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Abstract

Whole body y-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 y-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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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 AK. et al,, 1975), sensi-
tivity of the tissue and type of measured substances
(El-KashefH.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 TA. 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.

BBEJEHHUE

IIpOAOIDKUTENBHOE BO3ACHUCTBUE NOHUSHUPYIOIINX U3JTY-
YEHWN B MAJIBIX JIO34X BbI3bIBAET Y JKUBOTHBIX HAPYIICHUA
(PYHKLIMY OPIaHOB M TKAHEN. TSDKECTb TAKOI'O PO/1a U3ME-
HEHUH 3dBUCUT OT MHOI'MX (PAKTOPOB — J103bI (Gajewes-
kiAK etal, 1975), 9yBCTBUTE/IbBHOCTH TKAHW M THUITA KCCIIE/TyE-
moro matepuaina (El-Kashef HS. et al,, 1986; El-Kashef HSS.,
Saada H.N.,, 1988). HakoruieHue 103 OOIy4CHUSA MOXET
MPEICTABIIATH OOJIBIIYIO ITPOOIEMY IS YEIOBEKA U €T'0 OK-
pyxeHus B oyayieM. ITpu GOJBINX 103aX WIH BBICOKUX
MOIIIHOCTSIX 03Bl OBPEKAAIONIEE BO3ICUCTBHE OOIyde-
HUs HA KJIETKH, TKAHU X OPTraHU3MBI SIBJIIETCS BITOJIHE OI1-
PEAEICHHBIM U OOCYKIATOCH TIpekae (Moose WS, 1966;
Robert F, 1967; El-Kashef H.S. et al., 1984; Moussa TA. et al,,
1984; 1989).I1ornomenHas 3HEPTrUA MOHU3HUPYIOITUX 13-
JIY4EHHWI BBI3BIBAET OJIMHOYHBIE, IBOUHBIE PA3PLIBLI WIN
TOBPEXICHNA OCHOBAHMI HyKI1eoTH0B JHK. Ecim ke ripu
3TOM PEMNAPATHUBHBIC U BOCCTAHOBUTEIBHBIC MEXAHU3MBI
OKAa3bIBAIOTCS] HEITOJTHOIICHHBIMU WIH K€ HEA/ICKBATHBIMU,
TO YKU3HECTIOCOOHOCTD KJIETOK, UX CLIOCOOHOCTD WJIN ITOJI-
HOLIEHHOCTBD JICJIEHUSI MOKET IO/IBEPTATHCS PUCKY.
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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 y-irradiation
induced such changes as life shortening (Upton A.C.
etal, 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.etal, 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

The rats were divided into 4 groups as
follows:

— control (410 rats);

— control treated with vitamin E (4¢10 rats),
— irradiated (410 rats);

— irradiated treated with vitamin E (410 rats).

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

HebnaronpustHbie 3(p(EKTbI OOIy4YEHUS MOI'YT PACCMAT-
PUBATHCST KAK HAPYIICHUE PA3IIYHBIX (DYHKITHI, 9TO MO-
SKET CTATh IIPUYUHOI BO3HUKHOBCHMS PAKa K CMCPTH JKU-
BOTHOTI'O CITyCTsI HEKOTOpOE Bpemst. Oob1mee y-06/1ydeHue
BBI3bIBACT MI3MEHEHIIS B BH/IC COKPAITICHUS IIPOIODKUTEIIb-
nocrusknzuau (Upton A.C. et al, 1967), yMEHBIIICHIST MACCHI
Tena (PeterR etal, 1981), UMMyHOJIOTUYECKUX HAPYIICHUE
(Hesham S.M,, 1993), uaMmeHeHU 251€eMeHTOB KpoBH (El-
hamAA, 1995), yposrsi remorniotusa (Nahed A.A, 1996) u
I'€MaTOKPUTA, CBOMCTB XPOMOCOM. DTU OTKJIOHEHUISI ITPE/]-
CTABJBIIOT COOOM HANOOJIBIINI PAJUAIIMOHHBIN PHUCK JUIS
3/10POBBSI U IOICKAT PAHHEMY BbIIBJICHHIO K KOPPEKITUH.

PagnanOHHbBIN PUCK KOPPEIHUPYET C MOLIHOCTBIO JO3bI
OOJIy4E€HUS U BDEMEHEM BO3JEUCTBUA. OacHbIe (P PEK-
ThbI HAKOIUIEHHBIX JJO3 MOT'YT OBITh HCIIOJIb30BAHbI B KAU€-
CTBE IEUCTBUTEIIBHOI'O OMOJIOTMYECKOTO MHIUKATOPA CTE-
MEHU ITATOT€HHBIX 2(P(PEKTOB OOTYIECHHS.

