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Abstract: Nano selenium-Lovastatin mixture (Lov-Se) has antioxidant and free radical scavenging activities.
A laboratory preparation of nano selenium-lovastatin mixture was examined against oxidative injury in gamma
irradiated rats. Rats were exposed to whole body gamma radiation (2 Gy every 3 days up to total dose of 8 Gy)
and received daily oral administration of 1ml Lov-Se (  20 mg/kg/day/Lov and 0.1 mg kg/day/Se) for 14 days
parallel with radiation exposure. Animals were divided into 4 equal groups as following: Normal control, Lov-Se,
irradiated and irradiated + Lov-Se. The results obtained reveals that, TBARS, protein carbonyl levels, XO, CAT
and SOD activities were significantly ameliorated in heart of irradiated + Lov-Se group as compared to irradiated
rats. Also, heart GSH, NO levels, XDH, GSH-Px activities and blood Se level were significantly improved. It was
concluded that the proper administration of Lov-Se mixture might reduce the radiation-induced heart injury via
amending the antioxidant molecules and decreasing lipid and protein oxidation.
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INTRODUCTION resulting from the water radiolysis [2]. ROS and lipid

It is well established that ionizing radiation has number of diseases, including cancer, diabetes mellitus,
negative biologic effects on living organisms depending rheumatoid arthritis, infectious diseases, atherosclerosis
on dose of radiation  and  duration  of  exposure  [1], and ageing. Cells are well equipped to defend themselves
which can penetrate living tissue or cells and  result in against ROS, with a repertoire of antioxidant enzymes and
the transfer of radiation energy to the biological material. molecules. The antioxidant system consists of low
The absorbed energy of ionizing radiation can break molecular weight antioxidants like glutathione (GSH),
chemical bonds and cause ionization of different atoms melatonin and various antioxidant enzymes. Superoxide
and molecules, including water and different biologically dismutase (SOD) the first line of defense against ROS,
important macromolecules, such as nucleic acids, catalyzes the dismutation of superoxide radicals (O )
membrane lipids and proteins. Radiation interacts with into hydrogen peroxide (H O ). Catalase (CAT) transforms
biological molecules producing toxic free radicals leading the harmful H O  into H O and O . Glutathione peroxidase
to DNA and membrane damage. The effects of radiations (GSH-Px) reduces lipid or non-lipid hydroperoxides as well
are caused mainly by generation of reactive oxygen as H O  [2]. Sustained oxidative stress may deplete the
species (ROS). Most of the radiation-induced damage to body's antioxidant defenses. Appropriate antioxidant
biomolecules in aqueous media, such as those prevailing intervention seems to inhibit or reduce free  radical
in living system is caused by the formation of free radicals toxicity   and    thus   offers   protection   against  oxidative

peroxides have been implicated in pathogenesis of a
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damages. Statins are widely used to lower the blood MATERIALS AND METHODS
cholesterol   level   in   patients   of   hypercholesterolemia.
They competitively inhibit the rate-limiting enzyme of
cholesterol biosynthesis,  3-hydroxy-3-methyl  glutaryl
coenzyme A (HMG-CoA) reductase. Among the statins,
lovastatin (monacolin K) was the first statin approved as
a hypocholesterolemic drug. Many microorganisms such
as Monascus purpureus have been reported as lovastatin
producing fungi [3]. Monascus purpureus rice (in
Chinese), popularly called red yeast rice, is described as
the fermented product of rice on which red yeast
(Monascus purpureus) has been grown [4]. The
antioxidant effect of statins is related to its ability to
reduce free radical formation. It was reported that, lipid
peroxidation reduction accompanied with preservation of
SOD activity was observed in lovastatin treated rabbits
[5]. In addition, lovastatin was effective in lowering
hepatic lipid peroxidation in animals fed a high cholesterol
diet [6]. The cellular GSH-Px activity was enhanced in the
cells treated with lovastatin and increased H O2 2

scavenging by endothelial cells [7]. Moreover, lovastatin
as an inhibitor of the rate limiting enzyme of the
mevalonate pathway, blocks the induction of inducible
nitric oxide synthase (iNOS) and proinflammatory
cytokines  (tumor  necrosis  factor- ,  interleukin  (IL)-1
and IL-6) in rat astrocytes, microglia and macrophages [8].
Selenium (Se) is an essential element  for  human  health.
It has been recognized as antioxidant [9]. 

