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PECULIAR FORM MANIFESTATION OF RADIATION-INDUCED GENOME INSTA-

BILITY. A DECREASE OF CELL VIABILITY IN CAPILLARY ENDOTHELIUM IN

OFFSPRING OF RATS AFTER A LOW-DOSE IRRADIATION OF ONE OF THE PAR-

ENTS
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Abstract

The total γ-irradiation of Wistar rats at a dose of 0.25 Gy,as well as at higher doses of 0.5,2,and 4.5 Gy,

produces a dose-independent increase of the yield of necrotic cells in capillary cells of myocardium and lung.

Similar changes were revealed in animals one of whose parents (a male one day,a female 7 days prior to cop-

ulation) was irradiated at doses of 0.25 and 0.5 Gy. This effect was observed in all studied offspring. The

massive induction of changes by mild radiation impact and their dose-independence allow considering the

revealed effects as a manifestation of peculiar cell reactions of presumably epigenetic nature.

Key words: ionizing radiation,low radiation doses,vascular endothelium,irradiated rats and their offspring.

INTRODUCTION

Unusual effects consisting in saltational transi-

tion of cells of population in a new state have

been revealed on various unicellular organisms

(Bychkovskaya I.B.,1986; Bychkovskaya I.B. et

al.,1980; Yudin A.L.,1979) and on cells of vari-

ous mammalian tissues (Bychkovskaya I.B. et

al., 1996, 2000, 2002). This state is characterized

by an increase of probability of cell damage and

death.

This reaction has the following features:

1)species-unspecificity,

2)efficiency of the action at low doses,

3)the absence of increment of the degree of the

change with increase of dose,

4)massive cells involvement into the reaction,

5)the early appearance of the changes and their

complete irreversibility,

6)inheritance at cell division,

7)effect has no connection to mitosis,

8)localization of destructive processes in cytoplas-

mic ultrastructures.

By the assembly of the traits (first of all, their

massive character and dose-independence) these

changes cannot be explained by mutations. We

ÂÂÅÄÅÍÈÅ

Íà ðàçëè÷íûõ îäíîêëåòî÷íûõ îðãàíèçìàõ

(Áû÷êîâñêàÿ È.Á.,1986; Bychkovskaya I.B. et al.,

1980; Yudin A.L., 1979) è êëåòêàõ ðàçíûõ òêàíåé

ìëåêîïèòàþùèõ (Áû÷êîâñêàÿ È.Á. è ñîàâò.,1996;

2000, 2002) îáíàðóæåíû íåîáû÷íûå ýôôåêòû,

ñîñòîÿùèå â ñàëüòàöèîííîì ïåðåõîäå êëåòîê

ïîïóëÿöèè â íîâîå ñîñòîÿíèå. Äëÿ ýòîãî ñîñòîÿíèÿ

õàðàêòåðíî ïîâûøåíèå âåðîÿòíîñòè ïîâðåæäåíèÿ è

ãèáåëè êëåòîê.

Èìåþòñÿ ñëåäóþùèå ïðèçíàêè äàííîé ðåàêöèè:

1) âèäîíåñïåöèôè÷íîñòü,

2) ýôôåêòèâíîñòü âîçäåéñòâèÿ ïðè íèçêèõ äîçàõ,

3) îòñóòñòâèå âîçðàñòàíèÿ ñòåïåíè èçìåíåíèÿ ñ

óâåëè÷åíèåì äîçû,

4) ìàññîâîå âîâëå÷åíèå êëåòîê â ðåàêöèþ,

5) ðàííåå âîçíèêíîâåíèå èçìåíåíèé è èõ

ïðàêòè÷åñêàÿ íåîáðàòèìîñòü,

6) íàñëåäîâàíèå ïðè êëåòî÷íîì äåëåíèè,

7) ïðîÿâëåíèå ýôôåêòà âíå ñâÿçè ñ ìèòîçîì,

8) ëîêàëèçàöèÿ äåñòðóêòèâíûõ ïðîöåññîâ â

óëüòðàñòðóêòóðàõ öèòîïëàçìû.

Ïî ñîâîêóïíîñòè ïðèçíàêîâ (ïðåæäå âñåãî ìàññî-

âîñòè è íåçàâèñèìîñòè îò äîçû) óêàçàííûå èçìåíå-

íèÿ íå ìîãóò áûòü îáúÿñíåíû ìóòàöèÿìè. Íàìè
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(Bychkovskaya I.B.,1986; Bychkovskaya I.B. et

al.,1996,2000,2002) had ascribed them to the epi-

genetic category.In experiments on mammals such

effects have been revealed in tissues with different

morphological structures and different functions

performed, such as vascular endothelium

(Bychkovskaya I.B. et al., 1996, 2000, 2002),

smooth muscle of the vascular wall (Stepanov

R.P., Shishko T.T., 1991; Stepanov R.P. et al.,

1997),renal tissues (Stepanov R.P. et al.,2002).

The universal character of the studied changes

allows believing that they also occur in reproduc-

tive organs.In this connection, it seemed interest-

ing to find out whether such changes occur in

ontogenesis of the animals that developed from

the parents' irradiated germinative cells. To

answer this question, the vascular capillary

endothelium as a test object was used,which has

been the best studied with respect of the pheno-

type of this phenomenon (Bychkovskaya I.B. et

al., 1996,2000,2002).

