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G, repair and evaluation of the cytogenetic damage
induced by low doses of X-irradiation
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In the present study two cytogenetic parameters were used to evaluate the DNA
damage induced by low doses (1 up to 40 rad) of X-ray irradiation in G, human
lymphocytes. These parameters were the frequency of chromosomal lesions in G,
and the length of this cell cycle phase. i
The frequency of chromosomal lesions in G, was determined by scoring the
number of chromosomal aberrations in G, irradiated lymphocytes post treated
with two inhibitors of G, repair mechanisms : caffeine and 3-aminobenzamide. A
dose-dependent increase in chromosomal aberrations vield was detected in G,
Ivmphocytes X-ray irradiated with or without post treatment with these two DNA
repair inhibitors during G, Nevertheless, the dose response in this latter
condition was higher than the one detected in control cells, indicating that the
increase of irradiation dose in G, lymphocytes produces an increment in the
number of DNA lesions arriving to be repaired in G,

The analysis of the dose-response relationships for G, length showed an
statistically significant X-ray dose-dependent increase (G, delay) from 2,5 up to
40 rad and a positive correlation between G, delay and the frequency of
chromosomal lesions in G,

These results suggest that the DNA lesions induced by low doses of X-irradiation
in G, lymphocytes may be higher than that detected by the standard method (con-
trol conditions) and may be responsible for an increase in G, length.

We propose, therefore, that an analysis of these two cytogenetic parameters can
improve the evaluation of the DNA damage induced by low doses of X-rays
irradiation in G cells.

Key terms: chromosomal aberrations; G, duration; G
lymphocvtes; X-irradiation at low doses.

, repair; human

INTRODUCTION breaks, DNA-DNA and DNA-protein

crosslinks and damage to bases and sugar

Exposure of cells to ionizing radiations leads  residues (reviewed in Ward, 1975; Hagen,
to the induction of a spectrum of lesions in 1990; Michalik, 1992).

DNA, including single and double strand Under normal conditions, most of this
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DNA damage will be removed by cellular
repair mechanisms, but persistent or in-
correctly repaired lesions may result in
mutations, chromosome aberrations or cell
death (Teoule, 1987; Bender er al, 1988;
Swarts, 1990).

In human lymphocytes, the dependence of
the yield of chromosome aberrations upon
high doses of X- or y-rays has been
extensively studied (for references see
Bender et al, 1988). However, experimental
data concerning the cellular response to low
doses (below 30 rad) are relatively scarce
(Luchnik and Sevankaev, 1976; Takahashi et
al, 1982; Pohl-Riiling er al, 1983; Fabry et
al, 1985; Lefrancois et al, 1989).

The evaluation of genetic effects induced
by low doses of ionizing radiation is a
relevant aspect in radioprotection and bi-
ological dosimetry. However, differences in
total chromosomal aberrations yield, as well
as in the shape of the dose response curve for
dicentric frequency have been reported. Such
differences, have been related to an altered
kinetics of aberration production due to DNA
repair mechanisms activity (Takahashi et al,
1982; Pohl-Riiling er al, 1983).

In human and other mammalian cells,
repair of DNA damage induced by ionizing
radiation is accomplished by complex
enzymatic repair systems (Tuschi et al, 1980;
Bender and Moore, 1991; Bases et al, 1992),
which eliminate the bulk of the DNA
damage, so that only a fraction of it actually
results in chromosomal aberrations. If these
DNA repair mechanisms are inhibited
following irradiation, a number of DNA
lesions will remain unrepaired and conse-
quently an increase of chromosome
aberrations may be detected in metaphases
(Kihlman and Natarajan, 1984; Palitti ez al,
1984; Kihlman and Andersson, 1985).

In human lymphocytes, it has been dem-
onstrated that the inhibition of G, repair
mechanisms by caffeine or 3-amino-
benzamide (3-AB) increases the chro-
mosomal aberrations frequency induced by
DNA damaging chemicals and radiations
(Natarajan et al, 1982; Zwelling et al, 1982,
Jelmert er al, 1992; Antoccia et al, 1992;
Pincheira et al, 1993).

Therefore, the estimation of chromosomal
aberrations yield in irradiated G, lym-
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phocytes stimulated to proliferate and post
treated with caffeine plus 3-AB during G,
may result in an improvement of the
evaluation of chromosomal damage induced
by low doses of irradiation in G, cells.

