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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 K.O., Sumner K., 1968;
Hollowell H.G., Littlefield L.G., 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; 1997a; 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, Sjögren�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 I., 1986; 1994a). CF
are also regularly found in the plasma of persons
infected with HIV (Fuchs J. et al., 1995). The con-

ÂÂÅÄÅÍÈÅ
Êëàñòîãåííûå ôàêòîðû (ÊÔ) áûëè âïåðâûå îïèñàíû
â ïëàçìå ó ëèö, ïîäâåðãøèõñÿ ñëó÷àéíîìó âîçäåé-
ñòâèþ èîíèçèðóþùèõ èçëó÷åíèé, èëè æå ïîëó÷àâøèõ
ðàäèîòåðàïèþ (Goh K.O., Sumner K., 1968; Hollowell H.G.,
Littlefield L.G., 1968). ÊÔ òàêæå âûÿâëÿëè ó æåðòâ àòîì-
íûõ áîìáàðäèðîâîê íà ïðîòÿæåíèè ìíîãèõ ëåò ïîñ-
ëå îáëó÷åíèÿ (Pant G.S., Kamada N., 1977). Ïîçäíåå, íà-
ëè÷èå ÊÔ â ïëàçìå ó ëèêâèäàòîðîâ è äåòåé, îáëó÷åí-
íûõ âñëåäñòâèå ×åðíîáûëüñêîé êàòàñòðîôû, îïèñàíî
â ðàáîòàõ íàøåé ëàáîðàòîðèè (Emerit I. et al., 1994b;
1995b; 1997a; 1997b).

ÊÔ èíäóöèðóþòñÿ íå òîëüêî îáëó÷åíèåì. Ïîäîáíûå
ïåðåíîñèìûå êëàñòîãåííûå âåùåñòâà öèðêóëèðóþò â
ïëàçìå ó ïàöèåíòîâ ñ õðîíè÷åñêèìè âîñïàëèòåëüíû-
ìè çàáîëåâàíèÿìè ñîåäèíèòåëüíîé òêàíè, òàêèìè êàê
ïðîãðåññèðóþùèé ñèñòåìíûé ñêëåðîç, ñèíäðîì Øåã-
ðåíà, ðåâìàòîèäíûé àðòðèò, ñèñòåìíàÿ êðàñíàÿ âîë-
÷àíêà, óçåëêîâûé ïåðèàðòåðèèò, äåðìàòîìèîçèò, à òàê-
æå ñ  õðîíè÷åñêèìè âîñïàëèòåëüíûìè çàáîëåâàíèÿ-
ìè ïèùåâàðèòåëüíîãî òðàêòà â âèäå  ÿçâåííîãî êîëèòà
è áîëåçíè Êðîíà (Emerit I., 1986; 1994a). ÊÔ òàêæå îá-
íàðóæèâàþò â ïëàçìå ó ÂÈ×-èíôèöèðîâàííûõ ëèö
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genital breakage syndromes (ataxia telangiectasia,
Bloom�s syndrome, Fanconi anemia) are accompa-
nied by the formation of clastogenic factors (Emer-
it I., 1994a; Emerit I. et al., 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 I. 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 L.G., 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 (TNFα), 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 TNFα
(Progrebniak H.W. 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 I., 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 I., 1990a). 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). Âðîæäåííûå ñèíäðîìû ðàçðû-
âîâ õðîìîñîì (òåëåàíãèýêòàòè÷åñêàÿ àòàêñèÿ, ñèíä-
ðîì Áëóìà, àíåìèÿ Ôàíêîíè) ñîïðîâîæäàþòñÿ îáðà-
çîâàíèåì ÊÔ (Emerit I., 1994a; Emerit I. et al., 1995a). Ïðè
âñåõ ýòèõ ïàòîëîãè÷åñêèõ ñîñòîÿíèÿõ ÊÔ îáðàçóþò-
ñÿ âñëåäñòâèå ïîâûøåííîé ïðîäóêöèè ïåðåêèñíûõ
ñîåäèíåíèé ðàçëè÷íîãî ïðîèñõîæäåíèÿ, ÷òî ïîñòî-
ÿííî ïîäàâëÿåòñÿ èëè íèâåëèðóåòñÿ ñóïåðîêñèääèñ-
ìóòàçîé (ÑÎÄ) (Emerit I. et al., 1996).