MATERIALS AND METHODS

Electron microscopic study of vascular endotheli-

um of myocardium and lung alveolar part was car-

ried out in 7-month old male and female Wistar

rats. The animals were submitted to total irradia-

tion with γ-quanta of 60Ñî at the dose rate of 0.003

Gy/s. The study was performed: 1) on rats irra-

diated at doses of 0.25,0.5,2,and 4.5 Gy with fix-

ation of the material in 24 hr after irradiation; 2)

on rats, whose one of parents (males one day,

females 7 days before copulation) was irradiated at

doses of 0.25 and 0.5 Gy. The germinative cells

participating in conception in males were irradiat-

ed at the stage of spermatozoa,while in females,at

the stage of maturing oocytes. As control,non-irra-

diated rats of the same age,born by non-irradiated

parents, were used. For electron microscopy, the

standard method of preparation of material was

used (Vorobjev E.I., Stepanov R.P., 1985). The

material consisted of 2-3 portions from various

parts of the myocardium and lung. From each por-

tion,sections were prepared,in which all capillary

sections were analyzed and ultrastructure of all lin-

ing capillary endotheliocytes (their number most

often was more than 100) was studied. In each

animal, the percentage was determined of the

endotheliocytes that,based on electron microscopy

data,could be considered as non-viable: with signs

of generalized organoid destruction,damage of plas-

malemma and nuclear structures. These alterations

are recognized as necrotic ones. They are not

revealed at light microscopic observations.

Endothelium of blood vessels is known to belong

to the category of tissues with low turnover.

Therefore, no chromosomal aberrations were

observed there even at the highest of the used

doses,4.5 Gy.

(Áû÷êîâñêàÿ È.Á., 1986; Áû÷êîâñêàÿ È.Á. è ñî-

àâò., 1996, 2000, 2002) îíè îòíåñåíû ê êàòåãîðèè

ýïèãåíåòè÷åñêèõ.Â îïûòàõ ñ ìëåêîïèòàþùèìè ýô-

ôåêòû òàêîãî ðîäà âûÿâëåíû â òêàíÿõ, èìåþùèõ

ðàçíîå ìîðôîëîãè÷åñêîå ñòðîåíèå è âûïîëíÿþùèõ

ðàçíûå ôóíêöèè - â ýíäîòåëèè êðîâåíîñíûõ ñîñó-

äîâ (Áû÷êîâñêàÿ È.Á. è ñîàâò.,1996,2000,2002),â

ãëàäêîé ìóñêóëàòóðå ñîñóäèñòîé ñòåíêè (Ñòåïàíîâ

Ð.Ï., Øèøêî Ò.Ò., 1991; Ñòåïàíîâ Ð.Ï. è ñîàâò.,

1997), â òêàíÿõ ïî÷êè (Ñòåïàíîâ Ð.Ï. è ñîàâò.,

2002). Óíèâåðñàëüíûé õàðàêòåð èçó÷àåìûõ êëå-

òî÷íûõ èçìåíåíèé ïîçâîëÿåò ïîëàãàòü,÷òî îíè ïðî-

èñõîäÿò è â ðåïðîäóêòèâíûõ îðãàíàõ. Â ñâÿçè ñ ýò-

èì ïðåäñòàâèëîñü âàæíûì âûÿñíèòü, ïðîÿâëÿþòñÿ

ëè òàêèå èçìåíåíèÿ â îíòîãåíåçå æèâîòíûõ,ðàçâèâ-

øèõñÿ èç îáëó÷åííûõ ïîëîâûõ êëåòîê ðîäèòåëåé.

Äëÿ âûÿñíåíèÿ ýòîãî âîïðîñà â êà÷åñòâå òåñò-

îáúåêòà áûë èñïîëüçîâàí ýíäîòåëèé êðîâåíîñíûõ

êàïèëëÿðîâ,íàèáîëåå õîðîøî èññëåäîâàííûé â îò-

íîøåíèè ôåíîòèïà èíòåðåñóþùåãî íàñ ÿâëåíèÿ

(Áû÷êîâñêàÿ È.Á. è ñîàâò.,1996,2000,2002).

ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ

Ïðîâåäåíî ýëåêòðîííî-ìèêðîñêîïè÷åñêîå èññëåäî-

âàíèå ýíäîòåëèÿ êàïèëëÿðîâ ìèîêàðäà è àëüâåî-

ëÿðíîãî îòäåëà ëåãêîãî ó êðûñ ëèíèè Âèñòàð îáîå-

ãî ïîëà â âîçðàñòå 7 ìåñ. Æèâîòíûõ ïîäâåðãàëè

îáùåìó îáëó÷åíèþ γ-êâàíòàìè 60Ñî ïðè ìîùíîñòè

äîçû 0,003Ãð/ñ. Èññëåäîâàíèÿ ïðîâîäèëè : 1) ó

êðûñ,îáëó÷åííûõ â äîçàõ 0,25,0,5,2 è 4,5 Ãð ïðè

ôèêñàöèè ìàòåðèàëà ÷åðåç 24 ÷àñà ïîñëå îáëó÷å-

íèÿ,2) ó êðûñ,îäèí èç ðîäèòåëåé êîòîðûõ (ñàìöû

çà 1 ñóòêè,ñàìêè çà 7 ñóòîê äî ñïàðèâàíèÿ), áûë

îáëó÷åí â äîçàõ 0,25 è 0,5 Ãð. Ïðè ýòîì ó÷àñòâóþ-

ùèå â îïëîäîòâîðåíèè ïîëîâûå êëåòêè ó ñàìöîâ

îáëó÷àëèñü íà ñòàäèè ñïåðìàòîçîèäîâ,ó ñàìîê - íà

ñòàäèè ñîçðåâàþùèõ îîöèòîâ. Êîíòðîëåì ñëóæèëè

íåîáëó÷åííûå êðûñû òîãî æå âîçðàñòà,ðîäèâøèåñÿ

îò íåîáëó÷åííûõ ðîäèòåëåé. Äëÿ ýëåêòðîííîé ìè-

êðîñêîïèè èñïîëüçîâàëè ñòàíäàðòíûé ìåòîä ïîäãî-

òîâêè ìàòåðèàëà (Âîðîáüåâ Å.È., Ñòåïàíîâ Ð.Ï.,

1985). Ïîñëåäíèé áðàëè ïî 2-3 ïîðöèè èç ðàçíûõ

ó÷àñòêîâ ìèîêàðäà è ëåãêîãî. Èç êàæäîé ïîðöèè

ïðèãîòàâëèâàëè ñðåçû, íà êîòîðûõ àíàëèçèðîâàëè

âñå ñå÷åíèÿ êàïèëëÿðîâ è èññëåäîâàëè óëüòðà-

ñòðóêòóðó âñåõ âûñòèëàþùèõ èõ ýíäîòåëèîöèòîâ

(÷àùå âñåãî èõ êîëè÷åñòâî áûëî áîëåå 100). Äëÿ

êàæäîãî æèâîòíîãî îïðåäåëÿëè ïðîöåíòíîå ñîäåð-

æàíèå ýíäîòåëèîöèòîâ, êîòîðûå, ñóäÿ ïî äàííûì

ýëåêòðîííîé ìèêðîñêîïèè, ìîæíî îöåíèòü êàê íå-

æèçíåñïîñîáíûå: ñ ïðèçíàêàìè ãåíåðàëèçîâàííîé

äåñòðóêöèè îðãàíîèäîâ, ïîâðåæäåíèåì ïëàçìîëåì-

ìû è ÿäåðíûõ ñòðóêòóð. Ýòè èçìåíåíèÿ îòíîñÿò ê

êàòåãîðèè íåêðîòè÷åñêèõ. Ïðè ñâåòîîïòè÷åñêèõ

íàáëþäåíèÿõ îíè íå âûÿâëÿþòñÿ.

Êàê èçâåñòíî, ýíäîòåëèé êðîâåíîñíûõ ñîñóäîâ

ïðèíàäëåæèò ê êàòåãîðèè ìàëîîáíîâëÿþùèõñÿ

òêàíåé. Ïîýòîìó õðîìîñîìíûõ àáåððàöèé â íåì íå

íàáëþäàëîñü äàæå ïðè íàèáîëåå âûñîêîé èç

èñïîëüçîâàííûõ äîç 4,5 Ãð.
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RESULTS AND DISCUSSION

I. Data on cell death in the capillary endotheli-

um in control ratsAs seen in figure 1, in intact

male and female 

Wistar rats the dying cells are revealed in a negli-

gible amount. According to the data presented,

neither sex of the animals nor localization of

blood capillaries affects the received results.

ÐÅÇÓËÜÒÀÒÛ È ÎÁÑÓÆÄÅÍÈÅ

I. Äàííûå î ãèáåëè êëåòîê â ýíäîòåëèè êðîâåíîñíûõ

êàïèëëÿðîâ ó êîíòðîëüíûõ êðûñ

Íà ðèñóíêå 1 âèäíî,÷òî ó èíòàêòíûõ êðûñ ëèíèè

Âèñòàð îáîåãî ïîëà ïîãèáàþùèå êëåòêè âñòðå÷àþòñÿ â

íåçíà÷èòåëüíîì êîëè÷åñòâå. Ñóäÿ ïî ïðåäñòàâëåííûì

äàííûì, íè ïîë æèâîòíûõ, íè ëîêàëèçàöèÿ êðîâå-

íîñíûõ êàïèëëÿðîâ íà ðåçóëüòàòàõ íå ñêàçûâàþòñÿ.

II. Yield of non-viable endotheliocytes after

irradiation of rats at different doses (0.25-

4.5 Gy)

Figure 2 presents the received results for doses of

0.25,0.5,2,and 4.5 Gy (fixation in 24 hr after irra-

diation) A pronounced elevation of the non-viable

cell amount is observed vs. control. In this case,

the effect also had no dependence on sex of the

animals and localization of blood capillaries.

Effect is recorded at as low radiation dose as 0.25

Gy. No enhancement of the effect with increase of

dose was observed even at its 18-fold elevation. In

this and in subsequent observations, cell death

occurred without association with cell division.

Destruction was primarily localized in cytoplas-

mic cellular structures.

