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INTRODUCTION
Continuous exposure to small levels of ionizing ra-
diation induces disturbances in function of the tis-
sues and organs of irradiated animals. The magni-
tude of changes greatly depends on many factors,
radiation level (Gajeweski A.K. et al., 1975), sensi-
tivity of the tissue and type of measured substances
(El-Kashef H.S. et al., 1986; El-Kashef H.S., Saada H.N.,
1988). The accumulation of radiation doses repre-
sents a major future problem to man and his envi-
ronment. At high doses or high dose rates, the dama-
ging effect of radiation on cells, tissue and orga-
nisms are unequivocal and these effects have been
previously discussed (Moose W.S., 1966; Robert F.,
1967; El-Kashef H.S. et al., 1984; Moussa T.A. et al.,
1984; 1989). Absorbed radiation energy caused sin-
gle and double strand breaks or base damage in
DNA and if the repair and recovery are incomplete
or inadequate, the viability of the cells or their re-
productive capacity or accuracy may be compro-
mised.

ÂÂÅÄÅÍÈÅ
Ïðîäîëæèòåëüíîå âîçäåéñòâèå èîíèçèðóþùèõ èçëó-
÷åíèé â ìàëûõ äîçàõ âûçûâàåò ó æèâîòíûõ íàðóøåíèÿ
ôóíêöèè îðãàíîâ è òêàíåé. Òÿæåñòü òàêîãî ðîäà èçìå-
íåíèé çàâèñèò îò ìíîãèõ ôàêòîðîâ � äîçû (Gajewes-
ki A.K. et al., 1975), ÷óâñòâèòåëüíîñòè òêàíè è òèïà èññëåäóå-
ìîãî ìàòåðèàëà (El-Kashef H.S. et al., 1986; El-Kashef H.S.,
Saada H.N., 1988). Íàêîïëåíèå äîç îáëó÷åíèÿ ìîæåò
ïðåäñòàâëÿòü áîëüøóþ ïðîáëåìó äëÿ ÷åëîâåêà è åãî îê-
ðóæåíèÿ â áóäóùåì. Ïðè áîëüøèõ äîçàõ èëè âûñîêèõ
ìîùíîñòÿõ äîçû ïîâðåæäàþùåå âîçäåéñòâèå îáëó÷å-
íèÿ íà êëåòêè, òêàíè è îðãàíèçìû ÿâëÿåòñÿ âïîëíå îï-
ðåäåëåííûì è îáñóæäàëîñü ïðåæäå (Moose W.S., 1966;
Robert F., 1967; El-Kashef H.S. et al., 1984; Moussa T.A. et al.,
1984; 1989). Ïîãëîùåííàÿ ýíåðãèÿ èîíèçèðóþùèõ èç-
ëó÷åíèé âûçûâàåò îäèíî÷íûå, äâîéíûå ðàçðûâû èëè
ïîâðåæäåíèÿ îñíîâàíèé íóêëåîòèäîâ ÄÍÊ. Åñëè æå ïðè
ýòîì ðåïàðàòèâíûå è âîññòàíîâèòåëüíûå ìåõàíèçìû
îêàçûâàþòñÿ íåïîëíîöåííûìè èëè æå íåàäåêâàòíûìè,
òî æèçíåñïîñîáíîñòü êëåòîê, èõ ñïîñîáíîñòü èëè ïîë-
íîöåííîñòü äåëåíèÿ ìîæåò ïîäâåðãàòüñÿ ðèñêó.
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Abstract
Whole body γ-exposure (10 Gy) at fractionated daily radiation doses of 1 Gy, induced loss in body weight and
increased mortality percentage. The changes in body weight and mortality are dose-dependent and greatly con-
nected with the accumulated radiation dose. The red blood cell count and hemoglobin concentration was
decreased in whole body γ-irradiated rats. The severity of changes depended on the total absorbed radiation
dose. At the same time, radiation induced significant changes in total chromosomal aberrations and percenta-
ge of abnormal nuclei in bone marrow cells. Different types of chromosomal aberrations were observed i.e.
breaks, gaps, end to end, centromeric attenuation, centromeric fusion, ring and polyploidy. The variation in the
studied parameters became more pronounced with increased radiation dose. Death and loss in body weight are
tightly correlated with severe hematological and genetic changes. The results indicated that vitamin E helped
in clear recovery from radiation induced changes of the studied parameters.
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The detrimental effect of irradiation can be observed
as disturbance in different functions, which may
lead to cancer and cause the death of the animal
after a period of time. Whole body γ-irradiation
induced such changes as life shortening (Upton A.C.
et al., 1967), body weight loss (Peter R. et al., 1981),
immunological aspects (Hesham S.M., 1993), blood
constituents (Elham A.A., 1995), hemoglobin (Na-
hed A.A., 1996) and hematocrit values as well as chro-
mosomal properties. All these variations represent
a major radiation risk to health that must be de-
tected and treated early.

The appearance of radiation risk is correlated with
the radiation level and time of exposure. The haza-
rdous effect of accumulated radiation levels may be
used as an actual biological indicator for the seve-
rity of detrimental effects of irradiation.

It is proven that vitamin E has been used as a good
radio-protective agent (El-Kashef H.S. et al., 1994;
Henson D.E. et al., 1991; Packer L., 1991). Vitamin E
at concentration 10 mg on 100 g of body weight
was daily injected to the animals in order to evalua-
te its radio-protective role in controlling the varia-
tions after chronic radiation exposure. In this re-
spect vitamin E will be tested to ameliorate the ob-
served changes in blood cells, loss in body weight,
as well as mortality percentage and chromosomal
aberrations in bone marrow cells of irradiated rats
treated with vitamin E.

MATERIAL AND METHODS
More than 280 rats were used in this study classified
as follow:

A � For each experiment 40 rats were used to esti-
mate changes in mortality and body weight loss.
Experiments repeated 4 times.

B � 240 rats were used for hematological and chro-
mosomal estimation.

Mortality and body weight studies

T h e  r a t s  w e r e  d i v i d e d  i n t o  4  g r o u p s  a s
f o l l o w s :

� control (4�10 rats);

� control treated with vitamin E (4�10 rats);

� irradiated (4�10 rats);

� irradiated treated with vitamin E (4�10 rats).

Vitamin E was daily injected intraperitoneally
10 mg on 100 g body weight before whole body
γ-irradiation. The rats were subjected to 1 Gy up to
the 10th days (total accumulated dose during 30 days
was 10 Gy). Radiation exposure was performed
2 hours after the vitamin E treatment.

Íåáëàãîïðèÿòíûå ýôôåêòû îáëó÷åíèÿ ìîãóò ðàññìàò-
ðèâàòüñÿ êàê íàðóøåíèå ðàçëè÷íûõ ôóíêöèé, ÷òî ìî-
æåò ñòàòü ïðè÷èíîé âîçíèêíîâåíèÿ ðàêà è ñìåðòè æè-
âîòíîãî ñïóñòÿ íåêîòîðîå âðåìÿ. Îáùåå γ-îáëó÷åíèå
âûçûâàåò èçìåíåíèÿ â âèäå ñîêðàùåíèÿ ïðîäîëæèòåëü-
íîñòè æèçíè (Upton A.C. et al., 1967), óìåíüøåíèÿ ìàññû
òåëà (Peter R. et al., 1981), èììóíîëîãè÷åñêèõ íàðóøåíèé
(Hesham S.M., 1993), èçìåíåíèé ýëåìåíòîâ êðîâè (El-
ham A.A., 1995), óðîâíÿ ãåìîãëîáèíà (Nahed A.A., 1996) è
ãåìàòîêðèòà, ñâîéñòâ õðîìîñîì. Ýòè îòêëîíåíèÿ ïðåä-
ñòàâëÿþò ñîáîé íàèáîëüøèé ðàäèàöèîííûé ðèñê äëÿ
çäîðîâüÿ è ïîäëåæàò ðàííåìó âûÿâëåíèþ è êîððåêöèè.