ÊÔ � ñìåñü ïðîîêñèäàíòîâ ñ õðîìîñîìîïîâðåæäà-
þùèìè ñâîéñòâàìè, à íå îòäåëüíûå ôàêòîðû, êàê
ñ÷èòàëè ðàíåå (Goh K.O., Sumner K., 1968; Hollo-
well H.G., Littlefield L.G., 1968; Faguett G.G. et al., 1989).
Ìåòîäàìè áèîõèìè÷åñêîãî àíàëèçà èäåíòèôèöèðî-
âàíû ïðîäóêòû ïåðîêñèäàöèè àðàõèäîíîâîé êèñëî-
òû, âûñâîáîæäàåìîé èç ôîñôîëèïèäîâ ìåìáðàí, öè-
òîêèíû â âèäå α-ôàêòîðà íåêðîçà îïóõîëåé (α−ÔÍÎ),
à òàêæå àòèïè÷íûå íóêëåîòèäû � èíîçèí-äè- è òðè-
ôîñôàòû (ÈÒÔ). Ñâîéñòâà ýòèõ êîìïîíåíòîâ ïîä-
òâåðæäåíû äàííûìè öèòîãåíåòè÷åñêèõ èññëåäîâà-
íèé (Emerit I., 1994a). Ðàçëè÷íûå êîìïîíåíòû ÊÔ
ïðîÿâëÿþò ñâîè êà÷åñòâà ïî-ðàçíîìó. Àëüäåãèä
4-ãèäðîêñèíîíåíàë, ïðîäóêò ðàñïàäà ïåðåêèñåé ëèïè-
äîâ, ïðåäñòàâëÿåò ñîáîé èçâåñòíûé ãåíîòîêñè÷åñêèé
àãåíò, èíàêòèâèðóþùèé ôóíêöèîíàëüíûå SH-ãðóï-
ïû ÄÍÊ-ïîëèìåðàç è îáðàçóþùèé ìîíîôðàãìåíòû
ñ òàêèìè êëåòî÷íûìè òèîëàìè, êàê ãëóòàòèîí è öèñ-
òåèí (Wavra E. et al., 1986). ÈÒÔ ñïîñîáåí èíäóöèðî-
âàòü ãåíîòîêñè÷åñêèå ýôôåêòû ïóòåì èíãèáèðîâà-
íèÿ ÄÍÊ (Osheroff N. et al., 1983). Ïîìèìî òàêèõ ïå-
ðåêèñíî-íåçàâèñèìûõ ïóòåé êëàñòîãåíåçà, ðÿä ñî-
åäèíåíèé ïðîÿâëÿþò ñåáÿ êàê êëàñòîãåíû áëàãîäàðÿ
ïåðåêèñíî-ñòèìóëèðóþùèì ñâîéñòâàì, õîðîøî èçó-
÷åííûì ó α−ÔÍÎ (Progrebniak H.W. et al., 1990) è ÈÒÔ
(Kuhns D.B. et al., 1988). Ïðè äîáàâëåíèè â êëåòî÷íóþ
êóëüòóðó ýòè ñîåäèíåíèÿ âûçûâàþò äàëüíåéøóþ ïå-
ðåêèñíî-ìîäóëèðîâàííóþ ïðîäóêöèþ ÊÔ. Ïðè óñëî-
âèè, ÷òî îáðàçîâàíèå ïåðåêèñåé âåäåò ê îáðàçîâàíèþ
êëàñòîãåííûõ âåùåñòâ, â ñâîþ î÷åðåäü îáðàçóþùèõ
ïåðåêèñè, òàêàÿ ñèñòåìà ÿâëÿåòñÿ ñàìîïîääåðæèâà-
þùåé è ìîæåò îáóñëîâëèâàòü ïðîäîëæèòåëüíûé ãå-
íîòîêñè÷åñêèé ïðîöåññ. ÑÎÄ è ïðî÷èå ñîåäèíåíèÿ,
óäàëÿþùèå ïåðåêèñè, îáëàäàþò ïðîòåêòîðíûìè
ñâîéñòâàìè, ò.ê. ðàçðûâàþò äàííûé ïîðî÷íûé êðóã.
Ïîäðîáíî îáðàçîâàíèå ÊÔ è ïåðåêèñíî-îïîñðåäî-
âàííîãî êëàñòîãåíåçà îïèñàíû â äâóõ îáçîðàõ (Emerit I.,
1994a; Emerit I. et al., 1996).

ÌÅÒÎÄÛ
ÊÔ-èíäóöèðîâàííûé êëàñòîãåíåç ñðàâíèì ñ õèìè÷åñ-
êèì êëàñòîãåíåçîì, íî â äàííîì ñëó÷àå êëàñòîãåíû èìå-
þò ýíäîãåííîå ïðîèñõîæäåíèå. Äëÿ èõ îïðåäåëåíèÿ
ðàçðàáîòàíà öèòîãåíåòè÷åñêàÿ òåñòîâàÿ ñèñòåìà �
ÊÔ-òåñò (Emerit I., 1990a). Ïîñêîëüêó êîìïîíåíòû ÊÔ
ïðè èíäóêöèè ïîâðåæäåíèÿ õðîìîñîì äåéñòâóþò ñè-
íåðãè÷åñêè, òåñò ÿâëÿåòñÿ ÷ðåçâû÷àéíî ÷óâñòâèòåëü-
íûì èíäèêàòîðîì òàêèõ öèðêóëèðóþùèõ ïðîîêñè-
äàíòîâ, êàæäûé èç êîòîðûõ â îòäåëüíîñòè íå âñåãäà
äîñòèãàåò ïîðîãà ÷óâñòâèòåëüíîñòè áèîõèìè÷åñêîãî
àíàëèçà.
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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 of incubation 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 or induced 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
healthy adults was 0.8±1.0 (Emerit et al. 1995 b). On
the basis of these data, ACS in the range between
0 and +4 are considered as negative for CF, ACS of
more than 7 as positive for CF. ACS of +6, detected
with a frequency of 5% in the control population,
are scored as CF±.

Ìåòîäèêà âûäåëåíèÿ ÊÔ îñíîâàíà, ãëàâíûì îáðà-
çîì, íà óëüòðàôèëüòðàöèè ïëàçìû ÷åðåç ôèëüòð
30 êÄà â öåëÿõ óäàëåíèÿ âñåõ ïðî÷èõ êîìïîíåíòîâ ñ
áîëüøåé ìîëåêóëÿðíîé ìàññîé, êîòîðûå ñïîñîáíû
íàðóøèòü ðîñò êóëüòóðû ââèäó íåñîâìåñòèìîñòè ïî
ãðóïïàì êðîâè. Íà ýòàïå ôèëüòðàöèè ïðîèñõîäèò
òàêæå óäàëåíèå ðåçèäóàëüíûõ êëåòî÷íûõ ýëåìåíòîâ
êðîâè.

