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Abstract

Clastogenic i.e. chromosome damaging substances are present in the plasma of persons with a variety of patho-
logical conditions accompanied by oxidative stress. The clastogenic activity of plasma from more than 300 Cher-
nobyl accident recovery workers and more than 300 children exposed after the catastrophe have been studied
with this test by our laboratory between 1994 and 1999. The mean value for clastogenic scores was 6.2+4.8% for
89 Armenian liquidators and 8.2+4.5 for 237 Russian liquidators (P<0.001 compared to controls). The frequency
of CF-positive samples (= 8% aberrations) was 23 out of 71 (32%) for exposure data between 0—100 mGy and 57
out of 88 (65%) for exposures exceeding the allowance dose of 250 mGy. For children the frequency of CF-
positive samples varied between 13% and 100% according to sites and suggested again a correlation with the
degree of exposure. The highest clastogenic scores were observed for children from sites with '*’Cs soil contami-
nation of 10—15 Ciekm= (12.2+2.4% for Bazar, Narodici, Losniza and others, 7.7+1.2 for Gomel). The clastoge-
nic activity in the plasma of CF-positive liquidators, who received antioxidants during three months returned to

normal levels and remained unchanged without treatment up to 1 year.
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INTRODUCTION

Clastogenic factors (CF) were first described in the
plasma of persons who had been irradiated acciden-
tally or therapeutically (Goh KO, Sumner K., 1968;
Hollowell H.G, Littlefield LG., 1968). They were also
observed in A-bomb survivors, where they persist-
ed for many years after irradiation (Pant G.S,, Ka-
mada N., 1977). More recently, the presence of CF
in the plasma of workers and of children exposed
as a consequence of the Chernobyl reactor accident,
was reported by our laboratory (Emerit I. et al.,

1994b; 1995b; 19972a; 1997b).

CF are not only induced by radiation. Similar trans-
ferable clastogenic material is circulating in plasma
of patients with chronic inflammatory diseases of
the connective tissue, such as progressive systemic
sclerosis, Sjogren’s syndrome, rheumatoid arthritis,
lupus erythematosus, periarteritis nodosa, derma-
tomyositis, as well as in chronic inflammatory dis-
eases of the digestive tract such as ulcerative colitis
and Crohn’s ileocolitis (Emerit 1, 1986; 1994a). CF
are also regularly found in the plasma of persons
infected with HIV (Fuchs J. et al,, 1995). The con-

BBEJIEHUE

Kimacrorennsle paxkropsl (KP) 66U BIIEPBBIE ONMCAHbI
B IUIA3M€ Yy JIUILIL, OJIBEPTIIUXCS CIYIaHHOMY BO3/ICH-
CTBHIO MOHU3HPYIONTHUX U3TyYEHU, HJTH K€ IOJTy4aBIINX
paguoreparmio (Goh KO, Sumner K., 1968; Hollowell HG.,
Littlefield L.G., 1968). KO TakKe BBISBIISLIN Y 5KEPTB ATOM-
HBIX OOMOAPAUPOBOK HA MPOTKEHUH MHOI'UX JIET ITOC-
sie oonyuenus (Pant G.S,, Kamada N, 1977).I1o3nHee, Ha-
ymune KO B razme y JIMKBUJATOPOB U JIETEH, OOIy4EH-
HBIX BCJIEACTBUE YEPHOOBUIBCKOM KATACTPOMBI, OITMCAHO
B paborax Haert 1abopatopun (Emerit I et al,, 1994b;,

1995b; 1997a; 1997b).

K® maaynupyroTcs He TONBKO oonydeHueM. ITogo6Hbie
MEPEHOCUMBIE KJIACTOI'€HHBIE BEIIECTBA [IUPKYIHUPYIOT B
IUIA3ME Y ITAIUEHTOB C XPOHUYECKUMHU BOCHAIIUTEILHBI-
MM 3260JIEBAHUAMU COEMHUTEILHOM TKAHU, TAKUMHU KaK
IIPOI'PECCUPYIONUI CUCTEMHBIN CKIIEPO3, CUHAPOM Iller-
peHa, PEBMATOUIHBII APTPUT, CUCTEMHAS KPACHAs BOJI-
YAHKA, Y3CJIKOBBIN [IEPUAPTEPUNT, IEPMATOMUO3HT, 4 TAK-
JKE€ C XPOHHUYECKUMU BOCHAIMTEIBHBIMU 3200JICBAHUA-
MU [MUIIEBAPUTEILHOI'O TPAKTA B BUZE SA3BEHHOI'O KOJINUTA
u 6osie3au Kpona (Emerit 1, 1986; 1994a). KO takxke 06-
HAPYKHMBAIOT B I1azMe 'y BUY-MH(MUITMPOBAHHBIX JIUL]
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genital breakage syndromes (ataxia telangiectasia,
Bloom’s syndrome, Fanconi anemia) are accompa-
nied by the formation of clastogenic factors (Emer-
itL, 1994a; EmeritI etal, 1995a).In all these patho-
logic conditions, CF formation is the consequence
of increased production of superoxide from vari-
ous sources, since it is regularly inhibited or abo-
lished by superoxide dismutase (SOD) (Emerit L et
al, 1996).

CF are mixtures of prooxidants with chromosome
damaging properties and not single factors, as
thought by the first observers (Goh K.O.,Sumner K,
1968; Hollowell H.G, Littlefield LG., 1968; Faguet G.G.
et al, 1984). Biochemical analysis identified pero-
xidation products of arachidonic acid, released
from membrane phospholipids, cytokines such as
tumor necrosis factor alpha (TNFa), and unusual
nucleotides, such as inosine di- and triphosphate
(ITP). The clastogenic properties of these compo-
nents of CF were confirmed by cytogenetic studies
of the corresponding commercial standards (Emerit I,
1994a). The various components of CF exert their
clastogenic effects by different mechanisms. The
aldehyde 4-hydroxynonenal, a breakdown product
of lipid peroxides, is a well known genotoxic agent,
which inactivates functional SH groups of DNA
polymerases and forms mono-adducts with cellu-
lar thiols such as glutathione and cysteine (Wavra E.
et al, 1986). ITP may induce genotoxic effects by
inhibition of DNA topoisomerases (Osheroff N. et
al,, 1983). Besides these superoxide-independent
pathways of clastogenesis, certain components may
be clastogenic due to their superoxide-stimulating
properties (Emerit I. 1990b), well known for TNFa
(Progrebniak HW. et al,, 1990) and ITP (Kuhns D.B.
et al, 1988). Added to cell cultures, these compo-
nents will induce further superoxide-mediated CF
production. Given that superoxide generation leads
to the formation of clastogenic substances them-
selves generating superoxides, the system is self-sus-
taining and may be responsible for long-lasting
genotoxic processes. SOD and other superoxide
scavenging substances protect by interrupting this
vicious circle. More detailed descriptions of CF for-
mation and superoxide-mediated clastogenesis may
be seen in two recent reviews (Emerit L, 1994a;
Emerit I et al., 1996).