Ðàäèàöèîííûé ðèñê êîððåëèðóåò ñ ìîùíîñòüþ äîçû
îáëó÷åíèÿ è âðåìåíåì âîçäåéñòâèÿ. Îïàñíûå ýôôåê-
òû íàêîïëåííûõ äîç ìîãóò áûòü èñïîëüçîâàíû â êà÷å-
ñòâå äåéñòâèòåëüíîãî áèîëîãè÷åñêîãî èíäèêàòîðà ñòå-
ïåíè ïàòîãåííûõ ýôôåêòîâ îáëó÷åíèÿ.

Äîêàçàíî, ÷òî âèòàìèí Å ÿâëÿåòñÿ ýôôåêòèâíûì
ðàäèîïðîòåêòîðíûì ñðåäñòâîì (El-Kashef H.S. et al., 1993;
El-Kashef H.S. et al., 1994; Henson D.E. et al., 1991; Pac-
ker L., 1991). Âèòàìèí Å â äîçå 10 ìã íà 100 ã ìàññû òåëà
ââîäèëè ïàðåíòåðàëüíî æèâîòíûì â öåëÿõ îöåíêè åãî
ðàäèîïðîòåêòîðíîé ðîëè ïðè êîððåêöèè íàðóøåíèé
âñëåäñòâèå õðîíè÷åñêîãî ðàäèàöèîííîãî âîçäåéñòâèÿ.
Ýôôåêòèâíîñòü âèòàìèíà Å îöåíèâàëè â ïëàíå íîð-
ìàëèçàöèè íàáëþäàåìûõ èçìåíåíèé êëåòî÷íûõ ýëå-
ìåíòîâ êðîâè, ìàññû òåëà, à òàêæå ïî âåëè÷èíå ïîêàçà-
òåëÿ ñìåðòíîñòè è õðîìîñîìíûì àáåððàöèÿì â êëåò-
êàõ êîñòíîãî ìîçãà.

ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ
Â íàñòîÿùåì èññëåäîâàíèè èñïîëüçîâàëè áîëåå 280
êðûñ:

À � 40 æèâîòíûõ èñïîëüçîâàëè â êàæäîì ýêñïåðèìåíòå
äëÿ îöåíêè âåëè÷èí ñìåðòíîñòè è óìåíüøåíèÿ ìàññû
òåëà; èññëåäîâàíèÿ ïîâòîðÿëè 4 ðàçà;

Á � 240 êðûñ áûëè èñïîëüçîâàíû â ãåìàòîëîãè÷åñêèõ
è õðîìîñîìíûõ èññëåäîâàíèÿõ.

Èçó÷åíèå ñìåðòíîñòè è èçìåíåíèÿ ìàññû òåëà

Èññëåäîâàíèÿ ïðîâîäèëè íà ëàáîðàòîðíûõ æèâîòíûõ
â ñëåäóþùèõ ãðóïïàõ íàáëþäåíèÿ:

� êîíòðîëüíàÿ (4�10 êðûñ);

� êîíòðîëüíàÿ, ïîëó÷àâøèå âèòàìèí Å (4�10 êðûñ);

� îáëó÷åííûå (4�10 êðûñ);

� îáëó÷åííûå, ïîëó÷àâøèå âèòàìèí Å (4�10 êðûñ).

Âèòàìèí Å åæåäíåâíî ââîäèëè âíóòðèáðþøèííî â
äîçå 10 ìã íà 100 ã ìàññû òåëà ïåðåä îáùèì γ-îáëó÷å-
íèåì. Äîçà äîñòèãàëà 1 Ãð ê 10-ìó äíþ, ñóììàðíàÿ íà-
êîïëåííàÿ äîçà çà 30 ñóò � 10 Ãð. Ðàäèàöèîííîå âîç-
äåéñòâèå îñóùåñòâëÿëîñü ñ èíòåðâàëîì 2 ÷ ïîñëå ââå-
äåíèÿ âèòàìèíà Å.
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Mortality was estimated by the equation: Mortali-
ty =  Y�100�N-1, where Y � number of deaths, N �
number of rats.

Variation in body weight was calculated by subtrac-
tion of daily recorded the body weight from the
original weight and then calculated as a percentage.

Hematological and chromosomal
measurements

Two hundred and forty rats were divided into four
groups: control, control treated with vitamin E,
irradiated and irradiated treated with vitamin E.
Each group consisted of 60  rats.

Irradiation was performed using Gamma Cell
40 with 137Cs located at National Center for Radia-
tion Research and Technology (NCRRT), Egypt. The
dose rate of the irradiation was 1.37 Gy�min�1.

Blood samples were quickly collected in anticoagu-
lant tubes after decapitating the rats, red blood cell
count and hemoglobin concentration were esti-
mated. The method of S.T. Dacie and S.M. Lewis
(1991) was applied using Hemocytometer and
blood diluted with saline.

For comparison of the different experimental ani-
mal groups, the Student t-test was used. Significant
differences between the means of control and treat-
ed groups were considered only when P<0.05 (Da-
cie S.T., Lewis S.M., 1991).

Chromosomal preparation

The technique of T.H. Yosida and K. Amano (1965)
was used to prepare chromosomes from rat bone
marrow. Fifty metaphase spreads were cytological-
ly examined and all chromosomal abnormalities
were recorded. The statistical analysis was held with
the χ2-test and by using the t-test in the case of num-
ber and types of chromosomal aberrations.

RESULTS

Mortality percentage, body weight loss
after irradiation and recovery

Data tabulated in table 1, show that whole body
γ-irradiation of rats caused shortening in life span
and that mortality started on the 14th day after the
irradiation. At this time interval the rats received
4 Gy and the mortality rate was 10%. Mortality in-
creased with radiation dose rise reaching up to 60%
on the 30th post-irradiation day.

Serious physiological and morphological variations
appeared in the irradiated rats, which could be sum-
marized as sluggish appearance, changes in hair tex-
ture, general weakness and the animals becoming
inactive to the point where they coud hardly stand
upright. The animals completely lost their desire
to eat and suffered from severe catabolic process,
leading to loss in body weight and finally to death.

Ñìåðòíîñòü ðàññ÷èòûâàëè ïî ôîðìóëå: ñìåðòíîñòü =
Y�100�N-1, ãäå Y � ÷èñëî ëåòàëüíûõ èñõîäîâ, N � êî-
ëè÷åñòâî æèâîòíûõ.

Èçìåíåíèå ìàññû òåëà ðàññ÷èòûâàëè â ïðîöåíòàõ êàê
ðàçíîñòü ïåðâîíà÷àëüíîé è ôàêòè÷åñêîé (â äåíü èç-
ìåðåíèÿ) ìàññû òåëà.

Ãåìàòîëîãè÷åñêèå è õðîìîñîìíûå
èññëåäîâàíèÿ

Äâåñòè ñîðîê êðûñ áûëè ðàñïðåäåëåíû íà ÷åòûðå ãðóï-
ïû ïî 60 â êàæäîé: êîíòðîëÿ; êîíòðîëÿ, ïîëó÷àâøèõ
âèòàìèí Å; îáëó÷åííûõ; îáëó÷åííûõ ïîñëå ââåäåíèÿ
âèòàìèíà Å.