JokasaHo, 4yro BuTamMul E aBigerca 3PPEeKTUBHBIM
paguonporekTopHbIM cpeicTBoM (El-Kashef HS. etal, 1993;
El-Kashef HS. et al,, 1994; Henson D.E. et al., 1991, Pac-
kerL, 1991). Buramun E B 1o3e 10 mraa 100 r maccol Tesna
BBO/IMJIA NIAPEHTEPATILHO JKUBOTHDIM B LIEIAX OLICHKUA €TI0
PaMOIIPOTEKTOPHON PO ITPU KOPPEKIIUY HAPYIIICHUI
BCJIE/ICTBUC XPOHMYECKOI'O PAAHAIIMOHHOI'O BO3JACHCTBISL
DPHEKTUBHOCTD BUTAMUHA E OIIEHUBAIN B IUIAHE HOP-
MAJIU3ALHN HAOTIOAAEMBIX U3MEHEHNUN KJIETOYHBIX dJI€-
MEHTOB KPOBU, MACCHI TEJI4, 4 TAKKE I10 BEJIMYMHE ITOKA34-
TeJIA CMEPTHOCTH X XPOMOCOMHBIM 46€PPALIUAM B KIIET-
KaX KOCTHOT'O MO3I'd.

MATEPUAJIBI U METO/bBI

B HacTOsAmEM MCCIEOBAHNN UCIIONL30BAIN Oonee 280
KPBIC:

A — 40 XUBOTHBIX UCITOJIb30BAIN B KOKITOM SKCIICPUMCHTC
JUIA OLICHKHU BCJIMYWH CMCPTHOCTHU 1 YMCHBIIICHWA MACChI
TC1a; UCCIICTOBAHMA ITIOBTOPSIIN 4 pasza;

b — 240 KpbIC 6BUIN UCIIOJIb30BAHBI B 'EMATOJIOTMYECKIX
1 XPOMOCOMHBIX UCCJIEJOBAHUAX.

I/ISY‘—ICHI/IC CMEPTHOCTH H H3MCHCHHA MACCHI T€IA

HccnenoBaHus MPOBOAIIN HA JTAOOPATOPHBIX JKUBOTHBIX
B CJIETYIOTIIUX I'PYITITAX HAOTIOICHUST:

— KOHTPOJIbHAA (4 ¢ 10 KPBIC);

— KOHTPOJIbHAA, HOAy4YaBIre BUTAMUH E (4 ¢ 10 KpBIC);
— obsryueHHBbIE (4° 10 KPbIC);

— OOy4eHHBbIE, ITosTydaBiye BUTaMuH E (4 ¢ 10 KpbIC).

ButamuH E exeJHEBHO BBOAWIN BHYTPUOPIONIMHHO B
o3¢ 10 mr Ha 100 1 Macchl Tena nepes OoumuM y-oosryde-
HueM. Jloza focrurana 1 I'p Kk 10-my JHIO, CyMMapHas Ha-
KOTwIeHHasA 1034 32 30 cyr — 10 I'p. PagnanimonHoe BO3-
JIEVCTBUE OCYIIECTBIIAIIOCH C THTEPBAJIOM 2 4 TIOCJIE BBE-
JeHUs BUTaMUHa E.

101



El-Kashef et al. / International Journal of Radiation Medicine 1999, 2 (2): 100-109

Mortality was estimated by the equation: Mortali-
ty=Ye100+N-,whereY — 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 ¥7Cs located at National Center for Radia-
tion Research and Technology (NCRRT), Egypt. The
dose rate of the irradiation was 1.37 Gyemin=.

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 /-test was used. Significant
differences between the means of control and treat-
ed groups were considered only when P<0.05 (Da-
cie ST, Lewis SM., 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 x>-test and by using the /-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
y-irradiation of rats caused shortening in life span
and that mortality started on the 14" 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 30" 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.

CMEPTHOCTD PACCUUTBIBAIIH IO (DOPMYIIC: CMEPITHOCHIL =
Ye 100N, rne Y — 9uciIo JIETaTbHbIX UCXO/I0B, N — KO-
JIMYECTBO JKUBOTHBIX.

M3MeHneHue MacChl TeJId PACCYUTHIBA/IN B IIPOLIEHTAX KAK
Pa3HOCTb NEPBOHAYAIBHOM U (PAKTUYECKOI (B JEHD U3-
MEPEHUA) MACCHI TENA.

TeMmaTo/JIOrHYeCKHE H XpOMOCOMHI)Ie
HCCI€OBAHHNA

JBECTU COPOK KPBIC ObLIN PACIIPEEIEHB] HA YETBIPE IPYII-
161 10 60 B KAKIOM: KOHTPOJIST; KOHTPOJIS, TIOMYIABITHX
BUTAMHH E; 06JIyd€HHBIX; OOJIyIEHHBIX TOCJIE BBEJICHUS
BUTaMuHa E.

OO6JiydeHHE NPOBOAUIMN C UCIOAb30BAHUEM Gamma
Cell 40 (ucrounuk — '*’Cs) B HalinoHaJIBHOM IIEHTPE Pa-
JAUAITMOHHBIX UCCJIEIOBAHWI U TEXHOJIOI U Ervrrra. Mor-
HOCTB 103bI COCTaB/siIa 1,37 peMun—".