Â òåñòîâóþ êóëüòóðó � 0,4 ìë öåëüíîé êðîâè äîíîðîâ
(öåíòð ïåðåëèâàíèÿ êðîâè, Ïàðèæ), ïîìåùåííîé â
4 ìë ñðåäû RPMI 1640 ñ äîáàâëåíèåì 1 ìë ýìáðèîíàëü-
íîé òåëÿ÷üåé ñûâîðîòêè (Gibco, Ôðàíöèÿ) äîáàâëÿëè
0,25 ìë óëüòðàôèëüòðàòà èëè 0,1 ìë â ñëó÷àå íåóäà÷è
ïåðâîé ïîïûòêè êóëüòèâèðîâàíèÿ. Ïðîëèôåðàöèþ
ëèìôîöèòîâ ñòèìóëèðîâàëè ôèòîãåìàããëþòèíèíîì
(Wellcome Diagnostics, Dartford UK). Ïîñëå èíêóáàöèè
â òå÷åíèå 48 ÷ ïðè òåìïåðàòóðå 37°Ñ ìèòîçû îñòàíàâ-
ëèâàëè â ìåòàôàçå äîáàâëåíèåì êîëõèöèíà çà 3 ÷ äî ïî-
ëó÷åíèÿ ðåçóëüòàòîâ. Ìèêðîïðåïàðàòû äëÿ õðîìîñîì-
íîãî àíàëèçà ãîòîâèëè ïî ñòàíäàðòíîé ìåòîäèêå. Ïðå-
ïàðàòû õðîìîñîì, ôèêñèðîâàííûå íà ìàðêèðîâàííûõ
ïðåäìåòíûõ ñòåêëàõ, èññëåäîâàëè íà íàëè÷èå ðàçðû-
âîâ, ôðàãìåíòàöèè, îáìåíà ôðàãìåíòàìè, êîëüöåâûõ
ôîðì, äèöåíòðèêîâ è èíûõ ðàçíîâèäíîñòåé ìîðôîëî-
ãè÷åñêè àíîìàëüíûõ õðîìîñîì. Êîëè÷åñòâî õðîìî-
ñîìíûõ àáåððàöèé, íàáëþäàåìûõ ïðè 50 ìèòîçàõ, óì-
íîæàëè íà 2 äëÿ ïîëó÷åíèÿ âåëè÷èíû ïàðàìåòðà, íà-
çûâàåìîãî äëÿ óäîáñòâà ïðîöåíòîì. Ñåðèþ óëüòðà-
ôèëüòðàòîâ òåñòèðîâàëè â òîò æå äåíü íà êóëüòóðàõ
êðîâè òîãî æå äîíîðà. Äâå äîïîëíèòåëüíûå ñòðóêòóðû
áåç óëüòðàôèëüòðàòà ñëóæèëè êîíòðîëåì äëÿ óñòàíîâ-
ëåíèÿ ÷àñòîòû ñïîíòàííûõ õðîìîñîìíûõ àáåððàöèé
â ëèìôîöèòàõ êðîâè äîíîðîâ. Ýòó ôîíîâóþ âåëè÷èíó
âû÷èòàëè èç îáùåãî ÷èñëà àáåððàöèé â ïðåïàðàòå êóëü-
òóðû òîãî æå äîíîðà ñ äîáàâëåíèåì óëüòðàôèëüòðàòà.
Ðàçíèöà ýòèõ äâóõ çíà÷åíèé íàçûâàåòñÿ èñòèííîé âå-
ëè÷èíîé êëàñòîãåííîñòè (ÈÂÊ). Òàêîé ñïîñîá îáðà-
áîòêè äàííûõ íåîáõîäèì äëÿ ñðàâíåíèÿ ðåçóëüòàòîâ
èññëåäîâàíèÿ ïëàçìû êðîâè ó áîëüíûõ â ðàçíûå âðå-
ìåííûå ïåðèîäû è ñ èñïîëüçîâàíèåì ðàçíûõ  òåñòî-
âûõ êóëüòóð.

Íåñêîëüêî ñåðèé ýêñïåðèìåíòîâ ïî îïðåäåëåíèþ
ôîíîâîãî óðîâíÿ äëÿ 10 ïàðàëëåëüíûõ êóëüòóð êðî-
âè îäíîãî äîíîðà ïîêàçàëè, ÷òî êîëåáàíèå ôîíîâî-
ãî óðîâíÿ àáåððàöèé íå ïðåâûøàåò 6% è äàííàÿ ÷àñ-
òîòà îäèíàêîâà ïðè åå îïðåäåëåíèè äâóìÿ íåçàâèñè-
ìûìè èññëåäîâàòåëÿìè. Ïðîáû ïëàçìû êðîâè ñ÷èòà-
þò êëàñòîãåííûìè, åñëè èíäóöèðóåòñÿ áîëåå 6%
äîïîëíèòåëüíûõ àáåððàöèé. Â áîëüøèíñòâå êîíò-
ðîëüíûõ ïðîá ó 100 äîíîðîâ íå âûÿâëåíî êëàñòîãåí-
íîé àêòèâíîñòè èëè ÈÂÊ ñîñòàâëÿëè îò +2 äî +4 íà
100 êëåòîê. Ëèøü ó 5% äîíîðîâ óëüòðàôèëüòðàòû èí-
äóöèðîâàëè ÈÂÊ 6%. Áîëåå âûñîêèå âåëè÷èíû íå íà-
áëþäàëè. Ñðåäíèé óðîâåíü ÊÔ ó äîíîðîâ ñîñòàâëÿë
0,8±1,0 (Emerit I. et al., 1995b). Íà îñíîâàíèè ýòèõ äàí-
íûõ ïðè ÈÂÊ â ïðåäåëàõ îò 0 äî +4 ðåçóëüòàò ÊÔ-òåñ-
òà ñ÷èòàëè îòðèöàòåëüíûì, 7 èëè áîëåå � ïîëîæè-
òåëüíûì. ÈÂÊ +6, ðåãèñòðèðóåìàÿ ñ ÷àñòîòîé 5% â
êîíòðîëüíîé ïîïóëÿöèè, ðàñöåíèâàåòñÿ êàê ïîãðà-
íè÷íîå çíà÷åíèå (ÊÔ±).
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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 O2-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 liq-
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 (P<0.001) from the values of healthy
blood donors (mean ACS 0.8±1.0%) (Emerit I. et al.,
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 (Emerit I. et al., 1997c), 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

Ïîñëå èçó÷åíèÿ êîððåëÿöèîííûõ âçàèìîîòíîøåíèé
ÊÔ è ïðî÷èõ áèîìàðêåðîâ îêñèäàíòíîãî ñòðåññà
áûëà îòìå÷åíà êîððåëÿöèÿ ÈÂÊ è ïðîäóêöèè Î2, èç-
ìåðÿåìîé ïóòåì îïðåäåëåíèÿ öèòîõðîìà Ñ. Êðîìå
òîãî, áûëà óñòàíîâëåíà ñèëüíàÿ êîððåëÿöèÿ ÈÂÊ è
íèçêîãî óðîâíÿ òèîëîâ ïëàçìû, ÷òî ñâèäåòåëüñòâîâà-
ëî î ñíèæåíèè àíòèîêñèäàíòíîé çàùèòû îðãàíèçìà.
Ñ äðóãîé ñòîðîíû, ìåæäó óðîâíÿìè ìàëîíîâîãî äè-
àëüäåãèäà (ÌÄÀ) è ÈÂÊ ñóùåñòâîâàëà ëèøü ñëàáàÿ
êîððåëÿöèÿ. Ýòî íå ÿâëÿåòñÿ íåîæèäàííûì, òàê êàê ïå-
ðåêèñíîå îêèñëåíèå ëèïèäîâ (ÏÎË) ëèøü îò÷àñòè
îáóñëîâëèâàåò êëàñòîãåííóþ àêòèâíîñòü.

