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Abstract

The present study was designed to investigate the oxidative stress, which is due to the effect of low doses of gamma
irradiation. Animals were divided into 6 groups, where the first group kept as control group, while 2", 31, 4t 5% and 6"
groups were exposed to gamma ray at 1.5 Gy, 2 Gy, 2.5 Gy, 3 Gy and 3.5 Gy once weekly for one month respectively.
Rats were subjected to gamma radiation and nitric oxides (NO), superoxide dismutase (SOD), malondialdehyde,
alanine aminotransferase (ALT), aspartate aminotransferase (AST) and white blood cells (WBCs) were measured. SOD
recorded highly significant decrease with percent change -22.7%, -25.01%, -55.01% -55.4% and -56.38% respectively
in groups which were exposed to 1.5, 2, 2.5, 3 and 3.5 Gy. MDA serum level have a significant increase in groups which
were exposed to successive doses of 1.5 Gy, 2 Gy, 2.5 Gy, 3 Gy and 3.5 Gy respectively with percent change 25.7%
, 41.8% 59.1% 65.6% 75.8% consequently as compared to control group. Nitric oxide serum level is markedly showed
highly significant increase in rats exposed to successive dose of 1.5, Gy, 2 Gy, 2.5 Gy, 3 Gy and 3.5 Gy respectively with
percent change 59.69%, 74.17%, 87.1%, 120.1% and 130.6% consequently as compared to control group. ALT and
AST recorded highly significant increase in rats exposure to successive doses of 1.5, Gy, 2 Gy, 2.5 Gy, 3 Gy and 3.5 Gy
respectively. On the other hand WBCs recorded highly significant decreased in rats exposed to successive dose of 1.5,
Gy, 2 Gy, 2.5 Gy, 3 Gy and 3.5 Gy respectively. WBCs recorded percent change -26.11%, -32.3%, -47.8%, -50.1% and

-53.6% respectively as compared to control group.
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Introduction

Exposure to ionizing radiation initiates a cascade of events including
oxidative damage that leads to alteration of tissue physiological
function [1]. Lipid peroxidation is considered to be a critical event of
ionizing radiation effect. Most of the toxic effects of ionizing radiation
are due to generation of reactive oxygen species (ROS) by radiolysis of
water which triggers formation of several reactive intermediates [2].

Exposure to gamma irradiation induces significant alterations
in both physiological and metabolic processes as well as disorders in
organs functions and blood biochemical level [3]. Radiation produced
highly reactive and dangerous molecular species called free radicals
in cells and tissues, which have high energies and can break chemical
bonds. Free radicals may be formed within cells as well as in the extra
cellular medium and can interact with membrane lipids, nucleic
acid, carbohydrate and protein [4]. Ionizing radiations interact with
biological systems through free radicals generated by water radiolysis.
This indirect action plays an important role in the induction of
oxidative stress leading to cellular damage and organ dysfunction [5].

The deleterious effects of ionizing radiation in biological systems
are mainly mediated through the generation of reactive oxygen species
(ROS) in cells as a result of water radiolysis [6]. ROS and oxidative stress
may contribute to radiation-induced cytotoxicity and to metabolic and
morphologic changes in animals and humans during radiotherapy,
experimentation, or even space flight [7]. Against oxidative stress,
cells are equipped with several natural enzymatic and non-enzymatic
antioxidant defenses [8]. The exposure to ionizing radiation leads
to depletion of these endogenous antioxidants and ultimately to the
development of systemic disease. Irradiation up to 4 Gy caused marked
decrease in serum enzymes and its pineal biosynthesis 3 and 5 days
after radiation exposure [9]. In addition, total antioxidant capacity
of plasma was reduced in patients exposed to whole body irradiation
for the purpose of reducing tumor growth. Consequently, the cellular
antioxidant capacity is decreased and the organs become more
susceptible to the deleterious effects of ROS [10].

Radiation damage, to a large extend is caused by the overproduction
of ROS, including superoxide anion (O,s), hydroxyl radical («OH),
and hydrogen peroxide (H,0O,), that decrease the levels of antioxidants,
resulting in oxidative stress and cellular damage. ROS cause damage by
reacting with cellular macromolecules such as nucleotides in nucleic
acids, polyunsaturated fatty acids found in cellular membranes, and
sulthydryl bonds in proteins. If this damage is irreparable, then injury,
mutagenesis, carcinogenesis, accelerated senescence, and cell death can
occur [11].

Oxidative stress is the inappropriate exposure to ROS and results
from the imbalance between prooxidants and antioxidants leading to
cell damage (damage of lipids, proteins, carbohydrates and nucleic
acids) and tissue injury [12]. This imbalance may be due to an excess
of prooxidant agents, a deficiency of antioxidant agents or both factors
simultaneously Radiation injury to living cells is, to large extent, due
to oxidative stress. Evidence suggests that a cell’s oxidative state not
only plays a role at the time of radiation exposure, but also has effects
long after exposure. As the result of irradiation, cells can produce ROS
for several minutes or even hours after being exposed. In addition to
ROS production, cells are stimulated to increase their expression of
antioxidants [11].