METHODS

CF-induced clastogenesis is comparable to
chemical clastogenesis except that these clas-
togens are of endogenous origin. A cytogenetic
test system, the CF-test, has been developed for
their detection (Emerit L, 19902). Given that the
components of CF act synergistically to induce
chromosomal damage, the test is a very sensi-
tive indicator for the presence of these circula-
ting pro-oxidants, which separately may not al-
ways reach detectable levels for biochemical
analysis.

(Fuchs J. et al,, 1995). BpoxxaeHHbBIE CHHAPOMBI Pa3pbl-
BOB XPOMOCOM (TE€JICAHIMAKTATHYUCCKAST ATAKCHS, CUH]I-
poMm biryma, anemust PaHKOHM) COIIPOBOXKIAIOTCS OOpa-
soBanuem KO (Emerit I, 1994a; Emerit L et al, 19952). [Tpu
BCEX ITUX NATOJIOIMYECKUX COCTOAHIAX KD 06pasyror-
CsI BCJIE/ICTBHE TIOBBIINICHHOM TTPOJIYKITIH IEPEKUCHBIX
COETMHEHHU PA3TMYHOIO IIPOUCXOKIEHHU, YTO IOCTO-
STHHO TIO/IABJISICTCS WJIM HUBEJIMPYETCST CYITEPOKCHJYINC-
mytazoit (COM) (Emerit I et al., 1996).

K® — cmMech IPOOKCUIAHTOB C XPOMOCOMOIIOBPEXK/IA-
IOINMMH CBOHMCTBAMH, 4 HE OT/ICIbHBIE (DAKTOPHI, KAK
cuurtanu panee (Goh K.O., Sumner K., 1968; Hollo-
well H.G, Littlefield L.G., 1968; Faguett G.G. et al,, 1989).
MeTropaMu GUOXUMUYCCKOT'O AaHAIN3A UJCHTH(DUITNPO-
BAHBI IIPOAYKTBI HIEPOKCHUIAIIUH APAXHUJOHOBOMU KUCJIO-
TBIL, BBICBOOOKAAEMOI 13 (POCHOIUITHAOB MEMOPAH, IT1-
TOKHMHBI B BUJIE O-(DAKTOPA HEKPO3a oryxoselt (a-PHO),
4 TAKKE ATUITUYHbBIE HYKJIEOTH/IbI — MHO3UH-/IN- U TPU-
pocdarer (MTD). CBOHCTBA 3TUX KOMIIOHCHTOB I1O/I-
TBEPKIECHBI JAHHBIMH LIMTOT€HETUYECKUX HUCCIIEIOBA-
Huit (Emerit I, 1994a). PaznuyHble KOMITOHEHTH KD
NPOSABISAIOT CBOU KA4YECTBA O-PA3HOMY. AJIBJIETH/]
4-TUIPOKCUHOHEHAJ, IPOAYKT PACIIA/1a IEPEKUCEH JINTTH-
JIOB, IIPEJICTABIISIET COOOM N3BECTHBIN T€HOTOKCHUYECKUI
Ar€HT, THAKTUBUPYIOMUI (DyHKIIUOHAIbHBIE SH-TPyTI-
bl JHK-nonumepas 1 06pasyoniuii MOHO(pPPArMeHThI
C TAKUMH KJIETOYHBIMU THOJIAMH, KAK TITyTATUOH U ITUC-
TeuH (Wavra E. et al,, 1986). UT® crioco6eH HHAYITIPO-
BATb T€HOTOKCUYECKUE IPMPEKTHI MyTEM UHIHOUPOBA-
Hust JHK (Osheroff N. et al., 1983). [IoMHUMO TaKUX I1€-
PEKUCHO-HE3ABUCHUMBIX ITyTEN KIACTOTEHE3A, P CO-
€IMHCHUH IIPOSIBIIIIOT CE0S1 KAK KJIACTOI'E€HBI OJ1aroiapst
NEPEKUCHO-CTUMYJIUPYIOIAM CBOMCTBAM, XOPOIIO U3Y-
yeHHbIM Ya-OPHO (Progrebniak HW. et al,, 1990) u UTO
(Kuhns D.B. etal., 1988).IIpu 106aBJICHHUU B KJIECTOYHYIO
KYJIBIYPY 3TH COEIMHEHHS BBI3IBAIOT JAJIBHEHUIIYIO TIe-
PEKMCHO-MOAYJIMPOBAHHYIO TPOAYKIMIO K. ITpu yciio-
BHH, YTO OOPA30BAHUE TIEPEKUCEH BEJICT K OOPA3OBAHUIO
KJIACTOTEHHBIX BEIIECTB, B CBOIO OYEPENL OOPA3YIONUX
MEPEKUCH, TAKAST CUCTEMA SIBJIAETCS CAMONOIEPKUBA-
IOIIEH ¥ MOKET OOYCJIOBIMBATD HPO/IO/LKATEIbHBIN I'e-
HOTOKCH4YeCKUI rporecc. CO/l n nmpoune COeuHEHN,
YAAIAIOMNUE TIEPEKUCHU, OOIAJAIOT IPOTEKTOPHBIMU
CBOUCTBAMU, T.K. PA3PHIBAIOT JAHHDBINA IOPOYHBIN KPYT.
[Toppo6HO 06pazoBaHue KO 1 nepeKucHO-OIOCPEIO-
BAHHOT'O KJIACTOI€HE3d ONMCAHBI B IBYX 0630pax (Emerit I,
1994a; Emerit I. et al., 1996).

METOJbI

KO-nHAyLMPOBAHHBIN KIACTOI'CHE3 CPABHUM C XUMUYEC-
KHM KJIACTOI'€HE30M, HO B JAHHOM CJIy4a€ KIACTOI'CHbI UME-
IOT 3HAOICHHOE IIPOMCXOXKACHUE. [ UX OIPEICICHUA
pa3paboTaHa MUTOTEHETUYECKASA TECTOBAA CUCTEMA —
K®-rect (Emerit I, 19902). ITOoCKONBbKY KOMITIOHEHTHI KO
MPY UHYKIIUH HOBPEXKIEHNA XPOMOCOM JEHCTBYIOT CH-
HEPIrUYECKH, TECT ABIACTCA YPEIBLIYANHO YYBCTBUTEIIb-
HBIM UHJIUKATOPOM TAKUX LUPKYJIUPYIOIMIUX ITPOOKCH-
JIAHTOB, KAK/IBIA U3 KOTOPBIX B OTJEJIbHOCTU HE BCET/A
JIOCTHUT'AET ITIOPOTra YyBCTBUTEIBHOCTH OUOXUMHUYECKOTO
AHAIN34.
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The procedure for isolation of CF consists prin-
cipally of ultrafiltration of the plasma through a
filter with a cut off at 30 kDA in order to remove
all high molecular mass components, which
might disturb culture growth due to blood group
incompatibilities. The filtration step also elimi-
nates all residual cells from the exposed person’s
blood.

