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It has been es tab lished, that ion iz ing ra di a tion of 1.0Gy dose causes the ac ti va tion of prooxidant en zyme xanthinoxidase in
spleen lym pho cytes that is ac com pa nied by en hanced for ma tion of superoxidase an ion-rad i cals and tes ti fies to the par tic i -
pa tion of the xanthinoxidase sys tem in ra di a tion in duced cell death. The in crease in ox i da tive mod i fi ca tion of pro teins in
splenocytes in three hours af ter to tal X-ir ra di a tion of rats was shown.
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In tro duc tion. The de vel op ment of ox i da tive stress in cells
may be con sid ered a key fac tor at the pro grammed death
in duc tion caused by the ac tion of ra di a tion. In the pro cess
of nor mal life an an i mal or gan ism keeps up to a cer tain ra -
tio be tween the ac tiv ity of an ti ox i dant sys tem com po nents, 
which pro vide nec es sary sta tion ary con cen tra tion of free
rad i cals, and re ac tions pro duc ing these me tab o lites. It is
known that ion iz ing ra di a tion leads to the es sen tial dis or -
der of antiradical pro tec tion due to the shift bal ance in
prooxidant-an ti ox i dant sys tem to wards the ex ces sive gen -
er a tion of ac tive ox y gen me tab o lites (AOM) at si mul ta -
neous ex haus tion of en dog e nous en zyme sys tems and low
mo lec u lar an ti ox i dants pool  (ox i da tive stress). In these
con di tions the ac ti va tion of crit i cal pro cesses for the cell
ho meo sta sis main te nance, namely, per ox ide lipid ox i da -

tion, ox i da tive mod i fi ca tion of pro teins and nu cleic ac ids,
which is a re sult of rapid AOM level in crease due to their
di rect for ma tion at wa ter radiolysis and an in crease in met -
a bolic gen er a tion. Re gard less of the ev i dent in ter re la tion
be tween ox i da tive stress and pro grammed cell death,
apoptosis, still not only the mech a nisms, which con di tion
this met a bolic sit u a tion, re main not as cer tain, but also the
role of cer tain rad i cals in the pro cess of cell self-de struc -
tion. More over, the ques tion whether ox i da tive stress is the 
con se quence or the in duc tor of func tional changes, which
ac com pany the pro cesses of pro grammed cell death, is cur -
rently un der ac tive ex am i na tion.

It is known that one of the sources of AOM,
superoxidative an ion-rad i cals in par tic u lar, is the
xanthinoxidase re ac tion. O2 sur plus, di rectly and through
the for ma tion of high-re ac tive OH- and sin glet ox y gen rad -
i cals, as sists in ini ti at ing and branch ing of chain free-rad i -
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cal re ac tions in cells. Though the im por tance of
xanthinoxidase/xanthindehydrogenase sys tem is high, the
data re gard ing its par tic i pa tion in the de struc tive ef fect of
the ion iz ing ra di a tion are not sat is fac tory enough. Tak ing
into ac count the role of xanthinoxidase in pro duc ing free
rad i cals, it is rea son able to eval u ate the con tri bu tion of this
en zyme sys tem into the de vel op ment of ra di a tion in duced
death of lym phoid cells.

Ma te ri als and Meth ods. The ex per i ments were per -
formed on non lin ear male rats, weight 150-170g.
One-time to tal ir ra di a tion of the an i mals was per formed
us ing X-ray unit RUM-17 (РУМ-17) in the dose of 1.0 Gy
at the fol low ing con di tions: fil ters 0.5 mm (Cu) and 1 mm
(Al) skin fo cus ing dis tance 50 cm, 200 kV, 5 mA, dose
power 0.17 Gy/min. The an i mals were de cap i tated in three 
hours af ter the ac tion of ra di a tion. Spleen lym phoid cells
were re moved ac cord ing to the com monly ac cepted
method [2]. The xanthinoxidase ac tiv ity was de ter mined
through the uric acid ac cu mu la tion [3]. The intercellular
level of hypoxanthine and xanthine was de ter mined by in -
clud ing iso to pic la bel C14-adenosine (spe cific ra dio ac tiv ity
43 mCu/mmole) to the pool of in ves ti gated sub stances [4].
The de ter mi na tion of gen er a tion speed of superoxidative
an ion-rad i cals was per formed by the method [5]. The de -
gree of pro tein ox i da tive mod i fi ca tion was es ti mated ac -
cord ing to 2,4-dinitrophenylhydrosons ac cu mu la tion in
the cells [6]. The sta tis tics of the ob tained re sults was per -
formed us ing Microsoft Ex cel, by the Sta tis tic Anal y sis
method and Stu dent’s cri te ria.

