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INTRODUCTION 

The study of radiation-induced damages in genetic structures enables to 

evaluate the "genetic risk" of radiation exposure and, on the other hand, the 

certain types of genetic damages induced by radiation reflect the level of radia­

tion exposure and can be considered as a biological dosimeter. As known, the 

most utilized method to quantify human radiation exposure is the score of 

dicentric chromosomes in human metaphase lymphocytes. The chromosomal 

analysis of cosmonauts' lymphocytes reveals the increase of dicentrics and 

rings after long space flight. This fact undoubtedly indicates on the radiation 

factor as an origin of these types of aberrations and reflects the important role 

of galactic heavy charged particles. The number of chromosomal aberrations 

decreases up to spontaneous level after space mission and it can be connected 

with elimination of unstable chromosomal aberrations. 

The level of stable chromosomal aberrations can be used as an indicator 

of radiation exposure. For the understanding of the nature of chromosomal le­

sions it is important to know the frequency of stable aberrations for radiation 

with different linear energy transfer (LET). Recently, techniques of molecular 

biology, such as fluorescence in situ hybridization (FISH) with whole­

chromosome specific probes, made possible to detect the stable chromosomal 

aberrations after different doses of radiation [1]. The study of the induction of 

stable chromosomal aberrations in· human lymphocytes induced by heavy ions 

was the goal of this investigation. 

CHROMOSOMAL ABERRATIONS IN LYMPHOCYTES OF COSMONAUTS 

The analysis of unstable chromosomal aberrations in lymphocytes of 

cosmonauts before and after space flights has been done. The study was per-
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Fig. 1. Chromosomal aberrations in peripheral blood lymphocytes of cosmonauts. 



formed for 23 cosmonauts. 16 cosmonauts from the group were examined be­

fore the first flight. This group was considered as a control. Air-dried prepara­

tions were made in a routine way. Slides to be scored for the presence of 

chromosomal aberrations were stained with aqueous Giemsa solution. 

The generalized results of the frequency of chromosomal aberrations in 

lymphocytes of cosmonauts before the flight (1-2 months) and in a day after 

the flight are presented in Fig. 1. The total duration of the flights was from 

117 to 515 days. As can be seen the level of cytogenetic lesions in lympho­

cytes before the flight did not differ from the spontaneous level. The average 

number of the cells with chromosomal aberrations was approximately 1.6-1.8% 

(the fluctuations were from 0.8% to 3.5%). The total number of the chromoso­

mal aberrations was 1.7-1.9 per 100 cells. The number of dicentrics and rings 

that usually are considered as an indicator of radiation action did not exceed 

0.1 per 100 cells. It is not marked the essential distinctions on frequency of de­

letions and exchanges of chromosomes. The frequency of chromosomal le­

sions in cosmonauts' lymphocytes before the flight corresponds to accepted 

norms for the healthy people of young age. 

The analysis of chromosomal aberrations in lymphocytes of cosmonauts 

reveals the tendency of their increase after the flight. The number of the cells 

with chromosomal aberrations and their total number were increased up to 

2.45% and 2.66%, respectively. The increase of the total chromosomal aberra­

tion number was determined by the frequency of exchange aberrations includ­

ing dicentrics and centric rings. The frequency of chromosomal deletions did 

not change. 

The absorbed doses of ionizing radiation for different groups of cosmo­

nauts were in the range of 1.0-30.9 cSv and did not depend from the flight du­

ration. The frequency of chromosomal lesions did not depend also from the ab­

sorbed dose. The following flights were not earlier than in a year after the previ-
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ous one. In the period between flights the frequency of chromosomal aberra­

tions was decreased up to spontaneous level. 

These results enable to conclude that low doses of ionizing radiation dur­

ing the long space flight cause the chromosomal aberration formation. This ef­

fect is not marked for the short space flights [2, 3]. The increased level of 

dicentrics and rings points out on the role of radiation factor in origin of these 

chromosomal aberrations. Taking into account that the cells with unstable 

chromosomal aberrations eliminate quickly with the time it is important to study 

the peculiarities of formation of stable chromosomal aberrations that preserve in 

cell population for a long time after irradiation with different LET. FISH­

technique allows to carry out this analysis. 

