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Abstract: Low dose radiation-induced damages to DNA are mainly repaired by poly (ADP-ribose) polymerase 
(PARP-1 and PARP-2) system present in the cell. Suppression of neoplastic transformation of human hybrid 
cells by low doses of low linear energy transfer (LET) radiation is abrogated by PARP enzyme inhibitors and 
this presents a new tool in radiotherapy for cancers. The aim of this study was to investigate DNA damages 
by low doses of gamma rays (2.4 mGy/h) in the presence of inhibitors, 3-aminobenzamide (3-AB) and 

137

ANI and cell damage was detected through Comet assay. Compared to control, the presence of ANI did not 
inhibit PARP function at 50 mGy of 2.4 mGy/hr but there was increased tail moment in the presence of 3-AB 

increased in the presence of both 3-AB and ANI with the later showing greater increase. These results show 

DNA repair process reduced and the tail moment increased.
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1. INTRODUCTION

Ionizing radiations are atomic particles or 
electromagnetic waves that cause ionization 
of atoms and molecules. Particulate radiation 
is alpha-particle, beta particle, and neutron 
while electromagnetic waves (photons) include 
ultraviolet radiation, x-rays and gamma rays. 
Sources of ionizing radiations are radioactive 
materials, particle accelerator, x- ray tubes and the 
environment [1]. The Ionizing radiation energy is 
transferred to atoms and molecules in the cellular 
structure and ionizes or excites them. Both 
ionization and excitation produces free radicals 
which break chemical bond of molecules and 

(DNA, RNA and proteins) are damaged as a result 
of such energy transfer mechanism. Production of 
reactive oxygen species (ROS) is the result of water 
radiolysis in cells that cause a major damage to these 
macro molecules. This oxidative stress is the cause 

of different biological phenomena and diseases [2, 
3]. Low level of radiation effects are small that 
could be repaired by different ways of DNA repair 
mechanisms. DNA damages induced by low dose 
rate radiation are repaired or cell may go through 
apoptosis to eliminate the potential genetic lesions. 
If the lesion is not so large because of low dose, it 
may lead to cancer due to error prone DNA repair 
processes [4].

Poly (ADP-ribose) polymerase or PARP is 
a family of proteins of 17 members involved in 
different functions. There are four domains of 
PARP including, catalytic domain, DNA binding 

domain. These domains are responsible for 
different functions of the PARP enzyme. PARP-
1 and PARP-2 are most important in DNA repair 
process. DNA-ribose polymer is synthesized from 
nicotinamide adenine dinucleotide (NAD) on 
PARP-1 activation. DNA single strand break (SSB) 



is detected by PARP-1 and binding to SSB recruits 
base excision repair proteins (BER), i.e., XRCC1, 
DNA pol beta, DNA ligase and kinase to break 
sites. PARP-1 is oligomerized by PARP-2 in the 
repair mechanism [5]. It has been noted that low 
doses of low linear energy transfer (LET) radiation 
could suppress neoplastic transformation of human 
hybrid cells in vitro. This suppression is abrogated 
by using 3- aminobenzamide (3-AB), an inhibitor 
of PARP enzyme [6]. PARP inhibitors, 3-AB and 
4-Amino-1, 8-naphthalimide (ANI) competitively 
inhibit the catalytic domain of PARP from binding 
to NAD and prevent ribosylation. In this way, the 
DNA breaks will not be repaired by PARP enzyme 
and cells will die. In radiotherapy for tumor cells, 
the effect of ionizing radiation is potentiated by 
using PARP inhibitors [7, 8]. Inhibitors act by 
increasing the sensitivity of mammalian cells to 
low doses of  ionizing radiation [9, 10]. The use 
of PARP inhibitors in cancers in which BRCA 1/2 
are mutated is a novel approach in cancer therapy
[8, 11]. In treatment of glioblastoma, the sensitivity 
of rapidly proliferating glioma cells to ionizing 
radiation is enhanced by using PARP inhibitors
[12, 13]. Inhibition of PARP enzyme represents 
a new tool in radiotherapy for cancers and gives 
promising results [14, 15]. The aim of this study 
was to investigate the induction of DNA damages 
by low doses of low dose rate gamma radiation by 
inhibiting poly (ADP-ribose) polymerase (PARP) 
protein, a DNA repair enzyme.

2. MATERIAL AND METHODS

2.1 Cell Culture

was cultured in Minimum Essential Medium 
Eagle (MEM) supplemented with antibiotics (1 % 
penicillin-streptomycin 10000 IU) and 10 % bovine 
calf serum. For experiments, cells were washed 2x 

trypsinized with 1 ml trypsin-EDTA for 5-7 min at 
37 °C. Then 10ml MEM was added to neutralize 
trypsin and the cell suspension was put on shaker in 
order to prevent cell attachment. The number of cells 
was counted 3 times by cell counter and 0.2 x 106

cells were seeded into 25 cm2

95 % air and 5 % CO2 atmosphere at 37 °C.