Aliquots (0.25 ml ultrafltrate or 0.1 ml after failure
of the first culture) are added to test cultures set
up with 0.4 ml whole blood from blood donors
(courtesy of the Blood Transfusion Centre, Paris),
suspended in 4 ml culture medium RPMI 1640 and
1 ml fetal calf serum, both from Gibco, France.
Lymphocyte proliferation is stimulated by addition
of phytohemagglutinin (Wellcome Diagnostics,
Dartford UK). After 48 h ofincubation at 37°C, the
mitoses are arrested in metaphase by addition of
colchicine, 3 h before harvesting. Microscopic
slides are prepared for chromosomal analysis ac-
cording to standard procedures. The chromo-
somes are examined on coded slides for the pre-
sence of breaks, fragments, exchanges, rings, dien-
trics and other morphologically abnormal
chromosomes. The number of chromosomal aber-
rations observed in 50 mitoses is multiplied by
2 to give a numerical score, called a percent for con-
venience. A series of ultrafiltrates is tested the same
day on the cultures set up with the blood of the
same donor. Two additional cultures without ul-
trafiltrate serve as controls for the establishment
of the spontaneous chromosomal aberration rate
of the donor’s lymphocytes. This background is
subtracted from the aberration rate in the ultrafil-
trate-treated cultures of the same donor. The dif-
ference between the two values is called the ad-
justed clastogenic score (ACS). This method of
treating results is necessary in order to allow com-
parison of results for plasma samples taken in a pa-
tient at different time periods and studied on dif-
ferent test cultures.

Several series of experiments, in which background
levels were determined for 10 parallel cultures of
the same donor blood, ascertained that the varia-
tion in background levels of aberrations does not
exceed * 6%, and that the range is the same for two
independent observers. Therefore a plasma sample
is considered to be clastogenic, if it induces more
than 6% additional aberrations. In agreement here-
with, the majority of 100 control samples were not
clastogenic at all orinduced ACS of +2 or +4 per 100
cells. Only in 5% of the healthy blood donors, the
ultrafiltrates induced ACS of 6%. Higher values were
not observed. The mean value for CF in these 100
healthyadultswas 0.8+1.0 (Emeritetal. 1995b).On
the basis of these data, ACS in the range between
0 and +4 are considered as negative for CE, ACS of
more than 7 as positive for CE ACS of +6, detected
with a frequency of 5% in the control population,
are scored as CF+.

Meropauka BeiiencHuss KO ocHOBAaHA, IJIAaBHBIM OOpa-
30M, Ha yAbTPAPUIBTPALINN IJIA3Mbl Yepe3 PUIbTP
30 k/Ja B HeJIIX yIAJICHUS BCEX IIPOYUX KOMIIOHEHTOB C
OOJIBILIEN MOJIEKYJIIPHOMU MACCOM, KOTOPBIE CIIOCOOHBI
HAPYIIUTH POCT KYJIBTYPBI BBUY HECOBMECTUMOCTH IO
rpynnam Kposu. Ha arane puiabTpanuu NpoucxouT
TAKKE YAAUIEHHUE PE3UAYATIBHBIX KIECTOYHBIX JIEMEHTOB
KPOBH.

B Tecrosyio Kynsrypy — 0,4 MJI LIEJILHOM KPOBH JIOHOPOB
(LIEHTp NepeUBaHus KPOBH, [1apirk), ITOMENIEHHON B
4 v cpenbl RPMI 1640 ¢ noGasneHueM 1 M1 aMOGPHUOHAb-
HO TeJsIubel! CbIBOPOTKU (Gibco, PpaHIyst) JOOABIUIN
0,25 mn ynsrpadprisTpara win 0,1 MI B CIydae HEy1auu
HEPBOU MONBITKH KYJIBTUBHUPOBAHMSA. [Iponudepanuio
JIUM@POIUTOB CTUMYIHUPOBAIN (PUTOTEMATTIIIOTUHUHOM
(Wellcome Diagnostics, Dartford UK). ITociie nHKybarym
B TedyeHue 48 4 11pu TeMueparype 37°C MUTO3bI OCTAHAB-
JIMBAIN B MeTadasze JOO6ABICHUEM KOJIXUIIMHA 34 3 4 710 [10-
JIY4EeHUS PE3YIBrATOB. MUKPOIIPENIAPATHI I XPOMOCOM-
HOT'O AaHAJIM34 TOTOBWIH 10 CTAHAAPTHOU MeTOAUKE. [ Ipe-
apaThl XPOMOCOM, (PUKCHPOBAHHbBIC HA MAPKHUPOBAHHBIX
MPEAMETHBIX CTEKIIAX, UCCJIEIOBATIA HA HAJIMYUE PA3PbI-
BOB, (PparMeHTAITIH, OOMCEHA (DPATMEHTAMU, KOJIbIICBBIX
(opM, JULEHTPUKOB 1 UHBIX PA3HOBUIHOCTEL MOP(OIIO-
TUYECKU AaHOMAIBHBIX XPOMOCOM. KOIHM4YeCTBO XpOMO-
COMHBIX A0€PPALNH, HAOIIOJAEMBIX ITPU 50 MUTO34X, YM-
HOXKAJIA HA 2 JYIA NOJIyYE€HNs BEJIMYMUHBI ITAPAMETPA, Ha-
3bIBAEMOT'O JIJI y10OCTBA NIPOIIcHTOM. CEpUIO yiIbTPa-
(PUIBTPATOB TECTUPOBAIUN B TOT K€ JIEHb HA KyJIBIypax
KPOBH TOTO YK€ JIOHOPA. [IBE IOTIOIHUTEIBHBIE CTPYKTYPhI
6€3 YIBTPAPUIBIPATA CIyKIIN KOHTPOJIEM JUIS YCTAHOB-
JIEHHSI YACTOTBI CIIOHTAHHBIX XPOMOCOMHBIX a0€pPAIHi
B INM(POLTUTAX KPOBU JIOHOPOB. DTy (POHOBYIO BETUYHHY
BBIYHTAIN U3 OOIIETO YHUC/IA A0EPPALTHI B IPEMIAPATE KYJIb-
TYPbI TOT'O K€ JJOHOPA C JOOABJICHUEM YIABTPAMUIBIPATA.
PazHmna aTux IByX 3HA4YEHNI HA3BIBAETCA NCTUHHOMN BE-
JMYnHOM KiacroreHHoctu (MBK). Takor criocod obpa-
OOTKH JJAHHBIX HEOOXO/IUM /IS CPABHEHUST PE3Y/IBTATOB
UCCIIETIOBAHUS TUTA3Mbl KDOBU Y OOJIBHBIX B PA3HBIC BpE-
MEHHBIE TIEPUO/IBL U C UCTIOIb30BAHUEM PA3HBIX TECTO-

BBIX KyJIBTYD.