HUMAN LYMPHOCYTE CHROMOSOME-1-ABERRATIONS INDUCED BY 

y-RAYS AND HEAVY IONS 

Cytological preparation 

Human lymphocytes were prepared from the whole heparinized blood of 

healthy donors. Plasma containing lymphocytes was obtained after 1.5 h of 

blood settling at the room temperature. In experiment with y-rays it was divided 

into 3 ml fractions and irradiated by different doses of 137 Cs y-ray source with 

the dose rate of about 3.6 Gy/min. Irradiation with nitrogen ions was performed 

on the accelerator of heavy ions U-400M, Joint Institute for Nuclear Research. 

The energy of nitrogen ions was 50 MeV/nucleon. Lymphocytes were irradiated 

in special plates 4 mm deep and 12 mm in diameter (Fig. 2). In this case 0.4 ml 

of the plasma was placed into such plates. The plates were set ir:ito a round 

magazine, that was managed by remote control to the beam exit window. The 

LET of nitrogen ions with energy 50 MeV/nucleon as a function of path length in 

water is shown in Fig. 3. Control and irradiated samples were diluted (1 :3) with 
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RPMl-1640 medium containing 0.1 ml of PHA (Murex, England) per 5 ml sus-

pension and incubated for 51 and 57 hours after y-ray and heavy ion radiation, 

respectively. Colchicine was added 2 h before the end of incubation. After hy­

potonic treatment the lymphocytes were fixed in methanol/acetic acid (3: 1) and 

metaphase spreads were prepared. The slides were stored at -20° C under ni­

trogen atmosphere until fluorescence in situ hybridization. 

Fluorescence in situ hybridization 

Biotinylated Cotasome 1 total-chromosome probe (Cambia, England) was 

used to stain chromosome-1 by FISH technique in spreads fixed on micro­

scopic slides according to the method recommended by Cambia. After 16 h of 

hybridization at 42°C, the slides were washed in 50% formamide, 2xSSC 

(pH 7.0) for 15 min at 37°C followed by washes in 2xSSC with 0.1 % Nonidet 

(Serva) for 5 min at 43°C. The slides were equilibrated in PBD for 5 min. The 

detection of biotinylated probe was achieved by incubation of slides with 60 µI 

of fluorescein-labelled extravidin (FITC-extravidin, Sigma) for 30 min at 37°C 

followed by three washes in 4xSSC with 0.1 % Tween-20 for 5 min each at 

37°C. The slides were dehydrated and mounted in Vectasheld (Vector) contain­

ing 0.3 µg/ml of propidium iodid (Pl). Preparations were examined under Zeiss 

microscope equipped with dual filter (AHF, Germany)specific forFITC and Pl. 

The images were scanned by cooled color videocamera with high resolution 

capacity (CCD camera C5310, Hamamatsu) and stored in the computer mem­

ory using the frame-grabber (MuTech, Co.). 

RESULTS 

The frequencies of different aberrations of chromosome-1 after irradiation 

by y-rays and nitrogen ions are presented in the Table. Abberations of this chroma-
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some were not observed in control non-irradiated samples. The aberrations of 

chromosome-1 after irradiation are very frequent. After y-irradiation there are 

6.4% of cells with different types of chromosome-1 aberrations at the dose of 1 

Gy and the number of such cells increases with growing of dose and reaches 

74% at 7 Gy. 

After irradiation with nitrogen ions the rapid increase of the frequency of 

the cells with chromosome-1 aberrations (up to 35-40%) has been noted at the 

doses 0.5-0.75 Gy. The level of such cells reaches 74% at 3 Gy. As it follows 

from Fig. 4 the dose-response dependence for aberrant cells reaches the 

plateau at the level of 75-80%. This fact reflects, obviously, the influence of cell 

division delay, especially for the cells with multiple chromosomal aberra­

tions [4, 5]. 

It would follow from the data of Table that the action of both types of ra­

diation leads to the high frequency of stable chromosome-1 aberrations. As can 

be seen translocations prevail amongst other types of aberrations after 

y-irradiation. Approximately 1/2 of all aberrations were translocations. The fre­

quency of translocations was characterized by linear-quadratic dose depend­

ence (Fig. 5), After heavy ion irradiation the level of translocations was more 

higher in comparison with y-rays. The linear dose-responce dependence was 

observed. At the same time the data show the high frequency of chromosome-1 

fragments induced by heavy ions (up to 40% of the total number of aberra­

tions): they predominate after irradiation with heavy ions. So the fraction of 

translocations was 25% of all aberrations only. 