Otherwise, it is well accepted that
elimination of DNA damage requires not
only functional repair mechanisms but, also,
available time to carry out this process. It has
been demonstrated that the exposure of
mammalian cells to ionizing radiations leads
to an inhibition or delay in the progression of
cells through the cell cycle (Olivieri and
Micheli, 1983; Bates and Lavin, 1989;
Pincheira er al, 1991; Zaider and Minerbo,
1993). Such effect occurs at any stage of the
irradiated cell cycle, and in addition to the
irradiated stage, it always involves the G,
phase (Mitchell et al, 1979; Zaider and
Minerbo, 1993). The lengthening of G, (G,
delay) allows time for DNA repair to proceed
and may be correlated to the number of DNA
lesions that should be repaired during this
phase (Rao, 1980; Rowley and Leeper, 1985;
Sabatier and Dutrillaux, 1988). Therefore, it
can be expected that low doses of irradiation
in G, might be able to induce a certain G,
delay.

The present report proposes that measure-
ments of chromosomal lesions in G, and
length of this cell cycle phase may be used to
improve the evaluation of cytogenetic
damage induced by low doses of X-ray
irradiation in human G, lymphocytes.

MATERIAL AND METHODS
Human subjects

The total sample included 30 healthy donors
(20 males and 10 females, aged 18-48 years)
from the Blood Bank of the Hospital IJ
Aguirre Hospital.

Blood samples from 10 individuals were
employed to analyse the effects of caffeine
and 3-AB, either alone or in combination,
upon chromosomal aberration frequency. To
perform this analysis, 5 ml of blood sample
were separated from each individual sample
(20 ml) and used in control cultures. The
remaining blood sample (15 ml) was
irradiated at 40 rad and used to set up 4
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TABLE I

Chromosomal aberrations frequency in human lymphocytes X-ray irradiated in G, (40 rad)
and post-treated with caffeine (CAFF) and/or 3-aminobenzamide (3-AB) during G,

TREATMENTS ABERRATIONS / 100 METAPHASES
X-RAY CAFF 3-AB NMA ctb csb dic-r gaps T Aberr* p<
- - - 1010 1.1 0.0 0.0 09 1.1 £0.33
40 rad - - 1010 4.7 1.8 22 0.4 8.7+0.88
40 rad 5 mM - 1010 6.2 3.0 2.1 0.6 11.3£0.99 0.026
40 rad - 3mM 1010 4.9 1.3 3.0 0.1 9.1 £0.90 0.379
40 rad 5 mM 3mM 1010 8.7 33 29 0.6 14.9+1.20 0.001

NMA, number of metaphases analysed; ctb, chromatid breaks; csb, chromosome/isochromatid breaks; dic-r, dicentric plus

centric ring chromosomes; T Aberr, total aberration yield.

Data from 10 experiments performed with blood samples obtained from 10 human subjects.
* Means * SE of values obtained in the total analysed metaphases.
Effects of caffeine and 3-AB treatments, alone or in combination, on chromosomal aberrations yield assessed by one-tailed Z-tests.

lymphocytes cultures used in the analysis of
the G, repair inhibitory effect of caffeine and
3-AB, as specified in Table L

The blood samples obtained from the
other 20 individuals were employed to
perform the analysis of the effect of X-ray
irradiation doses on chromosomal
aberrations frequency and G, length, in
lymphocyte cultures with or without caffeine
plus 3-AB treatment during G,. Each blood
sample (40 ml) was split into 7 syringes (5
ml). One of them was used to set up 5
cultures corresponding to the controls
(unirradiated lymphocytes) and the other 6
syringes were irradiated at 1, 2.5, 5, 10, 20 or
40 rad, and used to set up 30 lymphocytes
cultures (5 cultures from each syringe).

X-ray irradiation and culture conditions.

Irradiation of whole blood samples were
performed at 1, 2.5, 5, 10, 20 or 40 rad, using
a Phillips X-ray machine (220 KV, 15 mA,
1.6 mm Cau filter, exposure 30 rad/min). The
irradiation was carried out 2 h before starting
cultures.

Each culture consisted in 0.5 ml of whole
blood added to 5 m! of Ham’s F-10 medium
with 10% bovine serum and phytohae-
magglutinin (Gibco), and was incubated for
48 h at 37°C. During the last 2 h of in-
cubation, metaphase cells were blocked by
colcemide addition at a final concentration of
5x 107 M.

Post-irradiation treatments with caffeine and
3-AB.