Cpasy nocJie JEKAMUTAIIUN Y >)KUBOTHBIX OPaIi KPOBb U
ITOMEIIIA B TIPOOUPKH C AaHTUKOATYJISTHTOM JJISI ICCIIC-
JIOBAHHSI KJICTOYHOI'O COCTABA U OIIPE/ICIICHUS COJICPKA-
Hus remornioouHa. [Ipumensiu meton S.T. Dacie u S.M. Le-
wis (1991) ¢ UCIIONB30BAHHUEM I'€EMOLIUTOMETPA IIPH PA3-
BEJICHUN MaTePHaIa (PU3NOIOTUIECKUM PACTBOPOM.

U1t CPaBHUTEIBHOI'O dHAIN3A JAHHBIX, IIOJIy4EHHBIX B
I'PYNIIAaX HAOIIOAEHMSA, UCIIOIb30BAIH I-T€CT CTBIOJIEHTA.
ITOPOTrOBLIM 3HAYEHHEM YI€TA JOCTOBEPHOCTH PA3INYNH
cpegHux 3HadeHu cuntann p<0,05 (Dacie S.T,, Lewis S.M,,

1991).

MeToauKa HCCIEJOBAHUA XPOMOCOM

[TpUrOTOBIEHHE IIPETIAPATOB XPOMOCOM KOCTHOI'O MO3-
I'a KPBIC BBINTOJIHSIN 11O MeToauke T.H. Yosida 1 K. Amano
(1965). Uccnenosanu 50 Ma3KOB KJICTOK B CTA/IUN META-
(a3l C pPErUCTPALIUEN BCEX AHOMAIUI XPOMOCOM. CTaTH-
CTHUYECKUI aHAJIN3 IPOBOJMIIN C UCIIOIB30BAHUEM KPU-
TEPU X2, 4 IPU AHATTN3€ KOJIMYECTBA U THUIIOB XPOMOCOM-
HBIX 46€pPaIUi — /-TeCTa.

PE3VJ/IBTATDBI

CMEepPTHOCTB, YMEHBIIECHHE MACCHI TEJIA IIOCTIE
00 Ty4eHHA H BOCCTAHOBICHUS

CornmacHO JaHHBIM, ITPE/ICTABIICHHBIM B Ta6HIIE 1, 00111ee
y—O06JIy4E€HHUE BBI3BIBACT COKPAITICHHE TPOJAOJIKUTEIBHO-
CTH KU3HU, TIEPBbIC JKUBOTHBIC YMEPJIU HA 14-¢ cyT mmociie
ObJIydeHUS. 32 3TO BPEMS CYMMAapHas 032 OOIy4EHHs
cocraswia 4 I'p, cmeprHOCTb — 10%. CMEPTHOCTD YBEJIU-
YHUBAJIACH TIO MCPC YBCIINMYCHUA JO3bI O6HY‘—ICHI/I${ 1 HaA
30-e cyt mocturana 60%.

YV 061y4EeHHBIX KPBIC OTMEYAIN CYIIECTBEHHBIE (DYHKITHO-
HaJIbHBIE ¥ MOP(OJIOTUYECKUE HAPYIICHUS: BJIOCTb, U3-
MEHEHUS CBOUCTB MIEPCTH, OOIIYIO CIA60CTD, AANHAMUIO,
CHIDKEHUE AKTUBHOCTH MPHU MOYTU TTOJTHOM HEBO3MOX-
HOCTH BCTABATb HA JIAbL JKUBOTHBIE OTKA3BIBAJIUCH OT
I, BOBHUKHOBEHUE Y HUX TAKEJIBIX KATA0OIMUECKUX
HAPYIEHNUA IPUBOAWIO K 3HAYHUTEILHOMY YMEHBIIIEHUIO
MAaCCBI T€JIA ¥ CMCPTH.
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TABLE 1
NUMBER OF DEATHS AND MORTALITY PERCENTAGE IN RATS AFTER 10 DAYS FROM RECIEVING ACCUMULATING RADIATION DOSES (10 Gy)
TABJIULA 1
KONMUYECTBO NETANbHbLIX NCXOO0B U NPOLEHT CMEPTHOCTI Y TABOPATOPHbIX KPbIC YEPE3 10 CYT
MNOCIE NONYYEHWS CYMMAPHOIA HAKOMMIEHHOW [103bI (10 I'p)
Days after irradiation 100 | 12" | 14" [ 16™ | 18" | 20™ | 22" | 24" | 26" | 28" | 30" 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 No. of deaths - - - - - - - - - - - 10
with Vit. E
Mortality % 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Group subjected | No. of deaths - - 1 2 2 2 3 4 4 5 6 4
to radiation
Mortality % 0% 0% 10% 20% 20% | 20% 30% | 40% | 40% 50% 60% 40%
Group treated with| No. of deaths - - - - 1 1 1 1 2 2 3 7
vit.E and radiation
Mortality % 0% 0% 0% 0% 10% | 10% 10% 10% | 20% 20% 30% 70%

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 30" day
after irradiation, rats received 10 Gy).