The total number of chromosome-1 aberrations detected by FISH tech­

nique are shown in Fig. 6. The linear dependence as a function of dose was 

revealed after nitrogen ion irradiation. After irradiation by y-rays the linear­

quadratic dose-response dependence was found. 
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Table. Chromosome-1 aberrations of human lymphocytes aftery-rays and nitrogen irradiation 

Total Aberrations, per 100 cells 
Dose, Cells Cells with ab- aberrations, Translo- Insertions Dicentrics Rings Fragments 

Gy scored errations, % per 100 cells cations 

y-rays 

0 150 0 0 - - - - -
1 206 6.4±1.8 6.4±1.8 2.5±1.1 1.5±0.9 0.5±0.5 0 1.9±1.0 

3 279 19.4±2.6 19.4±2.6 10.5±1.9 2.5±0.95 2.0±.0.8 0 4.4±1.3 

CD 
5 169 42.2±5.0 46.3±5.2 21.0±3.5 2.5±1.2 7.0±2.0 1.3±0.9 14.5±2.9 

7 100 74.0±8.6 83.0±9.1 40.0±6.3 4.0±2.0 10.0±3.2 2.0±1.4 27.0±5.2 

Accelerated heavy ions ( 4N) 

0 200 0 0 - - - - -

0.5 200 40.0±4.5 52.5±5.1 7.5±1.9 0.5±0.5 2.5±1.1 15.0±2.7 27.0±3.7 

0.75 100 35.0±5.9 43.0±6.6 13.0±3.6 4.0±2.0 4.0±2.0 11.0±3.3 11.0±3.3 

1.5 104 52.9±7.1 73.1±8.4 19.2±4.3 1.0±1.0 10.5±3.2 12.5±3.5 29.7±5.3 

2 101 53.0±7.2 90.0±9.4 22.0±4.7 1.0±1.0 9.0±3.0 22.0±4.7 36.0±6.0 

3 86 74.4±9.3 153.5±13.4 40.7±6.9. 10.5±3.5 5.8±2.6 11.6±3.7 86.0±10.0 
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The dose-response dependencies for the cells with chromosomal aberra­

tions and for the translocations and aberrations of chromosome-1 after y-ray 

and heavy ion irradiation, represented in Figs. 4-6, show the high biological et~ 

fectiveness of nitrogen ions. The coefficients of RBE for the number of cells 

with aberrations and on the frequency of chromosome-1 translocations were 

- 3. More higher RBE was found on the criteria of the total number of aberra­

tions(~ 4). The similar dependencies on the induction of unstable chromosomal 

aberrations by heavy ions in human lymphocytes and mammalian cells were 

shown also by using the usual microscopic technique [4, 6]. 

THE FINAL REMARKS 

There is a great interest to elaborate a simple and efficient method for 

measurement of stable chromosomal aberrations induced by radiation with dif­

ferent physical characteristics. The development of FISH technique for chromo­

some staining has significantly solved this problem. Obviously, the detailed 

study of dependence of an induction of stable chromosomal damages from the 

dose of ionizing radiation, energy of particles, their LET is the important task for 

the decision of questions connected with forecasting of radiation safety of long 

space flights. 

The frequencies of different types of aberrations as a function of 

y-radiation dose found in our experiments are in good agreement with results 

obtained by others [7-8]. The observed translocation frequency in our work''is 

higher than the dicentric frequency at all doses of y-rays and accelerated nitro­

gen ions. It is in accordance with data of other authors [7, 9, 1 OJ. Because of 

the danger of dicentrics underestimation at evaluation of chromosome aberra­

tions in irradiated cells and rapid elimination of cells containing this kind of 

damage with increasing time after exposure [11-13] it would be better to use 
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the translocations as a biological dosimeter instead of dicentrics used at pres­

ent time. The frequencies of radiation-induced translocations are higher than 

dicentrics' and therefore it is possible to detect lower doses of ionising radiation. 