Caffeine (Merck) and 3-aminobenzamide
(Sigma) stock solutions were prepared in
Ham’s F-10 medium, filtered, sterilized and
stored at 4°C. For treatments during G,, 5
mM caffeine and 3 mM 3-AB (final con-
centration), alone or in combination, were
added 2 h before harvesting.

Chromosome preparations and scoring

Air-dried preparations and Giemsa staining
for chromosome analysis were carried out
according to standard methods. In each
experiment, a minimum of 100 metaphase
plates from coded slides, were scored for
unstable chromosomal aberrations, i.e.,
chromatid and isochromatid breaks, dicentric
and ring chromosome and gaps. The
frequencies of this latter type of aberrations
were excluded from the total chromosomal
aberrations yield.

G, length estimation

The determination of G, length was carried out
by the technique of autoradiography, in which
an asynchronous population of cells was pulse
labeled with a radioactive compound, such as
tritiated thymidine ([*H]dThd), and the
percentage of mitosis was scored as a function
of time (Mitchell er al, 1979).
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The experimental procedure designed to
analyse the dose effect of irradiation in the
G, length of G, irradiated lymphocytes was
the following : Whole blood cultures under
control or X-ray irradiated conditions (1, 2.5,
5, 10, 20 or 40 rad) were treated with
([*H]dThd) (specific activity 25 Ci/mmol,
from the Radiochemical Center, Amersham,
U.K.) to a final concentration of 1 uCi/ml of
medium, during 3, 4, and 5 h before
harvesting. In the last 2 h of incubation, cells
in metaphase were blocked by colcemide
(TC arresting solution, Difco) at a final
concentration of 5 x 107 M.

Air dried preparations for autoradiography
were dipped in NTB-2 nuclear track
emulsion (Kodak), diluted 1:1 with distilled
water, dried and placed in the dark at -20°C.
After 4 days, the film was developed with
Kodak D-19 developer, fixed with ultrarapid
fixer (Kodak) and stained with 4% Giemsa.
Scoring of labeled metaphases in a minimum
of 300 metaphase plates from coded slides,
corresponding to each culture, was carried
out independently by 2 persons. To estimate
the mean value of G, length, we considered
the ([*’H]dThd) incubation time at which 50%
of labeled metaphases were detected in each
experiment.

Statistical analyses.

Since our interest was to test the effectivity
of the inhibition of G, repair mechanisms by
caffeine and 3-AB to detect the chromosome
damage in G,, the results obtained —under
control or irradiated conditions— were ex-
pressed as mean * standard errors (SE) of
values obtained from the total number of
metaphases analysed.

The effects of 5 mM caffeine and 3 mM 3-
AB treatments, alone or in combination, on
the total aberrations yield and on the
frequency of each of the different types of
aberrations scored —in control and in ir-
radiated lymphocytes— were assessed by one
tailed Z-tests.

Results corresponding to the analysis of
the effect of X-ray irradiation dose on the G,
length are presented as means + SE of values
obtained in the total analysed individuals.
The statistical significance of the increase of
G, length (G, delay) produced by the
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increasing of X-ray irradiation dose was
assessed by linear correlation analysis and
Student’s r-test.

RESULTS

Effect of caffeine and 3-aminobenzamide (3-
AB) on chromosomal aberrations frequency.

Table I shows the effect of 5 mM caffeine or
3 mM 3-AB treatments during G, on
chromosomal aberrations yield in G
Iymphocytes, X-ray irradiated at 40 rad. The
frequency of chromosomal aberrations in
lymphocytes treated with caffeine alone was
higher than that detected in lymphocytes
cultures post-treated with 3 mM 3-AB alone.
However, the combined treatment with both
inhibitors enhanced the frequency of the
aberrations yield induced by the X-ray
irradiation in G, (p < 0.0001), the increase in
the number of chromatid breaks being the
most pronounced effect.

Dose effect relationship in lymphocytes X-
ray irradiated in G, and post-treated with
caffeine and 3-AB during G,

Table II summarizes the mean values of the
various types of chromosomal aberrations
detected in G, lymphocytes, X-ray irradiated
from 1 to 40 rad (A) and post-treated with 5
mM caffeine plus 3 mM 3-AB during G, (B).