Brabnuiie 2 npeICcTaBiIeHb UBMEHEHUSI MACCHI TEJ1A Y KPBIC
B I'PYIIIIE KOHTPOJIA, 4 TAKKE Y OOJIyYEHHBIX U OJIydaB-
IUX BUTAMUH E. Macca Tesa JKUBOTHBIX B KOHTPOJIE IIPO-
I'PECCUBHO YBEJIMYUBAIACH, JOCTUI'AS IPUMEPHO 150% K
KOHILy UCCieJoBaHu (30-¢ cyT). B rpyrine KOHTpoJIs, I10-
JIy4daBllier BUTAMUH E, Macca Tesa 32 310 5Ke BpeMs YBEIH-
YWIACh HA 55%. JJaHHbBIE CBUECTEILCTBYIOT, YTO BUTAMUH E
CIIOCOOCTBOBAJI YBEJIMYCHUIO MACCHI TEJIA Y MHTAKTHBIX
KPBIC. Y OOJIy4EHHBIX KPBIC, HE IIOJIyYaBIINX BUTAMHH E,
OTMEYAIN YITPATY AIIICTHUTA, IIPOI PECCUBHOE YMEHBILICHIE
Macchl Tena — 10 30% B TedeHue 30 CyT (1032 O6IIydeHUS
cocraswia 10Tp).

TABLE 2
CHANGES IN BODY WEIGHT IN RATS OF EXAMINED GROUPS
TABJIULA 2
W3MEHEHNA MACCbI TENA Y KPbIC B FPYNMNAX UCCNEOOBAHNA
Days after Start 5 days 10 days 15 days 20 days 25 days 30 days
irradiation time
Body % of Body % of Body % of Body % of Body % of Body % of
wt. change wt. change wt. change wt. change wt. change wt. change
Control 103.4 | 117.0 | +13% | 124.7 | +20% | 131.3 | +27% | 141.0 | +36% | 149.4 | +44% | 155.9 | +50%
Irradiated 101.1 945 -6% 894 -11% 81.6 -19% 75.7 -26% 70.2 -30% 70.2 -30%
(1 Gyeday™)
Control (injected | 100.2 | 155.8 | +15% | 125.2 | +25% | 131.0 | +30% | 140.3 | +40% | 149.2 | +48% | 156.0 | +55%
with vit. E)
Irradiated and 99.5 94.2 -5% 89.2 -10% 86.0 -13% 83.6 -16% 804 -19% 80.6 -19%
injected with vit. E

Note. * — each animal group consists of 10 rats.
lMpumeyarne. * — kaxaas u3 rpynn coctont u3 10 nabopaTopHbIX KPbIC.

In the case of irradiated rats treated with vitamin E
the beginning of deaths started late on the 18" 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.

B rpymme o6ay4eHHBIX KPBIC, ITOJIyY4BIIUX BUTAMUH E,
MEPBBIE JIETAIbHBIE UCXO/AbI BOZHUKAIN ITO3/JHEE — Ha
18-e cyr nocne obydeHus. IToKkazaTenb CMEPTHOCTH ObUT
HIDKE, YEM B I'DYIIIE JKUBOTHBIX, HE TTOJYYaBIINX BUTA-
MuH E, — 30% uepes 1 mec nnociie obinydeHust. [Tokasarenb
CMEPTHOCTHU HA NIPOTSLKEHUH 1 MeC HAOIOCHUH TT0CIIE
00JIy4eHHs CBUAETEIbCTBYET O POJIU BUTAMHHA E Kak pa-
JHUOIIPOTEKTOPHOro areHTa. Kpome Toro, BuramuH E crio-
COOCTBOBAJI BOCCTAHOBJIEHHIO MACCHI TEJIA: €€ YMEHBIIIE-
HUE ObUIO MEHEE BBIPAYKCHHBIM U COCTABIIUIO /10 19% ue-
pe3 30 cyT.
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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+10°mm~>. In case of whole body y-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).

Y1 CII0 3pUTPOIHUTOB H YPOBEHB I'€MOITIOOMHA
IIOCJIE OOTYICHHSA 1 BOCCTAHOBICHUS

V3MEHEHHUS YUCIA SPUTPOITATOB B PAZTUIHBIX IPYIITIAX
HaOJIIOICHUS IPEACTABICHBI B Tabiule 3. KonnuecTtso
APUTPOITATOB B IPYIIIAX KOHTPOJISI COCTABIIUIO OT 6,693
JI0 7,294 10 MM, V KPBIC, O/IBEPIABIINXCST OBIIEMY
Y-OBJTy4EHHUIO, PETUCTPHUPOBATH CTOHKOE CHIPKCHHE YHC-
JIA SPUTPOITUTOB, 6OJIEE BEIPAKEHHOE IO MEPE YBEJIHYC-
HUsT 103bl. OTHOKPATHAS 71032 1 I'p BBI3BIBAIA HE3HAYH-
TEJIbHOE CHIDKEHUE KOJTUYECTBA SPUTPOITUTOB, TOT/IA KAK
GOJIBIIINE JO3bI BBI3BIBAIN TAJICHUC UX YHUCIIA 10 50,65%y
KpPBbIC, 061y4eHHBIX B /103€ 10 I'p (Ha 10-€ cyT nociie o6i1y-
YEHU).

