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Ionizing radiation induces different lesions in the DNA molecules of

mammalian cells. Among these lesions, double-strand breaks appear to be the

most important ones for the induction of chromosomal aberrations (Natarajan

and Obe 1978, Natarajan et al. 1986). Both the frequency and the spectrum of

different aberration types depend on radiation quality and the dose of radiation.

Cells with asymmetrical exchange aberrations (dicentrics, centric rings) and/or

fragments are eliminated from the irradiated population during several divi-

sions. On the contrary, cells containing so-called stable aberrations (transloca-

tions, insertions) are preserved for a long time after irradiation (Awa et al.

1978).

The frequency of dicentric chromosomes has been used for biological

dosimetry owing to the possibility of their rapid scoring without banding

(Lloyd et al. 1975, 1980, Evans et al. 1979). However, the use of these aberra-

tions for biological dosimetry is complicated because the frequency of cells

carrying such chromosomes decreases with time after the exposure (Awa et al.

1978, Buckton et al. 1978). Fluorescence in situ hybridization (FISH) with

whole-chromosome painting probes allows to detect the stable chromosomal

aberrations (translocations) even at low frequencies as they are usually found in

exposed men. This analysis can be performed successfully at long time inter-

vals after irradiation (Pinkel et al. 1988, Cremer et al. 1990).

There is enough evidence on the induction of translocations in lympho-

cytes irradiated with different doses of sparsely ionizing radiation (Cremer et

al. 1990, Natarajan et al., Lucas et al. 1992, Schmid et al. 1992, Tucker et al.

1993, Nakano et al. 1993, Straume and Lucas 1993, Knehr et al. 1994, Natara-

jan et al. 1994, Fernandez et al. 1995). On the other hand, there are only few

data (Testard et al. 1997) on these aberrations in lymphocytes irradiated by

densely ionizing accelerated particles.



In this study we present a comparison of frequencies of different aberra-

tions induced in human lymphocytes by y-rays and accelerated nitrogen ions as

detected by FISH method using whole-chromosome painting probes for the

chromosomes 1 and 2 with aberrations detected in the whole genome by con-

ventional painting technique.

Material and methods

Separation and cultivation of lymphocytes

Lymphocytes were isolated from whole heparinized blood (16-20 U/ml)

of healthy donors. Plasma containing lymphocytes was obtained as supernatant

after 30 min of blood sedimentation in the presence of 1% gelatine. After irra-

diation the cells were diluted (1:3) by RPMI-1640 medium containing 1% glu-

tamine, 0.1 ml phytohaemagglutinin (Murex, England) per 5 ml of suspension,

1 % glucose, penicillin (100 U/ml) and streptomycin (100 ug/ml). The incuba-

tion was performed at 37°C. Colchicine was added 2 h before the fixation.

Cytological preparations were made by a standard procedure, which in-

cluded harvesting by centrifugation, hypotonic treatment and fixation in acetic

acid-methanol (1:3). Slides for in situ hybridization were stored at -20°C.

Irradiation of lymphocytes with y-rays and I4N ions

Plasma containing lymphocytes was irradiated immediately after separa-

tion (Go phase of the cell cycle of lymphocytes) at room temperature by 137Cs y-

rays (dose rate 3.6 Gy/min). The exposure to I4N ions with the mean energy of

50 MeV (dose rate 6.0 Gy/min; mean value of LET was 77 keV/um) was per-

formed at the cyclotron U400M (Joint Institute for Nuclear Research, Dubna,

Russia). Plasma containing lymphocytes was irradiated in special dishes (4 mm



depth and 12 mm in diameter) covered by polycarbonate foil (8 urn thick). The

dishes containing lymphocytes were placed in a round remotely controlled

container and automatically placed in the beam of ions. Several samples con-

taining 0.4 ml of cell suspension were irradiated by the same dose of radiation

to obtain 2.5 to 3 ml of cell suspension irradiated by the same dose. After irra-

diation, the cells were diluted with RPMI medium and incubated for 50 h (y-

irradiated samples) and 57 h (MN ions irradiated samples).

