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ABSTRACT: The: tota] antioxidant capacity. activities of entioxudant enzymes like ghutathione peroxidase
iGiPx) and superowide dismutase (SOD) and the effect of wonizing radianon on (hese sntiovidants |n
human bleod were measured by the RANDON assays. Fhe difforent dases of ionizing radistion caused
dose-dependent decreases of antionidan) activities. The total witioxidant statis (TAS) value of plasma
lincariy decreased up o 1 Gy dose. Arhigher dose 2 Gyl no additional decrease of TAS value could be
detected. Radiation-induced decrease of the antioxidant enzymes GPx and S0D were linear up o 1 Gy
dose. Between 1and 2 G doses, a fimher mild decrease could be detestad.
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INTRODUCTION

Free radicals have been implicated in over one hundred human and animal diseases.
In some conditions they play a significant role in the development of diseases. Each
free radical formed in the body ¢an initiate a series of oxidative chain reactions.
Free radicals disappear from the body following reactions with other free radicals
or, what is more important. due to the actions of the antioxidant system. Monitoring
of antioxidant levels in individuals may be useful in the diagnosis of discases,
searching for therapy, and investigating disease processes (Miller et al,, 1993),

Ity radiation biclogy, the developments of radianon effects are modified by antioxi-
dants (El-Nahas et al.. 1993; Sarma and Kesavan, 1993: Kunugita etal, 1997; Weiss el
al., 2000). The reactive oxygen species play an important role in the action of Tonizing
radiation. The first in vivo studies on protecton by antioxidants against ionizing radiation
were performed half a century ago (Patt et al., 1949). In radiation protection the investi-
gatons on the role of antioxidant enzymes n the resistance against ionizing radiation
have primary importance (Bogadi et al., 1997, Sun et al, 1995; Koeles et al., 1999),
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In the present work we have investigated the effects of different doses of 10nizing
cadiation on the antioxidant capacity of the human blood and on the activities of
antioxidant enzymes: glutathione peroxidase (GPx) and -superoxide dismutase
{(SOD, in vitro,

MATERIALS AND METHODS

Human blood samples obtained from healthy male persans {aged 20-25) were taken
with lithium-heparin anticoagulant. The X-irradiation of whole blood was performed
under the following conditions: 200 kY, 20 mA, 1 mm Cu filter, 60 ¢ S5D, 0.287 Gy
min™! dose tate, room temperature, 3 ml volume in Falcon plastic flasks.

Thie activities of entioxidant enzymes, GPx and SOD of haemolysate of hepanmiz-
&3 whole blood, and the total antioxidant status (TAS) of plasma were determined
using the colonmetric tests af RANDOX Laboratories Lid, (United Kingdom).

Immediately after imadiation the human blood was cenmfuged for 20 munutes al
1500 rpm. The activity of TAS was determined from heparinized plasma. In the
reaction the ABTS (2.2°-Azino-di-[3-sthylbenzthiazoline sulphonate|) was incu-
bated with 4 peroxidase (metmyoglobin) and H:0- 1o produce the radical canon
ABTS". This has a relatively stable blue-green colour, which is measured at GO
nmi. Antioxidants in the added sample cause suppression of this colour production
1o a degree which 1s proportional to their COncenimation.

The concentration of GPx enzyme was determined from haemolysate of hepanniz-
ed whole blood. In this method. GPx catalyses the oxidation of glutathione by cu-
mene hydroperoxidase. In the presence of gluthatione reductase and NADPH, the
oxidised glutathione is immediately converted to the reduced form with a concomitant
oxidation of NADPH to NADP", The decrease in absorbance at 340 nm s measured.

The concentration of SOD enzyme was determined from haemolysate of heparin-
t2ad whole blood. The role of SOD is to accelerate the dismutation of the oKic
superoxide radical (0;) - produced during oxidative energy processes — to hydro-
gen peroxide and molecular oxygen. This method employs xanthine and xanthine
oxidase to penerate superoxide radicals which react with 2-{4-icdophenyl)-3-(4-nit-
rophenol)-5-phenyl-tetrozolium chlonde to form @ red formazan dye. The SOD
activity is then measured at 305 nm by the degree of inhibition of this reaction.

RESULTS AND DISCUSSION

Radiation-induced alterations of the antioxidant enzymes, GPx and SOD have
been investigated.

The activities of GPx and SOD were determined after X-irradiation of human
blood with various doses (0.3 — 0.3 -0.7- 1.0 - 2.0 Gy).

In the two experiments we used blood samples from two different persons. The
concentrations of enzymes were measured from haemolysate of heparinized whole
blood, immediately after irradiation,
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TABLE 1. Effect of ionizing radiation on the antioxidant enzymes. glutathione
peroxidase (GPx) and superoxide dismutase (SOD)
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Fig. 1. Effects of ionizing radiation on the antioxidan: enzymes, glutarhione peroxi-
dase (GPx) and superoxide dismutase (SOD) (determination fram 2 persons’ bload
saniples).