2.2 Irradiation Conditions

After overnight incubation, cell medium was 
changed with fresh 8 ml MEM containing 5 mM 
3-AB or 10 μM ANI, respectively. One sample 
was used without inhibitor as control. Flasks 
were incubated in the specially designed low dose 
rate radiation incubator with the Cs137

underneath at a dose rate 2.4 mGy /hour for total 
doses of 50 mGy or 100 mGy. Irradiation was 
carried out as described earlier [16].

2.3 Comet Assay

and trypsinized. The cell suspension was kept on 
ice and cell number was counted for each sample. 
Then 200μl of cell suspension with 0.2 x 106

cells/ml was mixed with 2 % low melting agarose 
in same ratio (1:1), 80 μl of each sample were 
applied on the slides coated with 0.5 % normal 
melting agarose and covered with cover slips. In 
cold room, all slides were put in lysis buffer (2.5M 
NaCl + 100mM Na2EDTA + 10 mM Tris Base) 

for unwinding process. After one hour, keeping 
the voltage constant, switched on the power of 
electrophoresis for 25 min. Then rinsed slides 3 x 

Base). The slides were stained with 50μl DAPI 
stain and covered with cover slips. All slides were 
analyzed on next day.

2.4 Statistical Methods

The values are expressed as means ± SD. Statistical 
analyses were performed using SAS statistical 
software, version 8.0 (SAS Institute, Cary, 
NC, USA) for Windows®. A p-value <0.05 was 

3. RESULTS AND DISCUSSION

3.1 Effect of Inhibitors on VH10 Cell at 50mGy 
of 2.4 mGy/h Gamma Rays

The present study was conducted to detect the 
effect of low dose of low dose rate gamma rays 
(2.4 mGy/h) in the presence of inhibitor, 3-AB 
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and ANI with control. Comet assay was used to 
detect cell damage. In this technique, individual 

in the form of tail moment. There was increased 
tail moment in the presence of 3-AB as compared 
to control (Fig. 1). These results are supported by 
previous study that shows increased sensitization of 
cells to gamma radiation by treatment with 3-AB

requires less number of cells and has low cost. 
In genotoxicity, it is frequently used to identify 

mutagenic agents to human i.e. ionizing radiation
[18]. Incubation with 3-AB (100 mM) on 50 mGy 
dose reduced DNA repair process (tail moment 
increased). In the presence of inhibitors the tail 
movement was more than without inhibitor. In 
contrast, ANI did not show inhibition of PARP 
function due to some unclear error (Fig. 1, 3). 
This is probably due to low concentration of ANI 
compared to 3-AB (8μl and 400μl respectively) 
used with the dose of 50 mGy. The effect of ANI 
is shown to be concentration dependent [18].

141



Fig. 3. Eff
PARP 3-A

Fig. 4. Tota
AB and AN

fect of low dos
AB and ANI. D

al intensity of D
NI. Data are me

e rate –radiati
Data are mean o

DNA of -irrad
ean of 2 indepe

ion on cells in
of 2 independen

diated cells in t
endent experim

the presence a
nt experiments

the presence an
ments.

and/or absence
s.

nd/or absence o

of

of 3-

Radiosensitiztion mostly depends on the phase of 
cell cycle. Moreover, inhibiting DNA repair by ANI 

that repaired DNA damage irradiated before S 
phase or on G2-M and G1 phases [7, 19].

3.2 Effect of inhibitors on VH10 cell at 100 mGy 
of 2.4 mGy/h Gamma Rays

Figure 2 represents the radiosensitizing effect of 
both PARP inhibitors during irradiation of 100 
mGy dose.  Compared to control, tail moment of 
cell DNA was more with inhibitors ANI and 3-AB. 
Further, the effect of ANI on PARP inhibition was 
much larger at 100mGy dose (Fig. 2, 3). It has been 

shown that 3-AB and ANI are radiosensitizing the 
culture cells which abrogate the activity of PARP 

activity in DNA repair and more potent than 3-AB
[20, 21].

3.3 Effect on Total Intensity

Low dose and low dose rate of gamma radiation 
effect showed decreased total intensity of cellular 
DNA. It also decreased with inhibitors, but in the 
presence of 3-AB (0-100mGy), the total intensity 
was equal to control sample (without radiation 
and inhibitors). The irradiated cells were mostly 
examined for apoptosis, which might then be 
proposed that total intensity was affected (Fig. 
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4). This study of radiosensitization with PARP 

agreed with previous observations [7, 16, 17, 22, 
23].

4. CONCLUSIONS

The study concludes that PARP inhibitors are 
concentration dependent and the dose and dose rate 
affects the DNA damage to large extent. Moreover, 
the killing of cells by low dose of low dose rate 
gamma radiation is improved in the presence of 
PARP inhibitors. 
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