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UNICA granatum (Pg) is an edible fruit known as pomegranate, which is a rich source of

polyphenolic compounds and has antioxidant activity. Many studies have been conducted
on extracts of various parts of Pg which may have genotoxic effects. However, the purpose of
the present study is to assess, for the first time, the radio-protective effect of Pg juice, the safest
part of the fruit, against y-irradiation-induced biochemical and cytogenetic damage in rats by
modulating the lipid profile, and the esterases (acetylcholinesterase AchE, carboxylesterase
CarE and paraoxonase PON) activity as biomarkers that provide information on the nervous
system’s integrity, metabolism, and anti-oxidative defenses respectively. Male rats were divided
into six groups, group I is the control, group II received Pg juice (400 mg/kg/day) divided into
two equal doses twice daily (with 12 h interval) for 30 days, group III and V received 4 Gy and
8 Gy of y-radiation respectively, group IV and VI received Pg juice for 30 days before being
irradiated with 4 and 8Gy of y-radiation respectively. Radiation altered the levels of CarE and
PON activity in plasma and liver, as well as plasma total cholesterol, triglycerides, high-density
lipoprotein HDL, low-density lipoprotein LDL, and very low-density lipoprotein VLDL. In
comparison to the control group, Pretreatment with Pg juice significantly improves these values
and reduced DNA fragmentation significantly. It is possible to conclude that Pg juice protects
against ionizing irradiation, which causes biochemical and cytogenetic damage, by modulating

anti-oxidative defenses and metabolism.

Keywords: DNA fragmentation, Esterases enzymes, lonizing radiation, Lipid profile,
Pomegranate, Radioprotector.

of bio-membrane lipid peroxidation (Tan et al.,
2022). Accordingly, there is a growing interest
in using natural products as natural anti-radiation
substances (Yi et al., 2021), particularly those with

Introduction

Exposure to ionizing radiation from both artificial
and natural sources can harm human health in

different ways and lead to a broad spectrum of
acute, subchronic, or chronic adverse effects,
even biochemically or genetically (Zhao et al.,
2012). DNA is the most susceptible molecule to
the damaging effects of ionizing radiation. Many
studies have established that ionizing radiation
not only attacks DNA, inducing single-strand
breaks, double-strand breaks, base lesions,
clustered damage, cross links, and oxidative base
modification (Zhao et al., 2020), but also reacts
with free radicals to produce reactive oxygen
species, resulting in initiation and enhancement

anti-inflammatory and antioxidant properties,
they are among the promising agents being used
as radiotherapy adjuvants to reduce radiation
damage (Khayyal et al., 2019).

Pgisan edible fruit cultivated in Mediterranean
countries, Asian countries and some regions of
the United States. Pg has been widely used as a
folk medicine by many cultures (Benchagra et
al., 2021). Pg is considered a pharmacy (Rathod
et al., 2012). Pg fruit is a rich source of two
types of polyphenolic compounds: anthocyanins
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(such as delphinidin, cyanidin pelargonidin)
and hydrolyzable tannins (such as punicalin,
pedunculagin, punicalagin, gallagic and ellagic
acid esters of glucose), which are responsible
for 92% of the antioxidant activity of the whole
fruit (Eghbali et al., 2021). The plant possesses
an enormous therapeutic value. Many biological
activities such as antitumour (Seifabadi et al.,
2019), antibacterial (Jam et al., 2022), antifungal
(Mendonga et al., 2022), and antiulcer (Gupte
et al.,, 2022) have been screened with various
extracts/constituents of different parts of the plant.
Pg has a great importance due to its effective
antioxidant activity. Some potent antioxidants
have been isolated from the fruit juice and have
been found to be bioavailable, effective and safe
(Licciardello et al., 2018). Pg extract inhibits lipid
peroxidation at lower concentrations than vitamin
E (Rosenblat et al., 2003). Pg fruit constituents
prevent the transcription factor that is activated
by reactive oxygen species (ROS) and hence is
concerned with the pathophysiology of numerous
diseases (Afaq et al., 2005). Pg extract has no
side effects and no known drug interactions and
prevents liver fibrosis (Thresiamma & Kuttan,
1996).