The antioxidative function of Se can  help to
ameliorate the damage induced by the ultraviolet radiation
in humans [10]. This element was found to have a role in
immune function [9] where the deficiency in Se is
associated with immune dysfunction, impaired resistance
to microbial and viral infections, inadequate phagocytosis
and antibody production and increased cancer risk [11].
It was shown that nano-Se has a similar bioavailability in
rat and much less acute toxicity in mice compared with
selenite. The results suggested that the biological
activities of nano-Se may come from the special properties
of the nanoparticles [12]. The effects of oral
administration of Lov-Se mixture on oxidative state
(thiobarbituric acid reactive substances; TBARS and
protein carbonyl group) and antioxidant status
(glutathione peroxidase (GSH-Px), superoxide dismutase
(SOD), catalase (CAT), xanthine oxidoreductase (XOR)
activities, nitric oxide (NO), glutathione (GSH) and
selenium (Se) levels) were examined in rats during
exposure to gamma-radiation.

Treatment Preparation
Lovastatin: Fungal culture of Monascus purpureus NRRL
1992 was obtained from the National Center for Radiation
Research and Technology, Cairo, Egypt. Fungal culture
was maintained routinely in a PDA (Potato dextrose agar)
medium containing infusion of potatoes (20%), Dextrose
(2%) and agar (2%) and subcultured every 30 days
interval [13]. Seed culture was prepared by transferring a
loopful of spores from PDA agar plate into 250 ml
Erlenmeyer flask containing 100 ml basal medium (100 g,
dextrose; 10 g, peptone; 2 g, KNO ; 2 g, NH H PO ; 0.5 g,3 4 2 4

MgSO .7H O and 0.1 g, CaCl  dissolved in 1000 ml4 2 2

distilled water, pH 6.6). The culture was incubated at 30°C
for 48 h at 110 rpm [13].

Monascus Fermented Rice Preparation: One kilogram of
rice was soaked in distilled water (1L) at room temperature
for 2 h and excess water was  removed  after  soaking.
Fifty gram of soaked rice with 0.5 gram of wheat bran was
added to 250 ml Erlenmeyer flask. The moisture content
was adjusted to 66% by adding the nutritional liquid broth
(40 g, glucose; 4 g, sodium glutamate; 3 g, pepton; 3 g,
NH NO  and 5 g, NaH PO ; dissolved in 1000 ml distilled4 3 2 4

water, pH 6.6) and autoclaved for 20 min at 121°C. After
cooling,  the  mixture  was  inoculated  with  5ml  seed
culture spore solution (4-6x10 spores/ml) of Monascus5

purpureus then was incubated at 30°C for 16 days at
static  state. The fermented rice was then dried at 50°C to
a constant weight and used for further study [14]. The
dried fermented rice was crushed to powder and used for
extraction. One gram of powder was suspended in 5 ml
ethyl acetate at pH=3.5 and kept in a shaker incubator at
180 rpm and 70°C for 1.5 h. The mixtures were centrifuged
at  5000   rpm   for  8  min,  supernatant  was  collected.
The supernatant (extract) absorbance was read at 238 nm
using UV-Visible Spectrophotometer [13, 15]. The extract
was concentrated by vacuum distillation at temperature
range from 40°C-60°C. The concentrate was then cooled
to a temperature (8°C) and was left to stand a few hours
so that the lovastatin crystallized. The obtained crude
product was recrystallized and the yield was 0.7mg
lovastatin/g dried fermented rice. Verification of lovastatin
structure was carried out by high performance liquid
chromatography (HPLC) analysis (Agilat 1100
Compuliriezal, Colum C  Reversed Phase Hypersil),18