HeCKONMBbKO CEpUN IKCIIEPUMEHTOB I10 OIIPEAEIEHUIO
(pOHOBOTO ypOBHA 1 10 mapajuiebHbIX KyJIBTYD KPO-
BH OJIHOI'O JJOHOPA IIOKA34JIU, YTO KOJIcOaHUE (POHOBO-
'O YPOBHSI A6€pPAIIHit HE TPEBBINTACT 6% U JAHHAS YaC-
TOTA OJIMHAKOBA IIPU €€ ONPEEICHNUH JIByMs HE3ABHUCH-
MBIMHU UCCIIEIOBATEISIMU. [TPOOBI TUIa3MbI KDOBH CUUTA-
0T KIACTOTCHHBIMU, CCIN UHAYIHUPYETCst 6oiee 6%
JIOTIOJIHUTEJIbHBIX a0eppanuil. B 60IbIIMHCTBE KOHT-
pOABHBIX TPO6 Y 100 JOHOPOB HE BBIABIEHO KJIACTOIE€H-
HOM akTuBHOCTU Wy MBK cocrasnsanu oT +2 1o +4 Ha
100 xneToK. JIntib y 5% JOHOPOB YIBTPA(MUIBTPATH HH-
nayriposanu UBK 6%. Bosee BBICOKME BETUIHUHBI HE HA-
omopanu. Cpeguuil yposeHb KO y TOHOPOB COCTABIISIT
0,8+1,0 (EmeritI. etal, 1995b). Ha OCHOBAaHUU 3THX JJAH-
HbIx 1py UBK B ipepenax ot 0 10 +4 pesynsrat KP-Tec-
T4 CYUTAIN OTPULIATETIBHBIM, 7 WU O0JIe€ — ITOJIOXKH-
TenpHbIM. IBK +6, perucrpupyemast ¢ 4acToToi 5% B
KOHTPOJIBHOM MONYJIAIUH, PACLIEHUBACTCS KaK IOT'Pa-
HU4YHOE 3HaueHue (Kdx).
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When correlations between CF and other bio-
markers of oxidative stress were studied, a good
correlation was noted between ACS and O,-pro-
duction measured with the cytochrome c assay.
Also there was a strong correlation between ACS
and low plasma thiols, indicating a decrease in
the antioxidant defenses of the organism. On the
other hand, there was only a weak correlation be-
tween malondialdehyde levels and ACS. This is
not astonishing, since lipid peroxidation pro-
ducts are responsible only for part of the clasto-
genic activity.

RESULTS AND DISCUSSION

The CF-Test in Chernobyl accident recovery
workers (liquidators)

The first samples studied by our laboratory in lig-
uidators were provided by the Centre of Radiation
Medicine in Yerevan, Armenia (cooperation with
N. Oganessian, A. Pogossian, R. Arutyunyan and
T. Sarkisian). Among 89 liquidators, 37 were posi-
tive for CF (42%). In 11 (13%), the ACS was +8,
while 26 (29%) had ACS of +10 and higher. The
mean values were 6.16+4.83% aberrations, statisti-
cally different (£<0.001) from the values of healthy
blood donors (mean ACS 0.8£1.0%) (EmeritL etal,
1995b).

CF+ liquidators were more frequent among those,
for whom the physical dosimetry indicated values
higher than the allowance dose of 250 mGy (86%
CF+ individuals compared to 21 % with exposures
of less than 100 mGy). Also those, who had been in
Chernobyl in 1986 were more often positive for CF
than those, who were on site in 1987 and 1988.
There were no differences with respect to the dura-
tion of the stay, probably because exposure depend-
ed on the professional, activities. The percentage of
CF+ ultrafiltrates was 65% for those working at the
reactor site and 43% for those working elsewhere
in the 11-30-km zone. If site of work, date of com-
menced work, duration of work, type of work, use
of protective clothes, changes in blood counts etc
were combined as weighting factors, liquidators
with a score of >10 weighting factors were more
often positive for CF than workers with a score of
<10 weighting factors (62 and 43% respectively).
There was a good correlation between weighting
factors and data provided by physical dosimetry.

The observations in Armenian liquidators could be
confirmed in the following by a larger series of Rus-
sian liquidators (EmeritI. et al, 1997¢), whose health
status is regularly checked at the All Russian Centre
for Ecological Medicine in St. Petersburg (coopera-
tion with N. Nikiforov, G. Katashkova, N. Zybina).
The overall frequency of liquidators positive for CF
was 63% for the total of 237 liquidators studied, a
percentage higher than that found in Armenia. The
reason for this is that the liquidators from the Insti-
tute in Yerevan were studied randomly in order of

ITocie n3yueHus KOpPEIAIMOHHBIX B3ANMOOTHOIIEHNNA
K® u npouyux OMOMAapKEPOB OKCHUIAHTHOI'O CTPECCA
ObL1a oTMedeHa Koppersinya UBK u npopykiyu O,, u3-
MepAEMON MyTeM onpezeneHusa uuroxpoma C. Kpome
TOro, 6blIA YCTAHOBJIEHA CWIbHAA Koppenauua MBK u
HU3KOI'O YPOBHSA THOJIOB IUIA3MbI, YTO CBUIETEILCTBOBA-
JIO O CHVDKEHHM AHTUOKCHUJAHTHOM 3AIUTHI OPraHMU3MA.
C Apyroi CrToOpoHbl, MEXKJY YPOBHAMU MAJIOHOBOI'O JI1-
anpaeruaa (MJA) u VMBK cyiiecTBoBaja Julllb Ciaabast
KOPPEJANYSL. DTO HE ABIACTCA HCOXKUIAHHBIM, TAK KAK I1C-
pekucHoe okuciieHue gunuaos (ITOJI) mumb oTyacTu
OOYCIIOBIMBAET KJIACTOT€HHYIO AKTUBHOCTD.

PE3VJIBTATBI 1 UX OBCYKIEHHNE

K®-TecT y y9aCTHHKOB JIMKBHIAITHH IIOCIEICTBHH
YepHOOBUIbCKOM aBAPHHU (JINKBHIATOPOB)

ITepBble OOPA3IIBI CBIBOPOTOK, B3SITHIC Y JIMKBHIATOPOB,
UCCIEOBAHHBIC B HAIIICH J1A60paTOpPUH, OBUIH PEIO-
CcTaBneHbl LIEHTPOM paInalinOHHON METUITMHEI B EpeBa-
He, Apmenus (IIpyu corpygandectse ¢ H. OranecsaHom,
A. TTorocssHoM, P. ApyTtioHssHOM U T. CapkucssHoM). M3 89
JINKBUJTATOPOBY 37 (42%) KD-TeCT ObUI ITOJIOKUTETLHBIM.
V 11(13%) uenoBexk MBK cocrassima +8,y 26 (29%) +10
u BbImie. CpeTHUE 3HAYCHUS COCTABIUH 06,16%4,83%
abeppalyi ¥ JOCTOBEPHO OTINYAIHCH (P<0,001) ot mo-
Kaszarenend y JOHOPOB Kposu (cpeansa MBK — 0,8+1,0%)
(Emerit I et al,, 1995b).