TABLE 3
CHANGES IN RBC COUNT (+10%mm) IN RATS OF EXAMINED GROUPS
TABJINLA 3
V3MEHEHS KOSTMYECTBA SPUTPOLITOB (+10%mm) Y KPbIC B TPYMMAX UCCITEOBAHIS
Dose Control Irradiated % Irradiated & injected %
Notinjected | Injected
Mean valuexSE. Mean valuexS.E. Mean valuezS.E.
1 Gy 6.818+0.132 6.785+0.175 6.468:0.224 -5.13% 7.0530.229 -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 7.10120.222 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).

lMpumeyarne. CpefHee 3Ha4eHNe COOTBETCTBYET AaHHbIM Y 6 XIMBOTHBIX. *

Changes in hemoglobin concentration are tabu-
lated in table 4. Concentration of hemoglobin is
ranged within 14.635-15.167,14.583—15.259 gedL"
of the blood for control and control with vitamin
E treated rats respectively. Whole body y-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.

— 3Ha4unmble OTANY NS N0 CPABHEHUIO C KOHTpONeMm (p<0,05).

W3MeHEHMS KOHIIECHTPALIMH F€MOITIOOMHA IPEACTABICHBI
BTaOMIIE 4. KOHIIEHTPAIIYS TEMOITIOOMHA B KOHTPOJIbHOM
TPYIIIE M Y KPBIC B KOHTPOJIbHON I'PYMIIE, TTOJYYABIINX
BUTAMHUH E, KOJIEONETCA COOTBETCTBEHHO B MPEAETAX
14,635-15,167 11 14,583—15,259 re i1~ KpoBwu. [ 101 BITHIS-
HHUEM O0IIEro Y-OOJIydeHUs B 103€ 3 I'p KOHLEHTPALS
IreMOIJIOOHMHA JOCTOBEPHO CHIDKAIACH HA 9,93%. O6syue-
HHE B 60JI€€ MAJIBIX [JO34X HE BBI3BIBAIO KAKUX-TNOO 3HA-
YHMBIX U3MECHEHHH. YBEJIMUCHUE CTEIICHU TSDKECTU HAPY-
IIICHUIT OTMEYAJIN IIPU BO3PACTAHUHU J103bI — Y 30,06%
KPBIC, OOJTY4EHHBIX B 103€ 10 I'p.

VY KpBIC, NOJNYYaBIINX BUTAMUH E 10 06/Iy4eHMs], YMEHb-
LIEHHE KOJINYECTBA APUTPOLIUTOB ObUIO MEHEE BHIPAXKEH-
HBIM I10 CPABHEHMIO C HE ITOJIyYaBIIUMU. DTO yMEHbIIIE-
HUE B IUAITA30HE 403 OT 1 10 2 I'p 6bUIO HE3HAYNUTEIIbHBIM.
Bonpime 10361 (>3 I'P) BLI3BIBAIM 3HAYUTEILHOE YMEHbD-
IICHHE KOJIMYECTBA SPUTPOLIUTOB, HO MEHBIIIEE I10 CBOCH
BCJIMYMHE 10 CPABHEHUIO C HE TTOAYYABIIUMU IIPEIAPAT.

IIpuMeHeHUE y KPbIC BUTAMUHA E TaKKe ClIOCOOCTBOBAIO
BOCCTAHOBJICHHIO YPOBHS I'€MOIJTIOOMHA, €I'O CHIDKEHHUE
OBLJIO MEHEE Bpra)KCHHbIM, 4eMm y>I<I/IBOTHI)IX7 HCIIOIy4YaB-
IMUX Ipemnapar. 3HAYUTEIbHOE CHUKEHUE ypOBHH reMor-
JIOOMHA OTMEUYCHO NP 03¢ 4 I'p, 4 MAKCUMAJIBHOE €IO
CHIDKEHUE COCTABIISLIO IO 15,32% nipu O3€ OOIydeHUs
10Tp.
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TABLE 4
CHANGES IN HEMOGLOBIN CONCENTRATION (gedL™") IN RATS OF EXAMINED GROUPS
TABJINLA 4
3MEHEHS KOHLIEHTPALMI FTEMOTTIOBUHA (repn™") Y KPbIC B FPYMMAX UCCIELOBAHIS
Dose Control Irradiated % Irradiated & injected %
Notinjected | 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).
lpumeyarue. CpefHee 3HA4EHNE COOTBETCTBYET JAHHbIM Y 6 XUBOTHbIX. * — 3Ha4lMble OTANYNS MO CPaBHEHMIO C KOHTponem (p<0,05).