II. Âûõîä íåæèçíåñïîñîáíûõ ýíäîòåëèîöèòîâ

ïîñëå îáëó÷åíèÿ êðûñ â ðàçíûõ äîçàõ (â äè-

àïàçîíå 0,25-4,5 Ãð)

Íà ðèñóíêå 2 ïðåäñòàâëåíû äàííûå äëÿ äîç 0,25,

0,5, 2 è 4,5 Ãð (ôèêñàöèÿ ÷åðåç 24 ÷àñà ïîñëå

îáëó÷åíèÿ). Âèäíî ðåçêîå ïîâûøåíèå ñîäåðæàíèÿ

íåæèçíåñïîñîáíûõ ýíäîòåëèîöèòîâ ïî ñðàâíåíèþ ñ

êîíòðîëåì. È â ýòîì ñëó÷àå îò ïîëà æèâîòíûõ è îò

ëîêàëèçàöèè êðîâåíîñíûõ êàïèëëÿðîâ ýôôåêò íå

çàâèñèò. Ýôôåêò ðåãèñòðèðóåòñÿ óæå ïðè íèçêîé

äîçå ðàäèàöèè 0,25 Ãð. Âîçðàñòàíèå åãî ñ

óâåëè÷åíèåì äîçû íå íàáëþäàåòñÿ äàæå ïðè

óâåëè÷åíèè åå â 18 ðàç. Â ýòèõ è ïîñëåäóþùèõ

íàáëþäåíèÿõ ãèáåëü êëåòîê ïðîèñõîäèëà âíå ñâÿçè

ñ êëåòî÷íûì äåëåíèåì. Äåñòðóêöèÿ ïåðâè÷íî

ëîêàëèçîâàëàñü â öèòîïëàçìàòè÷åñêèõ ñòðóêòóðàõ.

FFIIGGUURREE  11.. INCIDENCE OF NON-VIABLE ENDOTHELIOCYTES (E) IN CAPILLARIES OF THE MYOCARDIUM (•) 

AND LUNG (∆) IN INTACT RATS.  3-6 - MALES; 7-12 - FEMALES.
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III. Yield of non-viable cells in blood capillary

endothelium of the myocardium and lung in rats

born after irradiation of one of the parents at

doses of 0.25 and 0.5 Gy 

Figure 3 shows that the elevated death of endothe-

liocytes is preserved in offspring of animals

exposed to ionizing radiation,both of males and of

females. As previously,the sex of the studied ani-

mals and localization of capillaries did not affect

the results. According to these observations, a

rather low dose, i.e. 0.25 Gy was also efficient.

With its doubling,the effect did not increase.

III. Âûõîä íåæèçíåñïîñîáíûõ êëåòîê â ýíäîòåëèè

êðîâåíîñíûõ êàïèëëÿðîâ ìèîêàðäà è ëåãêîãî ó

êðûñ, ðîäèâøèõñÿ ïîñëå îáëó÷åíèÿ îäíîãî èç

ðîäèòåëåé â äîçàõ 0,25 è 0,5 Ãð

Íà ðèñóíêå 3 âèäíî, ÷òî ïîâûøåííàÿ ãèáåëü

ýíäîòåëèîöèòîâ ñîõðàíÿåòñÿ ó ïîòîìêîâ îáëó÷åííûõ

æèâîòíûõ,ïðè÷åì ïîñëå îáëó÷åíèÿ,êàê ñàìöà,òàê è

ñàìêè. Êàê è ðàíåå,ïîë èññëåäîâàííûõ æèâîòíûõ è

ëîêàëèçàöèÿ êàïèëëÿðîâ íà ðåçóëüòàòàõ íå

ñêàçûâàëèñü. È â ýòèõ íàáëþäåíèÿõ ýôôåêòèâíîé

îêàçàëàñü óæå âåñüìà ìàëàÿ äîçà - 0,25 Ãð. Ïðè

äâóêðàòíîì åå âîçðàñòàíèè ýôôåêò íå óâåëè÷èâàëñÿ.

IV. Analysis of results of statistical treatment of

materials

Determination of the mean values of the amount

of non-viable cells and their square-law errors was

performed taking into account the following

established peculiarities of dispersion of experi-

mental data:

1) in the same animal (different portions and dif-

ferent sections) the dispersion is approximately the

same as in different animals, which indicates a

rather low significance of individual animal,

2) gender of animals and localization of blood

capillaries (myocardium or lung) did not affect

results.

IV. Àíàëèç ðåçóëüòàòîâ ñòàòèñòè÷åñêîé îáðà-

áîòêè ìàòåðèàëîâ

Îïðåäåëåíèå ñðåäíèõ çíà÷åíèé ñîäåðæàíèÿ

íåæèçíåñïîñîáíûõ êëåòîê è èõ êâàäðàòè÷åñêèõ

îøèáîê ïðîâîäèëîñü ñ ó÷åòîì ñëåäóþùèõ óñòàíîâ-

ëåííûõ îñîáåííîñòåé ðàçáðîñà ýêñïåðèìåíòàëüíûõ

äàííûõ:

1) ó îäíîãî æèâîòíîãî (ðàçíûå ïîðöèè è ðàçíûå

ñðåçû) ðàçáðîñ ïðèìåðíî òîò æå, ÷òî è ó ðàçíûõ

æèâîòíûõ, ÷òî ãîâîðèò îá îòíîñèòåëüíî ìàëîì

çíà÷åíèè èíäèâèäóàëüíîãî æèâîòíîãî,

2) ïîë æèâîòíûõ è ëîêàëèçàöèÿ êðîâåíîñíûõ

êàïèëëÿðîâ (ìèîêàðä èëè ëåãêîå) íà ðåçóëüòàòàõ

íå ñêàçûâàþòñÿ.