Fourier Transform Spectroscopic Infrared (FT-IR)
technique  (JASCO FT-IR 6300, Japan), Ultraviolet spectra
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(JASCO V-560, Japan), NMR-spectra (Bruker, AVANCE Experimental Animals: Female albino rats (120-150g)
300) and elemental analysis (C, H, O) was performed by obtained from the Egyptian Holding Company for
Perkin-Elemer 2400 Analyzer (Norwalk, USA) at Micro Biological Products and Vaccines were used as
Analytical Center, Cairo University. experimental animals. Animals were kept under standard

Selenium Nanoparticle experimental period. The rats were fed on standard pellets
Production of GSH by Saccharomyces Cerevisiae: of concentrated diet containing all the necessary nutritive
Saccharomyces cerevisiae (yeast cells) local isolate from
Drug Radiation Research Department (NCRRT) was
maintained on GYP slant agar (2% glucose, 1% yeast
extract, 2% peptone and 2% agar) at 4°C and was
subcultured every 30 days. All used chemicals and
solvents were of analytical grade [16]. Yeast cells were
obtained from high-cell-density batch cultivation in GYP
(2% glucose, 1% yeast extract, 2% peptone) medium, by
centrifuging the cultivation broth at 4000 rpm for 10 min.
After the cells were washed with distilled water, GSH was
extracted from wet yeast cells using ethanol: water
concentration, 25% (v/v) extraction solvent, with 1 h of
extraction time at room temperature. The solid to liquid
ratio (w/v) was kept at 30% wet cell weight per extraction
solvent. The supernatant was used for the determination
of GSH after centrifugation at 4000 rpm for 10  min
[16].Wet cell weight (WCW, g/l) was measured by
centrifuging  the  culture  broth  at  4000  rpm  for  10  min
and washing twice with distilled water. The concentration
of GSH was obtained by the Ellman method [17]. The
protein  concentration  was  determined  by  the  method
of Lowry [18]. All of the assays were performed in
triplicate [16].

Preparation of Selenium Nanoparticle: Selenious acid
(0.04 mM) under stirring was mixed with glutathione (GSH)
as product from Saccharomyces cerevisiae (0.2 mM) and
200 mg bovine albumin solution in 100 ml deionized water.
The pH of the mixture was adjusted to 7.2 with 1.0 M
sodium hydroxide to initiate the reaction. The reaction
lasted one hour under sonication condition, during which
the red elemental Se and oxidized glutathione (GSSG)
formed. The red solution was dialyzed against doubly
distilled water for 96 h  with  the  water  changing  every
24 h to separate GSSG from Nano-Se. Then solution
contains 30µg/ml of selenium nanoparticles (30 ppm) was
obtained and characterized by DLS (Dynamic Light
Scattering) technique (zeta potential /particle size,
NICOMP 380 ZLS, U.S.A.) and TEM (Transmission
Electron  Microscope)   (JEOL  Electron  Microscope,
JEM-100CX) [12].

conditions of temperature and humidity along the

elements. A liberal water intake was available. Animal
procedures were performed in accordance with the Ethics
Committee of the National Research Centre and in
accordance with the recommendations for the proper care
and use of laboratory animals.

Radiation Facility: Whole  body  gamma  irradiation  of
rats   was  performed  with  a  Canadian  gamma  cell-40,
( Cs)    at the   National   Center   for   Radiation137

Research and Technology, Cairo, Egypt at a dose rate of
0.46Gy/min.

Experimental Set Up: Rats were divided into 4 equal
groups (12 rats of each (as following: 1) Normal control,
rats were daily received 1ml distilled water via  oral  tube
for 14 days. 2) Lov-Se, rats were received oral
administrations   of     the     lab     prepared    mixture 1ml
(  20 mg kg/day/Lov and 0.1mg/kg/day/Se nanoparticle)
starting from the time zero of the experiment for 14 days.
3) Irradiated, rats of this group were whole body exposed
to fractionated doses of gamma radiation (2 Gy every 3
days up to total dose of 8 Gy) and received daily 1ml
distilled water via oral tube starting at time zero of the
experiment for 14 days. 4) Irradiated+ Lov-Se, rats of this
group were exposed to gamma radiation (2Gy every 3 days
up  to  total  dose  of 8 Gy) and received daily oral
administration of Lov-Se mixture (1 ml)  starting  at  the
experiment  time  zero  for 14 days. Six Rats will be
sacrificed on the 1  (2Gy-1 day of Lov-Se mixturest