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 y-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

XPOMOCOMHEIE HAPYIIEHHS II0CI€ OO Ty Y€ HHA

M BOCCTAHOBJIEHUS

VYuer abeppanuii XpOMOCOM IIPOBOJIMIJIN B IIPENAPATAX
50 MeTadas KyJIBIUBUPOBAHHBIX KJIETOK KOCTHOI'O MO3T'd
KpbIC. Ha pucyHke 1 1pe/icTaBiaeHbl B IIPOIEHTHOM COOT-
HOIIEHUHU BCE TUIIBI A0€PPAITUI XPOMOCOM HAPSTY C 00-
MM KOJIMYECTBOM HAPYIIEHUI B XPOMOCOMAX IOCJIE 00-
1ero y-ooaydeHus. HaunHas ¢ 103bl 1 I'p Ha61101a11 3Ha-
YUTEIBHOE YBEJIMUEHUE OOLIErO Ynuciaa abeppanuil u
MPOLIEHTA AaHOMAJIBHBIX SAZIEP KIETOK. JJaHHBIA IPOLIECC
BO3PACTAHMSA UMEET JIO30BYIO 3aBUCUMOCTD. I1o Mepe yBe-
JIMYEHMSA TO3bI OOJYIEHHSA BO3PACTATIO PA3HOOOPA3HE
abeppanurt xpomocoM. I1pu no3e 10 I'p XpOMOCOMHBIE
HOBPEXIEHNA COCTABIUIN 100%. Y O6JIy4€HHBIX JKUBOT-
HBIX, IOJYY4BIINX BUTAMUH E, 06111ee ynciio abeppanur
XPOMOCOM M KOJIMYECTBO BU/IOB HAPYIIEHHU I ObUIO MEHD-
miee (PUCYHOK 2).

He BbI3bIBAET COMHEHHH, YTO YHUCJIO Pa3pPbIBOB, IPOOE-
JIOB, IOCJIEAOBATENIBHBIX TPAHCIOKAIIUI U ALIEHTPUYEC-
KHUX XPOMOCOM BO3PACTAJIO IO MEPE YBEJIMYEHUA JO3bI
ob6srydeHus1. HaunHas ¢ 10361 3 I'p NOSBISIINCH IULIEHTPU-
yeckue (popmbl U nonuruiouanu. Ilocie odiydeHus B
00JIbIIHNX 103X (4 I'p) BOBHUKAIN XPOMOCOMHBIE A0€p-
paruu KOJbIEeBOro THIIA. CJIEIyeT OTMETHTD, YTO B CJTy4a-
SIX, KOI7IA B TIEPHOJIE, TIPENIECTBOBABIIEM OOJIYYEHHIO,
NPHUMEHSIIN BUTAMHH E, XDOMOCOMHBIE HAPYIIEHUS ObUTU
MEHBIIIE Oarofaps apeKTy npernapara. I3aMeHeHUs Xpo-
MOCOMHBIX A0€pPAaIHi U UX BUJIOB ObLIN 60JIEE€ YMEPEH-
HBIMU Y KPBIC, OOJIy4€HHBIX [TOCJIE BBEACHUA BUTAMUHA E.
ITpu aTOM 3(pPeKTHI 103bI 10 I'p OBUIM AHATIOTUYHBI T10-
CJICACTBUAM BO3JAECUCTBUA JO3bI 5 I'D Y JKUBOTHBIX, HE I10-
JIy4aBIIMX NIperapat. CoueTaHus Pas3aInydHbIX BUAOB a0ep-
panUA BBIABIAINA MEHEE YACTO Y KPBIC, MOJYyYaBIINX
PaIOIPOTEKTOP (PUCYHOK 3).

OBCYKIEHHE

CMCpTHOCTI) HYMCHBIICHHEC MACCHI TCIA

XPOMOCOMHBIE HAPYIIEHUS SIBIITIOTCS BAXKHBIM KDUTEPH-
€M IOBPEXKICHUSA KIIETOK M IIPUYNHON T€HETUIECKUX 32~
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FIGURE 1. EFFECT OF SINGLE AND FRACTIONATED DOSES OF y-RAY 10 Gy (1 Gy-day-') ON DIFFERENT TYPES
OF CHROMOSOMAL ABERRATIONS IN BONE MARROW CELLS OF IRRADIATED RATS

PUCYHOK 1. BO3JE/CTBWE OHOKPATHBIX 1 ®PAKLIMOHHBIX 403 y-OBNYYEHWS (1 Mp-cyt") HA KONUYECTBEHHBIE MOKA3ATENN
PA3JTNYHbIX TUMOB ABEPPALIMIA XPOMOCOM B KITETKAX KOCTHOrO MO3TA YV OBNYYEHHBIX KPbIC
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FIGURE 2. EFFECT OF SINGLE AND FRACTIONED DOSES OF y-RAY 10 Gy (1 Gy-day-") ON DIFFERENT TYPES
OF CHROMOSOMAL ABERRATIONS IN BONE MARROW CELLS OF IRRADIATED VITAMIN E TREATED RATS