Many studies have been conducted on the
different parts of the Pg such as peel extract,
seeds, and bagasse, although they have genotoxic
effects as stated in the works of Sanchez-Lamar
et al. (2008) and Hussien et al. (2015). So the
curent study aims at evaluating the protective
effect of the Pg juice, which must be the safest
part of the whole fruit, even though it is the edible
part (Hussien et al., 2015). Pg juice contains
Anthocyanins, which are powerful antioxidant
flavonoids, responsible for the dazzling color of
the juice. In addition to lignans, several organic
acids, fatty acids, alkaloids, triterpenoids and
phytosterols (Wu & Tian, 2017). The Pg juice
and seeds contain minerals such as Fe, which is
relatively dominant, and Ca, Ce, Cl, Co, Cr, Cs,
Cu, K, Mg, Mn, Mo, Na, Rb, Sc, Se, Sn, Sr, and
Zn (Eghbali et al., 2021).

Material and Methods

Animals

Healthy adult male rats with an average
body weight of 170 + 20 g were obtained from
the animal house of the National Center of
Radiation Research & Technology (NCRRT). The
animals were housed under standard laboratory
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conditions (12 h light and 12 h dark) in a room
with a controlled temperature (24+3°C) during
the experimental period. The rats were provided
a free standard pellet diet and water ad libitum.
All the study’s protocols and the animal care and
handling were in accordance with the guidelines
set by the Research Ethics Committee (REC-
NCRRT), approval no. (20A/19).

y- Irradiation

The source of radiation was a gamma cell-
40 for biological irradiation (Cesium-137)
installed at the (NCRRT), Nasr city, Cairo, Egypt,
giving a dose rate of 0.43Gy/min during the
experimentation time period. The unit provides a
uniform y-irradiation of animals while providing
a complete protection for the operating personnel.

Juice of pomegranate

Pomegranate juice was produced from
pomegranates harvested in Egypt during October
2016. The fresh fruits were washed. The arils
were separated after manual peeling, then were
manually squeezed by hand press juicer and
filtered. To find the effective juice volume of the
referenced dose 400mg/Kg b.wt/day (Shah et al.,
2016), Scc of juice was kept at 37 °C for 2 days
(Targhi et al., 2017). The effective volume was
0.017 gm/ml. For doses of 200 mg/kg of juice, 2
ml of juice were orally administered to animals
twice daily with 12h interval (Singh et al., 2011).
The division of the dose is to avoid the effect of
the circadian rhythms on different physiological
functions and variables involved in the absorption,
distribution and effect of phenolic compounds
metabolism and their bioactivity (Avila-Roman et
al., 2021).

Experimental design

After one week of acclimation, the animals
were divided into six groups, 6 rats each and were
treated as follows: Group I: Controls received
distilled water (2 ml twice daily). Group II (Pg):
Received Pg juice twice daily orally at a dose of
200 mg/kg for 30 days. Group III (4 Gy): exposed
to 4 Gy -rays. Group IV (Pg+4Gy): Received Pg
juice twice daily orally for 30 days prior to 4 Gy
irradiation at a dose of 200 mg/kg. Group V (8
Gy): exposed to 8Gy -rays. Group VI (Pg+8 Gy):
Received Pg juice twice daily orally for 30 days
prior to 8 Gy irradiation at a dose of 200 mg/
kg. At the end of the experimental period, 24 h
after irradiation, no perceived lethality. Whereas
the applied dose of y-irradiation (8 Gy) was
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reported as lethal dose 11 days post-irradiation;
thus the selected irradiation intensity was suitable
for initial screening and evaluation of the radio-
protective potential (Nikolova et al., 2022).
Blood samples were drawn from the heart under
light ether anesthesia into a heparinized tube
and centrifuged at 3600 rpm for 15 min, and the
plasma was separated and used for measurement
of carboxyl esterase, PON, Ach, LDL, HDL, total
cholesterol, and triglycerides. After the collection
of blood samples, all animals were sacrificed by
cervical dislocation; the femur and liver of each
animal were dissected. The femur was used for the
cytogenetic study, and the liver for measurement
of carboxyl esterase, PON, and AchE.

Biochemical study

For the determination of the enzyme activity
in tissue, the liver was homogenized (1:10 w/v)
in pre-cooled 0.038 M Tris-HCI buffer (pH 7.6)
using a potter-type homogenizer with a Teflon
piston. Homogenate was centrifuged at 10000
r.p.m. at 4°C for 20 min. The resulting supernatant
was used in the biochemical assay, 50ul for
sample. However, for the determination of the
enzyme activity in the plasma, 20ul was used for
each sample.