Îáëó÷åíèå ïðîâîäèëè ñ èñïîëüçîâàíèåì Gamma
Cell 40 (èñòî÷íèê � 137Cs) â Íàöèîíàëüíîì öåíòðå ðà-
äèàöèîííûõ èññëåäîâàíèé è òåõíîëîãèé Åãèïòà. Ìîù-
íîñòü äîçû ñîñòàâëÿëà 1,37 Ãð�ìèí�1.

Ñðàçó ïîñëå äåêàïèòàöèè ó æèâîòíûõ áðàëè êðîâü è
ïîìåùàëè â ïðîáèðêè ñ àíòèêîàãóëÿíòîì äëÿ èññëå-
äîâàíèÿ êëåòî÷íîãî ñîñòàâà è îïðåäåëåíèÿ ñîäåðæà-
íèÿ ãåìîãëîáèíà. Ïðèìåíÿëè ìåòîä S.T. Dacie è S.M. Le-
wis (1991) ñ èñïîëüçîâàíèåì ãåìîöèòîìåòðà ïðè ðàç-
âåäåíèè ìàòåðèàëà ôèçèîëîãè÷åñêèì ðàñòâîðîì.

Äëÿ ñðàâíèòåëüíîãî àíàëèçà äàííûõ, ïîëó÷åííûõ â
ãðóïïàõ íàáëþäåíèÿ, èñïîëüçîâàëè t-òåñò Ñòüþäåíòà.
Ïîðîãîâûì çíà÷åíèåì ó÷åòà äîñòîâåðíîñòè ðàçëè÷èé
ñðåäíèõ çíà÷åíèé ñ÷èòàëè p<0,05 (Dacie S.T., Lewis S.M.,
1991).

Ìåòîäèêà èññëåäîâàíèÿ õðîìîñîì

Ïðèãîòîâëåíèå ïðåïàðàòîâ õðîìîñîì êîñòíîãî ìîç-
ãà êðûñ âûïîëíÿëè ïî ìåòîäèêå T.H. Yosida è K. Amano
(1965). Èññëåäîâàëè 50 ìàçêîâ êëåòîê â ñòàäèè ìåòà-
ôàçû ñ ðåãèñòðàöèåé âñåõ àíîìàëèé õðîìîñîì. Ñòàòè-
ñòè÷åñêèé àíàëèç ïðîâîäèëè ñ èñïîëüçîâàíèåì êðè-
òåðèÿ χ2, à ïðè àíàëèçå êîëè÷åñòâà è òèïîâ õðîìîñîì-
íûõ àáåððàöèé � t-òåñòà.

ÐÅÇÓËÜÒÀÒÛ

Ñìåðòíîñòü, óìåíüøåíèå ìàññû òåëà ïîñëå
îáëó÷åíèÿ è âîññòàíîâëåíèÿ

Ñîãëàñíî äàííûì, ïðåäñòàâëåííûì â òàáëèöå 1, îáùåå
γ−îáëó÷åíèå âûçûâàåò ñîêðàùåíèå ïðîäîëæèòåëüíî-
ñòè æèçíè, ïåðâûå æèâîòíûå óìåðëè íà 14-å ñóò ïîñëå
îáëó÷åíèÿ. Çà ýòî âðåìÿ ñóììàðíàÿ äîçà îáëó÷åíèÿ
ñîñòàâèëà 4 Ãð, ñìåðòíîñòü � 10%. Ñìåðòíîñòü óâåëè-
÷èâàëàñü ïî ìåðå óâåëè÷åíèÿ äîçû îáëó÷åíèÿ è íà
30-å ñóò äîñòèãàëà 60%.

Ó îáëó÷åííûõ êðûñ îòìå÷àëè ñóùåñòâåííûå ôóíêöèî-
íàëüíûå è ìîðôîëîãè÷åñêèå íàðóøåíèÿ: âÿëîñòü, èç-
ìåíåíèÿ ñâîéñòâ øåðñòè, îáùóþ ñëàáîñòü, àäèíàìèþ,
ñíèæåíèå àêòèâíîñòè ïðè ïî÷òè ïîëíîé íåâîçìîæ-
íîñòè âñòàâàòü íà ëàïû. Æèâîòíûå îòêàçûâàëèñü îò
ïèùè, âîçíèêíîâåíèå ó íèõ òÿæåëûõ êàòàáîëè÷åñêèõ
íàðóøåíèé ïðèâîäèëî ê çíà÷èòåëüíîìó óìåíüøåíèþ
ìàññû òåëà è ñìåðòè.
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Changes in body weight in control and irradiated
rats treated with vitamin E are tabulated in table 2.
The body weight of control rats progressively in-
creased reaching about 150% at the end of experi-
mentation time (30 days). In the case of control rats
treated with vitamin E the increase in body weight
at this time was 55%. The data show that vitamin E
improved the percentage increase in body weight in
normal rats. Irradiated rats not treated with vitamin
E showed loss of appetite accompanied by progres-
sive loss in body weight (up to 30% on the 30th day
after irradiation, rats received 10 Gy).

Â òàáëèöå 2 ïðåäñòàâëåíû èçìåíåíèÿ ìàññû òåëà ó êðûñ
â ãðóïïå êîíòðîëÿ, à òàêæå ó îáëó÷åííûõ è ïîëó÷àâ-
øèõ âèòàìèí Å. Ìàññà òåëà æèâîòíûõ â êîíòðîëå ïðî-
ãðåññèâíî óâåëè÷èâàëàñü, äîñòèãàÿ ïðèìåðíî 150% ê
êîíöó èññëåäîâàíèé (30-å ñóò). Â ãðóïïå êîíòðîëÿ, ïî-
ëó÷àâøåé âèòàìèí Å, ìàññà òåëà çà ýòî æå âðåìÿ óâåëè-
÷èëàñü íà 55%. Äàííûå ñâèäåòåëüñòâóþò, ÷òî âèòàìèí Å
ñïîñîáñòâîâàë óâåëè÷åíèþ ìàññû òåëà ó èíòàêòíûõ
êðûñ. Ó îáëó÷åííûõ êðûñ, íå ïîëó÷àâøèõ âèòàìèí Å,
îòìå÷àëè óòðàòó àïïåòèòà, ïðîãðåññèâíîå óìåíüøåíèå
ìàññû òåëà � äî 30% â òå÷åíèå 30 ñóò (äîçà îáëó÷åíèÿ
ñîñòàâèëà 10 Ãð).

TABLE 1

NUMBER OF DEATHS AND MORTALITY PERCENTAGE IN RATS AFTER 10 DAYS FROM RECIEVING ACCUMULATING RADIATION DOSES (10 Gy)

ÒÀÁËÈÖÀ 1

ÊÎËÈ×ÅÑÒÂÎ ËÅÒÀËÜÍÛÕ ÈÑÕÎÄÎÂ È ÏÐÎÖÅÍÒ ÑÌÅÐÒÍÎÑÒÈ Ó ËÀÁÎÐÀÒÎÐÍÛÕ ÊÐÛÑ ×ÅÐÅÇ 10 ÑÓÒ
ÏÎÑËÅ ÏÎËÓ×ÅÍÈß ÑÓÌÌÀÐÍÎÉ ÍÀÊÎÏËÅÍÍÎÉ ÄÎÇÛ (10 Ãð)

Days after irradiation 10th 12th 14th 16th 18th 20th 22nd 24th 26th 28th 30th No. of
survival rats

Normal group No. of deaths - - - - - - - - - - - 10
Mortality % 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Group injected
with Vit. E

No. of deaths - - - - - - - - - - - 10

Mortality % 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Group subjected

to radiation
No. of deaths - - 1 2 2 2 3 4 4 5 6 4

Mortality % 0% 0% 10% 20% 20% 20% 30% 40% 40% 50% 60% 40%
Group treated with
vit.E and radiation

No. of deaths - - - - 1 1 1 1 2 2 3 7

Mortality % 0% 0% 0% 0% 10% 10% 10% 10% 20% 20% 30% 70%

TABLE 2

CHANGES IN BODY WEIGHT IN RATS OF EXAMINED GROUPS

ÒÀÁËÈÖÀ 2

ÈÇÌÅÍÅÍÈß ÌÀÑÑÛ ÒÅËÀ Ó ÊÐÛÑ Â ÃÐÓÏÏÀÕ ÈÑÑËÅÄÎÂÀÍÈß

Days after
irradiation

Start
time

5 days 10 days 15 days 20 days 25 days 30 days

Body
wt.