K® garre 06HAPYKUBAIN Y TUKBU/JATOPOB, y KOTOPBIX pe-
3YJIBraThI (PU3UYECKOI JO3UMETPUH CBU/ICTEIBCTBOBAIN
O IIPEBBIIICHUN BEJIMYMHDI JIOITYCTUMON 03kl 250 MIp
(86% 110 cpaBHEHUIO ¢ 21% Tpu OGIYYCHUHN B 103aX IO
100 MI'p). Kpome Toro, y TMKBUAATOPOB 1986 It yare BbI-
s KO, yeM y IuKBuaTOpoB 1987 1 1988 1T I1po-
JIOJDKUTENBHOCTD IPEOBIBAHUSA B 30HE OTUYKJCHUA HA
JTAHHBIE (DAKTOPHI HE BIMSIIA, BEPOATHO, U3-34 TOTO, YTO
J1032 OOIy4EHMA 3ABUCENA OT POAA IEATENBbHOCTH. YIEb-
HBIIT BeC yasrpaduasrpatos ¢ KO+ cocrasmsin 65% cpe-
JIU TEX, KTO PadOTaJI B HENIOCPEICTBEHHOM OJIN30CTH OT
Pa3pylIEHHOIO peakTopa U 43% — Ccpeau pabOTABIIMX B
11-30-kuy1omMeTpoBOI 30HE. OTArOMAIOIUMU (DAaKTOPA-
MU ObLIN JaTa Hadald paboT, UX IIPOAO/LKUTEIBHOCTD,
PO/ AEATETBHOCTU, UCITOIb30BAHUE 3AITUTHON OJICHK/IbI,
U3MEHEHHsT (DOPMYJIBI KPOBU U T.J1. KP-TeCT y TUKBU/IA-
TOPOB IIPU CYMME OTATOMAIOMNX (PAKTOPOB BbIIIE 10, 60-
JIEE 9ACTO ObLI HOJOXKUTEIBHBIMU, YEM IIPU CYyMME (pak-
TOpoB MeHee 10 (y 62 1 43% COOTBETCTBEHHO). BhisiBie-
H4 KOPPEIALHA OTAT4alomnux (PaKTOPOB U JTAHHBIX
(PU3UIECKOI JOZUMETPU.

JlanHbIE OOCIENOBAHUSA JIUKBUAATOPOB B ADMEHUU
HOATBEPKIEHBI PE3YJIBIATAMHU, ITOJIydEHHBIMU B 6OJIb-
LIE KOTOPTE JTUKBUATOPOB 13 Poccuu (Emerit L et al,,
1997¢), ube COCTOAHUE 340POBbA PETYIAPHO KOHTPO-
JmpyeT BcepoCCUNCKUI LIEHTP 3KOJIOTUYECKOM MEIH-
uHbI B Caukr-Ilerepoypre (B corpyaHudecTse ¢ A. Hu-
kudoposbiM, I Katamkosoit u H. 3p161HOMN). KO ObL1n
BBISIBJICHBI ¥ 63% U3 237 O06CIETOBAHHBIX TUKBU/ATO-
POB, 4TO NIPEBBINIAET MOKA3ATENH, IIOJIYIEHHBIE B Ap-
MeHUH. CIe/lyeT OTMETHUTBD, YTO B ADMEHNH JIUKBU/IATO-
POB 0O6CJIEIOBAIN 1O MEPE UX O6pamieHusd, a B CAHKT-
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their arrival for check-up, while the liquidators in
St.Petersburg were selected for inclusion in a clini-
cal trial. Again CF positivity was higher for exposures
of >250 mGy compared to exposures of <100 mGy
(73 and 37% respectively). The results obtained for
Armenian and Russian liquidators are shown in ta-
ble 1. Another group of 44 liquidators was studied
after their emigration to Israel in cooperation with
J. Goldsmith, M. Quastel and E.Riklis, Beer Shewa,
Israel (Emerit I et al,, 1994b). Only 27% of these
workers were positive for CE Exposure data are not
available for these persons.

[TerepOypre npou3BOAMIN OTOOP JIUKBUAATOPOB I
BKJIIOYECHUS B KIMHHUYECKOE Uccaegopanue. KO yame
OOHAPYKUBATIN Y UL, OOJIYIEHHBIX B /103X 60s1ee 250 MIp,
4eM y OOIY4EHHBIX B 03ax 70 100 mIp (73 u 37% co-
OTBETCTBEHHO). Pe3ynbTaThl, TOJIYIYEHHbIE B ADMEHUHU
u Poccun, npejcrasieHsl B Tabaune 1. Eme 44 1uksu-
JlaTopa 6BUIN OOCIEJOBAHBI (IIPU COTPYJHUYECTBE C
J. Goldsmith, M. Quastel u E. Riklis, Beep Illesa, N3pa-
WJIb) TIOCJIE UX dMuUrpanuu B Mspamns (Emerit L et al,
1994b). JTIub y 27% n3 HUX KO-TeCT 6bLI MOTOKUTEb-
HBIM. /JO3UMETPHUUECKUE JAHHDBIE STUX JUKBHUIATOPOB
OTCYTCTBYIOT.

TABLE 1
RESULTS OBTAINED WITH THE CF-TEST IN CHERNOBYL-EXPOSED WORKERS (LIQUIDATORS) (%)
TABJINLA 1
PE3VNbTATHI KO-TECTA Y NALI, O6NYYEHHbIX BCIEACTBUE ABAPUN HA YEPHOBbINbCKO ASC (IMKBUIATOPOB) (%)
ACS Liquidators* Liguidators** Referents ***
0 11 6 52
<6 37 18 43
6 10 133 5
8 13 25 0
>8 29 38 0
Mean 6.2+4.8 8.2+45 0.8+1.0

Note. * — Centre of Radiation Medicine, Yerevan, Armenia, n=89; ** — All-Russian Centre for Ecological Medicine, St. Petersburg, Russia, n=237;

* ok k

— blood donors from Armenia and France, n=100.

lMoumeyarne. * — LieHTp pagmaLMoHHoOA MeauLmnHbl, EpeBaH, Apmenus, n=89; ** — BCcepoCCUACKNIA LEHTP 3KONOMYeCcKoiA MeanuuHbl, CankT-letep-

6ypr, Poccus, n=237; *** — poHopbl 13 ApmeHuu n ®paumm, n=100.

Since the liquidators did not return to Chernobyl
and are now living in a non-contaminated environ-
ment, the persistence of clastogenic factors cannot
be explained by persisting radiation exposure. Irra-
diation of blood i vitro showed that a radiation
dose of 500 mGy results in significant clastogenic
activity and that cells incubated in fresh culture me-
dium continue to produce CF in culture (Emerit 1.
etal, 1994b; 1997¢). The doses received by the lig-
uidators were sufficient for initiation of the vicious
circle of CF formation.