Determination of carboxylesterase activity

Carboxylesterase activity was measured
spectrophotometrically ~ using  p-nitrophenil
acetate as a substrate according to the method of
Clement & Ehardt (1990). The development of
a yellow color that resulted from P-nitrophenol
hydrolysis was monitored at 412 nm for 3 min.
The unit of the enzyme activity was expressed as
1 uMole of P-nitrophenol released per minute at
room temperature.

Determination of PON activity

PON activity was measured
spectrophotometrically according to the method
described by Sampson et al. (2005).The enzyme
activity was assayed using 1.2 mM paraoxan
(O,0O-diethyle P-nitrphanyl phosphate) in 50
mM Tris/HCI buffer (pH,6.8) containing 1.0 mM
CaCl2 as substrate by increasing the yellow color
developed through P-nitrophenol release. The
unit of the enzyme activity was expressed as 1
uMole of P-nitrophenol released per minute at
room temperature.

Determination of AchE activity
The assay was undertaken using the method

of Ellman et al. (1961) with the modification
proposed by Bisso et al. (1991). One unit of the
enzyme activity was expressed as 1 uMole of
2-nitro-5-mercapto-benzoate released per minute
at room temperature.

Plasma lipid profile

For the determination of cholesterol
(CHOLESTEROL liquicolor), kit was purchased
from Human Gesellschaft fiir Biochemica und
Diagnostica ~ mbH-Germany = [CHOD-PAP-
Method]. In addition, a triglyceride determination
kit (TRIGLYCERIDES liquicolor) was purchased
from Human Gesellschaft fiir Biochemica
und Diagnostica mbH — Germany [GPO-PAP-
Method].

Cytogenetic study

Comet assay

Preparation of single cell suspensions: Bone
marrow was collected from one femur of each
rat, then washed three times with phosphate
buffer solution (PBS: NaCl 8.0 g, KCI 0.2 g,
Na,HPO, 12H,O 2.8 g, KHPO, 02 g, pH
7.4), homogenized and resuspended with the
appropriate amount of PBS. The comet assay
was performed according to Singh et al. (1988).
At least 1000 cells per group were analyzed
(original magnification x200) under a fluorescent
microscope (BXS51, Olympus) equipped with a
green light excitation and a 590-nm barrier filter.
Comets form as the broken ends of a negatively
charged DNA molecule become free to migrate
in the electric field toward the anode. The comet
parameters were calculated and photographed by
Tri Tek Comet Score v1.5 software.

Micronucleus test

Bone marrow samples were collected from
rat’s femur at the sacrificing time, according to
Schmid (1975), three sample slides were prepared
for each animal for the micronucleus assay. The
slides were stained with 5% (v/v) Giemsa stain
diluted in phosphate buffer (Na2HPO4 0.06 M
and KH2PO4 0.06 M, pH 6.8). For each animal,
1500 polychromatic erythrocytes (PCEs) were
counted under oil immersion using a LeitzWetzlar
— Orthomat binocular optical microscope with
a magnification of 1000x to determine the
number of the micronucleated polychromatic
erythrocytes (MNPCEs) and the micronucleated
normochromatic  erythrocytes  (MNNCEs).
In addition, the percentage of polychromatic
erythrocytes PCEs was calculated on the basis of
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the ratio of PCEs to normochromatic erythrocutes
NCEs. The slides were scored blindly according
to Titenko-Holland et al. (1997).

Statistical analysis

The obtained data were expressed as mean +
SEM. Statistical analysis was performed by one
way analysis of variance (ANOVA) followed by
Tukey multiple comparison tests. P values < 0.05
were considered as significant (Festing & Altman,
2002).

Rasults

Biochemical study

Carboxylesterase, PON, and AchE activity in
tissue and plasma

Table 1 shows the effect of Pg juice and/
or ionizing radiation (4 and 8 Gy) on esterases
activity (AchE, CarE and PON) in plasma and
liver after 30 days of treatment with Pg juice. The
administration of Pg juice had no significant effect
on the AchE and CarE activity in both plasma and
liver. However, when compared to the control
group, it significantly increased PON activity
in both plasma and liver. On the other hand,
irradiation with 4GY and 8Gy caused a significant
reduction of the CarE & PON activity in both
plasma and liver when compared with the control
group. Meanwhile, in plasma, AchE activity did
not change significantly after 4Gy or 8Gy with
or without Pg juice administration, but the dose
of 8Gy caused a significant increase in the AchE
activity in the liver and Pg juice administration

did not show any significant effect on it at P=
0.005. Oral administration of Pg juice prior to
4 Gy y-irradiation increased the CarE & PON
activity in both plasma and liver and counteracted
the inhibitory effect of irradiation on plasma and
liver CarE & PON activity, completely restoring
normal levels but not for PON activity in plasma
at P=0.005. Although Pg juice treatment prior to
8 Gy y-irradiation improved the inhibitory effect
of ionizing radiation in the plasma and liver CarE
& PON activity compared to the 8 Gy exposed
animals, the activity of these enzymes was still
significantly different when compared with the
control group at P=0.005.

