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Ionizing radiation provokes the decomposition re-
action of water producing a variety of reactive oxygen
species (ROS) [1]. ROS such as hydroxyl radicals
(OH-), superoxide anion radicals (02

.-), and hydrogen
peroxide (H2O2) are extremely reactive and react with
the molecules of cell membranes that are composed
of a double layer of lipids with proteins dispersed
throughout [2]. Under normal conditions, there is a ba-
lance between the generation of ROS and the cellular
antioxidant systems [3]. Exposure to ionizing radiation
produces significant alterations in the oxidant activity
in different tissues, and causes overproduction of ROS
leading to oxidative damage of the lipids, proteins and
DNA. The oxidation of polyunsaturated fatty acids in
membranes induced by ROS is called lipid peroxida-
tion (LPO) which has been shown to increase in irradia-
ted tissues [1, 4]. However, organisms have protective
systems against ROS, like endogenous antioxidant
enzymes. Superoxide dismutase (SOD), glutathione
peroxidase (GSH-Px) and catalase (CAT) constitute
primary enzymatic defense system [5, 6]. Reduced
glutathione (GSH) is a major antioxidant that provides
reducing equivalents for the GSH-Px [7, 8]. Selenium
is an important trace element and as a part of the ac-
tive site of GSH-Px, plays major protective roles against
oxidative stress [9].

In the present study, we examined the effects of
two different high doses of ionizing radiation on the ra-
diation-induced oxidant-antioxidant changes in the liver
tissue of guinea pigs in early period.
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Aim: To examine the state of the oxidant-antioxidant system in the liver of guinea pig caused by high doses of
ionizing radiation in the early period. Methods: the research was carried out on guinea pigs irradiated with the
doses of 8 Gy (group 2) or 15 Gy (group 3) (single dose/whole body) in comparison with control group (group 1).
The levels of thiobarbituric acid reactive substances (TBARS) and glutathione (GSH), the activities of superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px) and the levels of selenium in the liver were
measured. Results: TBARS levels in the irradiated animals were markedly higher than those in controls. In group 3,
GSH levels and GSH-Px activity were significantly increased while  activity of SOD and CAT were significantly
decreased compared to groups 1 and 2. Liver selenium levels were not influenced by irradiation. Conclusion: The
data have shown that γγγγγ-irradiation at the doses of 8 Gy or 15 Gy results in significant increase in free radical
formation while antioxidant enzymes were  affected only at a dose of 15 Gy.
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MATERIALS AND METHODS
Guinea pigs weighing approximately 350 g, were

used in this study. The guinea pigs were divided into
three groups each consisting of 10 animals. Group 1:
control; group 2: irradiated with a dose of 8 Gy (single
dose, whole body); group 3: irradiated with a dose of
15 Gy (single dose, whole body). Irradiation was car-
ried out using a 60Co source at Ankara Oncology Hos-
pital, Department of Radiation Oncology (Ankara, Tur-
key). All animal procedures were carried out according
to the rules of local Ethic Committee.

The animals in group 2 were exposed to a dose of 8 Gy
(60Co, source axe distance (SAD) 80 cm) to whole body
following ketamine hydrochloride anesteshia. The guinea
pigs in group 3 were applied to a dose of 15 Gy (60Co SAD
80 cm) to the whole body following anesthesia. 24 h after
irradiation, all animals were euthanized using ketamine
hydrochloride (ketalar®, Eczacibasi, Turkey). The tissues
were briefly washed in ice-cold 0.9 % saline (w/v), and
frozen in liquid nitrogen. The tissues were stored at -70 oC
until the subsequent protein and enzyme assays.

For SOD assay, tissue samples were homogenized
in the ratio of 1/10 (w/v) in phosphate buffer (pH 7.4)
and centrifuged at 5000g for 30 min. The supernatant
was carefully separated, the 3/5 (v/v) chloroform and
ethanol were added. This mixture was centrifuged at
5000g for 2 h. The supernatant was used for the de-
termination of SOD. This assay involves xanthine oxi-
dase used as superoxide generator [10]. The protein
concentration of the same supernatant was measured
by the method of Lowry [11] and the results were ex-
pressed as unit per mg protein tissue. One unit of SOD
is defined as the amount of protein that inhibits the rate
of nitro blue tetrazolium (NBT) reduction by 50%.