Aim of This Study

This study was designed to realize the hazardous effects of low
successive doses during exposure for gamma irradiation . Many
workers in medical and industrial and petroleum fields may be exposed
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during radiation small accident to moderate or low gamma radiation
doses. This doses lead to acute effects on health efficiency of organisms.

Materials and Methods

Animals and experimental design

Sixty male albino rats weighing between 180-200 g were used in
this study. All animals were maintained under standard laboratory
conditions housed 5 per cage (60 cm x 30 cm x 20 cm). Rats were kept
in cages under hygienic conditions, fed on standard rodents chow
and were allowed free access to food and water at the National Centre
for Radiation Research and Technology, Atomic Energy Authority
(NCRRT), Cairo, Egypt. Animals were divided into 6 groups, where
the first group kept as control group, while 24, 314, 4% 5% and 6% groups
were exposed to gamma ray at 1.5 Gy, 2 Gy, 2.5 Gy, 3 Gy and 3.5 Gy
once weekly for one month respectively. Rats of each group were
sacrificed one month post irradiation. Blood samples were collected
by cardiac puncture. Blood was divided into 2 parts, first part of the
whole blood was mixed with EDTA (anti-coagulant) and used for the
determination of white blood cells count (WBCS, SOD and MDA),
The second part of blood was allowed to clot and centrifuged to obtain
serum for the determination Nitric Oxide , AST and ALT.

Irradiation facilities

Whole body gamma- irradiation was performed at the National
Centre for Radiation Research and Technology, Atomic Energy
Authority (NCRRT), Cairo, Egypt, using caesium-137 in a Gamma
cell-40 Irradiator (Atomic Energy of Canada Limited, Canada). Animal
groups were irradiated at an successive doses levels of 1.5, 2, 2.5, 3 and
3.5 Gy delivered at a dose rate of 0.65 Gy min™".

Methods

Measurements of superoxide dismutase (SOD)

Measurement of the activity of superoxide dismutase (SOD) in
the liver and skeletal muscle tissues was done based on the method
of Minami and Yoshikawa [13]. The assay relies on the ability of
the enzyme to inhibit the Phenazine Methosulfate (PMS) mediated
reduction of Nitroblue Tetrazolium (NBT) dye. The increase in
absorbance at 560 nm due to the formation of reduced NBT was
recorded in a spectrophotometer (laboratory of biochemical Theodor
Research Institute Cairo, Egypt). One unit of SOD activity is defined
as the amount of the enzyme causing half the maximum inhibition of
NBT reduction.

Measurement of malondialdehyde (MDA)

Malondialdehyde (MDA) determination was according to the
method adopted by Draper and Hardley [14]. The method implies the
measurement of MDA as one of the main products of lipid peroxidation
by the thiobarbituric acid method. The principle of the method is
based on the reaction of MDA with thiobarbituric acid (TBA) with the
resulting pink colored tri-methyl complex with a maximum absorption
at 530-532 nm. The samples were analyzed by spectrophotometer,

Gamma ray Gamma ray
Parameters Control 1.5 Gy 2Gy
Mean + SE Mean + SE Mean + SE
. 7.1+£0.28"
soD 7.32+0.25 o
(UIml) 9.47 £0.34 S927% -25.01%

“Very highly significant P<0.001, “highly significant P<0.01, "Significant P<0.05

(laboratory of biochemical Theodor Research Institute Cairo, Egypt)
(Milton Roy spectronic 3000 ARRAY double beam spectrometer).

Measurement of nitric oxide

Nitric oxide in serum was measured by technique according to
Nussler et al. [15]. A standardized colorimetric assay for nitrite (NO?*)
was applied as an indirect index of NO production using the Greiss
reagent. Briefly, 100 ml of sample was mixed with an equal volume
of Greiss reagent (1% sulfanilamide, 0.1% naphthylene diamine
dihydrochloride, 2.5% phosphoric acid) and incubated at room
temperature for 10 min. Sodium nitrite (NO*) (Sigma) was used as the
standard in range of 0.156 mM - 20 mM concentration at laboratory of
Biochemical Theodor Research Institute Cairo, Egypt. The absorbance
at 550 nm was measured in a microplate reader with a correction
wavelength of 650 nm. The sensitivity of this assay is <0.5 mM.

Leucocytic count (WBCs)

The hemocytometer with Neubauer ruling was mounted with
whole blood to which EDTA was added as an anticoagulant in the test
tube. Whole blood was mixed with weak acid solution (2% acetic acid
and 5% gentian violet to dilute the blood and hemolyze the red blood
cells [16].

AST and ALT determination was according to the method adopted
by Henry and Frankle [17].