An X-ray dose-dependence of total
aberrations yield was detected both in
lymphocytes cultures treated with caffeine
plus 3-AB, as well as in control conditions
(untreated cultures). The average of total
aberrations yield at each dose range in the
former situation was higher than in the latter
one (p < 0.0001). In both conditions, the
increase in chromosomal damage was mainly
given by the increase of chromatid breaks
frequency, whereas at higher doses (10 to 40
rad) increases in chromosome-type aberra-
tions (chromosome breaks, dicentric and
centric rings) were also detected. The
analysis of the dose-response relationship for
the total aberrations yield, under control and
treated conditions (Caff plus 3-AB), showed
a good fit to a dose-response curve, where
the chromosomal aberrations frequency were
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TABLE I

Chromosomal aberrations frequency in human lymphocytes X-ray irradiated in G,
(1 to 40 rad) and post-treated with 5 mM caffeine (CAFF) plus 3 mM 3-aminobenzamide
(3-AB) during G,

X-RAY dose ABERRATIONS / 100 METAPHASES

(rad) NMA AbM ctb csb dic-r gaps T Aberr*
A. 0.0 3036 1.2 1.20 0.03 0.03 0.15 1.3£0.20
1.0 2024 31 2.62 0.15 0.00 029 28036

CONTROL 2.5 2024 43 3.70 0.40 0.00 0.36 41+045
CONDITIONS 5.0 2025 5.6 474 0.54 0.10 0.29 544050
10.0 2023 6.9 5.10 1.19 0.19 0.39 6.5+0.54
20.0 2020 8.0 5.89 1.14 0.74 0.49 7.8+ 0.60

40.0 2970 9.8 6.28 1.85 2.10 0.60 10.2+0.55

B. 0.0 2023 48 4.35% 0.30** 0.00 0.45 47+047
1.5 2020 6.4 5.64* 0.40 0.00 0.54 6.0+ 0.53
+ CAFF 25 2026 8.1 6.91* 0.80** 0.00 0.60 7.7£0.59
+3-AB 5.0 2023 9.2 8.26* 0.84 0.00 0.40 9.1£0.63
TREATMENTS 10.0 2021 10.0 8.36* 1.43 0.30 0.40 10.1 £ 0.67
20.0 2020 10.7 8.50* 1.75 1.25 0.30 11.5+0.71
40.0 2630 15.1 8.88* 2.80%* 2.80%* 0.60 14.5 + 0.69

NMA, number of metaphases analysed; Ab M, abnormal metaphases; ctb, chromatid breaks; cbs, chromosomal/isochromatid
breaks; dic-r, dicentric plus ring chromosomes; T Aberr, total chromosome aberrations; gaps excluded.

Data averaged from results obtained in blood samples from 20 human subjects.

* Means * SE of values obtained in the total sample of metaphases.

Differences between control conditions vs caffeine plus 3-AB treatment at each X-ray irradiation dose: p < 0.0001 (one-tailed
Z-test). Effect of inhibitors treatment on the frequency of each of the chromosomal aberrations scored. * p < 0.0001; ** p <

0.05 (one-tailed Z-tests).

Chromosomal aberrations /100 metaphases

o) 1 1 ] I I
| 25 5 10 20 40

X —ray dose {rad)

Fig 1. Percentage of total chromosomal aberrations yield plotted
against logarithm of X-ray irradiation dose (rad) in G irradiated
lymphocytes under control conditions (filled circles) and post-
treated with 5 mM caffeine plus 3 mM 3-AB during G, (open
triangles). Continuous line, linear equation for control conditions
[y =2.24 +1.582 x (log dose); r = 0:991; p < 0.001 (Student’s ¢-
test)]. Dashed line, linear equation for irradiated post-treated
lymphocytes [y = 2.155 + 5.688 x (log dose); r = 0.982; p <
0.001 (Student’s r-test)]. Vertical lines, standard errors.

plotted against the logarithm of the X-ray
irradiation dose (Fig 1).

In relation to the effect of caffeine plus 3-
AB treatment on the frequency of the
different types of chromosomal aberrations
(Table 1I B), the statistical analysis showed a
significant increment in chromatid breaks
frequency (ctb) in irradiated G, lymphocytes,
post-treated with these inhibitors, at each of
the assayed irradiation doses (p < 0.0001).
The increase in the frequency of chro-
mosome-type aberrations (csb and dic-r) was
significant mainly at the higher doses studied
(p < 0.009 and p < 0.0465, respectively).
However, a p-value at the limit of sig-
nificance was also detected for the csb
increase at 2.5 rad (p < 0.0495).