The formation of CF after radiation exposure is
probably similar to CF formation in chronic inflam-
matory diseases. Inflammatory reactions have been
proposed to explain the neutrophilia in A-bomb
survivors (Neriishi K., 1991), in whom persistence
of CF was noted by a study done 30 years after the
Hiroshima nuclear bomb attack (Pant G.S., Kama-
da N, 1977). Moderate neutrophilia was also ob-
served in Armenian liquidators (Oganesian N. et al.,
1991), together with lymphopenia consisting pri-
marily in a reduced number of T-lymphocytes. The
formation as well as the chromosome damaging
effects of radiation-induced CF were preventable by
SOD (Emerit L et al., 1994b; 1997¢). The latter is
another argument for similarities with CF in chronic
inflammatory diseases. Lipid peroxidation products
and TNFa are probably also the clastogenic com-
ponents of CF in liquidators’ blood. MDA levels and
conjugated dienes were found to be increased, as
well in the Armenian (Emerit I et al, 1995b) as in
the Russian study group (EmeritI. etal, 1997¢).Itis

TTOCKOJNBKY JIMKBUATOPBI HE BO3BPALITAINCH B YePHOOBUIL
U B HACTOAIIIEE BPEMA IPOKUBAIOT B PATUOIOTMIECKH OJ1a-
TONPHATHBIX YCIIOBUAX, IEPCUCTUPOBAHNE y HUX KD HE MO-
SKET OBITb OOBSICHEHO IIPOJOJDKAIOIIMCS O0TydeHHEM. Pe-
3YJIBTATBl OOJIYYEHUS KPOBU 72 Vilro TIOKA34JIH, YTO J034
500 MI'p BBI3BIBACT 3HAYUTEILHOE TOBBIIICHUE KIACTOI'CH-
HOM AKTUBHOCTH, 4 UHKYOMPOBAHHDIC B CBEIKEI KYJILTYPA/Ib-
HOMH cpefie OOIYy4EHHBIE KIETKH IIPOJIOJDKAIOT BEIPAOATHI-
Bath K® B kynerype (Emerit I et al, 1994b; 1997¢). 10381,
HOJIY4EHHBIE IMKBUATOPAME, MOIJIU OBITh JOCTATOYHBIMU
JUTS1 UTHULTUAIIUH [IOPOYHOTI'O Kpyra 06pa3oBaHust K.

O6paszosanue K BeiecTBUE OOTYIEHUS MOKET IIPOUC-
XOJIUTD TAK K€, KAK IIPH XPOHUYECKUX BOCTIAJIUTEIBHBIX
3200s1€BaHMAX. BOCIaIMTEIBbHbIE PEAKIINH OBLIN IPETIO-
JKEHBI JIJI1 OObCHEHUS HEUTPO(DUINU Y JKEPTB ATOMHBIX
o6omb6apanpoBok (Neriishi K., 1991), korga nepcucTupo-
Banue K® 6bUI10 y HUX OTMEYEHO CIrycTd 30 JIET mocie
ANEePHOI 60MOapIUPOBKU XUPOCcHUMBI (Pant G.S, KamadaN.,,
1977). ¥V mukBUgaTOpPOB M3 APDMEHUU TAKKE BbIABJIIIN
YMEPEHHO BBIPAKECHHYIO HerTpodwinio (Oganesian N. et
al, 1991) Hapsay ¢ mMM@OIIEHHEN, IPEUMYIIECTBEHHO
IIPOSBJIABIIEECS CHIDKEHNEM Ynciia T-mum@onunTos. O6-
Pa30BaHHE PA/TUAITHOHHO-UHAYITUPOBAHHBIX KD, TaK e
KaK 1 UX 3(P(PEKTHI TOBPEKICHUS XPOMOCOM, HUBEITHPO-
Bach COJT (Emerit L. et al,, 1994b; 1997¢). TTociennee —
€III€ O/INH API'YMEHT B O3y OA00M KD TaKOBBIM IPU
XPOHHUYECKUX BOCITAIUTENbHBIX 3200JI€BAaHUAX. [TPOAyK-
ThI [TIOJI 1 a-PHO, BEPOATHO, ABIAIOTCA KIACTOT€HHbBI-
MU KOMITOHEHTaMU K@ B KpOBU JIMKBUIATOPOB. OOHAPY-
JKEHO NOBbIIeHNE M/IA 1 KOHBIOTHPOBAHHBIX JTUCHOB B
KPOBHU Y JIUKBUATOPOB 13 ApmeHuu (Emerit 1. et al,
1995b) u Poccun (Emerit I. et al., 1997¢). U3BeCTHO, 4TO
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known from the literature that TNF mRNA and pro-
tein are increased after exposure of cells to ionizing
radiation (Hallahan D.E. et al., 1989).

The CF-Test in Chernobyl-exposed

children

Afirst group of 170 children, who had emigrated to
Israel in 1990, have been studied in cooperation
with J. Goldsmith, M. Quastel and E. Riklis, Beer She-
va (EmeritL etal., 1997a). A high percentage of these
plasma ultrafiltrates exerted clastogenic effects in
test cultures set up with blood from healthy donors.
The differences were highly significant in compari-
son to children immigrated from “clean” cities of the
former Soviet Union and healthy Israeli children, in
whom the mean ACS were 1.9+1.1 and 1.0+0.7 re-
spectively (table 2). The percentage of CF+ children
and the mean values of adjusted clastogenic scores
were higher for those coming from Gomel and
Mozyr, which are high exposure sights (IEAE mea-
surements), compared to those coming from Kyiv.

TIOCJIE BO3JENUCTBUA NOHU3UPYIONUX U3TYIEHHH [TOBbI-
maercs yposeHb MPHK u nporenna ®HO (Hallahan D.E.
etal, 1989).

K®-TecT y feTei, HoCTpaJaBIIuX BCIEICTBHE
YepHOOBUIBCKOM aBAPHH

O6cnegoBanye nepso rpynel (170 gerein) saMurpupo-
BaBIMX B M3pamib B 1990 It BBIITOIHEHO IIPH COTPYHU-
yectse ¢ J. Goldsmith, M. Quastel u E. Riklis, Beep IlleBa
(Emerit L et al., 19972). VABrpaduisTpaThl I1a3MbI KPO-
BH 3TUX JETEU 3a494CTYIO MPOSIBIIIU KIACTON€HHBIE (-
(PEKTBI B TECTOBBIX KYJIBIYPAX KJIETOK KPOBU 3/JOPOBBIX
JOHOPOB. IToCTpagaBIINe JETU CYIIECTBEHHO OTINYd-
JIUCB OT JIETEMN, SMUTPUPOBABIINX U3 “UUCTBIX” TOPOJIOB
Ob1BI1IETO COBETCKOIO COI034, U 3J0POBBIX JIeTEH 13 13-
pawsis, y KOTOpBIX cpeanne 3Havenns VMBK cocrasnanmm
1,9+1,1 1 1,0+0,7 cOOTBETCTBEHHO (Tabsuua 2). Conep-
s)xanue KO u cpepnue snaueHus MBK 6buin BeIIE Y -
TEer U3 1T Tomenb 1 MO3BIPb — CWIBHO 3aI'PA3HEHHBIX
HACEJICHHBIX IYHKTOB (JJaHHBIC JO3UMETPpUN MATATD),
4eM y ICTEH, SMUTI'PUPOBABIIMX 13 Kuesa.

TABLE 2
RESULTS OBTAINED WITH THE CF-TEST IN CHERNOBYL EXPOSED CHILDREN (%)
TABJINLIA 2
PE3YJIbTATbI KO-TECTA Y OBJIYYEHHbIX JETEN (%)
Group of children n CF+,% Mean ACS
| Emigrated to Israel*
Kiev 67 31 5.9+1.2
Gomel 95 52 7.7¢1.2
Il Children living in Ukraine**
Kiev 93 30 4.9+4 4, p<0.01
Bazar 27 100 12.2+2.4, p<0.001
Kotsubinskoje 58 43 6.5+3.7, p<0.01
Goncharovsk 49 14 2.8+3.7
111 Controls
Israel 48 2 1.0£0.7
Paris 50 6 242
Clean cities 24 8 1.9+11

Note. * — in cooperation with J. Goldsmith, M. Quastel, Israel; ** — in cooperation with Y. Antipkin, Kyiv.
Mpumeyarne. * — B cOTPYAHMYecTse ¢ J. Goldsmith, M. Quastel, N3pannb; ** — B coTpyaxuyectse ¢ 0. AHTUNKMHBIM, Knes.