FISH painting and image analysis

The in situ hybridization was performed using Cambio's biotinylated

chromosome 1 and Oncor digoxigenated chromosome 2 painting probes to

visualize both chromosomes on the same slide. The procedure was performed

according to recommendations of manufactures, similarly as described by

Lichter et al. (1988). The slides were viewed under a Zeiss fluorescence micro-

scope equipped with a triple filter (AHF, Germany) specific for FITC, rho-

damine and DAPI. Using a frame grabber (MuTech, Co.) images were scanned

by a cooled colour videocamera of high resolution capacity (CCD camera

C5310, Hamamatsu) and stored in the computer.

Chromosome aberrations were classified according to Savage (1975). In

the case of a dicentric chromosome and a centric ring, one acentric fragment

was subtracted from the number of fragments in the mitoses. The conventional

analysis of chromosomal aberrations was performed in metaphase spreads pre-

pared by air-drying method, which were stained with 3% Giemsa solution for

15 min. The relationship between the frequency of translocations detected by

FISH method in chromosomes 1 and 2 and the total genomic translocation fre-

quency, was calculated using the approach suggested by Lucas et al. (1992) as-

suming that there was no preference for exchange between particular pairs of



chromosomes. According to the equation derived by these authors, the fre-

quency of translocations detected by painting Fp equals to 2.05fp(l-fp)Fg where

Fg is genomic translocation frequency determined by FISH from the measured

frequencies Fp using this equation,^, is the fraction of the genome made fluo-

rescent by FISH. fp is equal to 0.163 for chromosomes 1 + 2 and 0.083 for

chromosome 1.

Results

The frequencies of aberrations induced by y-rays and nitrogen ions in

chromosomes 1 and 2 of human lymphocytes detected by FISH and those in-

duced by the same radiation in all genome detected by conventional staining

method are shown in Table 1 and Table 2, respectively. The dose-dependences

of the total number of aberrations induced by y-rays in chromosome 1 (detected

by FISH) and/or in the whole genome (detected by conventional staining) cor-

respond to a linear-quadratic function (Fig. 1). The nitrogen ions are more effi-

cient in the induction of aberrations. The dose-dependence curves of the num-

ber of aberrations induced by nitrogen ions in chromosomes 1, 2 and in the

whole genome correspond to a linear function (Fig. 1). The results have shown

that the total number of aberrations induced by 14N ions in chromosomes 1 and

2 is more frequent in comparison with the induced ones in the whole genome as

detected by conventional painting. The frequencies of different aberration types

induced by nitrogen ions in chromosome 1 were very similar to those induced

in chromosome 2 (Table 1).

The number of cells with aberrations induced in chromosome 1 by y-rays

increases with the radiation dose and reaches 74% at a dose of 7 Gy (Fig. 2a).

This increase is much steeper after "irradiation with nitrogen ions up to a dose of

1.5 Gy. The cells with aberrations in chromosomes 1 or 2 represent about 40%



Table 1. Aberrations in chromosomes 1 and 2 induced by different doses of y-rays and 14N ions. F - chromosome and chromatide

fragments, CR - centric rings, D - dicentrics, I - insertions, T - translocations, OA - other aberrations