For the determination of GSH-Px activity, tissue
samples were homogenized at the ratio of 1/10 (w/v) in
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phosphate buffer (pH 7.0) containing 0.5 mM EDTA and
then centrifugated at 3500 rpm for 15 min. Protein con-
centration of the supernatant was measured by the
method of Lowry [11] and GSH-Px activity was mea-
sured by a modification of the coupled assay procedure
of Paglia and Valentine [12]. The results were expressed
as nmoles NADPH oxidized per min per mg protein.

Tissue CAT activity was measured by the method
of Aebi [13]. Tissue samples were homogenized at the
ratio of 1/10 (w/v) in phosphate buffer (pH 7.0) and then
centrifugated at 3500 rpm for 15 min. H2O2 was added
to the supernatant and the decrease absorbance was
measured at 240 nm for 3 min. The protein concentra-
tion of the supernatant was measured by the method
of Lowry [11]. The results were expressed as K/mg pro-
tein.

The levels of TBARS were determined in tissue sam-
ples homogenized in the ratio of 1/10 (w/v) in 1.5 % (w/v)
cold KCl solution, by thiobarbituric acid method [14] and
the results were obtained in nmol/g tissue weight.

The GSH contents of tissue samples were deter-
mined by the method of Ellman [15]. Tissue samples
were homogenized in the metaphosphoric acid solu-
tion and colored by DTNB. The results were expressed
as micromoles per mg protein.

Selenium levels were measured with atomic absorp-
tion spectrophotometry (Unicam-AAS 939). The mix-
ture of HNO3/HCLO4 is used to mineralize the samples.
The inclusion of HCLO4 in the digestive process is es-
sential for complete decomposition of the organic matrix
and the conversion of organoselenium to selenium. Af-
ter digesting process, selenium determination has been
carried out using the hydride generation atomic absorp-
tion spectrometry (HG-AAS) technique [16]. The results
have been expressed as ng/g of liver tissue.

Kruskal-Wallis (nonparametric ANOVA) test was
used for the statistical analysis and Dunn’s multiple
comparison test was performed as post-hoc test. A p
value < 0.05 was considered significant.

RESULTS
The values of liver TBARS, SOD, GSH-Px, CAT acti-

vities, GSH and selenuim in three experimental groups
are presented at Table.

TBARS contents of liver after 8 Gy and 15 Gy
γ-irraditaion were markedly elevated when compared
with group 1 (p < 0.05 and p < 0.001, respectively), but
there was no significant difference between group 2
and group 3 (p > 0.05).

Liver SOD activity decreased after exposure to
15 Gy radiation, there was a significant difference be-
tween groups 1 and 3 (p < 0.05). Also significant de-
crease in the liver SOD activity was observed after

15 Gy irradiation when compared with 8 Gy irradiation
(p < 0.001). The difference between group 1 and group
2 was non-significant (p > 0.05).

GSH-Px activity in group 3 was higher than group 1
and 2 (p < 0.01 and p < 0.001, respectively). The diffe-
rence between groups 1 and 2 was non-significant.

CAT activity decreased significantly in group 3 when
compared to control group (p < 0.05). Also CAT activity
in group 3 lower than that in group 2 (p < 0.05). There
was no statistically significant difference between
groups 1 and 2 (p > 0.05).

Reduced GSH levels were significantly higher in group
3 when compared with group 1 (p < 0.001) and group 2
(p < 0.001) but the level of GSH after exposure of 8 Gy
was found to be unaltered when compared to group 1.

In this study, liver selenium levels were not found to
be significantly changed after irradiation.

DISCUSSION
The use of ionizing radiation to kill tumor cells is a

common treatment for cancer. Exposure to ionizing ra-
diation causes radiolysis of water in tissues leading to
generation of ROS which are known to affect the anti-
oxidant defense systems and induce LPO [17]. The
consequence of this increased free radical generation
and imbalances in antioxidant defense is oxidative
stress which leads to oxidative damage, resulting in
increased lipid peroxide levels. TBARS is used as an
indicator of the rate of LPO which is accepted as tissue
chain reaction [18]. Also radiation induced increase in
ROS cause DNA damage, cell cycle arrest and activa-
tion of some transcription factors (e.g. NF-κB) [19, 20].