% of
change

Body
wt.

% of
change

Body
wt.

% of
change

Body
wt.

% of
change

Body
wt.

% of
change

Body
wt.

% of
change

Control 103.4 117.0 +13% 124.7 +20% 131.3 +27% 141.0 +36% 149.4 +44% 155.9 +50%

Irradiated
(1 Gy�day-1)

101.1 94.5 -6% 89.4 -11% 81.6 -19% 75.7 -26% 70.2 -30% 70.2 -30%

Control (injected
with vit. E)

100.2 155.8 +15% 125.2 +25% 131.0 +30% 140.3 +40% 149.2 +48% 156.0 +55%

Irradiated and
injected with vit. E

99.5 94.2 -5% 89.2 -10% 86.0 -13% 83.6 -16% 80.4 -19% 80.6 -19%

Note. * � each animal group consists of 10 rats.
Ïðèìå÷àíèå. * � êàæäàÿ èç ãðóïï ñîñòîèò èç 10 ëàáîðàòîðíûõ êðûñ.

Â ãðóïïå îáëó÷åííûõ êðûñ, ïîëó÷àâøèõ âèòàìèí Å,
ïåðâûå ëåòàëüíûå èñõîäû âîçíèêàëè ïîçäíåå � íà
18-å ñóò ïîñëå îáëó÷åíèÿ. Ïîêàçàòåëü ñìåðòíîñòè áûë
íèæå, ÷åì â ãðóïïå æèâîòíûõ, íå ïîëó÷àâøèõ âèòà-
ìèí Å, � 30% ÷åðåç 1 ìåñ ïîñëå îáëó÷åíèÿ. Ïîêàçàòåëü
ñìåðòíîñòè íà ïðîòÿæåíèè 1 ìåñ íàáëþäåíèé ïîñëå
îáëó÷åíèÿ ñâèäåòåëüñòâóåò î ðîëè âèòàìèíà Å êàê ðà-
äèîïðîòåêòîðíîãî àãåíòà. Êðîìå òîãî, âèòàìèí Å ñïî-
ñîáñòâîâàë âîññòàíîâëåíèþ ìàññû òåëà: åå óìåíüøå-
íèå áûëî ìåíåå âûðàæåííûì è ñîñòàâëÿëî äî 19% ÷å-
ðåç 30 ñóò.

In the case of irradiated rats treated with vitamin E
the beginning of deaths started late on the 18th day
after irradiation. The value of mortality percent was
less pronounced compared to those untreated with
vitamin E where mortality was 30% one month af-
ter irradiation. The role of vitamin E as radiopro-
tective agent is clearly manifested with mortality
percentage during one month after irradiation. Also
vitamin E helped in recovery of body weight loss.
The decrease in body weight was less pronounced
reaching up to 19% 30 days after irradiation.
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Red blood cells count. Hemoglobin content
after irradiation and recovery

Changes in red blood cells (RBC) count for differ-
ent groups are tabulated in table 3. The number of
RBC in control groups ranged between 6.693 and
7.294�106�mm�3. In case of whole body γ-irradiat-
ed rats, continuous decrease in RBC count was re-
corded. This decrease became deeper by increasing
the radiation dose. Single radiation dose of 1 Gy
caused insignificant decrease while higher radia-
tion levels induced decrease in RBC reaching to
about 50.65% in case of rats subjected to 10 Gy
(10 days after irradiation).

×èñëî ýðèòðîöèòîâ è óðîâåíü ãåìîãëîáèíà
ïîñëå îáëó÷åíèÿ è âîññòàíîâëåíèÿ

Èçìåíåíèÿ ÷èñëà ýðèòðîöèòîâ â ðàçëè÷íûõ ãðóïïàõ
íàáëþäåíèÿ ïðåäñòàâëåíû â òàáëèöå 3. Êîëè÷åñòâî
ýðèòðîöèòîâ â ãðóïïàõ êîíòðîëÿ ñîñòàâëÿëî îò 6,693
äî 7,294�106�ìì�3. Ó êðûñ, ïîäâåðãàâøèõñÿ îáùåìó
γ-îáëó÷åíèþ, ðåãèñòðèðîâàëè ñòîéêîå ñíèæåíèå ÷èñ-
ëà ýðèòðîöèòîâ, áîëåå âûðàæåííîå ïî ìåðå óâåëè÷å-
íèÿ äîçû. Îäíîêðàòíàÿ äîçà 1 Ãð âûçûâàëà íåçíà÷è-
òåëüíîå ñíèæåíèå êîëè÷åñòâà ýðèòðîöèòîâ, òîãäà êàê
áîëüøèå äîçû âûçûâàëè ïàäåíèå èõ ÷èñëà äî 50,65% ó
êðûñ, îáëó÷åííûõ â äîçå 10 Ãð (íà 10-å ñóò ïîñëå îáëó-
÷åíèÿ).

TABLE 3

CHANGES IN RBC COUNT (�106�mm-3) IN RATS OF EXAMINED GROUPS

ÒÀÁËÈÖÀ 3

ÈÇÌÅÍÅÍÈß ÊÎËÈ×ÅÑÒÂÀ ÝÐÈÒÐÎÖÈÒÎÂ (�106�ìì-3) Ó ÊÐÛÑ Â ÃÐÓÏÏÀÕ ÈÑÑËÅÄÎÂÀÍÈß

Dose Control Irradiated % Irradiated & injected %

Not injected Injected

Mean value±S.E. Mean value±S.E. Mean value±S.E.
1 Gy 6.818±0.132 6.785±0.175 6.468±0.224 -5.13% 7.053±0.229 -3.45%
2 Gy 6.780±0.160 6.562±0.189 6.306*±0.163 -6.99% 6.958±0.268 -1.89%
3 Gy 6.693±0.175 6.780±0.186 5.037*±0.326 -24.74% 5.826*±0.218 12.95%
4 Gy 6.827±0.216 6.780±0.256 4.930*±0.043 -27.79% 5.242*±0.132 23.22%
5 Gy 6.982±0.248 6.858±0.232 4.325*±0.185 -38.06% 5.068*±0.215 27.41%
6 Gy 6.617±0.423 7.040±0.293 3.851*±0.155 -41.80% 4.697*±0.166 29.02%
7 Gy 6.762±0.214 6.948±0.201 3.663*±0.195 -46.07% 4.339*±0.083 36.12%
8 Gy 6.07±0.239 6.918±0.179 3.619*±0.209 -47.60% 4.261*±0.155 38.31%
9 Gy 7.101±0.222 6.947±0.236 3.501*±0.232 -50.69% 4.102*±0.165 42.23%
10 Gy 7.098±0.136 7.294±0.136 3.513*±0.235 -50.65% 4.018*±0.140 43.39%

Note. The mean value represents data of 6 rats. * � Significantly different from control (P<0.05).
Ïðèìå÷àíèå. Ñðåäíåå çíà÷åíèå ñîîòâåòñòâóåò äàííûì ó 6 æèâîòíûõ. * � Çíà÷èìûå îòëè÷èÿ ïî ñðàâíåíèþ ñ êîíòðîëåì (p<0,05).