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

ÊÔ-òåñò ó ó÷àñòíèêîâ ëèêâèäàöèè ïîñëåäñòâèé
×åðíîáûëüñêîé àâàðèè (ëèêâèäàòîðîâ)

Ïåðâûå îáðàçöû ñûâîðîòîê, âçÿòûå ó ëèêâèäàòîðîâ,
èññëåäîâàííûå â íàøåé ëàáîðàòîðèè, áûëè ïðåäî-
ñòàâëåíû Öåíòðîì ðàäèàöèîííîé ìåäèöèíû â Åðåâà-
íå, Àðìåíèÿ (ïðè ñîòðóäíè÷åñòâå ñ Í. Îãàíåñÿíîì,
À. Ïîãîñÿíîì, Ð. Àðóòþíÿíîì è Ò. Ñàðêèñÿíîì). Èç 89
ëèêâèäàòîðîâ ó 37(42%) ÊÔ-òåñò áûë ïîëîæèòåëüíûì.
Ó 11(13%) ÷åëîâåê  ÈÂÊ ñîñòàâëÿëà +8, ó 26 (29%) +10
è âûøå. Ñðåäíèå çíà÷åíèÿ ñîñòàâëÿëè 6,16±4,83%
àáåððàöèé è äîñòîâåðíî îòëè÷àëèñü (p<0,001) îò ïî-
êàçàòåëåé ó äîíîðîâ êðîâè (ñðåäíÿÿ ÈÂÊ � 0,8±1,0%)
(Emerit I. et al., 1995b).

ÊÔ ÷àùå îáíàðóæèâàëè ó  ëèêâèäàòîðîâ, ó êîòîðûõ ðå-
çóëüòàòû ôèçè÷åñêîé äîçèìåòðèè ñâèäåòåëüñòâîâàëè
î ïðåâûøåíèè âåëè÷èíû äîïóñòèìîé äîçû 250 ìÃð
(86% ïî ñðàâíåíèþ ñ 21% ïðè îáëó÷åíèè â äîçàõ äî
100 ìÃð). Êðîìå òîãî, ó ëèêâèäàòîðîâ 1986 ã. ÷àùå âû-
ÿâëÿëè ÊÔ, ÷åì ó ëèêâèäàòîðîâ 1987 è 1988 ãã. Ïðî-
äîëæèòåëüíîñòü ïðåáûâàíèÿ â çîíå îò÷óæäåíèÿ íà
äàííûå ôàêòîðû íå âëèÿëà, âåðîÿòíî, èç-çà òîãî, ÷òî
äîçà îáëó÷åíèÿ çàâèñåëà îò ðîäà äåÿòåëüíîñòè. Óäåëü-
íûé âåñ óëüòðàôèëüòðàòîâ ñ ÊÔ+ ñîñòàâëÿë 65% ñðå-
äè òåõ, êòî ðàáîòàë â íåïîñðåäñòâåííîé áëèçîñòè îò
ðàçðóøåííîãî ðåàêòîðà è 43% � ñðåäè  ðàáîòàâøèõ â
11�30-êèëîìåòðîâîé çîíå. Îòÿãîùàþùèìè ôàêòîðà-
ìè áûëè äàòà íà÷àëà ðàáîò, èõ ïðîäîëæèòåëüíîñòü,
ðîä äåÿòåëüíîñòè, èñïîëüçîâàíèå çàùèòíîé îäåæäû,
èçìåíåíèÿ ôîðìóëû êðîâè è ò.ä. ÊÔ-òåñò ó ëèêâèäà-
òîðîâ ïðè ñóììå îòÿãîùàþùèõ ôàêòîðîâ âûøå 10, áî-
ëåå ÷àñòî áûë ïîëîæèòåëüíûìè, ÷åì ïðè ñóììå ôàê-
òîðîâ ìåíåå 10 (ó 62 è 43% ñîîòâåòñòâåííî). Âûÿâëå-
íà êîððåëÿöèÿ îòÿã÷àþùèõ ôàêòîðîâ è äàííûõ
ôèçè÷åñêîé äîçèìåòðèè.

Äàííûå îáñëåäîâàíèÿ  ëèêâèäàòîðîâ â Àðìåíèè
ïîäòâåðæäåíû ðåçóëüòàòàìè, ïîëó÷åííûìè â áîëü-
øåé êîãîðòå ëèêâèäàòîðîâ èç Ðîññèè (Emerit I. et al.,
1997c), ÷üå ñîñòîÿíèå çäîðîâüÿ ðåãóëÿðíî êîíòðî-
ëèðóåò Âñåðîññèéñêèé öåíòð ýêîëîãè÷åñêîé ìåäè-
öèíû â Ñàíêò-Ïåòåðáóðãå (â ñîòðóäíè÷åñòâå ñ À. Íè-
êèôîðîâûì, Ã. Êàòàøêîâîé è Í. Çûáèíîé). ÊÔ áûëè
âûÿâëåíû ó 63%  èç 237 îáñëåäîâàííûõ ëèêâèäàòî-
ðîâ, ÷òî ïðåâûøàåò ïîêàçàòåëè, ïîëó÷åííûå â Àð-
ìåíèè. Ñëåäóåò îòìåòèòü, ÷òî â Àðìåíèè ëèêâèäàòî-
ðîâ îáñëåäîâàëè ïî ìåðå èõ îáðàùåíèÿ, à â Ñàíêò-
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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 CF. Exposure data are not
available for these persons.

