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Abstract - lonizing radiation increases intracellular production of reactive oxygen species (ROS), which can damage cell
structure and function. The brain is particularly vulnerable to oxidative injury, and in an area-dependent manner. In order
to elucidate differences in enzymatic antioxidative responses of the rat hippocampus and cortex, we measured the activi-
ties of cytosol superoxide dismutase (CuZnSOD), mitochondrial superoxide dismutase (MnSOD), and catalase (CAT) in
those two brain regions, isolated 1 h and 24 h after exposure to 2 Gy of y-rays. Our results indicate that the lower MnSOD
activity and inducibility found in the hippocampus are probably among the main reasons for particularly great oxidative

vulnerability of this brain region.

Key words: Antioxidant radiation, rat brain, y-rays

INTRODUCTION

Reactive oxygen species (ROS) are ubiquitous and oc-
cur naturally in all aerobic organisms, coming from both
exogenous and endogenous sources (Halliwell and
Gutteridge, 1999). Exposure to ionizing radiation
increases production of ROS and can lead irradiated cells
into the state of oxidative stress, which has been impli-
cated in an enormous variety of natural and pathological
processes (Holecek etal 2002). The mammalian brain
contains both enzymatic and non-enzymatic antioxidants
against free radical damage.The most abundant anti-
oxidant enzymes are superoxide dismutases (CuZnSOD,
MnSOD), which catalyze the dismutation of O, to H,0O,,
and enzymes which further convert H,O, to water (GpX
and CAT). As the central nervous system appears to be at
particular risk from oxidative damage and in an area-de-
pendent manner, we expected that possible regional dif-
ferences of SOD and CAT inducibility in the hippocampus
and cortex could throw light on the complex phenomenon
of their different radiosensitivity.

MATERIAL AND METHODS

The heads of four-day-old female rats were irradiated
with 2 Gy of y-rays , using . Co as a source of radiation.
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The animals were sacrificed 1 h or 24 hours after irradia-
tion, the hippocampus and cortex were isolated, and ho-
mogenates were prepared. Enzyme activity of SOD was
determined by the method of Misra and Fridovich
(1972). Total SOD activity was measured first. This was
followed by the inhibition of CuZnSOD with KCN (G e
Ilerand Win ge, 1983) and subsequent measurement
of the remaining enzymatic activity, which was attributed
to MnSOD. Catalase activity was assayed as suggested
by Beutler (1982). Protein concentrations were deter-
mined by the method of Lowry et al. (1951).

The results were analyzed by Student’s t-test. Dif-
ferences between means were considered significant at a
5% level.

RESULTS

Our results show that, compared with controls, y-rays
ina dose 2 Gy induce significant decrease in CuZnSOD ac-
tivity (Fig. 1) in the hippocampus and cortex as measured
1 h (hippocampus: 12.46+1.60 vs. 22.10+£2.90 Units/mg
protein, p<0.05; cortex: 12.80+1.29 vs. 21.35+3.59 U/mg
protein, p<0.05) and 24 h (hippocampus: 13.58+1.72 vs.
19.76+1.77 U/mg protein, p<0.05; cortex: 14.26+1.69 vs.
19.50+1.96 U/mg protein, p<0.05) after exsposure. Ac-
tivity of MNSOD (Fig. 2) in both examined brain regions
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was also significantly lower 1 h after irradiation with 2 Gy
of y-rays (hippocampus: 3.99+0.65 vs. 6.48+0.75 U/mg
protein, p<0.05; cortex: 5.62+0.53 vs. 6.98+0.49 U/mg
protein, p<0.05). At 24 h after exposure, activity of this
enzyme had recovered in a degree that depended on the
brain region: in the hippocampus it almost achieved control
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Fig 1. Relative values of CuZnSOD activity in hippocampus (m) and cortex (©) as
a function of time after irradiation with 2 Gy of y-rays. Relative values for enzyme
activities are expressed as percent of corresponding controls, which are considered
as 100%.
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Fig 2. Relative values of MnSOD activity in hippocampus (m) and cortex (o) as a
function of time after irradiation with 2 Gy of y-rays. Relative values for enzyme
activities are expressed as percent of corresponding controls, which are considered
as 100%.