O l

Radia-
tion

Y-rays

14N

ions

Chromo-
some

1

1

2

1 +2

Dose,
Gy
0
1
3
5
7

0
0,5
0,75
1,5
2
3

0
0,5
0,75
1,5
2

3

0
0,5

0,75
1,5
2
3

Cells
scored

150
206
279
169
100

150
200
100
104
100
86

150
200
100
105
104

92

150
200
100
105
100
86

Aberrant
cells, %

0
6,4+1,8
19,4±2,6
42,2+5,0
74,0±8,6

0
40,0±4,4
35,0±5,9
52,9±7,1
53,0+7,3
74,4±9,3

0
40,5±4,5
46,0+6,8
51,5+7,0
5I,9±7,0
60,8+8,1

0
61,5+5,5
61,0±7,8
76,2±8,5
77,0+8,8
87,2±10,l

Aberrations
per 100 cells

0
6,4±1,8
19,4+2,6
46,3+5,2
83,0±9,l

0
52,5+5,1
43,0±6,6
72,9±8,4
90,0±9,5

154,6±13,4
0

58,0+5,4
72,0+8,5
79,0±8,7
75,0+8,5

110,9±11,0
0

108,0+7,3
106,0+10,3
I45,5±ll,8
162,0±12,7
265,8±17,6

F
0

1,9+1,0
4,4+1,3
14,5+2,9
27,0±5,2

0
27,0+3,7
11,0+3,3
29,7±5,3
36,0+6,0
86,0±10,0

0
30,0+3,8
31,0+5,6
41,0±6,2
26,0±5,0
64,1 ±8,3

0
57,0±5,3
42,0+6,5
70,4±8,2
61,0±7,8

152,2+13,3

D
0

0,5±0,5
2,0+0,8
7,0±2,0
10,0+3,2

0
2,5+1,1
4,0±2,0
10,5+3,2
9,0+3,0
5,8+2,6

0
2,5+1,1.
6,0+2,4
11,4+3,3
8,7±2,9
3,3+1,9

0
3,0±l,2
10,0+3,2
20,9+4,5
16,0+4,0
8,1+3,1

Aberrations per
CR
0
0
0

l,3±0,9
2,0+1,4

0
15,0+2,7
11,0+3,3
12,5+3,5
22,0+4,7
11,6+3,7

0
9,0±2,l
9,0+3,0
7,6±2,7
17,3+4,1
15,2+4,]

0
24,0+3,5
20,0+4,8
20,0+4,4
38,0±6,2
27,9±5,7

100 cells
T
0

2,5±1,1
10,5+1,9
21,0+3,5
40,0±6,3

0
7,5+1,9
13,0+3,6
19,2+4,3
22,0+4,7
40,7±6,9

0
ll,O±2,3
21,0±4,6
13,3+3,6
22,0±4,6
26,1 ±5,3

0
18,0+3,0
28,0+5,3
28,5±5,2
45,0+6,7
63,9+8,6

I

0
1.5±0,9
2,5±0,9
2,5+1,2
4,0±2,0

0
0,5±.0,5
4,0±2,0
1,0+1,0
1,0+1,0
10,5±3,5

0
2,0±l,0
4,0+2,0
3,8+1,9
l,0±l,0
2,2+1,5

0
2,5+1,1
5,0±2,2
3,8+1,9
2,0+1,4
12,7±3,8

OA
0
0
0
0
0

0
0
0
0
0
0

0
3,5+1,3
1,0+1,0
1,9+1,3

0
0

0
3,5+1,3
1,0+1,0
1,9+1,3

0
0



Table 2. Aberration induced in total genome by y-rays and nitrogen ions as detected by conventional staining analysis, CDF - chromatide

fragments, CF - chromosome fragments, D - dicentrics, R - centric rings, ID - interstitial deletions, OT - other aberrations.