Statistical Analysis

The results obtained in the present study were expressed as mean +
SEM. The statistical difference between various groups were analysed by
the Student’s t-test and the significance was observed at ™" Very highly
significant P<0.001, “highly significant P<0.01, "Significant P<0.05

Results and Discussion

As shown in Table 1 the results obtained from rats exposed to
four successive doses during one onth for whole body irradiation
(1.5 Gy) are characterized by significant decrease (p<0.05) in blood
SOD content in compared to control group . on the other hand the
groups were exposed to 2, 2.5, 3 and 3.5 Gy recorded highly significant
decrease with percent change -25.01% , -55.01% , -55.4% respectively
in compared to control group. In agreement with these results [18]
and Mansour and Afez [19] recorded a significant depletion in the
antioxidant system accompanied by enhancement of lipid peroxides
after whole body gamma-irradiation. The significant decrease (p<0.05)
in the activity of SOD and CAT might also be attributed to the
excess of ROS, which interacts with the enzyme molecules causing
their denaturation and partial inactivation [20]. Our results are in
accordance with those of Gutterige [21] who observed a significant
decrease in SOD and catalase activity after exposure to irradiation
due to the excess production of hydroxyl radicals. The most potent
oxidant stimulates the lipid peroxidation process and other reactive
oxygen species. SOD is an important endogenous antioxidant enzyme
which acts as the first line defense system against ROS and converts
the superoxide radicals to H,O,. Glutathione peroxidase present in the

Gamma ray Gamma ray gamma Ray
2.5 Gy 3Gy 3.5 Gy
Mean + SE Mean + SE Mean + SE
4.26 +0.37™ 4.22+0.12™" 4.13+0.16™
-55.01% -55.4% - 56.38%

Table 1: Level of SOD in rats exposed to different doses of gamma ray.
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cytoplasm of the cells removes H,O, by coupling its reduction to H,O
with oxidation of GSH. Glutathione reductase regenerates GSH from
oxidized glutathione in the presence of NADPH. GSH is a tripeptide
and a powerful antioxidant present within the cytosol of cells and is the
major intracellular non protein thiolcompound [21].

The data presented in Table 2 show that MDA serum level have a
significant increase in groups of rats exposed to successive dose of 1.5
Gy, 2 Gy, 2.5 Gy, 3 Gy and 3.5 Gy respectively showed percent change
25.7%, 41.8%, 59.1%, 65.6%, 75.8% consequently as compared to
control group. MDA elevation take place as a result of histopathological
changes in the liver included dilatation of blood vessels congestion
in the lobules, enlargement of portal areas, and infiltration of mixed
inflammatory cells around the necrotic hepatocytes and the portal
area. These results was found to be in agreement with that observed by
Burlakova [22] who reported that exposure to y-irradiation induced
liver lesion was associated with massive elevation in liver MDA level.
Also the MDA elevation has been well accepted as a reliable marker of
lipid peroxidation. Exposure to y-irradiation decreased the activities
of these antioxidant enzymes in the tissues, indicative of oxidative
stress in the liver. The decline in these enzymes in the present study
could be explained by the fact that excess superoxide radicals may
inactivate H,0, scavengers, thus resulting in inactivation of superoxide
dismutase [23]. From the previous reports of Tyurina et al. [24]
the increase in MDA could be explained on the basis that ionizing
radiation induces lipid peroxidation through the radiolysis of water in
the aqueous media of the cells which leads to production of hydroxyl
radicals (¢OH). Hydroxyl radicals interact with the polyunsaturated
fatty acids in the lipid portion of biological membranes initiating
the lipid peroxidation and finally damage the cell membranes [25].
Also, the exposure to y-radiation produces a decrease of membrane
fluidity of the erythrocytes, membranes which was suggested to be
resulted from lipid peroxidation of polyunsaturated fatty acids in such
membranes induced by g-irradiation [26]. Some studies have reported
that irradiation increases MDA formation as an end product of lipid
peroxidation.

The data presented in Table 3 show that nitric oxide serum level
is markedly highly significant increase in rats exposure to successive

dose of 1.5 Gy, 2 Gy, 2.5 Gy, 3 Gy and 3.5 Gy respectively with percent
change 59.69%, 74.17%, 87.1%, 120.1% and 130.6% consequently
as compared to control group . In the present study, irradiation of
rats induced lipid peroxidation significantly and protein oxidation
and increased NO levels and reduced antioxidant defense indicating
increased oxidative stress. The increased levels of TBARS (an index of
lipid peroxidation) in NO of gamma- irradiated rats, may be due to the
attack of free radical on cell membrane phospholipids and circulating
lipids and, thus, TBARS acts as a sensitive biomarker for oxidative
stress that occurs as part of the pathogenesis of various diseases [27,28].
These results are in agreement with Ou et al. [29], which postulated
that free radicals caused lipid peroxidation in the irradiated tissue
Moreover, Ibuki et al. [30] examined a wide variety effects for ionizing
radiation at doses 3 Gy and 4 Gy in nitric oxide , which indicated an
increased in NO in blood level at dose 3Gy and 4Gy. Radiation induced
injury on peripheral blood and NO concentration. The increase of
NO production in irradiated macrophages contributed to tumoricidal
activity, with the activation mechanisms differing between high-dose
and low-dose irradiation. Our results also in agreement with Ohata et
al. [31] who investigated the role of nitric oxide in relation to radiation
damage, by examining changes in mouse serum nitrate concentrations
after irradiation. They reported that post-irradiation serum nitrate
concentrations increased dose-dependently with radiation dose, and,
claim the known physiological functions of nitric oxide imply that it
should prevent radiation-induced death. Consistent with previous
studies , our results in agreements with that observed by Ibuki et al.
[32] which have shown NO in blood and hepatic tissue for gamma
-irradiated groups, the NO level exhibited a significant (p<0.001)
increase as compared with control. The increased production of NO
in the irradiated group is due to induction of NO synthase enzyme,
which is considered to be absent under physiological conditions and
induced by radiation. Superoxide anion (O*) can attack NO to form
peroxynitrite (ONOO") anion, which may oxidize many biological
molecules including sulfhydryls (such as glutathione), iron sulfur
centers and lipids [33].