G, length in lymphocytes X-ray irradiated in
0
Table III shows the results corresponding to

the mean values of G, length in lymphocytes
under control conditions and X-ray irradiated
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TABLE III

G, length (h) in human lymphocytes X-ray irradiated in G,

X-RAY INDIVIDUALS MEAN * SE
(rad) C-224 C-228 C-246 C-248 C-249 C-251 C-252 C-254 C-339 (C-340 (h)
0 3.70 3.85 4.00 3.80 4.05 3.70 3.80 4.05 395 3.90 3.88+£0.04
1.0 3.80 395 4.05 3.90 4.15 3.80 3.90 4.15 4.02 395 3.97+0.04
2.5 4.05 4.00 4.15 4.05 425 3.90 395 4.25 4.10 4.00 4.07 £ 0.04*
5.0 4.10 4.05 4.20 4.15 4.30 4.05 4.10 4.35 4.20 4.10 4.16 £ 0.02*
10.0 4.30 4.30 4.40 4.30 4.40 4.30 4.30 445 4.30 4.20 4.33+0.02*
20.0 4.50 4.50 4.50 4.40 4.50 4.40 4.40 4.55 4.40 435 4.45 +0.02*
40.0 4.65 4.60 4.65 4.50 4.65 4.50 4.50 4.65 4.50 4.35 4.57+0.03*

Means t SE of values obtained from sample of 10 human subjects. * p < 0.05 (Student’s t-test)
Correlation coefficient between X-ray dose and mean value of G, duration, r = 0.9055; p < 0.001 (Student’s r-test).

in G, at 1 to 40 rad, in a sample of 10 healthy
donors. In control conditions, some variation
in G, length was detected among individuals.
However, in irradiated cells, a dose-
dependent increase of G, length (G, delay)
was detected in each individual sample.

The statistical analysis of the influence of
G, irradiation on the G, delay detected at
each X-ray irradiation dose showed p values
< 0.05 from 2.5 rad to 40 rad. The correlation
coefficient between X-ray doses and average
of G, length (r = 0.9055) was highly
significant (p < 0.001) (Student’s z-test).

In addition, assuming that the G, delay is
related to the number of DNA lesions
arriving to this cell cycle phase, we also
analysed the relationship between G, length
values and total chromosomal aberrations
frequencies in G,, detected by the inhibition
of G, repair, at each X-ray irradiation dose.
As pointed out in Figure 2, the mean G,
length values (expressed in minutes) and the
total aberrations yield in G,, in X-ray
irradiated lymphocytes at from 1 to 40 rad
and post-treated with 5 mM caffeine plus 3
mM 3-AB, showed a linear relationship. The
correlation coefficient (r = 0.984) was
statistically significant (p < 0.001) (Student’s
t-test).

DISCUSSION
Results presented in Table I show that, in G,

irradiated lymphocytes, 5 mM caffeine
treatment during G, enhanced the frequency

300
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Meon G, length values ( min)
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Chromosome aberrations /100 metaphases

Fig 2. Correlation between mean values of G, length
(minutes) and chromosomal aberrations in GZ. Total
aberrations yield in irradiated lymphocytes post-treated with
5 mM caffeine plus 3 mM 3-AB (Table IIB). r = 0.984; p <
0.001; Student’s r-test.

of chromosomal aberrations, whereas no
significant increase of the aberrations yield
was detected after 3 mM 3-AB treatment
alone.

Potentiation effects of caffeine on the
yield of induced chromosomal aberrations
have been demonstrated by several authors,
including our group (reviewed by Kihlman,
1977; Kihlman and Natarajan, 1984;
Karsdon et al, 1989; Pincheira et al, 1994).
These effects have been explained by: (i)
interference with DNA-repair mechanisms
and (ii) acceleration of the passage of cells
blocked at G, to mitosis (Kihlman and
Andersson, 1985; Gonzdilez-Ferndndez et al,
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1985; Tanzarella er al, 1986; Pincheira et al,
1993).

In relation to 3-AB effects, it is generally
accepted that 3-AB inhibits DNA repair by
preventing the ligation of DNA strand breaks
(Durkacs et al, 1980; Shall, 1994; Satoh and
Lindahl, 1992) and by inducing a cell-cycle
progression block at the late S/G, phase
(Das, 1987). Thus, the mode of action of 3-
AB may be explained by an stabilization of
DNA damage in G,,.

The above effects would be responsible
for a number of DNA strand breaks not
detected as chromosomal aberrations in
mitosis and hence may explain our results
when the 3-AB treatment was given alone.