Radia-
tion

y-rays

" N

ions

Dose,
Gy

0
0,5
1
2
3
5

0
0,5
0,75

1
1,5
2
3

Cells
scored

110
200
200
200
200
200

200
200
100
201
231
200
200

Aberrant
cells, %

2,7±1,6
12,0+2,4
21,0+3,2
47,0±4,8
70,0±5,9
93,0±6,8

0
23,5±3,4
39,0±6,2
49,0±4,9
59,7±5,1
73,0±6,0
60,0±5,5

Aberrations
per 100 cells

2,7±1,6
13,0+2,5
28,5±3,8
76,5±6,2
130,5+8,1

291,0±12,l

0
45,0±4,7
71,0±8,4
102,0±7,l
131,7+7,6

236,5+10,9
198,5+10,0

CDF
1,8±1,3
l,5±0,9
3,5±1,3
4,0±l,4
5,5±1,7

23,0±3,4

0
5,0±l,6
6,0±2,4
7,0±l,9
8,2+1,9
18,0±3,0
15,0+2,7

CF
0

2,0±l,0
6,0±l,7
13,5+2,6
8,5±2,1

51,5+5,1

0
10,5±2,3
12,0+3,5
15,0+2,7
20,3+3,0
34,5±4,2
37,5+4,3

Aberrations per 100 cells

D
0,9±0,9
5,5±1,7
12,0±2,4
31,5±4,0
68,0+5,8
101,0±7,l

0
14,0±2,6
28,0±5,3
42,0±4,6
56,5+4,9
104,0+7,2
64,5+5,7

R
0

l,0±0,7
2,5+1,1
7,5±1,9
16,0±2,8
24,0+3,5

0
5,5±1,7

• 11,0+3,3
14,0+2,6
18,6±2,8
27,0±3,7
32,0±4,0

ID
0

3,0+1,2
4,0±l,4
19,0+3,1
28,0±3,7
87,5+6,6

0
10,0±2,2
14,0±3,7
22,0+3,3
26,8+3,4
48,0±4,9
45,0±4,7

OT
0
0

O,5±O,5
1,0+0,7
4,5+1,5
4,0+1,4

0
0
0

2,0+1,0
1,3+0,8
5,0±l,6
4,5+1,5
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Fig. 1 Frequency of the total number of aberrations at different radiation doses

detected by (a) FISH in chromosome 1 (circles), chromosomes 1+2 (triangles)

and (b) by conventional staining method in the whole genome (squares). Human

lymphocytes were irradiated by y-rays (open symbols) and I4N ions (filled sym-

bols).
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Fig. 2 Frequency of aberrant cells at different doses of y-rays (open

symbols) and 14N ions (filled symbols) detected by (a) FISH in

chromosome 1 (circles), chromosomes 1+2 (triangles) and by (b)

conventional staining in the whole genome (squares).



of irradiated cells after the dose of 0.5 Gy and 60% or 70% at a dose of 3 Gy.

At this dose the cells with aberrations in both chromosomes (1 and 2) represent

about 85% of irradiated cells. The increase of the number of cells containing

aberrations in the whole genome in the dependence on the dose of y-rays and

nitrogen ions detected by classical analysis is similar to that detected in chro-

mosomes 1 and 2 by FISH (Fig. 2b).

Both types of radiation induce high frequency of translocations. This

type of aberrations is the most frequent and represents about 50% of all aberra-

tions induced by y-rays in chromosome 1 (Table 1). The frequency of translo-

cations induced in chromosome 1 by nitrogen ions is much higher in compari-

son with y-rays. However, this type of aberrations represents only 20 to 30% of

all aberrations induced in chromosomes 1 or 2 by nitrogen ions. This difference

can be related to the high number of non-repaired fragments induced by nitro-

gen ions (Table 1). The dose-dependence of the frequency of translocations in-

duced by nitrogen ions corresponds (as in the case of all aberrations) to a linear

function while this dependence for y-rays corresponds to a linear-quadratic one

(Fig. 3).

Under the supposition that the induction of aberrations is proportional to

the DNA content of individual chromosomes, the frequency of aberrations in

the whole genome can be calculated from the frequencies of aberrations in-

duced in chromosomes 1 and 2. The frequency of dicentrics calculated in this

way (Fig. 4) for the whole genome is about the same as that detected by con-

ventional staining method for different doses of N ions. The maximum fre-

quency corresponding to about 1 dicentric per cell is reached at a dose of 2 Gy

of I4N as detected by conventional staining. If the frequencies of this aberration

type were calculated for the whole genome from the frequencies detected by

FISH in chromosomes 1 and 2, the maximum was found at a dose of 1.5 GY. At

higher doses of I4N ions, the number of dicentrics per cell decreases (Fig. 4).
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Fig. 3 Frequency of translo-

cations at different doses of

y-rays (open symbols) and

I4N ions (filled symbols)

detected by FISH in chro-

mosome 1 (circles) and

chromosomes 1 +2

(triangles).
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Fig. 4 Frequency of dicentrics (diamonds) and translocations (circles) at dif-

ferent doses of y-rays (open symbols) and I4N ions (filled symbols) detected by

FISH in chromosomes 1+2 and recalculated for the whole genome according

to the relation suggested by Lucas (1992). Frequencies of dicentrics detected

by conventional staining (squares).
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The frequencies of dicentrics for the whole genome recalculated from those in-

duced in chromosome 1 by different doses of y-rays are about twice lower than

those detected by conventional staining at doses lower than 5 Gy (Fig. 4).