Whole body γ-irradiation of guniea pigs at 8 and
15 Gy produced a significant increase in the level of liver
TBARS. In our experimental conditions, becaues γ-ir-
radiation caused oxidative stress to the guinea pig, the
LPO was induced in tissue. Miura et al [21] reported the
increase of TBARS after x-irradiation at 7.5 Gy and
15 Gy after 4 days. Also Ueda et al [22] demonstrated
the increase of TBARS in liver after γ-irradiation at 10 Gy.

15 Gy γ-irradiation induces changes in antioxidant
activities expressed as a decrease in liver SOD and CAT
activities but no markedly difference was found after 8 Gy
γ-irradiation when compared with control group. It was
may be due to the TBARS level as 15 Gy γ-irradiation
caused more pronounced LPO. In our observation the
significant decrease in both SOD and CAT activities af-
ter applying 15 Gy irradiation leads to increase in the
formatian of O2 and H2O2. It could suggest that inactiva-
tion of SOD [23]. It has been shown that one of the tran-
scription factors as NF-κB was activated by ionizing ra-
diation and activation of NF-κB, so the induction of SOD
by NF-κB could be absent in liver tissue [20].

Table. Liver thiobarbituric acid reative substances (TBARS), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), catalase (CAT) act ivit ies and 
glutathione (GSH), selenium levels of all groups (mean ± SD) 

Groups TBARS  
(nmol/t issue) 

SOD 
(U/mg protein) 

GSH-Px 
(nmol oxidized NADPH/min/mg protein) 

CAT 
(K/mg protein) 

GSH  
(µmol/mg protein) 

Selenium  
(ng/g tissue) 

1 (n = 10) 16.5 ± 3.9 19.35 ± 3.0 3.57 ± 1.22 0.35 ± 0.14 0.72 ± 0.28 468.45 ± 167.7 
2 (n = 10) 23.6 ± 2.5a 23.2 ± 5.19 3.08 ± 1.63 0.35 ± 0.16 0.68 ± 0.24 577.58 ± 138.4 
3 (n = 10) 64.4 ± 27.5b 11.85 ±3.1a.d 14.87 ± 2.3a. c 0.20 ± 0.04a,e 1.66 ± 0.25c.f 396.49 ± 38.31 
ap < 0.05 compared to group 1; bp < 0.001 compared to group 1; cp < 0.01 compared to group 2; dp < 0.001 compared to group 1; ep < 0.05 compared to 
group 2; fp < 0.001 compared to group 1. 
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24 h after 15 Gy γ-irradiation, the activity of CAT sig-
nificantly decrease in agreement with previous observa-
tions [24, 25], although there was no marked difference
after 8 Gy γ-irradiation when compared with control.

Another antioxidant enzyme, GSH-Px, significantly in-
creased after applying 15 Gy γ-irradiation when compared
with control and 8 Gy γ-irradiated liver tissue. GSH-Px is a
defense enzyme against hydrogen peroxides and another
hydroperoxides. 24 h after 15 Gy γ-irradiation, the activi-
ties of this enzyme significantly increased although it did
not markedly change after 8 Gy irradiation, suggesting that
it was not induced by 8 Gy irradiation under these experi-
mental conditions. Mutlu-Turkoglu et al [26] reported that
following whole abdomen γ-irradiation at 10 Gy, intestinal
GSH-Px activity was significantly elevated. Increased
GSH-Px activity might protect against oxidative stress-
mediated injury to liver tissue. This protection against dam-
age by lipid peroxides offered by GSH-Px appeared to be
more relevant to 15 Gy γ-irradiated tissues than 8 Gy irra-
diated ones. The increase in GSH-Px may be a conse-
quence of induction due to elevated LPO and/or ROS which
may be inadequate to lower the LPO [1].

