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RADIATION-MEDIATED MODULATIONS OF
EXTRACELLULAR NUCLEOTIDE HYDROLYSIS IN
ADULT FEMALE RAT BRAIN

D. Drakuli¢, 1. Grkovi¢, M..Milosevi¢, S. Petrovié, M. Stanojlovié,
N. Mitrovi¢, A. H orvat

Laboratory of Molecular Biology and Endocrinology, VINCA Institute of
Nuclear Sciences, University of Belgrade, P.O.Box 522, 11001, Belgrade,
Serbia

Abstract

The present study was performed to investigate whether acute whole-body exposure of
female adult rats to low dose (0.5 Gy) of ionizing irradiation (IR) is sufficient to alter
ectonucleotidase enzyme activities in the brain. All measurements were done at time
points 1, 24 and 72h after irradiation. Neuronal synaptic plasma membranes (SPMs)
were isolated from whole brains and enzyme activities were determined by monitoring
ATP, ADP and AMP hydrolysis in vitro. Our results indicate that whole-body IR is
able to modulate investigated brain enzyme activities in a time-dependent manner.

Introduction

All over the world each living being is everyday exposed to ionizing irradiation (IR),
almost all from natural sources in the environment or for medical reasons. Acute low
dose IR is able to cause current and irreversible damages in the brain by forming
reactive oxygen species (ROS) that directly or indirectly modulate protein-protein and
protein-lipid interactions and thus, inhibit several metabolic processes, disrupt structure
of DNA molecule as well structure, permeability and fluidity of plasma membrane [1].

Ectonucleotidases (NTPDasel,2,3 (nucleoside triphosphate diphospho-
hydrolases 1,2,3) and 5’-NT (ecto-5’-nucleotidase)) are surface-sited synaptic plasma
membrane (SPM) enzymes that hydrolyze adenine nucleotides with different affinities
[2]. NTPDasel equally hydrolyzes ATP and ADP; NTPDase2 and NTPDase3 prefer
ATP while 5°-NT is essential for AMP degradation to neuroprotective adenosine [2].
The modulation of ectonucleotidase activities caused by different stimuli provokes
disruption in synaptic transmission and adenosine formation that leads to cell
dysfunction, permanent neuronal injury, apoptosis or necrosis and finally to cognitive
and other permanent disorders [2].

Therefore, this study tested the hypothesis that whole-body exposure of
adult female rats to low (0.5 Gy) IR dose could alter NTPDase1,2,3 and 5’-NT
enzyme activities in the whole brain. The possible enzyme activities modulations
were examined through the rate of ATP, ADP and AMP hydrolysis at different
time points (1h, 24h and 72h).

Materials and Methods

Animals were kept according to the standards of Ethical Committee for the use of
laboratory animals of VINCA Institute of Nuclear Sciences (INN VINCA). Adult
(60 days old) female rats of Wistar strain were divided at random into two groups:
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I) control non-irradiated animals (C) and II) animals irradiated with 0.5 Gy (IR).
The whole-bodies of IR rats were exposed to a single 0.5 Gy dose of y-rays using
10.7 ¢Gy/min, “Co source at INN VINCA. During the irradiation procedure
animals were confined in plywood boxes while rats from control group were
treated as the IR group but not subjected to irradiation. Immobilization for all
groups lasted approximately 90 min. Animals were decapitated at different time
points (1h, 24h and 72h after treatments) and synaptosomal plasma membranes
(SPMs) from whole brains were isolated according to Stanojevic et al. [1]. The rate
of ATP, ADP and AMP hydrolysis as indicators of enzyme activities, were
measured by colorimetric determination of liberated inorganic phosphate as
previously described [1]. The data were obtained from three independent SPMs
isolations and all measurements were done in triplicate. Statistical significance was
determined by one-way ANOVA followed by Tuckey’s posthoc test.

Results and Discussion

The experimental results of synaptosomal ATP, ADP and AMP hydrolysis as
indicators of NTPDasel,2,3 and 5’-NT activities in each investigated time-point
following acute immobilization are shown in Table 1.

control 1h 24h 72h Table 1. Specific enzyme

activities for control groups
ATP 1445+5.5 | 1282+6.3 147.8 +£9.1 presented as a mean

ADP 23.7+£2.2 | 29.8+£2.7 33.6+2.0 nmolPi/min/mg + SEM, from

AMP | 18413 | 169=18 27.1+05 3 independent experiments
done in triplicate

In the nerve terminals of 60-days old female Wistar rats, whole-body
irradiation with 0.5 Gy was not sufficient to alter ATP hydrolysis in any
investigated time point (Fig 1a, left). Although IR provoked decrease of ADP
hydrolysis at all time points, the greatest impact appeared after 72h when ADP
hydrolysis was reduced by 21% (Fig la, right). Thus, in this experimental model
system, the ATPase component of investigated enzymes was less sensitive
to low dose IR then the ADPase part.

Furthermore, the significant decrease in AMP hydrolysis by 20% was
observed 72h after irradiation while after 1h and 24h the investigated hydrolyses
were reduced but not considerably (Fig 1b). Knowing that adenosine is an
important neuroprotective agent, the observed diminished AMP hydrolysis as an
indicator of 5°-NT activity may contribute to lesser extracellular adenosine
formation and be harmful for neurons.

Conclusions

In the present study, detected hydrolyzing activities point out that more than one
ectonucleotidase is present on the neural cell surface and all of them are differently
sensitive to whole-body irradiation. Furthermore, our findings indicate that acute
whole-body IR exposure via modulation of the neuronal ectonucleotidases activity
in adult female rats might be capable to reduce the formation of adenosine, impair
the function of neuronal cells and increase the possibility of cell death occurrence
in time-depended manner.
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Figure 1. a) ATP and ADP
hydrolyses as indicators of
NTPDasel,2,3  activities in
synaptic plasma membranes 1h,
24h and 72h following acute
whole-body irradiation with 0.5
Gy dose. Results are presented
as a percentage of control, mean
+ SEM from 3 independent
experiments done in triplicate
(*p<0.05)

b) AMP hydrolysis as a marker
of 5’-NT activity in synaptic
plasma membranes 1h, 24h and
72h following acute whole-body
irradiation with 0.5 Gy dose.
Results are presented as a
percentage of control, mean =+
SEM from 3 independent
experiments done in triplicate
(*p<0.05)
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