Èçìåíåíèÿ êîíöåíòðàöèè ãåìîãëîáèíà ïðåäñòàâëåíû
â òàáëèöå 4. Êîíöåíòðàöèÿ ãåìîãëîáèíà â êîíòðîëüíîé
ãðóïïå è ó êðûñ â êîíòðîëüíîé ãðóïïå, ïîëó÷àâøèõ
âèòàìèí Å, êîëåáëåòñÿ ñîîòâåòñòâåííî â ïðåäåëàõ
14,635�15,167 è 14,583�15,259 ã�äë�1 êðîâè. Ïîä âëèÿ-
íèåì îáùåãî γ-îáëó÷åíèÿ â äîçå 3 Ãð êîíöåíòðàöèÿ
ãåìîãëîáèíà äîñòîâåðíî ñíèæàëàñü íà 9,93%. Îáëó÷å-
íèå â áîëåå ìàëûõ äîçàõ íå âûçûâàëî êàêèõ-ëèáî çíà-
÷èìûõ èçìåíåíèé. Óâåëè÷åíèå ñòåïåíè òÿæåñòè íàðó-
øåíèé îòìå÷àëè ïðè âîçðàñòàíèè äîçû � ó 30,06%
êðûñ, îáëó÷åííûõ â äîçå 10 Ãð.

Ó êðûñ, ïîëó÷àâøèõ âèòàìèí Å äî îáëó÷åíèÿ, óìåíü-
øåíèå êîëè÷åñòâà ýðèòðîöèòîâ áûëî ìåíåå âûðàæåí-
íûì ïî ñðàâíåíèþ ñ íå ïîëó÷àâøèìè. Ýòî óìåíüøå-
íèå â äèàïàçîíå äîç îò 1 äî 2 Ãð áûëî íåçíà÷èòåëüíûì.
Áîëüøèå äîçû (>3 Ãð) âûçûâàëè çíà÷èòåëüíîå óìåíü-
øåíèå êîëè÷åñòâà ýðèòðîöèòîâ, íî ìåíüøåå ïî ñâîåé
âåëè÷èíå ïî ñðàâíåíèþ ñ íå ïîëó÷àâøèìè ïðåïàðàò.

Ïðèìåíåíèå ó êðûñ âèòàìèíà Å òàêæå ñïîñîáñòâîâàëî
âîññòàíîâëåíèþ óðîâíÿ ãåìîãëîáèíà, åãî ñíèæåíèå
áûëî ìåíåå âûðàæåííûì, ÷åì ó æèâîòíûõ, íå ïîëó÷àâ-
øèõ ïðåïàðàò. Çíà÷èòåëüíîå ñíèæåíèå óðîâíÿ ãåìîã-
ëîáèíà îòìå÷åíî ïðè äîçå 4 Ãð, à ìàêñèìàëüíîå åãî
ñíèæåíèå ñîñòàâëÿëî äî 15,32% ïðè äîçå îáëó÷åíèÿ
10 Ãð.

Changes in hemoglobin concentration are tabu-
lated in table 4. Concentration of hemoglobin is
ranged within 14.635�15.167, 14.583�15.259 g�dL�1

of the blood for control and control with vitamin
E treated rats respectively. Whole body γ-irradia-
tion at dose 3 Gy induced significant decrease for
9.93% in hemoglobin concentration. The lower
doses did not cause any significant changes. The
magnitude of changes became more pronounced
by increasing the radiation dose reaching to about
30.06% in case of rats receiving 10 Gy.

Concerning the rats treated before irradiation with
vitamin E the decrease in RBC count was less pro-
nounced as compared to those not having received
vitamin E. The decrease recorded after the 1 and
2 Gy exposure was insignificant while the high doses
(>3 Gy) induced significant decease but less in its
magnitude as compared to the untreated rats.

As for hemoglobin, the treatment of rats with vita-
min E helped in recovery and the decline in hemo-
globin content became less pronounced as com-
pared to rats untreated with vitamin E. The decrease
was significant at the dose 4  Gy and the maximum
decrease reached up to 15.32 % after the total dose
of 10 Gy.
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Chromosomal abnormalities after
irradiation and recovery

Chromosomal aberrations were scored in fifty
metaphases of cultured bone marrow rat cells. Fi-
gure 1 shows the percentage of each type of chro-
mosomal aberration as well as total abnormalities
in chromosomes after whole body γ-irradiation.
Starting from the dose of 1 Gy a significant increase
in the number of total aberrations as well as in the
percentage of abnormal nuclei was estimated. This
increase is of the dose function. The variety of chro-
mosomal aberrations increased by the radiation
dose elevation. After 10 Gy the damage of chromo-
somes was 100%. In the case of irradiated rats treat-
ed with vitamin E (figure 2) both total chromo-
some aberrations and the type of abnormalities be-
came less pronounced.

It is clear that the number of breaks, gaps, end to
end, centromeric attenuation increased with radia-
tion dose elevation. Beginning from 3 Gy centro-
meric fusion and polyploidy abnormalities ap-
peared. After exposure to the higher dose of 4 Gy
the ring type of chromosomal aberrations ap-
peared. It is worth mentioning that when rats were
treated with vitamin E before irradiation, the
changes as chromosomal abnormalities became less
pronounced due to the treatment of vitamin E. The
changes in chromosomal aberrations and their types
were ameliorated in irradiated rats treated with vi-
tamin E, where changes at dose of 10 Gy seemed to
be equal to those induced by the dose of 5 Gy in rats
untreated with vitamin E. The multiple aberrations
were less frequent in protected irradiated rats (figu-
re 3).

DISCUSSION

Mortality and body weight loss

Chromosomal abnormalities represent an im-
portant criterion of cellular damage and lead to

Õðîìîñîìíûå íàðóøåíèÿ ïîñëå îáëó÷åíèÿ
è âîññòàíîâëåíèÿ

Ó÷åò àáåððàöèé õðîìîñîì ïðîâîäèëè â ïðåïàðàòàõ
50 ìåòàôàç êóëüòèâèðîâàííûõ êëåòîê êîñòíîãî ìîçãà
êðûñ. Íà ðèñóíêå 1 ïðåäñòàâëåíû â ïðîöåíòíîì ñîîò-
íîøåíèè âñå òèïû àáåððàöèé õðîìîñîì íàðÿäó ñ îá-
ùèì êîëè÷åñòâîì íàðóøåíèé â õðîìîñîìàõ ïîñëå îá-
ùåãî γ-îáëó÷åíèÿ. Íà÷èíàÿ ñ äîçû 1 Ãð íàáëþäàëè çíà-
÷èòåëüíîå óâåëè÷åíèå îáùåãî ÷èñëà àáåððàöèé è
ïðîöåíòà àíîìàëüíûõ ÿäåð êëåòîê. Äàííûé ïðîöåññ
âîçðàñòàíèÿ èìååò äîçîâóþ çàâèñèìîñòü. Ïî ìåðå óâå-
ëè÷åíèÿ äîçû îáëó÷åíèÿ âîçðàñòàëî ðàçíîîáðàçèå
àáåððàöèé õðîìîñîì. Ïðè äîçå 10 Ãð õðîìîñîìíûå
ïîâðåæäåíèÿ ñîñòàâëÿëè 100%. Ó îáëó÷åííûõ æèâîò-
íûõ, ïîëó÷àâøèõ âèòàìèí Å, îáùåå ÷èñëî àáåððàöèé
õðîìîñîì è êîëè÷åñòâî âèäîâ íàðóøåíèé áûëî ìåíü-
øåå (ðèñóíîê 2).