In experiments with heavy ions it has been shown that effectiveness of 

heavy charged particles on the induction of stable chromosomal abberrations is 

more higher than y-rays'. The linear dose-response dependence on the induc­

tion of translocations was found after heavy ion irradiation. These circum­

stances can be important for using the FISH method as a way for detection of 

low doses of galactic space radiation for long space flights. In the last years 

some authors also consider the detection of the stable aberrations as a per­

spective way for biological dosimetry [8, 9, 14, 15]. 

(The study of lymphocytes in cosmonauts was supported in part by contract 
NAS-15-10110). 

REFERENCES 

1. PINKEL D., STRAUME T. AND GRAY J.W., 1986, Cytogenetic analysis us­

ing quantitative, high-sensitivity, fluorescence hybridizatibn. Proc. Natl. Acad. 

Sci. USA, 83, 2934-2938. 

2. SABATIER l., FEDORENKO B.S., GERASIMENKO V.N., DUTRILLAUX B., 

HOFFSCHIR F., FLURY-HERARD A., RICOUL M., MARTINS L., REILLOUDOU M., 1995, 

Chromosome abnormalities in lymphocytes of cosmonauts' peripheral blood 

after long-term space flight. Aerospace and Environmental Med. (Rus.), 29, N 

1, 26-29. 

3. TESTARD J., RICOUL M., HOFFSCHIR F., FLURY-HERARD A., DUTRILLAUX B., 

FEDORENKO B., GERASIMENKO V., SABATIER L., 1996, Radiation-induced chromo­

some damage in astronauts' lymphocytes. lnt.J.Radiat.Biol., 1996, 70, N 4, 

403-411. 

12 

4. NASONOVA E.A., GOVORUN R.D., KRASAVIN E.A. 1989, Induction of 

structural chromosomal aberretions in mammalian cells after irradiation with 

heavy ioins. (Rus.) Proc. of the workshop on genetic effects of charged parti­

cles., Dubna, JINR, 019-89-143, 169-182. 

5. NASONOVA E., RITTER S., SCHOLZ M., KRAFT G., 1995, Comparison of 

chromosomal damage induced by low and high LET radiation. Proc. Tenth Int. 

Congress of Radiation Research, Wiirzburg, Germany, 2, 148-151. 

6. GERASIMENKO V.N., GOVORUN R.D., RYZHOV N.I., 1980, Effect of accel­

erated ions of Boron, Carbon and Neon on chromosomes of human blood lym­

phocytes in vitro. Radiobiology (Rus.), 20, N 2, 206-211. 

7. CREMER T., POPP S., EMMERICH P., LICHTER P. AND CREMER C., 1990, 

Rapid metaphase and interphase detection of radiation-induced chromosome 

aberrations in human lymphocytes by chromosomal suppression in situ hybridi­

zation. Cytometry, 11, 110-118. 

8. SCHMID E., ZITZELSBERGER H., BRASELMANN H., GRAY J.W. AND 

BAUCHINGER M., 1992, Radiation-induced chromosome aberrations analysed by 

fluorescence in situ hybridization with a triple combination of composite whole 

chromosome-specific DNA probes. Int. J. Radial. Biol., 62, 673-678. 

9. NATARAJAN AT., VYAS R.C., DARRAUDI F. AND VERMEULEN S., 1992, 

Frequencies of X-ray-induced chromosome translocations in human peripheral 

lymphocytes as detected by in situ hybridization using chromosome-specific 

DNA libraries. Int. J. Radial. Biol., 61, N 2, 199-203. 

10. LUCAS J.N., AWA A., STRAUME T., POGGENSEE M., KODAMA Y., 

NAKANO M., OHTAKI K., WEIER H.-U., PINKEL D., GRAY J. AND LITTLEFIELD G., 

1992, Rapid translocation frequency analysis in human decades after exposure 

to ionising radiation. Int. J. Radial. Biol., 62, 53-63. 

13 



11. AWA A., SOFUNI T., HONDA T., ITOH N., NERIISHI S. AND OHTAKE M., 

1978, Relationship between the radiation dose and chromosome aberrations in 

atomic bomb survivors of Hiroshima and Nagasaki. J. Rad. Res., 19, 126-140. 

12. BUCKTON K., HAMILTON G., PATON L. AND LANGLANDS A., 1978, Chro­

mosome aberrations in irradiated ankylosing spondylitis patients. In: Mutagen­

induced Chromosome Damage in Man. Edited by: H. Evans and D. Lloid 

(Edingburg University Press), 142-150. 