Re sults and dis cus sion. Xanthinoxidase is a com monly
known prooxidant en zyme, rep re sented in cells by two
forms, which dif fer in their ac cep tor prop er ties, namely
xanthin dehydrogenase (DX), for which the fi nal elec tron
ac cep tor is NAD+, and by xanthine oxidase (OX), when
the func tion of elec tron ac cep tor is per formed by mo lec u -
lar ox y gen. The re al iza tion of dehydrogenase or oxidase
ac tiv ity de pends on me dium con di tions and is de ter mined
by the en zyme con for ma tion, the im por tant role in which
be longs to ox i dized and reductant thiol-groups ra tio as well 
as to the ex is tence of polypeptide frag ment (mol. weight 20
kDa) in one of the en zyme sub units [7,8]. A cur rent opin -
ion is that un der the ion iz ing ra di a tion, the DX trans forms
through sev eral in ter me di ate states into the OX, the func -
tion ing of which is con nected to monoelectron ox y gen re -
duc tion with superoxide an ion-rad i cals for ma tion.

The data pre sented in Ta ble 1 show that the ir ra di a tion
leads to the ac ti va tion of en zyme oxidase form. In three
hours af ter the ir ra di a tion of the an i mal (1.0 Gy), sta tis ti cal 
in crease (1.2 times com par ing to the con trol sam ples) in
the OX ac tiv ity was ob served.

Since OX is one of the fi nal en zymes of pu rine me tab o -
lism, its ac tiv ity in mam mals is tightly con nected to the in -
ten sity of pu rine trans for ma tion. As it is known, pu rine
me tab o lism dis or der in duced by ra di a tion is ac com pa nied
by the in crease in adenylic nu cleo tides deg ra da tion.

In our opin ion, a pos si ble rea son of the OX ac tiv ity in -
crease, along with the par tial en zyme pro te ol y sis and ox i -
da tion of re ac tive sulphohydril groups [9], may be the ac -
cu mu la tion of pu rine deg ra da tion prod ucts in the cells,
such as hypoxanthine and xanthine, which are spe cific
sub strates of the en zyme. In deed, dur ing the re search, the
in crease in gen eral ra dio ac tiv ity of hypoxanthine and
xanthine frac tions of spleen cells was found to be 40 and 60
% re spec tively, which in di cates the af ter-ir ra di a tion dis or -
der of pu rine me tab o lism, the ac ti va tion of cat a bolic
branch of adenylic nu cleo tides con ver sion, in par tic u lar.

The data ob tained are con firmed by the re sults of elec -
tronic para mag netic res o nance (Ta ble 2), ac cord ing to
which in three hours af ter to tal ir ra di a tion of rats (1 Gy) the 
in crease in O2 speed gen er a tion by 1.3 times is ob served in
splenocytes, which, tak ing into ac count a wide ac tiv ity
spec trum of superoxide rad i cals, es pe cially their ca pa bil ity
to ini ti ate free rad i cal chain re ac tions, de ter mines the for -
ma tion of pathobiochemical mech a nisms of pro mo tion
and re al iza tion of ra di a tion in ju ries of crit i cal cell struc -
tures. Thus, the in crease in intracellular free rad i cals con -
cen tra tion causes the ac ti va tion of A2 phospholipase,
which, in its turn, leads to the lipid con tent dis or der, in -
duc ing non-spe cific per me abil ity of mi to chon drial mem -
branes and proteolytic en zymes pen e tra tion into the cy to -
plasm. In the work [10] the lib er a tion of a mitochondral
pro te ase from intermembranous space is shown, which by
cat a lyz ing re moval of the polypeptide frag ment from
xanthinoxidase, as sists ir re vers ible con ver sion of
dehydrogenaseng ac tiv ity into ox i diz ing one. Sim i lar state -
ment is partly founded [11], where the sig nif i cant in crease
in xanthinoxidase ac tiv ity, at the ad di tion to in cu ba tion on
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Ta ble 1. Xanthinoxidase ac tiv ity and to tal ra dio ac tiv ity of hypoxanthine
and xanthine frac tions in rat spleen lym phoid cells; M±m, n=5

Xanthinoxidas
e activity,

nmoles of uric
acid/108 cells

per minute

Total radioactivity, cpm/107

cells

hypoxanthine xanthine

Control 60±5 970±84 820±78

1.0 Gy 71±8* 1389±130* 1312±102*

* - the dif fer ence with the con trol is re li able (p<0.05)



the me dium frac tions, en riched by nu clei and mi to chon -
dria, is dem on strated. 

