
peak appeared and the inhibition of mitotic
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activity. In the control group, chromosome
aberrations per cell was 0.030, whereas
0. 147 in 5-AU treated group. In 5-AU-+100R
and 5-AU-+200 R groups, chromosome abe-
rrations per cell were 0.583 and 0. 669 resp-
ectively and the average chromosome aber-
rations per cell per R was 0. 0035. 5-AU inc-
reased the frequency of labeled metaphases
together with labeling intensity, and this is
thought to be due to the accumulation of
cells by 5-AU at S stage. On the contrary,
X-ray decreased the labeling intensity and
the frequency of labeled metaphases.
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