The frequencies of translocations induced in chromosomes 1 and 2 by

different doses of nitrogen ions as detected by FISH are about twice higher than

the frequencies of dicentrics in these chromosomes (Table 1) and this ratio re-

mains the same if recalculated for the whole genome (Fig. 4). The translocation

frequencies recalculated for the whole genome from the frequencies induced by

y-rays in chromosome 1 are about the same as the frequencies of dicentrics de-

tected by conventional staining up to the dose of 3 Gy (Fig. 4); but they are

about twice higher than the frequencies of dicentrics recalculated the same way.

A good coincidence can be seen in the frequencies of symmetrical and

asymmetrical exchange aberrations (translocations — dicentrics and centric

rings) at different doses of y-rays and 14N ions as detected by FISH in chromo-

somes 1 and 2 (Table 1). The fraction of symmetrical exchange aberrations rep-

resents 20-30% of all aberrations induced by nitrogen ions in chromosome 1

and about 17-30% in chromosome 2 in the dose range of 1-3 Gy. The asym-

metrical aberrations in these chromosomes represent approximately the same

fraction. However, asymmetrical aberrations represent 43-57% of the total

number of aberrations detected in the whole genome by the classical method

after irradiation by y-rays and I4N ions. No symmetrical exchange aberrations

are included into the number of aberrations detected by conventional staining.

After irradiation with nitrogen ions we observed a big number of lym-

phocytes containing aberrations simultaneously in both chromosomes 1 and 2.

These cells represent 32-36% of aberrant cells up to the dose of 2 Gy and 57%

at the dose of 3 Gy. The cells with exchange aberrations between chromosomes

1 and 2 (translocations, dicentrics, insertions) were also observed. The number

of these cells represented 3% of all cells scored. All nonreciprocal transloca-

11



tions and insertions were the aberrations, which had a fragment of chromo-

some 2 in chromosome 1.

In the majority of cells irradiated with y-rays there was only one of the

both chromosomes (1 or 2) damaged. But the cells, where both homologous

chromosomes 1 were damaged, represented only 2 and 3% at the doses of 5 and

7 Gy of y-rays. The number of these cells was higher after irradiation with ni-

trogen ions. There were 4—7% of cells with damages in both chromosomes 1

and 7-11% of cells with damages in both chromosomes 2 after doses up to

2 Gy. The dose of 3 Gy induced damages of both chromosomes 1 or 2 in 20-

30% of cells. The fraction of cells with aberrations induced in both homologous

chromosomes 1 was 12-14% of all aberrant cells, the fraction induced in both

chromosomes 2 was 17-22% up to the dose of 2 Gy and it increased to 30-40%

at a dose of 3 Gy.

In addition, there were some cells (0.8% of all scored cells) containing

dicentrics between the homologous chromosomes, especially between chromo-

somes 1.

Discussion

FISH method with chromosome-specific composite DNA probes has be-

come a powerful tool for detecting structural chromosome rearrangements

(Lichter et al. 1988, Pinkel et al. 1988, Cremer et al. 1990, Natarajan et al.

1991,1992, 1994, Awa et al. 1992, Gray et al. 1992, Schmidt et al. 1992,

Bauchinger et al. 1993, Lucas et al. 1992, Tucker et al. 1993, 1994, 1995). This

method has, however, some limitations related principally to a small number of

chromosomes that can be uniquely painted at one time. For example, using the

dual-colour painting, the number of these chromosomes is limited to two pairs

(if all exchange aberrations between painted and non-painted chromosomes

12



have to be detected). Twelve separate hybridization experiments with different

pairs of painting probes for specific chromosomes should be used for each ra-

diation dose if the total spectrum of aberrations in the total human genome is to

be detected.