Íå âûçûâàåò ñîìíåíèé, ÷òî ÷èñëî ðàçðûâîâ, ïðîáå-
ëîâ, ïîñëåäîâàòåëüíûõ òðàíñëîêàöèé è àöåíòðè÷åñ-
êèõ õðîìîñîì âîçðàñòàëî ïî ìåðå óâåëè÷åíèÿ äîçû
îáëó÷åíèÿ. Íà÷èíàÿ ñ äîçû 3 Ãð ïîÿâëÿëèñü äèöåíòðè-
÷åñêèå ôîðìû è ïîëèïëîèäèè. Ïîñëå îáëó÷åíèÿ â
áîëüøèõ äîçàõ (4 Ãð) âîçíèêàëè õðîìîñîìíûå àáåð-
ðàöèè êîëüöåâîãî òèïà. Ñëåäóåò îòìåòèòü, ÷òî â ñëó÷à-
ÿõ, êîãäà â ïåðèîäå, ïðåäøåñòâîâàâøåì îáëó÷åíèþ,
ïðèìåíÿëè âèòàìèí Å, õðîìîñîìíûå íàðóøåíèÿ áûëè
ìåíüøå áëàãîäàðÿ ýôôåêòó ïðåïàðàòà. Èçìåíåíèÿ õðî-
ìîñîìíûõ àáåððàöèé è èõ âèäîâ áûëè áîëåå óìåðåí-
íûìè ó êðûñ, îáëó÷åííûõ ïîñëå ââåäåíèÿ âèòàìèíà Å.
Ïðè ýòîì ýôôåêòû äîçû 10 Ãð áûëè àíàëîãè÷íû ïî-
ñëåäñòâèÿì âîçäåéñòâèÿ äîçû 5 Ãð ó æèâîòíûõ, íå ïî-
ëó÷àâøèõ ïðåïàðàò. Ñî÷åòàíèÿ ðàçëè÷íûõ âèäîâ àáåð-
ðàöèé âûÿâëÿëè ìåíåå ÷àñòî ó êðûñ, ïîëó÷àâøèõ
ðàäèîïðîòåêòîð (ðèñóíîê 3).

ÎÁÑÓÆÄÅÍÈÅ

Ñìåðòíîñòü è óìåíüøåíèå ìàññû òåëà

Õðîìîñîìíûå íàðóøåíèÿ  ÿâëÿþòñÿ âàæíûì êðèòåðè-
åì ïîâðåæäåíèÿ êëåòîê è ïðè÷èíîé ãåíåòè÷åñêèõ çà-

TABLE 4

CHANGES IN HEMOGLOBIN CONCENTRATION (g�dL-1) IN RATS OF EXAMINED GROUPS

ÒÀÁËÈÖÀ 4

ÈÇÌÅÍÅÍÈß ÊÎÍÖÅÍÒÐÀÖÈÈ ÃÅÌÎÃËÎÁÈÍÀ (ã�äë-1) Ó ÊÐÛÑ Â ÃÐÓÏÏÀÕ ÈÑÑËÅÄÎÂÀÍÈß

Dose Control Irradiated % Irradiated & injected %

Not injected Injected

Mean value±S.E. Mean value ± S.E. Mean value ± S.E.
1 Gy 14.653±0.236 14.782±0.173 14.464±0.123 1.29% 14.830 ±0.155 -1.21%
2 Gy 14.708±0.212 14.859±0.266 14.155*±0.244 3.76% 14.269±0.176 2.98%
3 Gy 14.968±0.266 14.933±0.248 13.238*±0.213 9.93% 14.034*±0.221 4.52%
4 Gy 15.167±0.239 14.767±0.259 12.808*±0.221 15.55% 13.911*±0.221 8.28%
5 Gy 14.575±0.176 15.067±0.214 11.767*±0.212 19.27% 13.237*±0.221 9.18%
6 Gy 14.585±0.205 15.076±0.212 10.969*±0.221 24.79% 12.808*±0.221 12.18%
7 Gy 14.707±0.268 14.583±0.245 10.755*±0.168 26.87% 12.931*±0.175 12.08%
8 Gy 15.063±0.424 14.590±0.172 10.234*±0.176 32.06% 12.869*±0.212 14.57%
9 Gy 14.647±0.221 15.259±0.433 10.235*±0.176 30.12% 12.653*±0.176 14.23%
10 Gy 14.635±0.195 15.137±0.396 10.235*±0.176 30.06% 12.686*±0.157 15.32%

Note. The mean value represents data of 6 rats. * � Significantly different from control (P<0.05).
Ïðèìå÷àíèå. Ñðåäíåå çíà÷åíèå ñîîòâåòñòâóåò äàííûì ó 6 æèâîòíûõ. * � Çíà÷èìûå îòëè÷èÿ ïî ñðàâíåíèþ ñ êîíòðîëåì (p<0,05).
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FIGURE 1. EFFECT OF SINGLE AND FRACTIONATED DOSES OF γ-RAY 10 Gy (1 Gy·day-1) ON DIFFERENT TYPES
OF CHROMOSOMAL ABERRATIONS IN BONE MARROW CELLS OF IRRADIATED RATS

ÐÈÑÓÍÎÊ 1. ÂÎÇÄÅÉÑÒÂÈÅ ÎÄÍÎÊÐÀÒÍÛÕ È ÔÐÀÊÖÈÎÍÍÛÕ ÄÎÇ γ-ÎÁËÓ×ÅÍÈß (1 Ãð·ñóò-1) ÍÀ ÊÎËÈ×ÅÑÒÂÅÍÍÛÅ ÏÎÊÀÇÀÒÅËÈ
ÐÀÇËÈ×ÍÛÕ ÒÈÏÎÂ ÀÁÅÐÐÀÖÈÉ ÕÐÎÌÎÑÎÌ Â ÊËÅÒÊÀÕ ÊÎÑÒÍÎÃÎ ÌÎÇÃÀ Ó ÎÁËÓ×ÅÍÍÛÕ ÊÐÛÑ

FIGURE 2. EFFECT OF SINGLE AND FRACTIONED DOSES OF γ-RAY 10 Gy (1 Gy·day-1) ON DIFFERENT TYPES
OF CHROMOSOMAL ABERRATIONS IN BONE MARROW CELLS OF IRRADIATED VITAMIN E TREATED RATS
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FIGURE 3. EFFECT OF SINGLE AND ACCUMULATED γ-RADIATION LEVELS ON TOTAL NUMBER OF CHROMOSOME ABERRATION
IN BONE MARROW CELLS OF IRRADIATED PROTECTED RATS
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áîëåâàíèé. Óñòàíîâëåíî, ÷òî àáåððàöèè õðîìîñîì
ïðåäñòàâëÿþò ñîáîé îñíîâíóþ ïðè÷èíó ãèáåëè ðåï-
ðîäóêòèâíûõ êëåòîê ïîñëå ðàäèàöèîííîãî âîçäåé-
ñòâèÿ (Lea D.E., 1966).