administration) and 15  (8Gy-14 day of Lov-Se mixtureth

administration) day post the starting time of the
experiment. After an overnight fast, rats were anesthetized
with ether and then sacrificed. Blood samples from each
rat were collected by retro-orbital puncture using blood
capillary tubes. Heart was directly separated after
sacrificing, washed in ice-cold saline then the heart
samples were homogenized in doubly distilled water (10%
W/V) using homogenizer then the cell debris was removed
by centrifugation at 3000 rpm  for  10min. The
homogenates supernatant and blood were subjected to
the following biochemical analysis.
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Biochemical Assay: SOD activity was assayed via the
method of Kakkar et al. [19]. CAT activity was determined
following the procedure described by Bergmeyer et al.
[20]. GSH-Px activity was assayed according to the
method of Gross et al. [21]. The GSH was measured by the
method described by Ellman [17]. Blood Se content was
detected by atomic absorption estimation which involves
the measurement of the light absorbed by Se atom at
ground state by the method described by Kirbright and Fig. 1: The chemical structure of lovastatin
Sergent [22]. The concentration of Se was calculated by
using standard curve specific for the element according to RESULTS AND DISCUSSION
the method of Kingston and Jassie [23]. The XOR system
including xanthine dehydrogenase, XDH and xanthine Analysis of lovastatin (Fig. 1) in HPLC was carried
oxidase, XO activities were assayed as described by out; these analytical procedures confirm the production
Kamiñski and Jezewska [24]. The protein content was of lovastatin in the fermentation medium by the Monascus
determined according to the Lowry method [18]. NO was purpureus isolates (Fig. 2). Lovastatin crystals obtained
measured according to the method of Miranda et al. [25]. after crystallization process was confirmed by FT-IR,
The extent of lipid peroxidation (LPO) was assayed by the Ultraviolet spectra, NMR-spectra and melting point. The
measurement of TBARS according to Yoshioka et al. [26]. UV spectrum showed maximum at  = 238 nm. The IR
The protein carbonyl content was estimated by the spectrum (KBr) absorption bands at 3548 (OH), 2944, 2820
method of Julie et al. [27]. (CH-aliphatic) and 1709 (C=O) Cm-1. 1H-NMR (DMSO-d6)

Statistical Analysis: The SPSS/PC computer program was 1.2 (q-2H-CH2-11), 1.5 (q-2H-CH2-12), 1.8 (q-2H-CH2-17),
used for statistical analysis of the results. Data were 2.1(d-2H-CH2-14),  2.4(m-1H-CH),  2.6(d-2H-CH2-16),
analyzed using one-way analysis of variance (ANOVA) 3.6(m-1H-CH-15),   4.2(t-1H-CH-13),   5.4(q-1H-CH-6),
followed by post  hoc  test  for  multiple  comparisons. 5.5(d-1H-CH-4), 5.9(d-1H-CH-4) and 6.2(s-1H-OH) (Fig. 1).
The data were expressed as mean ± SE. Differences were The founded results of elemental analysis were C
considered significant at (P  0.05). (70.69%),   H    (9.40%)   and   O (19.91%).   Melting  point

spectrum showed, 0.9 (t-3H-CH3-18), 1.1 (3s- 9H-3CH3),

Fig. 2: HPLC chromatogram of (a) standard lovastatin and (b) sample lovastatin.
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Table 1: The change in blood Se (µg/ml), SOD (U/ mg protein), CAT (U/ g protein) and GSH-Px (U/ mg protein) activities and GSH (mg GSH/ g wt issues)
contents in heart of different animal groups

Day Control Lov-Se Irradiated Irradiated Lov-Se
SOD 1 1824.3±103.3 2058.7±193.1  (12.85%) 2559.6±172.6  (40.31%) 2482.0±176.4  (36.06%)a,e a,c,e b,d b,c,d