In re cent years much at ten tion has been paid to a role
of ac tive ox y gen me tab o lites in the pro cesses of pro tein
me tab o lism, both at nor mal and dif fer ent patho log i cal
con di tions. The in creased AOM gen er at ing dur ing the ox i -
da tive stress de vel op ment causes not only the ac ti va tion of
lipid per ox ide ox i da tion, dis or der of nu cleic ac ids struc -
ture, but also the ox i da tive de struc tion of pro tein mol e -
cules, which leads to the con for ma tion changes, and there -
fore, func tion ing of both sol u ble and mem brane-bind ing
en zy mic com plexes, re cep tors, ion chan nels and is ac com -
pa nied by deep changes in the cell me tab o lism [12, 13].
The in crease in intracellular con tent of ox i dized pro teins
may be con sid ered as early cri te rion of tis sue in ju ries by
free rad i cals and in some cases it amounts to 50-70 % of all
the cell pro teins.

There fore, at the next stage of our work we es ti mated a
de gree of ox i diz ing mod i fi ca tion of pro tein mol e cules dur -
ing the de vel op ment of ir ra di a tion in duced interphase
death of the spleen lym pho cytes.

The re sults of our ex per i ments showed that in the
splenocytes of rats ir ra di ated by 1.0 Gy dose, there is a sta -
tis ti cally re li able in crease in phenyl hydrosone con tent,
which amounts to 122% com par ing to the con trol. The
data ob tained con form with the re sults of [14], in which the 
au thors found the in ten si fi ca tion of pro tein ox i diz ing de -
struc tion in the cells of radiosensitive or gans as a re sponse
to ion iz ing ir ra di a tion (Ta ble 2).

Intracellular level of ox i dized pro teins de pends on the
AOM gen er at ing rate, there fore, on fac tors that pro voke
their for ma tion, and on the other hand, is de ter mined by
en dog e nous an ti ox i dants ac tiv ity, thus be ing con nected to
the buffer ca pac ity of prooxidant-an ti ox i dant sys tem. It is
known, that AOM in crease in the cells, along with other ef -
fects, is ac com pa nied by the de struc tion of main an ti ox i -
dant (AO) en zymes, sug gest ing that the in crease in the pro -
tein ox i diz ing mod i fi ca tion is par tially con di tioned by the

ac cu mu la tion of AO en zymes, in ac ti vated in the pro cess of
ca tal y sis. Along with the mod i fi ca tion of pro teins by ox y -
gen me tab o lites there is non-ox i diz ing way of carbonil de -
riv a tives for ma tion with the mod i fi ca tion of pro teins by al -
de hydes. P.C. Burcham et al. [15] dem on strated that the
in cu ba tion of pro teins with dif fer ent al de hydes, in clud ing
MDA, stim u lates mod i fi ca tion of pro tein mol e cules in
con cen tra tion de pend ent way. So as the ion iz ing ir ra di a -
tion leads to the ac cu mu la tion of lipid peroxidation prod -
ucts, it is pos si ble to sup pose that ox i diz ing mod i fi ca tion
in crease in splenocytes of ra di ated rats, shown by us, is par -
tially de ter mined by the non-ox i diz ing mech a nism of
carbonil de riv a tives formation.

There fore, the ir re vers ible changes take place in the
spleen lym pho cytes at X-ray ir ra di a tion in the con trol sys -
tem of ox i dant-an ti ox i dant cell ho meo sta sis, which re sult
in stim u la tion of prooxidazing en zyme xanthinoxidase and 
are ac com pa nied by in crease in the gen er a tion speed of
superoxide rad i cals and the level of pro tein ox i diz ing mod -
i fi ca tion.
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Участие ксантиноксидазной системы в развитии оксидативного

стресса при действии лучевого фактора
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Установлено, что действие ионизирующего излучения в дозе 1,0 Гр

вызывает активацию прооксидантного фермента ксантиноксидазы 

в лимфоцитах селезенки, что сопровождается повышением

скорости образования супероксидных анион-радикалов и

свидетельствует об участии ксантиноксидазной системы в

индуцированой радиацией гибели клеток. Показано увеличение

степени окислительной модификации белков в спленоцитах через

3 ч после тотального облучения крыс.

Ключевые слова: ионизирующее излучение, ксантиноксидаза,
анион-радикалы, оксидативный стресс, окислительная модификация
белков.
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Ta ble 2. Gen er a tion speed of superoxidizing an ion-rad i cals and de gree of
pro tein ox i diz ing mod i fi ca tion in rat splenocytes; M±m, n=5

nmoles O2/107 cells
per minute

Protein oxidizing
modification degree, 

nmoles
2,4-dinitrophenylhy

drosons/107 cells

Control 0.5±0.02 4.2±0.2

1.0 Gy 0.65±0.04* 5.0±0.5*

* - the dif fer ence with the con trol is re li able (p<0.05)
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