Ïåòåðáóðãå ïðîèçâîäèëè îòáîð ëèêâèäàòîðîâ äëÿ
âêëþ÷åíèÿ â êëèíè÷åñêîå èññëåäîâàíèå. ÊÔ ÷àùå
îáíàðóæèâàëè ó ëèö, îáëó÷åííûõ â äîçàõ áîëåå 250 ìÃð,
÷åì ó îáëó÷åííûõ â äîçàõ äî 100 ìÃð (73 è 37% ñî-
îòâåòñòâåííî). Ðåçóëüòàòû, ïîëó÷åííûå â Àðìåíèè
è Ðîññèè, ïðåäñòàâëåíû â òàáëèöå 1. Åùå 44 ëèêâè-
äàòîðà áûëè îáñëåäîâàíû (ïðè ñîòðóäíè÷åñòâå ñ
J. Goldsmith, M. Quastel è E. Riklis, Áååð Øåâà, Èçðà-
èëü) ïîñëå èõ ýìèãðàöèè â Èçðàèëü (Emerit I. et al.,
1994b). Ëèøü ó 27% èç íèõ ÊÔ-òåñò áûë ïîëîæèòåëü-
íûì. Äîçèìåòðè÷åñêèå äàííûå ýòèõ ëèêâèäàòîðîâ
îòñóòñòâóþò.

TABLE  1

RESULTS OBTAINED WITH THE CF-TEST IN CHERNOBYL-EXPOSED WORKERS (LIQUIDATORS) (%)

ÒÀÁËÈÖÀ 1

ÐÅÇÓËÜÒÀÒÛ ÊÔ-ÒÅÑÒÀ Ó ËÈÖ, ÎÁËÓ×ÅÍÍÛÕ ÂÑËÅÄÑÒÂÈÅ ÀÂÀÐÈÈ ÍÀ ×ÅÐÍÎÁÛËÜÑÊÎÉ ÀÝÑ (ËÈÊÂÈÄÀÒÎÐÎÂ) (%)

ACS Liquidators* Liquidators** 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±4.5 0.8±1.0

Note. * � Ñentre of Radiation Medicine, Yerevan, Armenia, n=89; ** � All-Russian Centre for Ecological Medicine, St. Petersburg, Russia, n=237;
*** � blood donors from Armenia and France, n=100.
Ïðèìå÷àíèå. * � Öåíòð ðàäèàöèîííîé ìåäèöèíû, Åðåâàí, Àðìåíèÿ, n=89; ** � Âñåðîññèéñêèé öåíòð ýêîëîãè÷åñêîé ìåäèöèíû, Ñàíêò-Ïåòåð-
áóðã, Ðîññèÿ, n=237; *** � äîíîðû èç Àðìåíèè è Ôðàíöèè, 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 in 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 I.
et al., 1994b; 1997c). The doses received by the liq-
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 I. et al., 1994b; 1997c). The latter is
another argument for similarities with CF in chronic
inflammatory diseases. Lipid peroxidation products
and TNFα 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 (Emerit I. et al., 1997c). It is

Ïîñêîëüêó ëèêâèäàòîðû íå âîçâðàùàëèñü â ×åðíîáûëü
è â íàñòîÿùåå âðåìÿ ïðîæèâàþò â ðàäèîëîãè÷åñêè áëà-
ãîïðèÿòíûõ óñëîâèÿõ, ïåðñèñòèðîâàíèå ó íèõ ÊÔ íå ìî-
æåò áûòü îáúÿñíåíî ïðîäîëæàþùèìñÿ îáëó÷åíèåì. Ðå-
çóëüòàòû îáëó÷åíèÿ êðîâè in vitro ïîêàçàëè, ÷òî äîçà
500 ìÃð âûçûâàåò çíà÷èòåëüíîå ïîâûøåíèå êëàñòîãåí-
íîé àêòèâíîñòè, à èíêóáèðîâàííûå â ñâåæåé êóëüòóðàëü-
íîé ñðåäå îáëó÷åííûå êëåòêè ïðîäîëæàþò âûðàáàòû-
âàòü ÊÔ â êóëüòóðå (Emerit I. et al., 1994b; 1997c). Äîçû,
ïîëó÷åííûå ëèêâèäàòîðàìè, ìîãëè áûòü äîñòàòî÷íûìè
äëÿ èíèöèàöèè ïîðî÷íîãî êðóãà îáðàçîâàíèÿ ÊÔ.

Îáðàçîâàíèå ÊÔ âñëåäñòâèå îáëó÷åíèÿ ìîæåò ïðîèñ-
õîäèòü òàê æå, êàê ïðè õðîíè÷åñêèõ âîñïàëèòåëüíûõ
çàáîëåâàíèÿõ. Âîñïàëèòåëüíûå ðåàêöèè áûëè ïðåäëî-
æåíû äëÿ îáúÿñíåíèÿ íåéòðîôèëèè ó æåðòâ àòîìíûõ
áîìáàðäèðîâîê (Neriishi K., 1991), êîãäà ïåðñèñòèðî-
âàíèå ÊÔ áûëî ó íèõ îòìå÷åíî ñïóñòÿ 30 ëåò ïîñëå
ÿäåðíîé áîìáàðäèðîâêè Õèðîñèìû (Pant G.S., Kamada N.,
1977). Ó ëèêâèäàòîðîâ èç Àðìåíèè òàêæå âûÿâëÿëè
óìåðåííî âûðàæåííóþ íåéòðîôèëèþ (Oganesian N. et
al., 1991) íàðÿäó ñ ëèìôîïåíèåé, ïðåèìóùåñòâåííî
ïðîÿâëÿâøååñÿ ñíèæåíèåì ÷èñëà Ò-ëèìôîöèòîâ. Îá-
ðàçîâàíèå ðàäèàöèîííî-èíäóöèðîâàííûõ ÊÔ, òàê æå
êàê è èõ ýôôåêòû ïîâðåæäåíèÿ õðîìîñîì, íèâåëèðî-
âàëèñü ÑÎÄ (Emerit I. et al., 1994b; 1997c). Ïîñëåäíåå �
åùå îäèí àðãóìåíò â ïîëüçó ïîäîáèÿ ÊÔ òàêîâûì ïðè
õðîíè÷åñêèõ âîñïàëèòåëüíûõ çàáîëåâàíèÿõ. Ïðîäóê-
òû ÏÎË è α−ÔÍÎ, âåðîÿòíî, ÿâëÿþòñÿ êëàñòîãåííû-
ìè êîìïîíåíòàìè ÊÔ â êðîâè ëèêâèäàòîðîâ. Îáíàðó-
æåíî ïîâûøåíèå ÌÄÀ è êîíúþãèðîâàííûõ äèåíîâ â
êðîâè ó ëèêâèäàòîðîâ èç Àðìåíèè (Emerit I. et al.,
1995b) è Ðîññèè (Emerit I. et al., 1997c). Èçâåñòíî, ÷òî
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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

A first 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 (Emerit I. et al., 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.