LSD =457.44 15 1790.6±101.3 1612.5±147.8  (9.95%) 2729.2±184.3  (52.42%) 2210.3±173.6  (23.44%)a,e a d b,e

CAT 1 2.59±0.143 2.600±0.245  (0.39%) 3.83±0.249  (47.88%) 2.87±0.188  (10.81%)a a b,d a,c

LSD =0.63 15 2.48±0.139 2.670±0.176  (7.66%) 4.47±0.280  (80.24%) 3.41±0.295  (37.50%)a a d b,c

GSH-Px 1 0.112±0.0057 0.105±0.0065  (6.25%) 0.106±0.0072  (5.36%) 0.111±0.0074  (0.89%)a a,c a a

LSD =0.0185 15 0.106±0.0055 0.110±0.0068  (3.77%) 0.064±0.0052  (- 39.62%) 0.086±0.0069  (-18.87%)a a b c

GSH 1 19.77±1.00 19.53±1.39  (1.21%) 19.84±1.61  (0.35%) 19.70±1.55  (0.35%)a a a a

LSD =3.94 15 20.00±1.06 19.89±1.39  (0.55%) 13.70±1.39  (-31.50%) 17.72±1.50  (11.40%)a a b a

Se 1 0.398±0.022 0.400±0.029  (0.50%) 0.332±0.024  (16.58%) 0.353±0.026  (11.31%)a,b a,b,c b,c b,c

LSD =0.0715 15 0.430±0.023 0.386±0.031  (10.23%) 0.190±0.016  (-55.81%) 0.343±0.026  (-20.23%)a a,b,c d b,c

Each value represents the mean±S.E. (n=6).%: Percentage of changes from control group.
Values with unlike superscript letters are significantly different (P  0.05).
LSD: Least Significant Difference.

Fig. 3: TEM of selenium nanoparticle

Fig. 4: DLS of selenium nanoparticle

showed at (157 -159°C). All the previous data of that the Se nanoparticals size were distributed in nano
lovastatin  were  found  to be in concurrence with scale and the main particle diameter was 49.6nm± 8.7(SD)
reported spectral data [3, 28]. TEM examination of the (Fig. 4). 
solution containing Se  nanoparticals  preparation Data presented in Table 1 indicated that rats treated
demonstrated particles within nano range as shown in with Lov-Se, no significant changes (P  0.05) were
(Fig. 3). Besides, application of DLS technique revealed observed   in    blood    Se    level   and   heart   antioxidant
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Table 2: The  change  in  XDH  (U/  mg  protein)  and  XO  (U/ mg protein)  activities and  NO   (m  mole/  g  wt  tissues)  contents  in  heart  of  different
animal  groups

Day Control Lov-Se Irradiated Irradiated Lov-Se

XDH 1 1.23±0.062 1.19±0.083  (3.25%) 1.01±0.096  (17.89%) 1.02±0.098  (17.07%)a a,b b a,b

LSD =0.22 15 1.11±0.062 1.13±0.089  (1.80%) 0.49±0.034  (-55.86%) 0.77±0.066  (-30.63%)a,b a, b c d

XO 1 0.77±0.039 0.71±0.061  (7.79%) 0.89±0.067  (15.58%) 0.86±0.054  (11.69%)a,c,d,e c, d a,e a,c,e

LSD=0.186 15 0.74±0.042 0.66±0.057  (10.81%) 1.22±0.103  (64.86%) 0.93±0.065  (25.68%)a,c,d d b e

NO 1 10.07±0.54 10.51±0.72  (4.37%) 10.24±0.69  (1.69%) 9.92±0.89  (1.49%)a a a a

LSD=1.99 15 10.24±0.56 9.85±0.72  (3.81%) 7.80±0.72  (-23.83%) 9.78±0.69  (4.49%)a a b a,b

Each value represents the mean±S.E. (n=6).%: Percentage of changes from control group.
Values with unlike superscript letters are significantly different (P  0.05).
LSD: Least Significant Difference.