13. BAUCHINGER M., SCMID E., BRASELMANN H., WILLICH N. AND 

CLEMM CH., 1989, Time-effect relationship of chromosome aberrations in pe­

ripheral lymphocytes after radiation therapy for seminoma. Mutation Research, 

211, 265-272. 

14. LLOID D.C., EDWARDS A.A., LEONARD A., DEKNUDT G.L., VER-

SCHAEVE l., NATARAJAN A.T., DARRAUDI F., OBE G., PALITTI F., TANZERELLA C., 

TAWN E.J., 1992, Chromosomal aberrations in human lymphocytes induced in 

vitro by very low doses of X-rays. Int. J. Radiat. Biol., 61, 335-343. 

15. POPP S., REMM B., HAUSMANN M., LOHRS H., VAN KAICK G., CREMER T. 

AND CREMER C., 1990, Towards a cumulative biological dosimeter based on 

chromosome painting and digital image analysis. Kerntechnik, 55, N 2, 204-

210. 

Received by Publishing Department 

on May 22, 1997. 

14 



- I 

Kpacanmi E.A. H llp.-, _ , , El 9-97-1]0 
. U11ToreHeTH'leCKlle 3<pcjx:KThl_ niJKe.riux· 1101!08°8 JHIMlpOUIITaX 'lt:!)OBeKa -

·l;, - _ .... - -- '- . , - <-:-•• ; ... _ - - , '" '", -- - -'.' -.,-. -- .- - - -- I_ 
:· -,,0UeIIKa reneTll'lC:CKOro pHCKa ranaKTH'leCKIIX TliJKe.JlhIX JapllJKellllhlX'laCTHU Slll.lllleTCll 0/lHOH HJ _BaJK· 
Ii~iiui11x 3am1'1: KOCMll~ecioii ea.rmo6HOJIOrnll :·- U11rnre11efoqCcrnii' aHM113 JIIIM<pOU11TOB° KpOBII _KOCMOHas: 
TOB HOCJJe KOCMll'leC·KIIX nonerns npOJlOJllKiiTeJJbllOCTblO-OT i l7Jlo 515 }llleii llhl~BHJI YBeJlll'leinie qacTOTbl 
Jla3HhlX -TllflOB -11e'cTa611J1hH~_1x - xpoMOCOl,i°Hhl)( a6eppau11ii: ~3-i-o:( 3cjicjreKT MOJKCT -oipaJl(aTh".lleiicrn11e 

, lllll}"lei'mii ,: KOCMll_'leCKOro _ npoc-rpai1c·wa H: npelKJle BCero, fanaKTll'leCKOro' KOCMll'leCKOm IIJJl)"leHHll 
113,: reneTll'leC:Klle crpyK"rypi,,: B, -CBll3H c- 31"1-IM craHOBHTCii BaJKHhlM inyqe111ie oco6eirnocTeii HHJl)'KUIIII 

'CTa6HJJhllhlX--XpOMOCOM~hlX a6eppau11ii_ B JIHM¢ou11TaX -'leJJOBeKa: pa:im:IMII BH}laM11' HOH11311py10uurx 
~3yqe111111. )ln'si aual:1113a,xpoMOCOMHhix' nonpell(Jle1l11ii: llOeJle 06nyqe~11ll-HOHaMtt_aJ0Ta (50J\"3B/HyicnoH) 
-1i y-riyqaM~ 137cs _ 6una ;ICHOJILjosa11ii -FISH-TeXHHKa (fl~or~scence- iri situ hybridization) C npo&!ii; - '1 

cneumjlll'IIIOH Will .UHK xpo'r.tocoMbI• L noKa'.laHO, 'ITO -'IHCJIO, KJJeTOIC'·- c a6eppaulillMII x.pOMOCOMhl-l -
-ys~H'lttBaeTCll0H, _iiocr11raeT: 75 p,, i noCJJe. ClM}"ICll~ll IIOllaMH aJOTa ·u Y-~)"laMU-B '. no=) II 7 rp, 

"COOTBeTCTileimo. 06mee· 'liiciio. a6eppauuii' H '13CTOTa 0 Tpi111CJJOKau11ii -xpOMOCOMl,l-1, -yBe.JlH'IIIBaJJIIC!, 
1ieJ111llei)111) C )lOJOii 1~11yqeii, a noCJJe B03Jl~iiCTB~II TlllKeJJhiX 1101ioit