A second group of children have been studied in
cooperation with U. Antipkine, Institute for Pedi-
atrics, Gynaecology and Obstetrics in Kyiv, Ukraine
(EmeritI et al,, 1997¢). The frequency of CF+ plas-
ma samples varied between 14 and 100% as a func-
tion of their origin (table 2). Interestingly, the per-
centage of CF+ samples was the same (30%) for
children emigrated from Kyiv to Israel and children
still living in Kiev. The highest values were observed
in 27 children, who had been evacuated from a
zone, in which '¥’Cs levels in the soil were between
10 and 15 Ciekm~? (Bazar, Losniza, Narodici and
others). Another group of children are at present
living in controled territories, such as the
Chernigov region, a zone known for important
contamination with radioactive iodine. Significant
differences were observed between children from
two different places in this region, Goncharovsk
and Kotsubinskoje village. This was true as well for
mean ACS (2.78 and 6.45 respectively) as for the

Bropas rpynmna gereit 6p1a 06Ci1eA0BaHA COBMECTHO C
IO, AHTUTITKUHBIM, MHCTUTYT IIEAMATPUH, AKYIIEPCTBA M T'H-
Hexosnoruu B Kuese, Ykpanna (Emerit L et al,, 1997¢). Yac-
TOTA KPO-IIONOKUTEIBHBIX OOPA31IOB IJIA3MbI BADbHPOBA-
20t 14 10 100% B 3aBUCUMOCTH OT MECTA JKUTEJILCTBA PE-
6eHKa (CM. Tabmuiy 2), 1 6bU1a OAUHAKOBA (30%) Kak y
JeTen, SMUIpUPOBaBIINX 13 Kuesa B U3pawib, TAK U Y IIPO-
JIOJDKAIONTNX KUTh B Kuese. Hanbomnee BLICOKHUE MTOKA3a-
TEJIU HAOMIONAIN Y 27 IETEN, 3BAKYUPOBAHHBIX U3 30HHDI,
I7I€ YPOBEHD 3arPsA3HEHMA MOYBLI 7Cs cocrasisan 10—
15 Ku e kM~ (HaceIeHHBIE ITyHKTRI Bazap, Jlocauiia, Hapo-
U4 U 1p.). Bbuin Tarke 00CIE€JOBAHBL ICTH, KOTOPBIE B
HACTOSIIEE BPEMA ITPOKUBAIOT HA KOHTPOJIMPYEMOH TEP-
puropun YepHHUTOBCKOM O6JIACTU — 30HE, TOABEPIIIEH-
CSl THTEHCHBHOMY 3aIPA3HEHUIO PAIMOAKTUBHBIM FO/IOM.
CyIIECTBEHHBIC PA3/IYNs TOKA3ATENICI BBIABICHBI Y ICTCH
JIBYX HACEJIEHHBIX IIyHKTOB JIAHHOT'O PETHMOHA: [TOHYapOoB-
cka u KorroouHckoe. Cpennue 3HadeHust UBK cocraBu-
2,78 u 6,45 COOTBETCTBEHHO, YACTOTA OOHAPYKEHUSI
KD — 14 1 44% (cm. Tabnuity 2). CpeIHHE BEJIMYHUHEI 103
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percentages of CF+ children (14 and 44% respec-
tively) (table 2). Averages of thyroid irradiation,
measured in 1986, were higher for Goncharovsk
than for Kotsubinskoje. However, since goiter is
endemic in Kotsubinskoje, the radioactive iodine
may have been fixed more intensively on the thy-
roid gland. Other data are not in favor of a correla-
tion between thyroid radiometry in 1986 and posi-
tive CF-tests ten years later: 1) the number of chil-
dren positive for CF was practically the same for
thyroid dosimetric measurements of >2,000 and
<300 mGy (50 and 44% respectively); 2) no rela-
tionship have been revealed between enlargement
of the thyroid gland and CF-positivity in children
emigrated to Israel. The contamination with ¥7Cs
was higher for Kotsubinskoje than for Gon-
charovsk, if the levels in milk were considered, but
the reverse was true for soil contamination.

As in liquidators and in A-bomb survivors, persis-
tence of irradiation seems not to be necessary for
persistence of CF in children.

Because of difficulties in obtaining plasma samples
from unexposed Ukrainian children, fifty French
children served as controls for this study group (co-
operation with D. Porquet, Dep. Biochemistry, Ro-
bert Debré Hospital, Paris). Three of them were CF+
with a mean ACS of 2.2+2.9 %. The French data cor-
respond to those of children from the former Sovi-
et Union, but are higher than those of the Israeli chil-
dren. The latter were healthy school children, while
the French children had been consulting for various
reasons. The differences between Chernobyl ex-
posed children and the control groups are highly
significant.

Results obtained with the CF-test in clinical

trials with antioxidants

It has been suggested that CF are risk factors for the
development of late effects in irradiated persons
(Faguet G.G. et al,, 1984; Emerit L., 1994a). Not only
cancer but also other health problems observed in
the workers could be related to oxidative stress.
Since the DNA-damaging effects of CF are mediat-
ed by oxygen-derived free radicals, antioxidants
may be proposed for prevention of subsequent di-
sease. SOD was consistently anticlastogenic, but
cannot be administered by the oral route. Therefore
other products with confirmed superoxide-sca-
venging properties were used for two open clinical
trials, conducted in Yerevan with the authorization
of the Armenian Ministry of Health.Thirty liquida-
tors were treated with EGb 761, an extract from
Ginkgo biloba leaves containing 24% Ginkgo fla-
vone glycosides and 6% Ginkgolides-bilobalides
(trade name Tanakan, IPSEN Lab., Paris, France)
(EmeritI. et al, 1995b). Another group of 20 Arme-
nian liquidators received the Antioxidant Biofactor
AOB from AOA Company, Kobe, Japan (Emerit L et
al, 1997b). AOB is extracted from soybean, rice,
wheat, green tea, yeast and sesame. It contains var-