On the other hand, chromosome aberration analysis performed with con-

ventional cytogenetic banding technique can detect aberrations in the whole

genome, but it is not able to recognize the stable exchange aberrations repre-

sented by symmetrical exchanges. From the point of view of biological do-

simetry the detection of aberrations by FISH can be more sensitive for densely-

ionizing radiation in spite of the fact that aberrations in a restricted number of

chromosomes are detected (Figs. 1, 2). Moreover, translocations detected by

FISH are stable aberrations, which are potentially prelesions for cancer induc-

tion.

We tried to calculate the frequencies of translocations for the whole ge-

nome from the frequencies of these aberrations detected in chromosomes 1 and

2 by FISH method under the assumption that they are proportional to the DNA

content of each chromosome. For this purpose we used the equation derived by

Lucas et al. (1992) taking into account that the both chromosomes together are

16.3 % of the whole genome (Morton 1991). Our results have shown that the

calculated frequencies of translocations for different doses of nitrogen ions are

about twice higher than the frequencies of dicentrics detected by conventional

staining (Fig. 4) as well as those calculated from FISH data for the whole ge-

nome. While the frequencies of translocations increase with the radiation dose,

the frequencies of dicentrics reach the maximum (corresponding to about I di-

centric per cell) at doses of 1.5 or 2 Gy, respectively, and then decrease. This

decrease can be explained by the cell cycle prolongation of cells containing

more than 1 dicentric and the later entry of these cells in the mitosis.

The number of cells with a bigger number of dicentrics increases with

the dose of nitrogen ions which is manifested by a decreasing number of these

13



cells in the first mitosis registered at a constant time interval after irradiation. In

y-irradiated lymphocytes the frequencies of translocations calculated for the

whole genome from the data obtained by FISH in chromosome 1 are very

similar to the frequencies of dicentrics detected in the whole genome by con-

ventional staining up to the dose of 3 Gy. At higher doses of radiation the fre-

quencies of translocations increase more progressively than those of dicentrics

detected by the both methods. The reason of this can be also the bigger number

of dicentrics per cell what excludes these cells from detection due to their later

onset of mitosis. The comparison of the frequencies of dicentrics detected in

the whole genome by conventional staining with those calculated for the whole

genome from the data obtained in chromosomes 1 and 2, has shown that the use

of dicentrics for the molecular dosimetry does not reflect exactly the real dam-

age of cells.

The comparison of the total number of aberrations detected by conven-

tional staining in the whole genome with the number of aberrations detected by

FISH in chromosomes 1 and 2 in lymphocytes irradiated with I4N ions and in

chromosome 1 of y-irradiated ones, has shown (Fig. 1) that both types of radia-

tion, in particular nitrogen ions, induce higher frequency of aberrations in

chromosomes 1 and 2 than in the rest of genome. The both chromosomes are

the largest huinan chromosomes and therefore they are the largest targets for

ionizing radiation. However, it is possible that the detection of aberrations by

two different methods in different parts of the genome can give different re-

sults. The conventional staining analysis can not detect the symmetrical ex-

change aberrations (translocations), what decreases the total number of aberra-

tions detected by this method. That is why we have observed about 50-60 % of

the asymmetrical exchange aberrations (dicentrics and centric rings) from the

total number of aberrations detected by this method at different doses of both

types of radiation. The relationship between the fractions of symmetrical and

14



asymmetrical exchange aberrations detected by FISH technique in chromo-

somes 1 and 2 of lymphocytes irradiated by y-rays and nitrogen ions may be

useful to characterize the level of symmetrical aberrations in the whole ge-

nome. Our results have shown that the fraction of symmetrical exchanges is

roughly equal to the fraction of asymmetrical ones in both chromosomes of

lymphocytes irradiated with I4N ions. We can suppose that the same relations

between these fractions will be established in the whole genome. If the amount

of supposed symmetrical aberrations is added to the amount of the total aberra-

tions detected by the conventional staining method in the whole genome, their

number will increase and the size of fractions of different aberrations will de-

crease. Thus, the fraction of symmetrical as well as asymmetrical exchange ab-

errations will be only about 20-35% of all aberrations like it was found in

chromosomes 1 and 2 by FISH method.