0

JaB;!CIIMOCTb 3cp<peKTOB -~T Jl03b(, 
- IIMeJJa .11_1111eii11i.111 xapaKTep: B 3KC;~pnMeHTax· C Tll)l(t:RhlMH IIOHaMII BWIBJlel!a BhlCOKail tJaCTOTa Jl~ie11iiii' 
-xpo.MOCOMLi-1: OI,3 1101!08 aJOTa cocrnBHJla -3 rio .'laCTOTe TpaHCJJOKaUHH x'pOMOCOMbl: I. . >" 

' l• , . •,-.· . - • • -- - • ,;_· ;-

.,. ;_·J.-_·, • I.- ___ .;_,·_,' , :,: , ',,, .,- -~-· .:.· )..._-,_ ', ·.' - -~, --~ , -~. , ,.,: --
--ra6oTa BhlHOJJHeHa_ B 0Tne11e11111f pan11au1101111ux If pan1106110J10nt'leCKIIX HCCJICJlOBaHHH OH51H. ' 

" 

_· fl~enpHHT Om.e111111ei-11ioro:.;-;,ci-1rryra imepHblX HCCJ1e11osa1111ii. lly611a,; I ?9} 
,_ _,, ., ' .-, ' , , ,. . . ·.. ' - . :, ;·· 

'.'_;_ 

Krasayin E;A. et al. __ . _ , . , __ ___ _ J -. _, 

Cytogenetic Effects of Heavy Ions iii Human Lymphocytes. - _ _ . __ . _ _ _ 
',_ \,_ ·.:_ './, _, ·-:·-.'' .· ' .' -;_ . . . ·-_::: ... ,>,--., ·· ... ~>.: . :..:._. ·, - ~--

. J :one of"the. important tasks'in space_ radi?biology_ is the evatuation-of the genetic ris~ of galactic" 

.heavy charged particles. Cytogenetic analysis of the cosmonauts' lymphocytes after space flight missions-,'. 
(the'duration o( mfasioris.was 117...:,.5_15, µays) reveals the in~rease of thejrecjuency of different.types: 
'of unstable chromosomal ·aberrations. This effect-c°an reflect the action of, space radiation.and foremost -
the galactic space radiation on th~ genetic structur!!s, In this·:~onnection, it; is' imp~rtani 10· study 
the'.peculiarities _of the induction of S!abie chromosomal aberration in.human lymphocytes.by different 
types of ionizing radiation: The technique of fluorcsc~n~e in-s1tu hybridization (FISH).whh.chromosome- · 

' • . • '\" . . · -.- •r ,, •- . I • ·,.. , .'\· , 

· 1 :specific _DN~- probe Wl!S \)Sed to analyse the, chromosomal damag§s after irradiation by nitrogen ions 
(50 MeV/nucleon) and_ y:rays (IJ7Cs). It is shown o that the nuj11ber of_ cell; _with aberi-~tions. ' 
oy'chto~osomc-fincreases and reache~ 75 %:after nitrogenion and y-ray irradiation at 3Gy and 7 Gy, 

':respectively.-The total number of aberrations and thefrequency_of 1chromosome:l translocations increase 
nonlinearly with .the' ~ose of y-rays _and __ linearly - after' heavy _io9 irradiaiioii._ Th~ high -frequency _ 

-of chromosome-I_ deletfons was. revealed.in experiment. with' heavy ion~ Tne-:values of the_ relative 
biological effectivenes; (RBE) of nitrogen ion;•were -3 on the frequency of chromoso~e-1 'iranslocations. . .\ ./ . - -- . - ·- - ' , -. . 

The;investigatio~ has been ·perfonned-ai the Divi~i~n-.of R;idiation·and Radiobiological Research, 
JINR. ,- - I. ._. ,_' - <.- . , -- - - ·- .1 ._ ·> . . . . . , • 

/ .• 
~ ·, 

- -
• I 

'' -. - - . - - ' . 
Pr~print of th~ ·Joi~t lristitute''ror Nuclear Research: Dubna. 1997. 

'.. . ·. ·. ' ' . _.:, - . - -, ,. .. -

)-