Table 3: The change in TBARS (nmole/g wt tissues) and Protein carbonyl (P mole/ mg protein) contents in heart of different animal groups

Day Control Lov-Se Irradiated Irradiated Lov-Se

TBARS 1 172.46±9.19 176.28±13.47  (2.22%) 230.38±14.23  (33.58%) 214.72±14.64  (24.50%)a a,d b b,d

LSD =39.76 15 162.52±9.18 170.52±10.88  (4.92%) 303.54±20.03  (81.20%) 249.50±16.21  (45.95%)a a c b

Protein carbonyl 1 34.42±1.80 32.00±2.82  (7.03%) 43.97±2.95  (27.75%) 42.67±3.16  (23.97%)a,d a b,e b,d,e

LSD =8.54 15 37.74±1.89 34.54±3.34  (8.48%) 57.27±4.30  (51.75%) 44.10±2.87  (16.85%)a,b,e a,d c e

Each value represents the mean±S.E. (n=6).%: Percentage of changes from control group.
Values with unlike superscript letters are significantly different (P  0.05). 
LSD: Least Significant Difference

parameters (SOD, CAT, GSH-Px activities and GSH rats. Administration of Lov-Se in irradiated Lov-Se rats
contents) when compared with control rats along the two showed significant improvement in heart XOR system and
experimental intervals. In irradiated rats, SOD and CAT NO contents as compared to irradiated rats.
activities were increased significantly (P  0.05) from Data in Table 3 indicated that rats treated with Lov-
control levels at 1 and 15 days of the experimental Se, no significant (P  0.05) changes in heart TBARS and
intervals. Significant decrease (P  0.05) in heart GSH-Px protein carbonyl concentration when compared to control
activity, GSH contents and blood Se were noticed in rats along the two experimental intervals. Exposure of rats
irradiated rats at 15 days compared to their corresponding to whole body gamma-radiation induced significant
values of controls rats. The administration of Lov-Se to increase (P  0.05) in heart TBARS and protein carbonyl
irradiated rats ameliorates the  antioxidant  enzymes content on the 1  and 15  day after the zero time of the
[(SOD, CAT (at 1 and 15 days) and GSH-Px (at 15 days)], experiment compared to control rats. The administration
GSH and blood Se content at 15 days when compared to of Lov-Se according to the present experimental protocol
corresponding values in control. The results obtained induced significant amelioration (P  0.05) in TBARS and
displayed that, administration of Lov-Se significantly protein carbonyl contents of heart at 1 and 15 days as
ameliorate antioxidant parameters and blood Se level in compared to their corresponding values in control rats.
irradiated Lov-Se rats compared to irradiated rats. Data in Administration of Lov-Se induced significant
Table 2 indicated that rats treated with Lov-Se, no improvement in heart TBARS and protein carbonyl of
significant changes (P  0.05) in heart XO and XDH irradiated Lov-Se rats compared to their corresponding
activities and NO contents when compared with control values in irradiated rats.
rats  along  the  two  experimental  intervals.  The  heart The steadily increasing use of radiation technologies
NO contents were  significantly  decreased  (P  0.05)  at in medicine, industry, agriculture and scientific research
the  second   experimental  intervals   from    the   control. has been paralleled by increasing potential risk for
In addition, a significant increase (P  0.05)  in  heart  XO radiation over exposure. Radiation is a known producer of
(at  15  days)  accompanied  with  significant   decreases ROS. When water, the most abundant intra- and
(P  0.05) in heart XDH (at 1 and 15 days) were observed extracellular material, is exposed to ionizing radiation,
in irradiated rats. In the group of rats exposed to gamma decomposition occurs, through which a variety of ROS,
radiation  and  treated  Lov-Se, significant  improvement such as OH, O ¯, hydroperoxy radical OH  and H O
(P  0.05) in heart XO, XDH and NO were recorded at the are generated. These ROS formed contribute to radiation
second experimental interval when compared by control injury in cells [29]. All cells possess a complex antioxidant

st th
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system to detoxify ROS. Antioxidant enzymes act in could be attributed to its interaction with lipid
concert to remove various ROS produced by free radical peroxidation byproducts. The depletion of GSH is known
reactions. SOD (Cu/Zn-SOD and Mn-SOD) scavenge the to cause inhibition of GSH-Px activity and has been
O ¯, converting them into H O and oxygen, whereas shown to increase lipid peroxidation [35].2 2 2