PUCYHOK 2. BO3[ENCTBUE OAHOKPATHbIX U ®PAKLIMOHHBIX 403 y-OB/YYEHUS (1 Mp-cyt) HA KOMYECTBEHHBIE MOKASATENI PA3MINAY-
HbIX TUMOB ABEPPALINA XPOMOCOM B KITETKAX KOCTHOIO MO3FA ¥ OBJTYYEHHbBIX KPbIC, MOMYYABLUMX BUTAMUH E
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FIGURE 3. EFFECT OF SINGLE AND ACCUMULATED y-RADIATION LEVELS ON TOTAL NUMBER OF CHROMOSOME ABERRATION
IN BONE MARROW CELLS OF IRRADIATED PROTECTED RATS

PUCYHOK 3. BO3JE/CTBWE OLHOKPATHBIX 11 HAKANMBAEMbIX [03 y-OBJTYHEHWS HA OBLUEE KOMYECTBO ABEPPALIUA XPOMOGOM
B KJNTETKAX KOCTHOI0 MO3IA' Y OBJIYHEHHBIX KPbIC, MOMYYABLIX PAONOMPOTEKTOP
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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
y-irradiation caused shortening in life span (in-
creased mortality) and this agreed with A.C. Ander-
sen, L.S. Rosenblatl (1969), E Sato et al. (1981) and
H.S. El-Kashef, H.N. Saada (1985). A single dose is
more effective thana fractionated one (Carlsen LD.
etal, 1959, Mole RH,, 1959;Lamson B.G.etal, 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 VA, 1975; Maison J.R.etal,, 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.
etal. (1981). However Grohnel et al. (1981) stated
that no changes in body weight were observed af-
ter adose 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
etal. (1983), HM.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-

60s1eBaHUI. YCTAHOBJICHO, YTO 40€PPALIMU XPOMOCOM
MPEICTABIIOT COOOM OCHOBHYIO IIPUYHHY I'MOEIH PEII-
POJIYKTHUBHBIX KJICTOK IIOCJIE PAJUAIIMOHHOI'O BO3/ICH-
crBusi (LeaD.E, 1966).

PesyssraTel UCCIIEAOBAHNUA CBUJIETENBCTBYIOT O HEGIATO-
NPUATHOM BJIMSIHUH OOLIETO Y-OOJIy4YCHUS HA IIPOJIOJDKH-
TEJBHOCTB KU3HU (BCJIEICTBUE POCTA CMEPTHOCTHN ), YTO CO-
rmacyercs ¢ maaabiMu A.C. Andersen, LS. Rosenblatl (1969),
ESatoetal. (1981) m HS. El-Kashef, HN.Saada (1985). OnHo-
KPaTHOE OOJTy4EHHE OKA3bIBACT OOJICE BBIPLKEHHBIA 3(P(PEKT,
Hexen ppakuuoHuposanHoe (Carlsen LD. etal, 1959, Mo-
leRH, 1959; Lamson B.G.etal, 1965).T1o saHHbM Malatova
(1977), NOBBIIIEHHE CMEPTHOCTH OOYCIOBJIEHO PA3BUTUEM
JIEMIKEMHI U IPYIUX TSOKEIIBIX [IOPKEHU.

Harmwm pe3ysnsrarsl HOKa3bIBAIOT, YTO CMEPTHOCTH BO3PAC-
TajIa IO MEPE EKEAHEBHOI'O YBEJIMYCHUS J103bl OOJIyde-
HUSL, 9TO COOTBETCTBYET IAHHBIM W.S, Moose (1965, 1966),
COITACHO KOTOPBIM ITPO/IOJDKUTEIBHOCTb JKU3HH MBIIIICH
COKPAIIAETCS C YBEJIMYEHHUEM JI03bI OOy UEHIS

B paMKax HACTOAIIEIO UCCIICAOBAHMS IPUMCHCHUE BUTA-
MuHA E cCiocO6CTBOBAJIO TPOIECCAM BOCCTAHOBIEHMS. BO
MHOTUX PA00TAX PACCMATPUBACTCS BIIUSHUE PsIJIA PAJTUO-
IPOTEKTOPOB HA TIPOAOJLKUTEIBHOCTD ku3HM (Krizhni-
kov VA, 1975;MaisonJ.R.etal, 1977; El-Kashef H.S., 1985).
YCTAaHOBIEHO, YTO IPUMEHEHUE MPEMAPATOB C 3AIIUTHDI-
MH CBOUCTBAMH CITOCOOCTBOBAJIO CHIDKEHHIO CMEPTHOCTHU
U YBEJTMYECHUIO IPOJOILKUTEIBHOCTH )KU3HU )KUBOTHBIX.