As shown in Table 4 ALT and AST highly significant increase in
rats exposure to successive dose of 1.5, Gy , 2 Gy, 2.5 Gy, 3 Gy and
3.5 Gy respectively. The ALT recorded highly significant increase with

Gamma ray Gamma Ray Gamma ray
Parameters Control 1.5 Gy Gammaray 2 Gy Gamma ray 2.5 Gy 3Gy 3.5 Gy
Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE
MDA 4132 +1.23 52.38 + 1.64 58.61+1.72" 65.74 + 1.62" 68.44 + 1.43" 72'67551;301/'35
(mMn) mes 25.7% 41.8% 59.1% 65.6% =
Table 2: Level of MDA in rats exposed to different doses of gamma ray.
Gamma ray Gamma ray Gamma ray Gamma ray Gamma ray
Parameters Control 1.5 Gy 2 Gy 2.5 Gy 3Gy 3.5 Gy
Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE
Nitric Oxide 2424 + 072 38.71+£0.94" 4222 £1.127 45.37 £0.98™ 53.48 +1.34™ 55.92+1.36™
(umol/L) e 59.69% 74.17% 87.1% 120.1% 130.6%
Table 3: Level of Nitric Oxide in rats exposed to different doses of gamma ray.
Parameters Control Gamma ray Gammaray 2Gy | Gammaray 2.5 Gy Gamma ray Gamma ray
1.5 Gy : 3Gy 3.5Gy
Mean + SE Mean + SE Mean * SE Mean * SE Mean * SE Mean + SE
67.22 + 1.41" 75.66 + 1.83" 82.93+1.87™ 89.62 + 1.93™ 92.42 + 1.84™
ALT UL 35.77+0.86 87.9% 111.1% 131.2% 150.5% 158.3%
AST U/L 41.22 +0.92 52.37 £+ 1.13" 59.64 + 0.98" 68.29 + 1.14" 72.36 +1.24 78.61+1.31™
R 27.1% 44.68% 65.6% 75.5% 90.1%

Table 4: Level of ALT and AST in rats exposed to different doses of gamma ray.
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Gamma ray Gamma ray Gamma ray Gamma ray
Parameters Control 1.5 Gy 2 Gy Gamma ray 2.5 Gy 3Gy 3.5 Gy
Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE Mean + SE
WBCs 8314012 6.14+0.11" 5.62+0.13" 4.33+0.12 4.15+0.09 3.85+0.08
(103/ul) e -26.11% -32.3% -47.8% -50.1% -53.6%

Table 5: Level of WBCs in rats exposed to different doses of gamma ray.

percent change 87.9%, 111.1%, 131.2%, 150.5% and 158.3% respectively
as compared to control group. On the other hand AST recorded 27.1%,
44.68%, 65.6%, 75.5%, 75.5% and 90.1% in groups which exposed to
whole body gamma irradiation at dose level of 1.5 Gy, 2 Gy, 2.5 Gy, 3
Gy and 3.5 Gy respectively as compared to control group. The oxidative
stress due to free radical formation was greatly augmented during
ionizing radiation exposure [34]. It was likely that animal particular
antioxidants generally decrease the level of oxidation in such systems by
transferring hydrogen atoms to the free radical structure [35]. Gamma
irradiation showed an increase in the level of serum AST, ALT and
ALP activities indicative to the toxicity induced by radiation exposure
(Table 4). These results are in agreement with those previously reported
by Fiener et al. [36]. The increase in serum levels of these enzymes may
be due to alteration in the dynamic permeability of membranes by
ionizing radiation, allowing leakage of biological active material out of
the injured cell, which may be associated with cell death or injuries
[37]. The peroxidative products affect the cell membrane to become
leaky with the consequent release of these enzymes into the serum
[38]. Probably, a chemical component in the hawthorn is stabilizing
the integrity of the cell membrane, keeping the membrane intact and
the enzymes enclosed [39]. Several enzymes of blood are considered
as indicators of hepatic dysfunction and damage, and the leakage of
hepatic enzymes such as AST, ALT and ALP into blood are routinely
used as a reliable biochemical index for hepatocellular damage It was
also found that hepato-cellular damage exhibited good correlation with
the enzyme leakage to bloodstream [40].