CAT and GSH-Px convert hydrogen peroxide to water In addition, Se is an essential component of GSH-Px,
[30]. The significant increase in SOD activity recorded in an enzyme that helps protect cells against oxidation
the heart tissues of irradiated rats (Table 1) might be due damage and modulates the lipoxygenase pathway of
to increased expression of the enzyme as one of the self- arachidonic acid metabolism [37]. The results obtained
defense mechanism. The exposure to fractionated ionizing displayed significant depletion in blood Se of irradiated
radiation induces the expression of endogenous SOD [31]. rats compared to control (Table 2). Low Se concentrations
The SOD system constitutes the first line of defense might influence the antioxidant capacity by reducing the
against the deleterious effects of ROS [32]. activity of GSH-Px. The overproduction of ROS might be

The data of the present experiment revealed that heart discussed in the view of alteration induced in heart
CAT activity was increased in concomitant with the xanthine oxidoreductase (XOR) system after exposure to
present of SOD higher activity (Table 1). The CAT is an gamma radiation. XOR is one of the major sources of ROS
inducible enzyme, decomposes H O . Thus it is an index and other free radical in biological systems. The results2 2

of increased H O  production [33]. Although it is probable obtained exhibited that, radiation produced significant2 2

that antioxidant enzymes provide important protection changes in the activity of the heart specially the two inter
from radiation exposure, the proper balance of the convertible enzymes (xanthine dehydrogenase, XDH and
enzymes, in specific cells and in the whole organism, xanthine oxidase, XO) that constitutes the XOR complex
required for maximum radioprotection  is  far  from  clear. comparing to control (Table 2). These results is consistent
A large increase in Mn-SOD activity in some model with the finding of [35] who reported that, fractionated
systems may have a radiosensitizing effect rather than a 8Gy of gamma-radiation induced a significant increase in
radioprotective effect, which is probably related to the XO activity paralleled with significant decrease in XDH
inability of the cell to cope with overproduction of H O activity. XOR system is shifted towards XO in case of2 2

or •OH [34]. This might explain the higher CAT activity cellular and tissue damages by radiation [38]. The high
demonstrated in the heart of irradiated rats than in those XO activity leads to overproduction of O ¯, where XO
of controls. The experimental data revealed significant depends on oxygen, while XDH depends on NAD  as
decrease  in  heart  GSH-Px activity of irradiated rats electron acceptors during their action [39]. Evidence
(Table 1). GSH-Px plays an important role in the defense demonstrated that, increased XO activity reduces NO
mechanisms of mammals against oxidative damage by availability. XOR-derived O ¯ can impair nitric oxide
catalyzing the reduction of H O  and a large variety of ( NO) signaling and concomitantly yield secondary2 2