FFIIGGUURREE  33..  INCIDENCE OF NON-VIABLE ENDOTHELIOCYTES (E) 

IN CAPILLARIES OF THE MYOCARDIUM (•) AND LUNG (∆) IN OFFSPRING OF RATS AFTER IRRADIATION 

OF ONE OF THE PARENTS (A - MALE, B - FEMALE) 

AT DOSES OF 0.25 Gy (à) AND 0.5 Gy (b). 36-40 - MALES; 27-35, 41-45 - FEMALES.

ÐÐÈÈÑÑÓÓÍÍÎÎÊÊ  33.. ×ÀÑÒÎÒÀ ÂÑÒÐÅ×ÀÅÌÎÑÒÈ ÍÅÆÈÇÍÅÑÏÎÑÎÁÍÛÕ ÝÍÄÎÒÅËÈÎÖÈÒÎÂ (Ý) 

Â ÊÀÏÈËËßÐÀÕ ÌÈÎÊÀÐÄÀ (•) È ËÅÃÊÎÃÎ (∆) Ó ÏÎÒÎÌÊÎÂ ÊÐÛÑ ÏÎÑËÅ ÎÁËÓ×ÅÍÈß 

ÎÄÍÎÃÎ ÈÇ ÐÎÄÈÒÅËÅÉ (À - ÑÀÌÖÀ,  B - ÑÀÌÊÈ) 

Â ÄÎÇÀÕ 0.25 Ãð (à) È 0.5 Ãð (b) Ãð. 36-40 - ÑÀÌÖÛ; 27-35, 41-45 - ÑÀÌÊÈ

À B

a
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This allowed the variation rows in each of the

samples to be composed of all obtained experi-

mental points. Results of the calculations are

presented in the table.

Ýòî ïîçâîëèëî âàðèàöèîííûå ðÿäû â êàæäîé èç

âûáîðîê ñîñòàâëÿòü èç âñåõ èìåþùèõñÿ ýêñïå-

ðèìåíòàëüíûõ òî÷åê. Ðåçóëüòàòû ðàñ÷åòîâ ïðèâå-

äåíû â òàáëèöå.

Comparison of the obtained data was performed:

1) in experiments 1, 2, 3 - with control; the con-

clusion was made that the difference between

experimental data and control was significant at a

high level of confidence probability;

2) between the experiments 2 and 3; it was evident

that differencebetween theexperimental data (also at

a high probability) in this case was not statistically

significant,i.e. it does not matter to the offspring as

to which of the parents was irradiated;

3) between the experiments 1 and 2 + 3 (com-

bined); the comparison shows that difference of

data is statistically non-significant;

4) results of each of experiments - 1 (irradiated

rats) and 2 and 3 (offspring) - at different dose

values were compared consecutively.

This comparison allows concluding the absence of

effect of the dose increase on the process,as in this

case the difference between the data also is statis-

tically non-significant.

Thus,the studied effects provide an increase of the

death level of endothelial cells both in the irradi-

ated animals themselves and in their offspring

born after the low-dose irradiation of one of the

parents (both of male and of female).

At present,the consequences of effect of irradiation

are proved sufficiently strongly with respect to

cancerogenic effects, disturbances of embryonal

development,death of embryos,as well as some dis-

turbances of postnatal ontogenesis (Vorobtsova

I.E., 1991; Nefedov I.Yu., Palyga G.F., 1995;

Palyga G.F. et al., 1999). All these changes

depend on the value of dose. At low doses (of the

order of fractions of Gy) the frequency of their

appearance only slightly exceeds, or practically

does not exceed at all,the spontaneous one.

Ïðîâîäèëîñü ñîïîñòàâëåíèå ïîëó÷åííûõ äàííûõ:

1) ïî îïûòàì 1,2,3 - ñ êîíòðîëåì; cäåëàí âûâîä -

ðàçëè÷èå ìåæäó îïûòíûìè äàííûìè è êîíòðîëåì

äîñòîâåðíî ïðè âûñîêîì óðîâíå äîâåðèòåëüíîé âå-

ðîÿòíîñòè;

2) ìåæäó îïûòàìè 2 è 3; î÷åâèäíî, ÷òî ðàñõîæäå-

íèå ìåæäó îïûòíûìè äàííûìè (òàêæå ïðè âûñî-

êîé âåðîÿòíîñòè) â ýòîì ñëó÷àå íåçíà÷èìî,òî åñòü

äëÿ ïîòîìêîâ íå èìååò çíà÷åíèÿ,êòî èç ðîäèòåëåé

áûë ïîäâåðãíóò îáëó÷åíèþ;

3) ìåæäó îïûòîì 1 è 2 è 3 (îáúåäèíåííûì); cðàâ-

íåíèå ïîêàçûâàåò,÷òî ðàñõîæäåíèå äàííûõ íåçíà-

÷èìî;

4) ïîñëåäîâàòåëüíî ñîïîñòàâëÿëèñü ðåçóëüòàòû

êàæäîãî èç îïûòîâ - 1 (îáëó÷åííûå êðûñû) è 2 è

3 (ïîòîìêè) - ïðè ðàçíûõ çíà÷åíèÿõ âåëè÷èí äîç.

Ýòî ñîïîñòàâëåíèå ïîçâîëÿåò ñäåëàòü âûâîä îá îò-

ñóòñòâèè âëèÿíèÿ âîçðàñòàíèÿ äîçû íà ïðîöåññ,

òàê êàê è â ýòîì ñëó÷àå,ðàçëè÷èå ìåæäó äàííûìè

ñòàòèñòè÷åñêè íåçíà÷èìî.