values (4.91+£0.44 vs. 5.38+0.48 U/mg protein, p>0.05),
while in the cortex it significantly exceeded activty of the
corresponding controls (6.62+0.55 vs. 4.91+0.37 U/mg
protein, p<<0.05). We also found that a single dose of 2 Gy
of y-rays had no effect on the catalase activity (Fig. 3) in
the hippocampus and cortex. The activity of this enzyme
remained stable both at 1 h (hippocampus: 11.77+0.62
vs. 11.84+0.55 U/mg protein, p>0.05; cortex: 11.97+0.31
vs.12.5240.42 U/mg protein, p>0.05), and at, 24 h (hippo-
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Fig 3. Relative values of CAT activity in hippocampus (m) and cortex (©) as a
function of time after irradiation with 2 Gy of y-rays. Relative values for enzyme
activities are expressed as percent of corresponding controls, which are considered
as 100%.

campus: 8.82+0.68 vs. 8.75+0.61 U/mg protein, p>0.05;
cortex: 9.76£0.67 vs. 10.04+0.58 U/mg protein, p>0.05)
after irradiation.

DISCUSSION

It is known that although MnSOD is responsible for
only 20% of SOD activity in the brain (about 80% is due
to CuZnSOD activity), neurons can tolerate a depletion of
cytosolic SOD but are highly vulnerable to depletion of
mitochondrial SOD (Siesjo 1978; Lindenau et al.
2000). This is in agreement with the general absence of
CuZnSOD radioinducibility in the brain, and may further
confirm the connection between lower MnSOD inducibil-
ity and greater radiosensitivity of the hippocampus.

Our results also show that in both examined brain
regions, a dose of 2 Gy had an inhibitory effect on CuZn-
SOD activity and no effect on CAT activity. The absence
of regional differences in radiation effects on CuZnSOD
and CAT activities indicates that these enzymes are not
implicated in different radiosensitivity of the cortex and
hippocampus.

On the other hand, MnSOD activity in both brain re-
gions is radioinducible, and this effect is more pronounced
in the cortex. Lower activities and inducibility of MnSOD
in the hippocampus are probably among the main reasons
for the particularly great oxidative vulnerability charac-
teristics of this brain region (Dawson et al. 1996).
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AHTHOKCUIJATUBHHU OATI'OBOP Y MO3T'Y TALIOBA
HAKOH O3PAYNBAIBA KIMHUYKOM JO30M 'AMA 3PAKA

AHA TOAOPOBUH, JEJIEHA KACAIIOBU'h, CHEXXAHA IIEJUh, BECHA CTOJUJbKOBU'H 1 CHEXXAHA b. [TIAJOBh

!Jlabopamopuja 3a morexyrapuy 6uonocujy u eHookpunonoaujy, Mucmumym 3a nykieapne nayke “‘Bunua”,
11060 Beorpax, Cpbuja u Llpua I'opa

Jonmsmpajyhe 3pageme y hemmju  mosehasa
MIPONYKIN]y pPEaKkTUBHUX KuceoHMKoBuX Bpcta (ROS),
KOje MOTy WHIYKOBaTH omrTehema henmjcke CTpyKType
n ¢yuakauje. Mosak cucapa je TOCe0HO TOATIOKaH
OKCH/IaTHBHUM omITehemrMa, U OBa OCETJBHBOCT j&
peTHOHANHO crierududHa. Y HuUiby O0JpeT pazyMeBarba
pasiHKa y aHTHOKCHIATHBHOM OJTOBOPY XHMIIOKaMIIyca
U KOpTEeKca I1alloBa Ha 3pauere, MEPHIA CMO SH3MMCKE

aktuBHOCTH CuZnSOD, MnSOD n CAT y ob6a pernona
mo3ra, u3onoBana 1 h u 24 h HakoH u3Iarama 03U Of
2 Gy vy- 3pauema. Hamm pesynratn mokasyjy Oa HIDKa
aKTUBHOCT ¥ MHAynuOmIHOCT MnSOD y Xxumnokammycy,
MOKe OWTH jeZlaH OJf TNIaBHUX y3poKa MOCEeOHO U3paKeHe
OKCHJAaTHBHE OCETJEUBOCTH, KapaKTEePHCTHYHE 3a OBaj
PEruoH Mo3ra.