OGIyUEeHUS TMUTOBUHOM JKeJIe3bl, IO AaHHbIM 1986 T,
ObutH BbIIE U1 [OHYapOBCKa, yeM Jy1si KOIIoOOMHCKOTIO.
ITockOIbKY KOIIOOMHCKOE SIBJISICTCSI HACCJICHHBIM ITYHK-
TOM, PACIIOJIO’KEHHBIM HA 9HIEMHUYHOM 110 300y TEPPUTO-
U, BO3MOKHO, PATUOAKTHUBHBIH H10]] 6071€€ MTHTEHCUBHO
HAKATUIMBAJICS B IITUTOBUIHOM JKEJIE3€ €TI0 KUuTesei. JlaH-
HbIC PAUOMETPHH IIIUTOBUIHOM Kesie3bl 1986 1. He COOT-
BETCTBYIOT ITOJIOKUTEILHBIM pe3ynbraram Kd-recra crry-
crs gecsaTh aeT. KO-TeCT 6L HONTOKUTEIBHBIM TPAKTUYEC-
KU OJJMHAKOBO YAaCTO MPU BEJIUYUHAX 103 OOJydEHUS
U TOBUAHOM Kene3bl Kak >2000 mIp, Tak 1 <300 mIp (co-
OTBETCTBEHHO 50 1 44%); y IETEN, SMUTPHUPOBABIINX B M3-
PanIb, HE YAJI0Ch YCTAHOBUTD KAKOU-JIMOO 3aBUCUMOCTH
MEXK/y YBEJIUMYEHHUEM IUTOBUIHOM JKEJIE3bl M ITOJIOXKH-
TEJIbHBIMU Pe3ybTaTaMu KP-Tecta. VPOBEHD 3arPA3HEHMS
137Cs MOsIOKa 66112 BbITE B KOITIOOMHCKOM, yeM B [oHYa-
POBCKE, OJHAKO B OTHOILICHUH IUIOTHOCTH 3AI'PA3HEHMSI
IIOYBBI PE3Y/IBTATHI HOCH/IN IIPOTHUBOIIOIOKHBIN XaPAKTED.

Kak y IMKBUJATOPOB, TAK U Y 3KEPTB ATOMHOM OOMOap/IH-
POBKHU IIPOJOJDKEHUE OOIyYEHUSI HE SIBJISIOCh HEOOXO-
JIMMBIM YCJIOBUEM JIJIS1 IEPCUCTUPOBAHNA KO.

Beuay TpyaHocTen MoaydeHus MaTepUaa IIa3mbl He-
OOJIyYEHHBIX JIeTEN U3 YKPAUHBI JUI1 KOHTPOJISI UCIIOJIb-
30BAJIA JJAHHBIE UCCIIEAOBAHNUI 50 (PPAHIY3CKUX AeTEN
(pu cotpyaaudectse ¢ D. Porquet, oTe1 OMOXUMUM I'OC-
nutanst Robert Debré, ITapik). KO-MTONIOXKUTEIBHBIMU
ObUIH 3 U3 HUX, cpeausist UBK — 2,242 9%. DTy JaHHbIC
COIJIACYIOTCA C PE3YIABTATAMU UCCIACIOBAHMA JETECH U3
ob1B11IETO CCCP, HO IPEBBIIIAIOT TAKOBBIC Y 3/J0POBBIX JIC-
TEN MIKOJBHOTI'O BO3pacTa 13 Mapawnist. Bo @panHiu 0o-
CJIEOBAHBI JETH, OOPAIABIINECS 34 KOHCYJIBTATUBHOM
IIOMOIIBIO. TeM HE MEHEE, Pa3INyus TOKA3aTENICH 1eTe,
UCTBITABIINX BO3ACUCTBHE YePHOOBUIS, U KOHTPOJIHLHOM
TPYIHIIBI OBUIN BBICOKO 3HAYHMMBIMH.

PesynpTarel KO-TecTra mpyu KWIMHHIECKHX
HCIIBITAHHAX AaHTHOKCHIAHTOB

IMpeanonaraercs, 4To KO ABIAIOTCA (PAKTOPAMH PUCKA
Pa3BUTUsA OTAAICHHBIX 3 dexToB oomydeHus (Faguet G.G.
et al,, 1984; Emerit I, 1994a). Bo3HUKHOBEHUE 3200J1€BA-
HHM, HE TOJIBKO OHKOJIOTHYECKHX, Y IMKBHUAATOPOB MOXKET
OBITH CBA3AHO C OKCU/IAHTHBIM CTpeccoM. ITockonbry JTHK-
nospexparonye apdexrsr K orocpeayrorcss CBO60IHbI-
MU PAJUKAIIAMHU, BBIJCSIONIMMEI KUCIOPO]], B KAYECTBE
MIPEBEHTHUBHBIX CPE/ICTB MOTYT OBITH IPEIIOKEHBI AHTU-
OKCHJIAHTBL IIpU CYIECTBEHHOM aHTUKIACTOI€HHON aK-
THUBHOCTH He cyieiyeT HazHayaTb CO/l-IIpernaparhl I 3H-
TEPAIBHOI'O IPHUMEHEHUS. [TOTOMY B IBYX OTKPBITBIX KITH-
HHUYECKUX UCIBITAHMSX UCITOIb30BAIIN IPYTUE IPETAPATHI
C TIOJATBEPKAECHHBIMU AHTUIIEPEKUCHBIMH CBOMUCTBAMU.
Hcnibrranys npoBoAwan B EpeBane ¢ O(pUIIMAIbHOTO Pa3-
peteHns MUHUCTEPCTBA 34PABOOXPAHEHMA ADMEHUU.
TpuALATh TUKBHAATOPOB puHuManu EGb 761 — akc-
TpakT U3 MUCTheB Ginkgo biloba, copeprrariit 24% raBo-
HOBBIX IVIMKO3UIOB [MHKIO 11 6% F'MHKIOJIN-OMIIOO UTUIOB
(komMmepueckoe Hazpanue Tanakan, IPSEN Lab., ITaprok,
Opannya) (Emerit L et al, 1995b); 20 — AHTHOKCHUIAHT-
HbI 6uodakrop (AOB) npoussoacTtsa AOA Company,
Kobe, Anonusa (Emerit I et al,, 1997b). AOB nosryuaior us
PACTUTEIBHOTO CHIPBS (COEBbIE GOODL, PUC, MIIIEHUIIA, 3€-
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ious flavonoids, in particular daidzein, genistein and
rutin, in addition to small amounts of oligoelements
and antioxidant vitamins. A CF-test had been per-
formed before and after a 3 month treatment. Even
after a treatment- free period of 6 to 12 months, CF
did not reach detectable levels in the majority of lig-
uidators. The workers experienced improvement of
their general condition and working capacity. Both
antioxidants will now be studied in a double blind,
placebo-controlled trial. The studies indicated that
the use of antioxidants can be discontinuous, which
is of considerable interest for cost evaluations of
long-term prophylactic treatments.

CONCLUSION

On the basis of the reported data, CF can be con-
sidered as biomarkers of a prooxidant state. The
CF-testis useful as an intermediate endpoint in in-
tervention clinical trials. The cytogenetic test sys-
tem appears preferable to biochemical analysis of
the various clastogenic and pro-oxidant compo-
nents, since their synergistic action renders the test
particularly sensitive. The study of the clastogenic
effects of patient’s plasma on cells of healthy blood
donors instead of looking for chromosome dam-
age in lymphocytes of exposed persons, has the ad-
vantage that the plasma can be frozen and studied
when convenient. The induction of chromosomal
aberrations by the plasma of a patient demon-
strates that the circulating clastogenic prooxidants
have reached levels which are no longer counter-
balanced by the antioxidant defenses and the DNA
repair system of the organism. Oxidative stress is
one of the non-specific consequences of irradia-
tion, even at low doses. It is our aim to draw atten-
tion to health problems related to oxidative stress
in Chernobyl-exposed workers and children, since
they might be successfully influenced by antioxi-
dants.
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