The glutathione related enzyme activities partly de-
pend upon the selenium concentration in the system
but in this study after irradiation (8 Gy– 15 Gy) the se-
lenium levels did not change significantly. Selenium
might be decreased as a consequence of the impaired
liver function. But in the current study, the animals were
killed 24 h after irradiation thus the period might not be
enough to induce damage in the liver.

15 Gy lethal dose irradiation to the whole body caused
an increase in the levels of GSH, although 8 Gy irradia-
tion did not affect the levels of GSH. These results sug-
gested that synthesis of GSH was responsive to ioniz-
ing radiation. Shimizu et al [27] applied ionizing radia-
tion to the hemicerebrum of rabbit and, similarly to our
results, found icreased levels of GSH. In conclusion since
GSH and GSH-Px can protect from γ-irradiation-me-
diated injury, their upregulation in response to lipid per-
oxidation might represent a cellular adaptation to oxi-
dative stress that promotes cell survival.

The present findings suggest that  in the early peri-
od after γ-irradiation at the doses of 8 and 15 Gy, free
radicals formation is reflected by an increase in TBARS
levels, while antioxidant enzymes were  affected only
at a dose of 15 Gy.
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ÂËÈßÍÈÅ ÄÂÓÕ ÐÀÇËÈ×ÍÛÕ ÂÛÑÎÊÈÕ ÄÎÇ ÎÁËÓ×ÅÍÈß
ÍÀ ÑÎÑÒÎßÍÈÅ ÀÍÒÈÎÊÑÈÄÀÍÒÍÎÉ ÑÈÑÒÅÌÛ ÏÅ×ÅÍÈ

ÌÎÐÑÊÈÕ ÑÂÈÍÎÊ

Öåëü: èçó÷èòü ñîñòîÿíèå îêñèäàíòíî-àíòèîêñèäàíòíîé ñèñòåìû ïå÷åíè ìîðñêèõ ñâèíîê íà ðàííèõ ýòàïàõ ïîñëå
îáëó÷åíèÿ â âûñîêèõ äîçàõ. Ìåòîäû: èññëåäîâàíèå ïðîâåäåíî íà ìîðñêèõ ñâèíêàõ, îäíîêðàòíî îáëó÷åííûõ â
äîçå 8 Ãð (ãðóïïà 2) èëè 15 Ãð (ãðóïïà 3) (îáëó÷åíèå âñåãî òåëà).  Êîíòðîëüíóþ ãðóïïó (ãðóïïà 1) ñîñòàâèëè
íåîáëó÷åííûå æèâîòíûå. Â òêàíè ïå÷åíè áûëî ïðîàíàëèçèðîâàíî êîëè÷åñòâî ðåàêòèâíûõ ñîåäèíåíèé òèîáàð-
áèòóðîâîé êèñëîòû (TBARS), ãëóòàòèîíà (GSH) è ñåëåíà, îïðåäåëåíà àêòèâíîñòü ñóïåðîêñèääèñìóòàçû (SOD),
êàòàëàçû (CAT) è ãëóòàòèîíïåðîêñèäàçû (GSH-PX). Ðåçóëüòàòû: ó æèâîòíûõ ãðóïï 2 è 3 ïî ñðàâíåíèþ ñ
êîíòðîëüíîé ïîâûøåí óðîâåíü TBARS. Â ãðóïïå 3 ïî ñðàâíåíèþ ñ ãðóïïàìè 1 è 2 çíà÷èòåëüíî ïîâûøåí
óðîâåíü GSH, ñíèæåíà àêòèâíîñòü SOD è CAT, ïîâûøåíà àêòèâíîñòü GSH-Px. Îáëó÷åíèå íå âëèÿëî íà óðîâåíü
ñåëåíà. Âûâîäû: g-îáëó÷åíèå â äîçàõ 8 Ãð èëè 15 Ãð ïðèâîäèò ê çíà÷èòåëüíîìó óâåëè÷åíèþ îáðàçîâàíèÿ ñâî-
áîäíûõ ðàäèêàëîâ, â òî æå âðåìÿ íà àêòèâíîñòü àíòèîêñèäàíòíûõ ôåðìåíòîâ  âëèÿåò òîëüêî îáëó÷åíèå  â äîçå
15 Ãð.
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