Ðåçóëüòàòû èññëåäîâàíèÿ ñâèäåòåëüñòâóþò î íåáëàãî-
ïðèÿòíîì âëèÿíèè îáùåãî γ-îáëó÷åíèÿ íà ïðîäîëæè-
òåëüíîñòü æèçíè (âñëåäñòâèå ðîñòà ñìåðòíîñòè), ÷òî ñî-
ãëàñóåòñÿ ñ äàííûìè A.C. Andersen, L.S. Rosenblatl (1969),
F. Sato et al. (1981) è H.S. El-Kashef, H.N. Saada (1985). Îäíî-
êðàòíîå îáëó÷åíèå îêàçûâàåò áîëåå âûðàæåííûé ýôôåêò,
íåæåëè ôðàêöèîíèðîâàííîå (Carlsen L.D. et al., 1959; Mo-
le R.H., 1959; Lamson B.G. et al., 1965). Ïî äàííûì Malatova
(1977), ïîâûøåíèå ñìåðòíîñòè îáóñëîâëåíî ðàçâèòèåì
ëåéêåìèé è äðóãèõ òÿæåëûõ ïîðàæåíèé.

Íàøè ðåçóëüòàòû ïîêàçûâàþò, ÷òî ñìåðòíîñòü âîçðàñ-
òàëà ïî ìåðå åæåäíåâíîãî óâåëè÷åíèÿ äîçû îáëó÷å-
íèÿ, ÷òî ñîîòâåòñòâóåò äàííûì W.S. Moose (1965, 1966),
ñîãëàñíî êîòîðûì ïðîäîëæèòåëüíîñòü æèçíè ìûøåé
ñîêðàùàåòñÿ ñ óâåëè÷åíèåì äîçû îáëó÷åíèÿ.

Â ðàìêàõ íàñòîÿùåãî èññëåäîâàíèÿ ïðèìåíåíèå âèòà-
ìèíà Å ñïîñîáñòâîâàëî ïðîöåññàì âîññòàíîâëåíèÿ. Âî
ìíîãèõ ðàáîòàõ ðàññìàòðèâàåòñÿ âëèÿíèå ðÿäà ðàäèî-
ïðîòåêòîðîâ íà ïðîäîëæèòåëüíîñòü æèçíè (Krizhni-
kov V.A., 1975; Maison J.R. et al., 1977; El-Kashef H.S., 1985).
Óñòàíîâëåíî, ÷òî ïðèìåíåíèå ïðåïàðàòîâ ñ çàùèòíû-
ìè ñâîéñòâàìè ñïîñîáñòâîâàëî ñíèæåíèþ ñìåðòíîñòè
è óâåëè÷åíèþ ïðîäîëæèòåëüíîñòè æèçíè æèâîòíûõ.

Èçìåíåíèÿ ìàññû òåëà ðåãèñòðèðîâàëè ïîñëå âîçäåé-
ñòâèÿ îáëó÷åíèÿ â áîëüøèõ äîçàõ, áîëåå 4 Ãð. Âåëè÷è-
íà óìåíüøåíèÿ ìàññû òåëà çàâèñåëà îò äîçû. Ýòî ñîîò-
âåòñòâóåò ðåçóëüòàòàì íàøèõ èññëåäîâàíèé  (El-Ka-
shef H.S., 1985). Ñíèæåíèå ìàññû òåëà ìîæåò áûòü ñâÿçàíî ñ
ïîâûøåíèåì óðîâíÿ ïðîöåññîâ  êàòàáîëèçìà. Ñíèæå-
íèå ìàññû òåëà ñîïðîâîæäàåòñÿ íàðóøåíèÿìè â ñèñòå-
ìå ãåìîïîýçà, ÷òî ñîãëàñóåòñÿ ñ äàííûìè Peter R. et al.
(1981). Â òî æå âðåìÿ, Grohnel et al. (1981) íå îòìåòèëè
èçìåíåíèé ìàññû òåëà ïîñëå îáëó÷åíèÿ â äîçå 1,45 Ãð.
Áîëåå òîãî, J.B. Sacher, D. Grahn (1960) ñîîáùàëè, ÷òî
ïðè äîçàõ âïëîòü äî 25 Ãð íåáëàãîïðèÿòíûõ ýôôåê-
òîâ íå áûëî.

Ïðèìåíåíèå ó îáëó÷åííûõ êðûñ âèòàìèíà Å îêàçûâà-
ëî âûðàæåííûé ïîëîæèòåëüíûé ýôôåêò. Ìåõàíèçì çà-
ùèòíîãî äåéñòâèÿ åùå íå ïîëíîñòüþ ÿñåí è òðåáóåò
äàëüíåéøèõ èññëåäîâàíèé.

×èñëî ýðèòðîöèòîâ è óðîâåíü
ãåìîãëîáèíà

Ñîãëàñíî ðåçóëüòàòàì íàøèõ èññëåäîâàíèé, îáëó÷åíèå
âûçûâàåò ñíèæåíèå ñîäåðæàíèÿ ýðèòðîöèòîâ â êðîâè.
Ïî ìíåíèþ O. Chlebovsky et al. (1983), H.M. Roushdy
et al. (1985) è M. Asano et al. (1989), ýòî îáóñëîâëåíî óìåíü-
øåíèåì èõ ïðîäóêöèè è óñêîðåíèåì ïðîöåññîâ ðàç-
ðóøåíèÿ êëåòîê, à òàêæå ãåìîððàãèåé. Ïîñëåäíÿÿ ñâÿ-
çàíà ñ ñóùåñòâåííûìè èçìåíåíèÿìè ïðîíèöàåìîñòè
ìåìáðàí êëåòî÷íûõ ýëåìåíòîâ êðîâè (Nikishkin et al.,
1992; Miliutin A.A. et al., 1993). Ñíèæåíèå ñîäåðæàíèÿ
ýðèòðîöèòîâ ñîïðîâîæäàåòñÿ óìåíüøåíèåì êîíöåíò-

genetic diseases. It was postulated that chromo-
somal aberration is the main cause of reproduc-
tive cell death following irradiation  (Lea D.E.,
1966).

The present results indicated that, whole body
γ-irradiation caused shortening in life span (in-
creased mortality) and this agreed with A.C. Ander-
sen, L.S. Rosenblatl (1969), F. Sato et al. (1981) and
H.S. El-Kashef, H.N. Saada (1985). A single dose is
more effective than a fractionated one (Carlsen L.D.
et al., 1959; Mole R.H., 1959; Lamson B.G. et al., 1965).
Malatova (1977) explained the increased mortality
percentage due to the appearance of leukemia and
severe damage.

Our results indicated that mortality increased with
increased daily radiation dose and this agreed with
the findings of W.S. Moose (1965, 1966), who stat-
ed that survival time in mice decreased with daily
dose increase.

In this study the application of vitamin E served
in the recovery process. Many reports have dealt
with the action of certain radioprotectors on life
span (Knizhnikov V.A., 1975; Maison J.R. et al., 1977;
El-Kashef H.S., Saada H.N., 1985). They found that
the use of protective agents helped in mortality
decrease and increased the life span of the ani-
mals.

The changes in body weight were recorded after
exposure to the higher radiation levels, more than
4 Gy. The magnitude of body weight loss was dose
dependent. This agreed with our previous data (El-
Kashef H.S., Saada H.N., 1985). The decline in body
weight may be related to an increase in catabolic
process. Loss of body weight is accompanied by he-
matopoiesis damage and this agreed with Peter R.
et al. (1981). However Grohnel et al. (1981) stated
that no changes in body weight were observed af-
ter a dose of 1.45 Gy. Moreover J.B. Sacher, D. Grahn
(1960) reported that radiation dose up to 25 Gy
did not cause harmful effects.