Èòàê, èçó÷àåìûå ýôôåêòû îáåñïå÷èâàþò ïîâûøå-

íèå óðîâíÿ ãèáåëè ýíäîòåëèàëüíûõ êëåòîê, êàê ó

ñàìèõ îáëó÷åííûõ æèâîòíûõ,òàê è ó ïîòîìêîâ,ðî-

äèâøèõñÿ ïîñëå îáëó÷åíèÿ îäíîãî èç ðîäèòåëåé â

ìàëûõ äîçàõ (êàê ñàìöà,òàê è ñàìêè).

Â íàñòîÿùåå âðåìÿ ïîñëåäñòâèÿ äåéñòâèÿ ðàäèàöèè

äîñòàòî÷íî ñòðîãî äîêàçàíû â îòíîøåíèè êàíöåðî-

ãåííûõ ýôôåêòîâ, íàðóøåíèé ýìáðèîíàëüíîãî ðà-

çâèòèÿ,ãèáåëè çàðîäûøåé,à òàêæå íåêîòîðûõ íàðó-

øåíèé ïîñòíàòàëüíîãî îíòîãåíåçà (Âîðîáöîâà È.Å.,

1991; Íåôåäîâ È.Þ., Ïàëûãà Ã.Ô., 1995; Ïàëûãà

Ã.Ô. è ñîàâò.,1999). Âñå ýòè èçìåíåíèÿ çàâèñÿò îò

âåëè÷èíû äîçû. Ïðè ìàëûõ äîçàõ ðàäèàöèè (ïî-

ðÿäêà äîëåé Ãð) ÷àñòîòà èõ ïîÿâëåíèÿ ëèøü íå

íàìíîãî ïðåâûøàåò ñïîíòàííóþ èëè âîîáùå åå

ïðàêòè÷åñêè íå ïðåâûøàåò.

TTAABBLLEE

THE MEAN AMOUNT OF NON-VIABLE ENDOTHELIOCYTES (%) IN WALLS OF BLOOD CAPILLARIES IN IRRADIATED RATS AND IN OFFSPRING

OF ONE OF IRRADIATED PARENTS

ÒÒÀÀÁÁËËÈÈÖÖÀÀ

ÑÐÅÄÍÅÅ ÑÎÄÅÐÆÀÍÈÅ ÍÅÆÈÇÍÅÑÏÎÑÎÁÍÛÕ ÝÍÄÎÒÅËÈÎÖÈÒÎÂ (%) Â ÑÒÅÍÊÀÕ ÊÐÎÂÅÍÎÑÍÛÕ ÊÀÏÈËËßÐÎÂ Ó ÎÁËÓ×ÅÍÍÛÕ

ÊÐÛÑ È Ó ÏÎÒÎÌÊÎÂ ÎÄÍÎÃÎ ÈÇ ÎÁËÓ×ÅÍÍÛÕ ÐÎÄÈÒÅËÅÉ

Dose(Gy) Control 

n M±m*       
0 

19 0.5±0.18       

Experiment 

Offspring 
Irradiated rats 

From irradiated male From irradiated female 

1 2 3 

 

n M±m* n M±m* N M±m* 

0.25 8 3.5±0.75 6 5±2.2 6 4.98±1.3 

0.5 7 3.44±0.85 6 2.5±0.75 17 3.28±0.67 

2 6 3.5±1     

4.5 6 3.38±1.08     

Note: n - the number of experimental points; * - the mean with the square error.
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As to the inherited effects described in the present

work,they cannot be related to mutations. This is

confirmed by a massive induction of the changes

by exposure to low radiation doses (it was

observed in all studied offspring) and the lack of

enhancement of the changes along with dose ele-

vation.

We consider these effects as manifestation of a

peculiar phenomenon that seems to be of the epi-

genetic nature (Nanney D.L., 1958; Riggs A.D.,

Porter T.N.,1996). The established effects can be

considered as a peculiar form of manifestations of

the radiation-induced genome instability. Åhis

conclusion can also be extended to the offspring of

irradiated parents.
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×òî æå êàñàåòñÿ óíàñëåäîâàííûõ ýôôåêòîâ, îïè-

ñàííûõ â äàííîé ðàáîòå,òî îíè íå ìîãóò áûòü ñâÿ-

çàíû ñ ìóòàöèÿìè. Â ïîëüçó ýòîãî ñâèäåòåëüñòâóåò

ìàññîâàÿ èíäóêöèÿ èçìåíåíèé ïðè âîçäåéñòâèè ìà-

ëûõ äîç ðàäèàöèè (íàáëþäàëèñü ó âñåõ èññëåäî-

âàííûõ ïîòîìêîâ) è îòñóòñòâèå âîçðàñòàíèÿ èçìå-

íåíèé ñ óâåëè÷åíèåì äîçû.