ïîñëå âîçäåéñòâèÿ èîíèçèðóþùèõ èçëó÷åíèé ïîâû-
øàåòñÿ óðîâåíü ìÐÍÊ è ïðîòåèíà ÔÍÎ (Hallahan D.E.
et al., 1989).

ÊÔ-òåñò ó äåòåé, ïîñòðàäàâøèõ âñëåäñòâèå
×åðíîáûëüñêîé àâàðèè

Îáñëåäîâàíèå ïåðâîé ãðóïïû (170 äåòåé) ýìèãðèðî-
âàâøèõ â Èçðàèëü â 1990 ã. âûïîëíåíî ïðè ñîòðóäíè-
÷åñòâå ñ J. Goldsmith, M. Quastel è E. Riklis, Áååð Øåâà
(Emerit I. et al., 1997a). Óëüòðàôèëüòðàòû ïëàçìû êðî-
âè ýòèõ äåòåé çà÷àñòóþ ïðîÿâëÿëè êëàñòîãåííûå ýô-
ôåêòû â òåñòîâûõ êóëüòóðàõ êëåòîê êðîâè çäîðîâûõ
äîíîðîâ. Ïîñòðàäàâøèå äåòè ñóùåñòâåííî îòëè÷à-
ëèñü îò äåòåé, ýìèãðèðîâàâøèõ èç �÷èñòûõ� ãîðîäîâ
áûâøåãî Ñîâåòñêîãî Ñîþçà, è çäîðîâûõ äåòåé èç Èç-
ðàèëÿ, ó êîòîðûõ ñðåäíèå çíà÷åíèÿ ÈÂÊ ñîñòàâëÿëè
1,9±1,1 è 1,0±0,7 ñîîòâåòñòâåííî (òàáëèöà 2). Ñîäåð-
æàíèå ÊÔ è ñðåäíèå çíà÷åíèÿ ÈÂÊ áûëè âûøå ó äå-
òåé èç ãã. Ãîìåëü è Ìîçûðü � ñèëüíî çàãðÿçíåííûõ
íàñåëåííûõ ïóíêòîâ (äàííûå äîçèìåòðèè ÌÀÃÀÒÝ),
÷åì ó äåòåé, ýìèãðèðîâàâøèõ èç Êèåâà.

TABLE 2

RESULTS OBTAINED WITH THE CF-TEST IN CHERNOBYL EXPOSED CHILDREN (%)

ÒÀÁËÈÖÀ 2

ÐÅÇÓËÜÒÀÒÛ ÊÔ-ÒÅÑÒÀ Ó ÎÁËÓ×ÅÍÍÛÕ ÄÅÒÅÉ (%)

Group of children n CF+, % Mean ACS
I Emigrated to Israel*

Kiev
Gomel

67
95

31
52

5.9±1.2
7.7±1.2

II 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
III Controls

Israel 48 2 1.0±0.7
Paris 50 6 2.2±2.9

Clean cities 24 8 1.9±1.1

Note. * � in cooperation with J. Goldsmith, M. Quastel, Israel;  ** � in ñooperation with Y. Antipkin, Kyiv.
Ïðèìå÷àíèå. * � â ñîòðóäíè÷åñòâå ñ J. Goldsmith, M. Quastel, Èçðàèëü; ** � â ñîòðóäíè÷åñòâå ñ Þ. Àíòèïêèíûì, Êèåâ.

A second group of children have been studied in
cooperation with U. Antipkine, Institute for Pedi-
atrics, Gynaecology and Obstetrics in Kyiv, Ukraine
(Emerit I. et al., 1997c). 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 137Cs levels in the soil were between
10 and 15 Ci�km�2 (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

Âòîðàÿ ãðóïïà äåòåé áûëà îáñëåäîâàíà ñîâìåñòíî ñ
Þ. Àíòèïêèíûì, Èíñòèòóò ïåäèàòðèè, àêóøåðñòâà è ãè-
íåêîëîãèè â Êèåâå, Óêðàèíà (Emerit I. et al., 1997c). ×àñ-
òîòà ÊÔ-ïîëîæèòåëüíûõ îáðàçöîâ ïëàçìû âàðüèðîâà-
ëà îò 14 äî 100% â çàâèñèìîñòè îò ìåñòà æèòåëüñòâà ðå-
áåíêà (ñì. òàáëèöó 2), è áûëà îäèíàêîâà (30%) êàê ó
äåòåé, ýìèãðèðîâàâøèõ èç Êèåâà â Èçðàèëü, òàê è ó ïðî-
äîëæàþùèõ æèòü â Êèåâå. Íàèáîëåå âûñîêèå ïîêàçà-
òåëè íàáëþäàëè ó 27 äåòåé, ýâàêóèðîâàííûõ èç çîíû,
ãäå óðîâåíü çàãðÿçíåíèÿ ïî÷âû 137Cs ñîñòàâëÿë 10�
15 Êè�êì�2 (íàñåëåííûå ïóíêòû Áàçàð, Ëîñíèöà, Íàðî-
äè÷è è äð.). Áûëè òàêæå îáñëåäîâàíû äåòè, êîòîðûå â
íàñòîÿùåå âðåìÿ ïðîæèâàþò íà êîíòðîëèðóåìîé òåð-
ðèòîðèè ×åðíèãîâñêîé îáëàñòè � çîíå, ïîäâåðãøåé-
ñÿ èíòåíñèâíîìó çàãðÿçíåíèþ ðàäèîàêòèâíûì éîäîì.
Ñóùåñòâåííûå ðàçëè÷èÿ ïîêàçàòåëåé âûÿâëåíû ó äåòåé
äâóõ íàñåëåííûõ ïóíêòîâ äàííîãî ðåãèîíà: Ãîí÷àðîâ-
ñêà è Êîöþáèíñêîå. Ñðåäíèå çíà÷åíèÿ ÈÂÊ  ñîñòàâè-
ëè 2,78 è 6,45 ñîîòâåòñòâåííî, ÷àñòîòà îáíàðóæåíèÿ
ÊÔ � 14 è 44% (ñì. òàáëèöó 2). Ñðåäíèå âåëè÷èíû äîç
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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 137Cs
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 I., 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)
(Emerit I. et al., 1995b). Another group of 20 Arme-
nian liquidators received the Antioxidant Biofactor
AOB from AOA Company, Kobe, Japan (Emerit I. et
al., 1997b). AOB is extracted from soybean, rice,
wheat, green tea, yeast and sesame. It contains var-