M3MEHEHUS MACCHI TEJIA PETUCTPUPOBAIH ITOCJIE BO3ZECH-
CTBUA OOJIy4E€HUS B OOIBIINX 1034X, 6oiee 4 I'p. Benun-
HA YMEHBIIEHUS MACChI TEIA 3aBUCEIIA OT JJO3BL DTO COOT-
BETCTBYET PE3YAbTaTaM Hamux uccaegopanuii (El-Ka-
shefHS., 1985). CHIpKeHHE MACChI TEIA MOYKET OBITh CBA3AHO C
MOBBIIIEHUEM YPOBHA ITPOLIECCOB KAaTa60mmM3Ma. CHIDKE-
HHE MACCBI TEJIA COTPOBOXKIAETCA HAPYIIEHUAMU B CUCTE-
M€ I'€eMOII0334, YTO COIVIACYETCS C AaHHbIMU Peter R. et al.
(1981). Broxe Bpems, Grohnel etal. (1981) He ormeTwinn
U3MEHEHMI MACCHI TeJIA IT0C/IE OOydeHus: B 103¢e 1,45 I'p.
Bonee Toro, J.B. Sacher, D. Grahn (1960) coo6ranu, 94to
MIPH 033X BIUIOTH 10 25 I'p HEGIArOnpHATHBIX (P dEK-
TOB HE OBLIO.

[TprMeHeHUe y OOYYEHHBIX KPBIC BUTAMHHA E OKa3bIBa-
JIO BBIPAYKEHHBIN MOJIOKUTEIBHBIA 3(PMEKT. MEXAaHU3M 3a-
LIUTHOI'O AEUCTBHS €LIE HE IIOJHOCTDBIO SICEH U TPEeOyeT
NAJIbHEHUIINX UCCJICTOBAHUM.

YuCiaIo 3pUuTPOINTOB H YPOBEHD

reMOIJIOOHHA

COIIacHO PE3YIBraTaM HAIINX UCCIIENOBAHUN, OOJTydeHHE
BBI3BIBAECT CHIDKEHHE COACPIKAHUSA SPUTPOLIUTOB B KDOBH.
ITo muenuio O. Chlebovsky et al. (1983), HM. Roushdy
etal (1985)nuM. Asanoet al. (1989), 310 O6YCJIOBIEHO YMEHB-
MIEHHUEM UX NPOAYKIIMH U YCKOPEHUEM POLIECCOB Pa3-
PYIIEHNA KIETOK, 4 TAKXKE reMopparuei. [locneansas css-
3aH4 C CYIIECTBCHHBIMU N3MCHCHHUSIMU ITPOHHUIIAEMOCTU
MeMOPaH KIETOYHbIX aieMeHTOB KpoBH (Nikishkin et al.,
1992; Miliutin AA. et al., 1993). CHIDKEHUE COACPKAHUA
3PUTPOLIUTOB CONTPOBOKIACTCA YMEHBIIIECHUEM KOHIICHT-
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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
y-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 y-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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IIpuMmeHeHune BUTAaMUHA E y OOIy4EHHBIX KPBIC CITOCO6-
CTBOBAJIO YCTPAHEHHIO PAJUAITMOHHO UHIYLIIMPOBAHHBIX
HAPYIIEHU YPOBHS I'€MOIVIOOWHA U 3PUTPOLIUTOB. [JaH-
HOE SIBJIEHHE TAXoKe ObUIO OOHAPY-xkeHO K. Ranaetal. (1992)
nAA.Shaheen,S.M. Hassan (1991).

AHTHOKCUAAHTHBIE CBOMCTBA BUTAMHHA E — CITOCO6HOCTD
3AIMIIATH KICTKH OT BO3JEUCTBHSI CBOOOHBIX Pa/IUKA-
JIOB, BO3HHKAIOIIMX B [IPOLIECCE OKCHIATHBHOI'O CTPECCA —
XOPOUIO U3BECTHBI, C HUMHU MOXET ObITb CBSI3aH U €O
PagrONPOTEKTOPHBIN 3(PPEKT.

XPpOMOCOMHBIE HAPYIIE€HHA

M3MEHEHMS BXPOMOCOMAX HEOIATOIIPUSTHO CKA3BIBAIOTCS
HA COCTOSIHMM KJIETOK M IAI'yOHO BJIMSIIOT HA Oy/yIIUe€ I10-
KosieHus1. [IpOHUCXOUT HAPYIIEHHE CTPYKTYPBI XPOMOCOM,
JINOO M3MEHAETCA MX KOJTMYECTBO. [ TOJTydeHHBIE PE3Y/IBTAThI
MOKA3JIHM, YTO OOIIee Y-O0IydeHHE HHIYIITUPOBAIO CTOM-
KM pOCT OBIIIETO YMCJIA XPOMOCOMHBIX HAPYIIEHUH 1 aHO-
MAaJTBHBIX $S/IEP KICTOK, KOTOPBIC BKJIIOUAINA PA3PBIBBI XPO-
MOCOM, 4TO COITIACYETCS € JaHHBIMH W.W. Nichols (1972).
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