Îáíàðóæåííûå ýôôåêòû ìîæíî ðàññìàòðèâàòü êàê

îñîáóþ ôîðìó ïðîÿâëåíèé ðàäèàöèîííî-èíäóöèðî-

âàííîé íåñòàáèëüíîñòè ãåíîìà, èìåþùóþ, ïî-âèäè-

ìîìó, ýïèãåíåòè÷åñêóþ ïðèðîäó (Nanney D.L.,

1958; Riggs A.D., Porter T.N., 1996). Äàííûé âû-

âîä, î÷åâèäíî,ìîæåò áûòü ðàñïðîñòðàíåí è íà ïî-

òîìêîâ ïîäâåðãøèõñÿ âîçäåéñòâèþ èîíèçèðóþùèõ

èçëó÷åíèé ðîäèòåëåé.
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Àâòîðû âûðàæàþò ïðèçíàòåëüíîñòü Ô.Ñ. Áåä÷åð

çà ïðîâåäåíèå ñòàòèñòè÷åñêèõ ðàñ÷åòîâ è ïîìîùü â

ðåäàêòèðîâàíèè ñòàòüè, Ë.Ç. Ïåâçíåðó çà ïåðåâîä

ðóêîïèñè íà àíãëèéñêèé ÿçûê, Ï.Â. Àíòîíîâó,

È.Þ. Íåôåäîâó,È.Þ. Íåôåäîâîé è Ä.Í. ×åðíÿ-

êîâîé çà ó÷àñòèå â ïðîâåäåíèè íåêîòîðûõ ýêñïåðè-

ìåíòîâ.

REFERENCES

Áû÷êîâñêàÿ È.Á. Ïðîáëåìû îòäàëåííîé ðàäèà-

öèîííîé ãèáåëè êëåòîê. Ýíåðãîàòîìèçäàò, Ìîñ-

êâà,1986,158 ñ.

[Bychkovskaya I.B. Problems of the remote radia-

tion cell death. Energoatomizdat Publ., Moscow,

1986,158 p.]

Áû÷êîâñêàÿ È.Á.,Ñòåïàíîâ Ð.Ï.,Àíòîíîâ Ï.Â.,

×åðíÿêîâà Ä.Í. Ê ïðîáëåìå ïñåâäîìóòàãåíåçà.

Ïåðñèñòèðóþùåå ïîâûøåíèå óðîâíÿ èçìåí÷èâî-

ñòè êëåòîê,èíäóöèðóåìîå ðàäèàöèåé è íåêîòîðû-

ìè äðóãèìè àãåíòàìè. Ðàäèàö. áèîëîãèÿ. Ðàäèî-

ýêîëîãèÿ,1996; 36(6): 926-931.

[Bychkovskaya I.B.,Stepanov R.P.,Antonov P.V.,

Chernjakova D.N. To the problem of pseudomata-

genesis. Persisting increase of the level of cell vari-

ability,induced by radiation and some other agents.

Radiation Biology. Radioecology,1996; 36(6): 926-

931]

Áû÷êîâñêàÿ È.Á., Ñòåïàíîâ Ð.Ï, Ôåäîðöå-

âà Ð.Ô. Äåòåðìèíèðîâàííûå ïîñëåäñòâèÿ äåé-

ñòâèÿ èçëó÷åíèÿ â ìàëûõ äîçàõ. Îñîáûå äîëãî-

æèâóùèå êëåòî÷íûå ýôôåêòû â ýíäîòåëèè êðîâå-

íîñíûõ ñîñóäîâ. Ìåä. ðàäèîëîãèÿ è ðàäèàö. áå-

çîïàñíîñòü,2000; 45(1): 26-35.

[Bychkovskaya I.B.,Stepanov R.P.,Fedortseva R.F.

Determined consequences of the effect of low-dose ir-

radiation. Peculiar long-living cellular effects in the

blood vessel endothelium. Med. Radiology and Radi-

at. Safety,2000; 45(1): 26-35]

Áû÷êîâñêàÿ È.Á.,Ñòåïàíîâ Ð.Ï,Ôåäîðöåâà Ð.Ô

Îñîáûå äîëãîâðåìåííûå èçìåíåíèÿ êëåòîê ïðè

âîçäåéñòâèè ðàäèàöèè â ìàëûõ äîçàõ. Ðàäèàö.

áèîëîãèÿ. Ðàäèîýêîëîãèÿ,2002; 42(1): 20-35.

[Bychkovskaya I.B., Stepanov R.P., Fedortse-

va R.F. The peculiar long-term cellular alterations

under low doses of ionizing radiation. Radiat. Bio-

logy. Radioecology,2002; 42(1): 20-35]

Âîðîáöîâà È.Å. Ñîìàòè÷åñêèå è ãåíåòè÷åñêèå ïî-

ñëåäñòâèÿ äåéñòâèÿ ðàäèàöèè (ñðàâíèòåëüíûé àñ-

ïåêò). Ðàäèîáèîëîãèÿ,1991; 31(4): 568-577.

[Vorobtsova I.E. Somatic and genetic consequences

of radiation action (comparative aspect). Radiobio-

logy,1991; 31(4): 568-577]

Âîðîáüåâ Å.È., Ñòåïàíîâ Ð.Ï. Èîíèçèðóþùàÿ

ðàäèàöèÿ è êðîâåíîñíûå ñîñóäû. Ýíåðãîàòîìèç-

äàò,Ìîñêâà,1985,124 ñ.

[Vorobjev E.J.,Stepanov R.P. Ionizing radiation

and blood vessels. Energoatomizdat,Moscow,1985,

124 p] 

Íåôåäîâ È.Þ.,Ïàëûãà Ã.Ô. Ëó÷åâûå ýôôåêòû â

îíòîãåíåçå ïîòîìñòâà îäíîãî èëè îáîèõ îáëó÷åí-

íûõ ðîäèòåëåé. Ðàäèàö. áèîëîãèÿ. Ðàäèîýêîëî-

ãèÿ. 1995; 35(3): 370-374.