As s 10 be seen in Table ! and Fig. J, the activities of GPx and SOD decreased
linearly upon the effects of vanous doses of iomzmg radration till 1 Gy. Between 1
and 2 Gy doses, however, only further mild decreases could be detected. The hu-
man blood retained 40-60% of 1ts anuoxidant enzvmes, GPx and SOD concentra-
ions.

Glutathione peroxidase is 3 selemum-dependent enzyrmie. At iow concentra-
tions; there 1s a correlation between GPx levels and selenium status. Low levels
of selenium and hence of GPx have been implicated in several diseases. Exam-
ples nclude some form of cancer (Combs et al. 1997: Greeder and Milner,
1980), cardiovasculdr diseases (Salonen et al., 1982). and cataracts (Fecondo and
Augusteyn, 1983).

Superoxide dismutase is an enzyme the function of which is 1o increase the dis-
mutation rate of superoxide anion. This enzyme is thought to protect zerobic celly
against oxygen toxicity. Determunation of level of SOD in human blood may be
useful in the diagnosis of several diseases and as & research tool for ass2ssing new
therapies. Changes in SOD levels can also be used 1o wdentify sepsis patients at risk
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from developing adult respiratory distress syndrome (Leff et al., 1993). Differences
in SOD levels between normal and malignant cells may form the basis of a diag-
nostic test for cancer (Oberley and Buettner, 1979).

Effect of ionizing radiation on the total antioxidant capacity of human
plasma, in vitro

The antioxidant system has many components. A deficiency n any of these com-
ponents can cause a teduction n the overall antiexidant status of an individual.
Reduction 1n total anuoxidant starus has been implicated m several disease states,
such as cancer, heart disease, rheumatoid arthritis, diabetes, and age-related con-
ditions, Analysis of antioxidant stats, therefore, allows antioxidant or dietary
supplementation to patients at risk of disease, and may be used to optimize their
treatment.

TABLE 2. Radiation-induced decrease of the total antioxidant status (TAS) value
of human plasma, in vitro
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Fig. 2. Radiatipn-induced decrease of the rotal antioxidany status value of hreman
plasma, in vitro (determination from 5 persons’ bloed samples).
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Radiation-induced changes of the TAS value of human plasma have been inves-
tigated, following X-irradiation of human blaod samples with 0.3 -05-0.7- 1.0 -
2.0 Gy doses of ionizing radiation.

In the five experiments we used blood samples from five different persons. After
irradiation the human blood was centrif uged for 20 nunutes at 1300 mm, The activ-
ity of TAS was measured from hepanmized plasma.

The TAS values decreased by the effects of various doses of ionizing radiation
(fable 2, Fig. 2) linearly until 1 Gy. Between 1 and 2 Gy doses, however, no addi-
tuonal decrease of TAS value could be observed.

Radiaton-induced decreases of the total anuoxidant eapacity aré limited. The
human blood retained 60-70% of its 1otal antioxidant capacity, but individual dif-
ferences appeared. of course. The restlts suggest that only an “easily available”
Traction of antioxidant was reactive for the effect of 1onizing radiation. The “nan-
available™ fraction of human plasma was not reactive with the radiztion-induced
free radicals. This refers to the presence of antioxidant protection barrers in plasma
of various radiosensitivities.

CONCLUSIONS

The knowledge on the quantities of the antioxidants in the human blood is impor-
tant as they are indicators of health status, Deficiency in individual antioxidant
status has been implicated in several diseases.

The routine deierminations of actuvities/capacities of antioxidant compounds

would be of great importance in assessing indrvidual sensitivites against oxidative
cffects.

The commercial availability of various kits for such determinations might also
lead to population monitoring. Accordingly, our first approach was to investigate on
the sensitivitics of those antioxidant elements egainst various doses of ionizing
radiation tested by the available kits. Surprisingly, linear relationships between dose
and antioxidant decrease could be ohserved only to app. | Gy. Further increase of
dose did not influence the respective values, although the test system sull indicated
their presence. These observations suggest either the limuted response of antioxidant
System 1o ionizing radiation, i.e., only 30—40% of the ot activities were ex-
hausted up to 1 Gy, or the existence of S0me protection syvstem of varous reacta-
bilities. It is also noticeable that the dose-response tendencies are similar in cases of
TAS value where someone would suppase the decrease of low molecular weight
compounds, oo, and those of enzyme activities. A further problem to be answered
15 whether this phenomenon appears only under in vitro conditions or in vive, too.

It is interesting that Chevion has also found that total body irradiation {(TBI)
Lauses a pronounced decrease in antioxidan: capacity and zn excessive increase in
oxidant stress. TBI alters antioxidant homeostasis and dramatically enhances the
damage inflicted on the cells (Chevion et al., 1959),
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