It is generally assumed that radiation-induced DNA lesions are randomly

distributed among the chromosomes. However, the comparison of the total

number of aberrations detected by conventional staining in the whole genome

with those recalculated for the genome from the frequencies detected by FISH

method in chromosomes 1 and 2, indicates that the number of aberrations is not

simply proportional to the DNA content of chromosomes. It seems that there

are still other factors influencing on the induction of aberrations in different

chromosomes. Natarajan et al. (1994) demonstrated that condensed chromatin

in Chinese hamster embryonic fibroblasts appears to be resistant to radiation-

induced damage in comparison with uncondensed chromatin. This was ob-

served earlier for human lymphocytes (Vyas et al. 1991). Differences in the ki-

netics of repair were also found for the chromosomes, indicating that the repair

is faster in euchromatin than in heterochromatin (Slijepcevic and Natarajan

1994). Taking into account these results we can assume that the observed high

15



frequency of aberrations in chromosomes 1 and 2 in comparison with the rest

of genome may be explained by the euchromatic structure of these chromo-

somes.
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Говорун Р.Д. и др.
Индукция аберраций в лимфоцитах человека у-лучами
и ускоренными тяжелыми ионами

Е19-98-31

Проведено сравнение частот аберраций, индуцированных разными дозами у-лучей и ионов
азота ( N, ЛПЭ ~77 кэВ/мкм) в хромосомах 1 и 2 лимфоцитов человека при оценке FISH-методом
и при общепринятом окрашивании всего генома. Результаты свидетельствуют о более высокой
частоте аберраций в хромосомах 1 и 2 по сравнению с остальным геномом. Частоты дицентриков,
оцененные FISH-методом для хромосом 1 и 2 при различных дозах облучения ионами азота
и пересчитанные для всего генома, находятся в хорошем соответствии с выявленными при обычном
окрашивании генома. Однако они в 2 раза ниже при низких дозах у-лучей. Частоты транслокаций,
пересчитанные таким же способом, исходя из частот, индуцированных у-лучами в хромосоме 1,
соответствуют частотам дицентриков, выявленных при обычном окрашивании. Однако они пример-
но в 2 раза выше при дозах менее 2 Гр ионов N. Различия между частотами этих типов аберраций
увеличиваются при наибольших дозах обоих видов излучения.

Работа выполнена в Отделении радиационных и радиобиологических исследований ОИЯИ
и в Институте биофизики Академии наук Чешской Республики (Брно).

Препринт Объединенного института ядерных исследований. Дубна, -1998

Govorun R.D. et al.
Induction of Aberrations in Human Lymphocytes by y-Rays and Fast Heavy Ions

El 9-98-31

Frequencies of aberrations induced by different doses of y-rays and N ions (LET ~77 keV/um)
in the chromosomes 1 and 2 of human lymphocytes as detected by FISH were compared with those
detected by- conventional staining in the whole genome. The results have shown that the induction
of aberrations in the chromosomes 1 and 2 is more frequent than that in the rest of genome.
The frequency of dicentrics detected by FISH in the chromosomes 1 and 2 recalculated for the whole
genome are in a good agreement with those detected by conventional staining at different doses
of I 4N, but they are about 2 times lower at low doses of y-rays. Translocation frequencies calculated
in the same manner from the frequencies induced in the chromosome 1 by y-rays correspond
to the frequencies of dicentrics detected by conventional staining, however, they are about 2 times higher
than those detected by conventional staining at doses lower than 2 Gy of I 4 N. The differences between
the frequencies of these aberration types increase at higher doses of both radiation types.

The investigation has been performed at the Division of Radiation and Radiobiological Research,
J)NR and at the Institute of Biophysics, AS CR (Brno).

Preprint of the Joint Institute for Nuclear Research. Dubna, 1998
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