[Nefedov I.Yu, Palyga G.F. Radiation effects in

ontogenesis of offspring of one or both irradiated pa-

rents. Radiat. Biology. Radioecology,1995; 35(3):

370-374]

Ïàëûãà Ã.Ô., Äîìáðîâñêèé À.Â., Ëåïåõèí È.Ï.

Ýìáðèîãåíåç è ðàííèé ïîñòíàòàëüíûé îíòîãåíåç

ïîòîìñòâà äâóõ ïîêîëåíèé ñàìîê êðûñ Âèñòàð â

çàâèñèìîñòè îò âðåìåíè îïëîäîòâîðåíèÿ ïîñëå

îáëó÷åíèÿ â ìàëûõ äîçàõ. Ðàäèàö. áèîëîãèÿ. Ðà-

äèîýêîëîãèÿ. 1999; 39(4): 384-388.

[Palyga G.F.,Dombrovsky À.V.,Lepehin I.P. Em-

bryogenesis and early postnatal ontogenesis of off-

spring of two generations of female Wistar rats de-

pending on time of fertilization after a low-dose ir-

radiation. Radiat. Biology. Radioecology, 1999;



173

39(4): 384-388]

Ñòåïàíîâ Ð.Ï, Áû÷êîâñêàÿ È.Á., Ôåäîðöåâà

Ð.Ô., Øèøêî Ò.Ò., Àíòîíîâ Ï.Â. Ïîâûøåíèå

óðîâíÿ ñïîíòàííîé èçìåí÷èâîñòè êëåòî÷íûõ ïî-

ïóëÿöèè â òêàíÿõ ðàçíîãî òèïà, èíäóöèðîâàííûå

âíåøíèìè âîçäåéñòâèÿìè. Â êí.: Ãèñòîãåíåòè÷å-

ñêèé àíàëèç èçìåí÷èâîñòè è ðåãåíåðàöèÿ òêàíåé.

ÈÝÌ,Ñàíêò-Ïåòåðáóðã,1997,ñ.84.

[Stepanov R.P., Bychkovskaya I.B., Fedortseva

R.F.,Shishko T.T,Antonov P.V. An increase of the

level of spontaneous variability of cell populations

in tissues of different types,induced by external ac-

tions. In: Histogenetic analysis of variability and

tissue regeneration. IEM,Saint-Petersburg, 1997,p.

84]

Ñòåïàíîâ Ð.Ï., Êèðèê Î.Â., Êîìàðåâöåâ Â.Í.

Ñòðóêòóðíàÿ îñíîâà ñòîéêèõ èçìåíåíèé ïî÷å÷íî-

ãî ýïèòåëèÿ,èíäóöèðîâàííûõ ðàäèàöèîííûì âîç-

äåéñòâèåì. Â ñá.: "Àêòóàëüíûå âîïðîñû âîåííîé

ïîëåâîé òåðàïèè". Âûï. 3. Ìåäèöèíñêèå ïîñëåä-

ñòâèÿ ýêñòðåìàëüíûõ âîçäåéñòâèé íà îðãàíèçì.

Ñàíêò-Ïåòåðáóðã,2002,c. 295-297.

[Stepanov R.P., Kirik O.V., Komarevsev V.N.

Structural basis of steady changes of renal epitheli-

um, induced by radiational action. In: Actual pro-

blems of military field therapy. No. 3. Medical

consequences of extreme actions on the organism.

Saint-Petersburg,2002,p. 295-297]

Ñòåïàíîâ Ð.Ï.,Øèøêî Ò.Ò. Ðàäèîèíäóöèðîâàí-

íûå ïðîöåññû â ñòðóêòóðàõ ñòåíêè ìàãèñòðàëüíûõ

ñîñóäîâ. Â êí.: Âîïðîñû ýêñïåðèìåíòàëüíîé è

êëèíè÷åñêîé ðåíòãåíîðàäèîëîãèè. Íàó÷. òð.

ÖÍÈÐÐÈ,Ëåíèíãðàä,1991,cc. 99-101.

[Stepanov R.P.,Shishko T.T. Radioinduced proces-

ses in structures of the wall of large blood vessels.

In: Problems of experimental and clinical roentge-

noradiology. CRIRRI Sci. papers,Leningrad,1991,

pp. 99-101] 

Bychkovskaya I.B., Ochinskaya G.K., Yudin A.L.

An analysis of hereditary increase in frequency of

cell mortality induced by external factors (experi-

ments with nuclear transplantation in Amoeba).

Arch. Protistenk.,1980,123: 1-11.

Nanney D.L. Epigenetic control systems. Proc.

Natl. Acad. Sci. USA,1958,44: 712-717.

Riggs A.D., Porter T.N. Over view of epigenetic

mechanisms. In.: V.E.A. Russo,R.A. Martien,A.D.

Riggs (Eds.) Epigenetic mechanisms of gene regula-

tion, Cold Spring Harbor Laboratory Press, USA,

1996,pp. 29-45.

Yudin A.L. Nuclear transplantation studies in Amoe-

ba proteus. Int. Rev. Cytol. Supl.,1979; 9: 63-100.

Bychkovskaja et al. / International Journal of Radiation Medicine 2004, 6(1-4): 167-173