Results presented in Table I also show a
pronounced enhancement of chromosomal
aberrations after combined treatment with
caffeine and 3-AB during G,. According to
Das et al (1984) and Das (1987), the modes
of action of caffeine and 3-AB are different.
Thus, the enhancement of the induced DNA
damage by these two DNA repair modifiers
would be due to the interaction of the effects
produced by each inhibitor alone. It means
that, when a combined treatment with 3-AB
and caffeine is given, one effect produced by
caffeine (reversion of G, delay) would
dominate over the effect produced by 3-AB,
and the lesions stabilized by 3-AB would be
forced to go unrepaired to mitosis, increasing
the chromosomal aberrations yield.

Therefore, results presented in Table I
suggest that the inhibition of G, repair
mechanisms by 5 mM caffeine plus 3 mM 3-
AB might be used as a measurement of the
DNA lesions arriving to be repaired in G, in
lymphocytes X-ray irradiated in G,

Evaluation of DNA damage induced by low
doses of X-ray irradiation in G, lymphocytes

It is generally assumed that the most
adequate criterion to evaluate the cytogenetic
damage induced by X-ray exposure in G,
cells is the sum of dicentric and centric rings.
However, as far as we know, this index has
been proved to be adequate to evaluate DNA
damage induced by irradiation doses higher
than 30 rad, but not for lower exposures.
Data reported by Luchnik and Sevankaev
(1976) have shown that, while the frequency
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of dicentric and centric rings observed after
higher doses was higher than that detected
for other chromosome aberrations, this order
is reversed and chromosome after lower
doses (1 to 30 rad), where chromatid aber-
rations predominate.

Our results (Table ITA) are in agreement
with those reported by the above mentioned
authors. They show a dose-dependent
increase in total aberrations yield from 1 to
40 rad, an increase which is mainly given by
the enhancement of the chromosome and
chromatid breaks frequency.

These results also suggest that low doses
of X-rays would be more efficient in
producing various chromosome damages,
which would arise from DNA lesions
induced in G, They would be carried
unrepaired into the S phase, where some of
them would be processed into chromatid-
type aberrations via replicational errors.

Since a number of DNA lesions are
normally repaired in the G, phase, it can be
expected that increasing low doses of X-ray
irradiation in G, would also be able to induce
an enhancement of the chromosomal lesions
arriving to be repaired in this cell cycle
phase. This expectation was confirmed by
our results (see Table IIB), where a dose-
dependent increase in chromosomal
aberrations yield can be observed in G,
lymphocytes X-ray irradiated (1 to 40 rad)
and post-treated with caffeine plus 3-AB
during G,. In addition, the dose-response
relationship for total aberrations yield in
lymphocytes —irradiated only or post-treated
with caffeine plus 3-AB- showed that the
calculated dose effect fits rather well with a
linear response, under these two conditions
(Fig 1). Thus, according to these results, the
total chromosomal aberrations yield detected
in lymphocytes post-treated with caffeine
plus 3-AB during G, may represent a reliable
criterion to evaluate part of the DNA damage
induced in G, irradiated lymphocytes.

X-ray irradiation in G, and G, delay

Results presented in Table III show that the
mean values of G, length increase with the
X-ray irradiation dose. This increase was
statistically significant at doses higher than |
rad. The correlation coefficient resulting
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from the analysis of the dose-effect
relationship indicates that this effect fits
rather well with a linear response. These
results support our assumption that fow X-
ray irradiation doses (below 30 rad) are able
to induce a certain G, delay.

Furthermore, our analysis of the
relationship between G, length and chro-
mosome aberrations frequency in G,
detected by the inhibition of G, repair
process, show a positive correlation {r =
0.984) at exposure doses from i to 40 rad
(Fig 2). Since G, delay would represent the
time necessary for chromosomal damage to
be repaired before cell progression to mitosis
(Painter and Young, 1980; Olivieri and
Michely, 1983; Rowley, 1985; Sabatier and
Dutrillaux, 1988), this positive correlation
suggests that the increase in G, length
detected in lymphocytes irradiated in G, may
result from the increment of DNA lesions
that should be repaired in this cell cycle
phase.

Therefore, we propose that the analysis of
chromosome aberrations yield in G, and the
determination of G, length may improve the
evaluation of the cytogenetic damage in G,
cells exposed to low doses of X-ray
irradiation.
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