As shown in Table 5 WBCs highly significant decreased in rat’s
exposure to successive dose of 1.5, Gy, 2 Gy, 2.5 Gy, 3 Gy and 3.5
Gy respectively. WBCs recorded percent change -26.11%, -32.3%,
-47.8%, -50.1% and -53.6% respectively in compared to control group.
These results confirmed with results of Gridley [41] who observed
considerable decrease in the hematological values (WBCs, RBCs, HGB,
HCT, PLT) after exposure to 5 Gy of y-radiation as compared to the
control values. Whole-body gamma-irradiation was found to induce
direct destruction of mature circulating cells a, loss of cells from the
circulation by haemorrhage, or leakage through capillary walls and
reduced production of the blood cellular elements (WBCs, RBCs,
PLT) [42]. Radiation exposure causes decreases in the values of the
hematological parameters (WBCs, RBCs, PLT). The cellular elements
of the blood are particularly sensitive to oxidative stress because their
plasma membranes contain a high percentage of polyunsaturated fatty
acids (PUFA) [43]. The significant decreases in WBCs count, values
observed in the present study; confirm the results got by Robert et
al. [44]. The decrease in WBCs was attributed to depletion in factors
needed for hematopoietic stem cells, differentiation and release
from the bone marrow. Also, radiation induces hemolysis due to the
destruction of neutrophil and the intracellular components causing a
neutropenia or granulocytopenia [45].

Conclusion

This study showed that SOD and WBCs significantly decreased
after expose to low doses of gamma radiation 1.5 Gy, 2 Gy, 2.5 Gy,
3 Gy, and 3.5 Gy as compared with the control. On the other hand
MDA, NO, AST and ALT significantly increased as compared to

control group. This result was attributed to the presence of MDA and
SOD which are two important compounds in charge of the antioxidant
system balance. The increased MDA, NO and decreased SOD levels can
be found in injury caused by irradiation. At the same time-point in the
irradiated animals, the marked and decrease in SOD activity and rise
in MDA and NO content were found in comparison with the controls.
In this study we are targeted the low doses of ionizing radiation , and
determined which the biochemical parameters have reclaimed to
routine biochemical investigation for radiation workers and patients
have radiotherapy. Also regarding to radiation safety protection and
mitigation of radiation hazards, we should be update the biochemical
panels regarding to highly specific sensitive parameters to radiation
injury. On the other hand the process of determination for role of
SOD and MDA and NO during radiation injury needs to many
other physiological and biochemical parameters to make completion
evaluation for cell biochemistry and cell reaction with ROS after
exposed to low doses of ionizing radiation. This process we can make it
as considered of predicting for cells status for long time.

Acknowledgment

Thanks are due to Dr. Prof. Mahmoud H. Romeih, Executive Director of
Technical & Technological Consulting Studies & Research Fund (TTCSRF),
Ministry of Higher Education and Scientific Research, Egypt, and Head of
biochemical and clinical chemistry departments, Theodor institute, Egypt.

References

1. Zhao W, Diz DI, Robbins ME (2007) Oxidative damage pathways in relation to
normal tissue injury. Br J Radiol 80: S23-S31.

2. Adaramoye O, Ogungbenro B, Anyaegbu O, Fafunso M (2008) Protective
effects of extracts of Vernonia amygdalina, Hibiscus sabdariffa and vitamin C
against radiation-induced liver damage in rats. J Rad Res 49: 123-131.

3. Puthran SS, Sudha K, Rao GM, Shetty BV (2009) Oxidative stress and low
dose ionizing radiation. Indian J Physiol Pharmacol 53: 181-184.

4. Riley PA (1994) Free radicals in biology: oxidative stress and the effects of
ionizing radiation. Int J Rad Biol 65: 27-33.

5. Bernstein EF, Sullivan FJ, Mitchell JB, Salomon GD, Glatstein E (1993) Biology
of chronic radiation effect on tissues and wound healing. Clin Plastic Surg 20:
435-453.

6. Coleman CN, Blakely WF, Fike JR, MacVittie TJ, Metting NF, et al. (2003)
Molecular and cellular biology of moderate-dose (1-10 Gy) radiation and
potential mechanisms of radiation protection: report of a workshop at Bethesda,
Maryland, December 17-18, 2001. Rad Res 159: 812-834.

7. Mettler Jr FA, Voelz GL (2002) Major radiation exposure-what to expect and
how to respond. N Eng J Med 346: 1554-1561.

8. Halliwell B (1989) Protection against oxidants in biological systems: the
superoxide theory of oxygen toxicity. Free Rad Biol Med: 86-123.

9. Ahlersova E, Pastorova B, Kassayova M, Ahlers I, Smajda B (1998) Reduced
pincal melatonin biosynthesis in fractionally irradiated rats. Physiol Res 47:
133-136.

10. Karbownik M, Reiter RJ (2000) Antioxidative effects of melatonin in protection
against cellular damage caused by ionizing radiation. Proceedings Soc Exp
Biol Med 225: 9-22.

11. Spitz DR, Azzam El, Li JJ, Gius D (2004) Metabolic oxidation/reduction
reactions and cellular responses to ionizing radiation: a unifying concept in
stress response biology. Cancer Metastasis Rev 23: 311-322.