îáëó÷åíèÿ ùèòîâèäíîé æåëåçû, ïî äàííûì 1986 ã.,
áûëè âûøå äëÿ Ãîí÷àðîâñêà, ÷åì äëÿ Êîöþáèíñêîãî.
Ïîñêîëüêó Êîöþáèíñêîå ÿâëÿåòñÿ íàñåëåííûì ïóíê-
òîì, ðàñïîëîæåííûì íà ýíäåìè÷íîé ïî çîáó òåððèòî-
ðèè, âîçìîæíî, ðàäèîàêòèâíûé éîä áîëåå èíòåíñèâíî
íàêàïëèâàëñÿ â ùèòîâèäíîé æåëåçå åãî æèòåëåé. Äàí-
íûå ðàäèîìåòðèè ùèòîâèäíîé æåëåçû 1986 ã. íå ñîîò-
âåòñòâóþò ïîëîæèòåëüíûì ðåçóëüòàòàì ÊÔ-òåñòà ñïó-
ñòÿ äåñÿòü ëåò. ÊÔ-òåñò áûë ïîëîæèòåëüíûì ïðàêòè÷åñ-
êè îäèíàêîâî ÷àñòî ïðè âåëè÷èíàõ äîç îáëó÷åíèÿ
ùèòîâèäíîé æåëåçû êàê >2000 ìÃð, òàê è <300 ìÃð (ñî-
îòâåòñòâåííî 50 è 44%); ó äåòåé, ýìèãðèðîâàâøèõ â Èç-
ðàèëü, íå óäàëîñü óñòàíîâèòü êàêîé-ëèáî çàâèñèìîñòè
ìåæäó óâåëè÷åíèåì ùèòîâèäíîé æåëåçû è ïîëîæè-
òåëüíûìè ðåçóëüòàòàìè ÊÔ-òåñòà. Óðîâåíü çàãðÿçíåíèÿ
137Cs ìîëîêà áûëà âûøå â Êîöþáèíñêîì, ÷åì â Ãîí÷à-
ðîâñêå, îäíàêî â îòíîøåíèè ïëîòíîñòè çàãðÿçíåíèÿ
ïî÷âû ðåçóëüòàòû íîñèëè ïðîòèâîïîëîæíûé õàðàêòåð.

Êàê ó ëèêâèäàòîðîâ, òàê è ó æåðòâ àòîìíîé áîìáàðäè-
ðîâêè ïðîäîëæåíèå îáëó÷åíèÿ íå ÿâëÿëîñü íåîáõî-
äèìûì óñëîâèåì äëÿ ïåðñèñòèðîâàíèÿ ÊÔ.

Ââèäó òðóäíîñòåé ïîëó÷åíèÿ ìàòåðèàëà ïëàçìû íå-
îáëó÷åííûõ äåòåé èç Óêðàèíû äëÿ êîíòðîëÿ èñïîëü-
çîâàëè äàííûå èññëåäîâàíèé 50 ôðàíöóçñêèõ äåòåé
(ïðè ñîòðóäíè÷åñòâå ñ D. Porquet, îòäåë áèîõèìèè ãîñ-
ïèòàëÿ Robert Debré, Ïàðèæ). ÊÔ-ïîëîæèòåëüíûìè
áûëè 3 èç íèõ,  ñðåäíÿÿ ÈÂÊ � 2,2±2,9%. Ýòè äàííûå
ñîãëàñóþòñÿ ñ ðåçóëüòàòàìè èññëåäîâàíèÿ äåòåé èç
áûâøåãî ÑÑÑÐ, íî ïðåâûøàþò òàêîâûå ó çäîðîâûõ äå-
òåé øêîëüíîãî âîçðàñòà èç Èçðàèëÿ. Âî Ôðàíöèè îá-
ñëåäîâàíû äåòè, îáðàùàâøèåñÿ çà êîíñóëüòàòèâíîé
ïîìîùüþ. Òåì íå ìåíåå, ðàçëè÷èÿ ïîêàçàòåëåé äåòåé,
èñïûòàâøèõ âîçäåéñòâèå ×åðíîáûëÿ, è êîíòðîëüíîé
ãðóïïû áûëè âûñîêî çíà÷èìûìè.