The treatment of irradiated rats with vitamin E gave
remarkable protective effects. The mechanism of
protective action is still not fully explained and
needs further investigation.

Red blood corpuscles and Hemoglobin
content

Our results indicated that radiation induced a de-
crease in RBC count. This agreed with O. Chlebovsky
et al. (1983), H.M. Roushdy et al. (1985) and M. Asano
et al. (1989), who explained that this decrease was
due to a drop in their production, destruction and
hemorrhage. The latter is connected with serious
changes in the permeability of blood cells� mem-
branes (Nikishkin et al., 1992; Miliutin A.A. et al.,
1993). The recorded decrease in RBC count is ac-
companied by decrement in hemoglobin concen-
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ðàöèè ãåìîãëîáèíà, ÷òî ñîãëàñóåòñÿ ñ äàííûìè
N.A. Abdel-Rahman (1985), K. Rana et al. (1992), A.A. Nahed
(1996).

Ïðèìåíåíèå âèòàìèíà Å ó îáëó÷åííûõ êðûñ ñïîñîá-
ñòâîâàëî óñòðàíåíèþ ðàäèàöèîííî èíäóöèðîâàííûõ
íàðóøåíèé óðîâíÿ ãåìîãëîáèíà è ýðèòðîöèòîâ. Äàí-
íîå ÿâëåíèå òàêæå áûëî îáíàðóæåíî K. Rana et al. (1992)
è A.A. Shaheen, S.M. Hassan (1991).

Àíòèîêñèäàíòíûå ñâîéñòâà âèòàìèíà Å � ñïîñîáíîñòü
çàùèùàòü êëåòêè îò âîçäåéñòâèÿ ñâîáîäíûõ ðàäèêà-
ëîâ, âîçíèêàþùèõ â ïðîöåññå îêñèäàòèâíîãî ñòðåññà �
õîðîøî èçâåñòíû, ñ íèìè ìîæåò áûòü ñâÿçàí è åãî
ðàäèîïðîòåêòîðíûé ýôôåêò.

Õðîìîñîìíûå íàðóøåíèÿ

Èçìåíåíèÿ â õðîìîñîìàõ íåáëàãîïðèÿòíî ñêàçûâàþòñÿ
íà ñîñòîÿíèè êëåòîê è ïàãóáíî âëèÿþò íà áóäóùèå ïî-
êîëåíèÿ. Ïðîèñõîäèò íàðóøåíèå ñòðóêòóðû õðîìîñîì,
ëèáî èçìåíÿåòñÿ èõ êîëè÷åñòâî. Ïîëó÷åííûå ðåçóëüòàòû
ïîêàçàëè, ÷òî îáùåå γ-îáëó÷åíèå èíäóöèðîâàëî ñòîé-
êèé ðîñò îáùåãî ÷èñëà õðîìîñîìíûõ íàðóøåíèé è àíî-
ìàëüíûõ ÿäåð êëåòîê, êîòîðûå âêëþ÷àëè ðàçðûâû õðî-
ìîñîì, ÷òî ñîãëàñóåòñÿ ñ äàííûìè W.W. Nichols (1972).

Âûÿâëåíû îáùèå õðîìîñîìíûå àáåððàöèè � ðàçðû-
âû õðîìàòèä, òðèðàäèàëüíûå è êîëüöåâûå õðîìîñî-
ìû è äð. Òàêèå èçìåíåíèÿ áûëè çàðåãèñòðèðîâàíû
H.A. Hondt et al. (1988). Îáíàðóæåíû è äðóãèå âèäû õðî-
ìîñîìíûõ àáåððàöèé, âêëþ÷àÿ äèöåíòðè÷åñêèå ôðàã-
ìåíòû õðîìîñîì, êîëüöåâèäíûå ôîðìû, îáìåí õðî-
ìàòèäàìè, òðàíñëîêàöèè è äð.

Õðîìîñîìíûå íàðóøåíèÿ ñâÿçàíû ñî çëîêà÷åñòâåííû-
ìè íîâîîáðàçîâàíèÿìè ñèñòåìû êðîâè (Solomon E.
et al., 1991; Rabbitts T.H., 1994).

Âîññòàíîâëåíèå ïàòîëîãè÷åñêèõ èçìåíåíèé õðîìî-
ñîì íà ôîíå ïðèìåíåíèÿ âèòàìèíà Å ó ëàáîðàòîðíûõ
êðûñ äî îáëó÷åíèÿ, ïîäòâåðæäàåò ðàäèîïðîòåêòîðíûå
ñâîéñòâà ïðåïàðàòà. L. Sarma, P.C. Kesavan (1993) óñòà-
íîâëåíî, ÷òî ïðè èñïîëüçîâàíèè âèòàìèíà Å ñóùå-
ñòâåííî ñíèæàëàñü ÷àñòîòà õðîìîñîìíûõ àáåððàöèé
â êëåòêàõ êîñòíîãî ìîçãà êðûñ, ïîäâåðãàâøèõñÿ âîç-
äåéñòâèþ γ-îáëó÷åíèÿ.

Ïðåäñòàâëåííûå äàííûå ñâèäåòåëüñòâóþò î òåñíîé
âçàèìîñâÿçè ïîêàçàòåëåé ñìåðòíîñòè, ìàññû òåëà, ñî-
äåðæàíèÿ ýðèòðîöèòîâ, ãåìîãëîáèíà è àáåððàöèé
õðîìîñîì, à òàêæå î çàùèòíûõ ñâîéñòâàõ âèòàìèíà Å â
îòíîøåíèè ðàäèàöèîííî-èíäóöèðîâàííûõ èçìåíå-
íèé äàííûõ ïîêàçàòåëåé.

tration and this agreed with the findings of N.A. Ab-
del-Rahman (1985), K. Rana et al. (1992), A.A. Na-
hed (1996).

The treatment of irradiated rats with vitamin E
showed remarkable recovery from radiation in-
duced changes in both hemoglobin and RBC. This
phenomenon was found also by K. Rana et al. (1992)
and A.A. Shaheen, S.M. Hassan (1991).

The role of vitamin E as an antioxidant agent is
well known and the radioprotective effect of this
vitamin may be related to its antioxidant capabili-
ty for cell protection against free radicals generat-
ed during oxidative stress.

Chromosomal abnormalities

Changes in chromosomes confer disadvantage to
the cell and cause harmful effects in future life. Chro-
mosome changes either occur in its structure or in
its number. The result indicated that whole body
γ-irradiation induced steady increase in total chro-
mosome abnormalities as well as number of ab-
normal nuclei. The observed change included
breakage and this agrees with W.W. Nichols (1972).

The changes in total chromosome aberrations were
found to be chromatid breaks, triradial and ring
chromosomes etc. These changes were recorded by
H.A. Hondt et al. (1988). Other types of chromo-
somal aberration were detected including chromo-
somal dicentric fragments, ring, chromatid ex-
change, translocation etc.

Chromosomal abnormalities are associated with
hematological malignancies (Solomon E. et al.,
1991; Rabbitts T.H., 1994).

The observed recovery in chromosomal abnorma-
lities after the application of vitamin E to the rats
before irradiation confirms the role of the vitamin
as a radioprotective drug. This was also noticed by
L. Sarma, P.C. Kesavan (1993), who stated that vita-
min E significantly reduced the frequency of chro-
mosomal aberration in bone marrow cells in γ-ir-
radiated rats.

The presented data confirm the close relationship
between changes in mortality, body weight, RBC
count, hemoglobin and chromosomal aberrations
and show that vitamin E could successfully pro-
vide a remarkable role in protection against radia-
tion-induced changes in the previous parameter.
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