12. Sies H, Masumoto H (1997) Ebselen as a glutathione peroxidase mimic and as
a reactant with peroxynitrite. Adv Pharmacol 38: 229-246.

OMICS J Radiol, an open access journal
ISSN: 2167-7964

Volume 6 - Issue 6 » 1000283


https://doi.org/10.1259/bjr/18237646
https://doi.org/10.1259/bjr/18237646
https://doi.org/10.1269/jrr.07062
https://doi.org/10.1269/jrr.07062
https://doi.org/10.1269/jrr.07062
http://imsear.li.mahidol.ac.th/handle/123456789/145924
http://imsear.li.mahidol.ac.th/handle/123456789/145924
https://doi.org/10.1080/09553009414550041
https://doi.org/10.1080/09553009414550041
http://europepmc.org/abstract/med/8324983
http://europepmc.org/abstract/med/8324983
http://europepmc.org/abstract/med/8324983
https://doi.org/10.1667/rr3021
https://doi.org/10.1667/rr3021
https://doi.org/10.1667/rr3021
https://doi.org/10.1667/rr3021
https://doi.org/10.1056/nejmra000365
https://doi.org/10.1056/nejmra000365
http://ci.nii.ac.jp/naid/10026669061/
http://ci.nii.ac.jp/naid/10026669061/
http://www.biomed.cas.cz/physiolres/pdf/47/47_133.pdf
http://www.biomed.cas.cz/physiolres/pdf/47/47_133.pdf
http://www.biomed.cas.cz/physiolres/pdf/47/47_133.pdf
https://doi.org/10.1111/j.1525-1373.2000.22502.x
https://doi.org/10.1111/j.1525-1373.2000.22502.x
https://doi.org/10.1111/j.1525-1373.2000.22502.x
https://doi.org/10.1023/b:canc.0000031769.14728.bc
https://doi.org/10.1023/b:canc.0000031769.14728.bc
https://doi.org/10.1023/b:canc.0000031769.14728.bc
https://doi.org/10.1016/s1054-3589(08)60986-2
https://doi.org/10.1016/s1054-3589(08)60986-2

Citation: Zakaria KM (2017) Effect of Gamma Ray on Reactive Oxygen Species at Experimental Animals. OMICS J Radiol 6: 283. doi: 10.4172/2167-

7964.1000283

Page 5 of 5

16.
17.

20.

2

=

22,

23.

24,

25.

26.

27

28.

29.

.Masayasu M, Hiroshi Y (1979) A simplified assay method of superoxide

dismutase activity for clinical use. Clin Chim Acta 92: 337-342.

. Draper HH, Hadley M (1990) Malondialdehyde determination as index of lipid

Peroxidation. Methods Enzymol 186: 421-431.

.Nussler AK, Geller DA, Sweetland MA, DiSilvio M, Billiar TR, et al. (1993)

Induction of nitric oxide synthesis and its reactions in cultured human and rat
hepatocytes stimulated with cytokines plus LPS. Biochem Biophys Res Comm
194: 826-835.

Dacie JV, Lewis SM (2002) Practical haematology.

Henry RJ, Frankle S (1960) Clinical Chemistry and fundamental of Clinical
Chemistry. Am Clin Path pp: 512.

. Jagetia GC (2007) Radioprotective potential of plants and herbs against the

effects of ionizing radiation. J Clin Biochem Nutr 40: 74-81.

. Mansour HH, Hafez HF (2012) Protective effect of Withania somnifera against

radiation-induced hepatotoxicity in rats. Ecotoxicol Environ Safety 80: 14-19.

Kregel KC, Zhang HJ (2007) An integrated view of oxidative stress in aging:
basic mechanisms, functional effects, and pathological considerations. Am J
Physiol Reg Int Compara Physiol 292: R18-R36.

. Gutteridge JM (1995) Lipid peroxidation and antioxidants as biomarkers of

tissue damage. Clin Chem 41: 1819-1828.

Burlakova EB, Naidikh VI (2004) The Effects of Low Dose Radiation. VSP,
Utrecht, Boston.

Gatsko GG, Mazhul LM, Shablinskaia OV, Volykhina VE (1990) The effect of
ionizing radiation on lipid peroxidation in rat blood. Radiobiologiia 30: 413-415.

Tyurina YY, Tyurin VA, Epperly MW, Greenberger JS, Kagan VE (2008)
Oxidative lipidomics of y-irradiation-induced intestinal injury. Free Rad Biol
Med 44: 299-314.

Nauser T, Koppenol WH, Gebicki JM (2005) The kinetics of oxidation of GSH
by protein radicals. Biochem J 392: 693-701.

Marnett LJ (2002) Oxy radicals, lipid peroxidation and DNA damage. Toxicol
181: 219-222.

. Sridharan S, Shyamaladevi CS (2002) Protective effect of N-acetylcysteine

against gamma ray induced damages in rats-biochemical evaluations. Indian
J Exp Biol 40: 181-186.

Hui Z, Naikun Z, Rong Z, Xiumin L, Huifang C (1996) Effect of ionizing radiation
on bio-oxidase activities in cytoplasm of mouse blood and liver cells. Chinese J
Radiol Med Prot 16: 179-182.