hydro peroxides into water and alcohols respectively, oxidizing species, such as peroxynitrite (ONOO¯), the
consuming GSH as the hydrogen donor. GSH is the result of its interaction with O ¯ that can further
substrate of GSH-Px and required for its catalysis. propagate tissue injury [40, 41]. Thus, the decreases in
Reduced glutathione (GSH) major intracellular non- heart NO concentration of irradiated rats observed in the
enzymatic antioxidants participate in the cellular system of present experiment (Table 2) could be attributed to its
defense against oxidative damage, directly as a free radical consumption during the formation of proxynitrite, a potent
scavenger or indirectly by repairing initial damage to cellular oxidant. The systemic over production of ROS and
macro- molecules and could maintain protein and non- free radicals on the account of antioxidant availability
protein SH group in reduced form [35]. The assessment of directed the cellular redox status towards imbalance and
GSH in the present experiment demonstrated a significant increased oxidative stress. Free radicals generated by
decrease in its heart level of irradiated rats as compared to radiation attack the fatty acid component of membrane
control (Table 1). This decrease could be due to oxidation lipids and produce lipid peroxidation products, which
of the sulphydryl group of GSH in response to decreases cause interphase cell death. Lipid peroxidation has been
in glutathione reductase activity which is the enzyme reported to be directly proportional to oxidative stress,
transforming the oxidized glutathione (GSSG) into GSH where the efficacy of various defense mechanisms is
using NADPH as a source of reducing equivalent [36]. weakened. A commonly measured parameter of lipid
Depletion in cellular GSH might leads to the GSH-Px peroxidation after ionizing radiation exposure is TBARS.
inactivation. In addition, the decrease in GSH-Px activity The  results obtained revealed that, TBARS concentration
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in heart was increased significantly in gamma-radiation improves NO-mediated endothelium-dependent relaxation
rats compared to control (Table 3). Lipid peroxidation not [46]. Furthermore, Se is an essential element, plays an
only damages cell membranes but its products like important antioxidant role, binding active site of GSH-Px
malonaldehyde also induce damage to the other enzyme and thioredoxin reductase. The protective effect of Se
systems and DNA as well [2, 42]. resulted from antioxidant activity including  stabilization

The conditions of severe oxidative stress, radical in the intracellular defense systems and reduction in the
generation at inappropriate sites lead to protein lipid peroxidation products by scavenging the free
modification since they are essential targets for free radicals and ROS [47]. Dietary Se supplementation
radical attack, both intracellularly and extracellularly [43]. increases the oxidative stability of tissue by increasing
The heart carbonyl content level of the radiation-exposed the activity of GSH-Px. Also, Se interferes with the
group was significantly higher than that of the control oxidative disorder by balancing the redox state and
group (Table 3), an increase that may reflect radiation controlling the activation of kinases and transcription
induced ROS production and oxidative damage to factors [48]. Nano-Se possesses equal efficacy in
macromolecules, such as proteins. Proteins may be increasing the activity of GSH-Px, thioredoxin reductase
damaged directly, by specific interactions of oxidants or and Glutathione S-transferase, but has much lower
free radicals with particularly susceptible amino acids. toxicity, suggesting that Nano-Se can serve as a potential
Proteins are also modified indirectly, with reactive chemopreventive agent with significantly reduced risk of
carbonyl compounds formed by the autooxidation of Se toxicity [49].
carbohydrates and lipids, with the eventual formation of The amendment of XOR system observed in
the  advanced   glycation/lipoxidation   end   products. irradiated rats administrated with Lov-Se could be due to
The consequences of such damage may be impaired the direct effect of the mixture on the generated ROS
enzymatic activity and modified membrane and cellular postulating the antioxidant property of nano Se as well as
function depending on the nature of  the  vulnerable lovastatin (Table 3). The nano Se toxicity is 7 fold less
protein component and the attacking radical species [43]. than proper Se activity [50]. Lovastatin might inhibit free
As the balance between free radical production and radical generation from leukocytes and other tissues by
antioxidant defenses is lost, the resultant oxidative stress inhibiting the isoprenoid reaction during the activation of
through a series of events deregulates the cellular NADPH oxidase [7]. The up regulation of XDH / XO ratio
functions leading to  various  pathological  conditions. in heart tissue of irradiated rats treated with Lov-Se will
An antioxidant compound might contribute partial or total reflect directly on the other antioxidant molecules where
alleviation of such damage [44]. In the present study, it the XOR is one of the main ROS generators in irradiated
was observed that oral administration of Lov-Se modulate damaged tissue [38]. It could be suggested that Lov-Se
ionizing radiation induce oxidative stress in irradiated administration in a suitable concentration could protect
Lov-Se rats. Lov-Se significantly lowered the radiation- against radiation–induced oxidative damages in heart
induced lipid peroxidation and protein oxidation in terms tissues via regulation of ROS generator in addition to
of TBARS and carbonyl content, respectively, with direct antioxidant action of the mixture that protect the self
concomitant amelioration in the activities of the antioxidant molecules.
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