Ðåçóëüòàòû ÊÔ-òåñòà ïðè êëèíè÷åñêèõ
èñïûòàíèÿõ àíòèîêñèäàíòîâ

Ïðåäïîëàãàåòñÿ, ÷òî ÊÔ ÿâëÿþòñÿ ôàêòîðàìè ðèñêà
ðàçâèòèÿ îòäàëåííûõ ýôôåêòîâ îáëó÷åíèÿ (Faguet G.G.
et al., 1984; Emerit I., 1994a). Âîçíèêíîâåíèå çàáîëåâà-
íèé, íå òîëüêî îíêîëîãè÷åñêèõ, ó ëèêâèäàòîðîâ ìîæåò
áûòü ñâÿçàíî ñ îêñèäàíòíûì ñòðåññîì. Ïîñêîëüêó ÄÍÊ-
ïîâðåæäàþùèå ýôôåêòû ÊÔ îïîñðåäóþòñÿ ñâîáîäíû-
ìè ðàäèêàëàìè, âûäåëÿþùèìè êèñëîðîä, â êà÷åñòâå
ïðåâåíòèâíûõ ñðåäñòâ ìîãóò áûòü ïðåäëîæåíû àíòè-
îêñèäàíòû. Ïðè ñóùåñòâåííîé àíòèêëàñòîãåííîé àê-
òèâíîñòè íå ñëåäóåò íàçíà÷àòü ÑÎÄ-ïðåïàðàòû äëÿ ýí-
òåðàëüíîãî ïðèìåíåíèÿ. Ïîýòîìó â äâóõ îòêðûòûõ êëè-
íè÷åñêèõ èñïûòàíèÿõ èñïîëüçîâàëè äðóãèå ïðåïàðàòû
ñ ïîäòâåðæäåííûìè àíòèïåðåêèñíûìè ñâîéñòâàìè.
Èñïûòàíèÿ ïðîâîäèëè â Åðåâàíå ñ îôèöèàëüíîãî ðàç-
ðåøåíèÿ Ìèíèñòåðñòâà çäðàâîîõðàíåíèÿ Àðìåíèè.
Òðèäöàòü ëèêâèäàòîðîâ ïðèíèìàëè EGb 761 � ýêñ-
òðàêò èç ëèñòüåâ Ginkgo biloba, ñîäåðæàùèé 24% ôëàâî-
íîâûõ ãëèêîçèäîâ Ãèíêãî è 6% ãèíêãîëèä-áèëîáàëèäîâ
(êîììåð÷åñêîå íàçâàíèå Tanakan, IPSEN Lab., Ïàðèæ,
Ôðàíöèÿ) (Emerit I. et al., 1995b); 20 � Àíòèîêñèäàíò-
íûé áèîôàêòîð (AOB) ïðîèçâîäñòâà AOA Company,
Kobe, ßïîíèÿ (Emerit I. et al., 1997b). AOB ïîëó÷àþò èç
ðàñòèòåëüíîãî ñûðüÿ (ñîåâûå áîáû, ðèñ, ïøåíèöà, çå-
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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 liq-
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-test is 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.

ëåíûå ñîðòà ÷àÿ, äðîææè è êóíæóò). Îíè ñîäåðæàò ðàç-
ëè÷íûå ôëàâîíèäû (äàèäçåèí, ãåíèñòåèí è ðóòèí), íå-
áîëüøîå êîëè÷åñòâî ìèêðîýëåìåíòîâ è âèòàìèíîâ-àí-
òèîêñèäàíòîâ. ÊÔ-òåñò ïðîâîäèëè äî è ïîñëå òðåõìå-
ñÿ÷íîãî êóðñà ëå÷åíèÿ. Â òå÷åíèå 6, 9 è 12 ìåñ ïîñëå
ëå÷åíèÿ, ó áîëüøèíñòâà ëèêâèäàòîðîâ óðîâåíü ÊÔ íå
äîñòèãàë ïîðîãà ÷óâñòâèòåëüíîñòè ìåòîäà. Ïàöèåíòû
îòìå÷àëè óëó÷øåíèå îáùåãî ñîñòîÿíèÿ, ïîâûøåíèå
ðàáîòîñïîñîáíîñòè. Ïðåäïîëàãàåòñÿ ïðîâåñòè äâîé-
íîå ñëåïîå ïëàöåáî-êîíòðîëèðóåìîå èññëåäîâàíèå
ýôôåêòîâ îáîèõ ïðåïàðàòîâ. Ïðèìåíÿòü àíòèîêñèäàí-
òû ìîæíî  êóðñîì, ÷òî ýêîíîìè÷åñêè çíà÷èìî äëÿ äëè-
òåëüíîãî ïðîôèëàêòè÷åñêîãî ëå÷åíèÿ.

ÇÀÊËÞ×ÅÍÈÅ
Íà îñíîâàíèè èçëîæåííûõ äàííûõ ÊÔ ìîæíî ñ÷èòàòü
áèîìàðêåðàìè ïðîîêñèäàíòíîãî ñîñòîÿíèÿ. ÊÔ-òåñò
èíôîðìàòèâåí íà ïðîìåæóòî÷íîé êîíå÷íîé òî÷êå
êëèíè÷åñêèõ èñïûòàíèé. Ñèñòåìà öèòîãåíåòè÷åñêî-
ãî òåñòèðîâàíèÿ áîëåå ïðåäïî÷òèòåëüíà, ÷åì áèîõè-
ìè÷åñêèé àíàëèç ðàçëè÷íûõ êëàñòîãåííûõ è ïðîîê-
ñèäàíòíûõ êîìïîíåíòîâ, òàê êàê èõ ñèíåðãèçì ñïî-
ñîáñòâóåò ïîâûøåíèþ ÷óâñòâèòåëüíîñòè òåñòà.
Èçó÷åíèå êëàñòîãåííûõ ýôôåêòîâ ïëàçìû ïàöèåíòîâ
íà êëåòêàõ êðîâè çäîðîâûõ äîíîðîâ âìåñòî ïîèñêà
ïîâðåæäåíèé õðîìîñîì â ëèìôîöèòàõ îáëó÷åííûõ
ëèö, èìååò ïðåèìóùåñòâî â âèäå âîçìîæíîñòè çàìî-
ðàæèâàíèÿ ïëàçìû è ïðîâåäåíèÿ èññëåäîâàíèÿ â
óäîáíîå âðåìÿ. Èíäóêöèÿ ïëàçìîé õðîìîñîìíûõ
àáåððàöèé ñâèäåòåëüñòâóåò î äîñòèæåíèè öèðêóëèðó-
þùèìè êëàñòîãåííûìè ïðîîêñèäàíòàìè óðîâíÿ èñ-
òîùåíèÿ àíòèîêñèäàíòíîé çàùèòû è ñèñòåìû ðåïà-
ðàöèè ÄÍÊ îðãàíèçìà. Îêñèäàíòíûé ñòðåññ ÿâëÿåòñÿ
îäíèì èç íåñïåöèôè÷åñêèõ ïîñëåäñòâèé îáëó÷åíèÿ,
äàæå â ìàëûõ äîçàõ. Íàøåé öåëüþ ÿâëÿåòñÿ ïðèâëå÷å-
íèå âíèìàíèÿ ê íàðóøåíèÿì çäîðîâüÿ, ñâÿçàííûì ñ
îêñèäàíòíûì ñòðåññîì ó ëèêâèäàòîðîâ è îáëó÷åííûõ
äåòåé, ïîñêîëüêó èõ óñòðàíåíèþ ñïîñîáñòâóåò ïðèìå-
íåíèå àíòèîêñèäàíòîâ.
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