Ou CS, Jiang LH, Ye Q, Zhou MJ (2008) Effects of radiation injury on peripheral
blood and liver NO concentration in mice. J Southern Med Univ 28: 1405-1406.

.Ibuki Y, Goto R (2004) lonizing radiation-induced macrophage activation:

augmentation of nitric oxide production and its significance. Cell Mol Biol 50:
OL617-26.

31.

32.

33.

34.

35

36.

3

J

38.

39.

40.

4

iy

42.

43.

44,

45.

Ohta S, Matsuda S, Gunji M, Kamogawa A (2007) The role of nitric oxide in
radiation damage. Biol Pharma Bull 30: 1102-1107.

Ibuki Y, Goto R (1995) Augmentation of NO production and cytolytic activity
of M¢ obtained from mice irradiated with a low dose of y-rays. J Rad Res 36:
209-220.

Bhosle SM, Huilgol NG, Mishra KP (2005) Enhancement of radiation-induced
oxidative stress and cytotoxicity in tumor cells by ellagic acid. Clin Chim Acta
359: 89-100.

Park S, Pradeep K, Choi M, Ko K, Park H (2010) Hesperidin and curdlan
treatment ameliorates y-radiation induced cellular damage and oxidative stress
in the liver of Sprague-Dawley rats. Res J Pharma Biol Chem Sci 1: 165-177.

.Agrawal A, Chandra D, Kale RK (2001) Radiation induced oxidative stress:

Il studies in liver as a distant organ of tumor bearing mice. Mol Cell Biochem
224: 9-17.

Sener G, Kabasakal L, Atasoy BM, Erzik C, Velioglu-Ogiing A, et al. (2006)
Ginkgo biloba extract protects against ionizing radiation-induced oxidative
organ damage in rats. Pharmacol Res 53: 241-252.

. Roushdy HM, El-Husseini M, Saleh F (1984) Effect of whole body gamma-

irradiation and/or dietary protein deficiency on the levels of plasma non-protein
nitrogen and amino acids; plasma and urinary ammonia and urea in desert
rodent and albino rats. Egypt J Rad Sci Appl 1: 157-166.

Traverso N, Odetti P, Cheeseman K, Cottalasso D, Marinari UM, et al. (1996)
Susceptibility of Gamma-Irradiated Proteins to In Vitro Glycation: Exposure
to Oxygen Free Radicals Increases Glycation-Induced Modifications. Cell
Biochem Func 14: 149-154.

Guney Y, Bukan N, Dizman A, Hicsonmez A, Bilgihan A (2004) Effects of two
different high doses of irradiation on antioxidant system in the liver of guinea
pigs. Eksp Onkol 26: 71-74.

Avti PK, Pathak CM, Kumar S, Kaushik G, Kaushik T, et al. (2005) Low dose
gamma-irradiation differentially modulates antioxidant defense in liver and
lungs of Balb/c mice. Int J Rad Biol 81: 901-910.

. Gridley DS, Pecaut MJ, Miller G, Moyers M, Nelson GA (2001) Dose and dose

rate effects of whole body y-irradiation. Il. Haematologi.

Hofer M, Viklicka S, Tkadlecek L, Karpfel Z (1989) Haemopoiesis in murine
bone marrow and spleen after fractionated irradiation and repeated bone
marrow transplantation. I. Erythropoiesis. Folia biologica 35: 405-417.

Daga SS, Jain VK, Goyal PK (1995) Radio response of leucocytes in peripheral
blood of mice against gamma-radiation and their protection by Liv 52. Probe
34: 222-226.

Zimmermann R, Schmidt S, Zingsem J, Glaser A, Weisbach V, et al. (2001)
Effect of gamma radiation on the in vitro aggregability of WBC-reduced
apheresis platelets. Transfusion 41: 236-242.

Dzik WH, Jones KS (1993) The effects of gamma irradiation versus white cell
reduction on the mixed lymphocyte reaction. Transfusion 33: 493-496.

OMICS J Radiol, an open access journal
ISSN: 2167-7964

Volume 6 - Issue 6 » 1000283


https://doi.org/10.1016/0009-8981(79)90211-0
https://doi.org/10.1016/0009-8981(79)90211-0
https://doi.org/10.1016/0076-6879(90)86135-i
https://doi.org/10.1016/0076-6879(90)86135-i
https://doi.org/10.1006/bbrc.1993.1896
https://doi.org/10.1006/bbrc.1993.1896
https://doi.org/10.1006/bbrc.1993.1896
https://doi.org/10.1006/bbrc.1993.1896
https://doi.org/10.1016/b0-443-06660-4/x5001-6
https://doi.org/10.3164/jcbn.40.74
https://doi.org/10.3164/jcbn.40.74
https://doi.org/10.1016/j.ecoenv.2012.02.003
https://doi.org/10.1016/j.ecoenv.2012.02.003
https://doi.org/10.1152/ajpregu.00327.2006
https://doi.org/10.1152/ajpregu.00327.2006
https://doi.org/10.1152/ajpregu.00327.2006
http://clinchem.aaccjnls.org/content/41/12/1819.short
http://clinchem.aaccjnls.org/content/41/12/1819.short
http://europepmc.org/abstract/med/2371402
http://europepmc.org/abstract/med/2371402
https://doi.org/10.1016/j.freeradbiomed.2007.08.021
https://doi.org/10.1016/j.freeradbiomed.2007.08.021
https://doi.org/10.1016/j.freeradbiomed.2007.08.021
https://doi.org/10.1042/bj20050539
https://doi.org/10.1042/bj20050539
https://doi.org/10.1016/s0300-483x(02)00448-1
https://doi.org/10.1016/s0300-483x(02)00448-1
http://nopr.niscair.res.in/handle/123456789/17247
http://nopr.niscair.res.in/handle/123456789/17247
http://nopr.niscair.res.in/handle/123456789/17247
http://europepmc.org/abstract/cba/293006
http://europepmc.org/abstract/cba/293006
http://europepmc.org/abstract/cba/293006
http://europepmc.org/abstract/med/18753071
http://europepmc.org/abstract/med/18753071
http://europepmc.org/abstract/med/15579255
http://europepmc.org/abstract/med/15579255
http://europepmc.org/abstract/med/15579255
https://doi.org/10.1248/bpb.30.1102
https://doi.org/10.1248/bpb.30.1102
https://doi.org/10.1269/jrr.36.209
https://doi.org/10.1269/jrr.36.209
https://doi.org/10.1269/jrr.36.209
https://doi.org/10.1016/j.cccn.2005.03.037
https://doi.org/10.1016/j.cccn.2005.03.037
https://doi.org/10.1016/j.cccn.2005.03.037
https://www.cabdirect.org/cabdirect/abstract/20103325050
https://www.cabdirect.org/cabdirect/abstract/20103325050
https://www.cabdirect.org/cabdirect/abstract/20103325050
http://www.springerlink.com/index/l1q766211q8473k0.pdf
http://www.springerlink.com/index/l1q766211q8473k0.pdf
http://www.springerlink.com/index/l1q766211q8473k0.pdf
https://doi.org/10.1016/j.phrs.2005.11.006
https://doi.org/10.1016/j.phrs.2005.11.006
https://doi.org/10.1016/j.phrs.2005.11.006
https://inis.iaea.org/search/search.aspx?orig_q=RN:19031670
https://inis.iaea.org/search/search.aspx?orig_q=RN:19031670
https://inis.iaea.org/search/search.aspx?orig_q=RN:19031670
https://inis.iaea.org/search/search.aspx?orig_q=RN:19031670
https://doi.org/10.1002/cbf.658
https://doi.org/10.1002/cbf.658
https://doi.org/10.1002/cbf.658
https://doi.org/10.1002/cbf.658
https://www.researchgate.net/profile/Ayse_Hicsonmez/publication/8591821_Effects_of_two_different_high_doses_of_irradiation_on_antioxidant_system_in_the_liver_of_guinea_pigs/links/559ce01f08ae898ed65212b0/Effects-of-two-different-high-doses-of-irradiation-on-antioxidant-system-in-the-liver-of-guinea-pigs.pdf
https://www.researchgate.net/profile/Ayse_Hicsonmez/publication/8591821_Effects_of_two_different_high_doses_of_irradiation_on_antioxidant_system_in_the_liver_of_guinea_pigs/links/559ce01f08ae898ed65212b0/Effects-of-two-different-high-doses-of-irradiation-on-antioxidant-system-in-the-liver-of-guinea-pigs.pdf
https://www.researchgate.net/profile/Ayse_Hicsonmez/publication/8591821_Effects_of_two_different_high_doses_of_irradiation_on_antioxidant_system_in_the_liver_of_guinea_pigs/links/559ce01f08ae898ed65212b0/Effects-of-two-different-high-doses-of-irradiation-on-antioxidant-system-in-the-liver-of-guinea-pigs.pdf
http://www.tandfonline.com/doi/abs/10.1080/09553000600567996
http://www.tandfonline.com/doi/abs/10.1080/09553000600567996
http://www.tandfonline.com/doi/abs/10.1080/09553000600567996
http://europepmc.org/abstract/med/11491015
http://europepmc.org/abstract/med/11491015
http://europepmc.org/abstract/med/2633937
http://europepmc.org/abstract/med/2633937
http://europepmc.org/abstract/med/2633937
https://doi.org/10.1046/j.1537-2995.2001.41020236.x
https://doi.org/10.1046/j.1537-2995.2001.41020236.x
https://doi.org/10.1046/j.1537-2995.2001.41020236.x
https://doi.org/10.1046/j.1537-2995.1993.33693296812.x
https://doi.org/10.1046/j.1537-2995.1993.33693296812.x

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Aim of This Study 
	Materials and Methods
	Animals and experimental design
	Irradiation facilities

	Methods
	Measurements of superoxide dismutase (SOD)
	Measurement of malondialdehyde (MDA) 
	Measurement of nitric oxide
	Leucocytic count (WBCs) 

	Statistical Analysis
	Results and Discussion
	Conclusion
	Acknowledgment
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	References