Lipid profile

Treatment with Pg juice did not cause a
significant increase in the plasma lipid profile
(cholesterol, triglyceride, HDL, and LDL), except
for VLDL, which became significantly lower than
in the control group, as shown in Table 2. Exposure
to 4 Gy and 8Gy produced a significant increase
in the lipid profile parameters except for plasma
HDL levels, which were found to be insignificant
in all the treated groups when compared with
control. Whereas Pg juice administration prior to
4 Gy and 8 Gy irradiation resulted in a reduction
in cholesterol, triglycerides, and VLDL, this was
still significantly higher when compared to the
control group. Pg juice restored LDL to its normal
level, when administered before 4Gy y-irradiation
and improved LDL/HDL and total choleterol/
HDL ratios.

TABLE 1. The effects of Ionizing radiation, Pg juice and their combination on plasma and liver AchE, CarE and

PON
Groups AchE activity CarE activity PON activity
Plasma® Liver ? Plasma® Liver ? Plasma® Liver ?
Control 185.44 254.44 135.37 1551.8 471.89 2592.9
+4.697 +9.560 +2.413 +4535 +11.332 +107.46
Pg 180.82 250.18 182.80 1815.1 534.82%** 2020.5%**
+8.157 +6.102 +2.703 +37.59 +10.193 +49.57
4Gy 194.126 261.53 86.074%** 1165.2%** 236.24%%* 1962 .8%***
+6.245 +12.353 +3.435 +30.71 +9.321 +61.04
Pt Gy 190.08 255.53 140.92 1532.9 361.62%** 2561.8
+4.902 +12.353 +4.704 +49.77 +8.050 +91.80
8 Gy 200.89 286.57** 73.06%** 985.56%** 210.57%%* 1507.0%**
+3.602 +6.604 +4.798 +73.16 +4.436 +50.88
Pet8 Gy 199.19 283.58%** 111.70%%** 1006.6%*** 297.84%** 2035.1%%*
+6.912 +2.565 +4.529 +17.13 +5.456 +29.29

(0), Activity expressed as um substrate hydrolyzed /min/ml plasma.

(B), Activity expressed as pm substrate hydrolyzed /min/gm tissue
(*), Significant at P = 0.05; (**), significant at P = 0.01; (***), significant at P = 0.005, ANOVA One way test.
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TABLE 2. The effects of lonizing radiation, Pg juice and their combination on plasma Total cholesterol, Triglyceride,
HDL, LDL, and VLDL. The results are presented as means = SD (values expressed as mg of substance/dl)

Groups Total Cholesterol Triglyceride HDL LDL VLDL
65.5 75.4 30.0 13.7 20.6
Control

+1.86 +4.853 +1.224 +0.643 +0.867
P 61.8 67.2 394 8.4 14.00%**
g +0.583 +1.827 +0.509 +0.429 +0.426
10 8(). 2%k 127 .4%%* 30.6 23.2%%* 25.5%%*
Y +3215 +3.458 +0.979 +0.831 +1.088
73 .4%%% 108.2%%*%* 329 17.7 2] .3%%*

Pg+4 Gy
+1.964 +5.238 +0.823 +0.928 +1.301
$G 100.6%** 179.6%** 30.8 33 ]%%* 36.1%**
Y +4.445 +2.610 +2.457 +1.324 +0.536
83.0%** 108.6%** 33.8 27.8%%* 21.6%%*

Pg+8 Gy
+2.569 +3.544 +0.969 +1.480 +0.909

(*), Significant at P= 0.05; (**), significant at P= 0.01; (***), significant at P=0.005.

Cytogenetic study

Comet assay

The chosen comet parameters to be recorded
are: the percentage of DNA in the comet tail
DNA%T (ratio between the intensity of the tail
and the intensity of the comet), tail length TL, tail
moment TM (product of the TL and DNA%T)
and olive moment OM (product of DNA%T and
the distance between the intensity centroids of
the head and the tail along the horizontal axis of
the comet). These comet parameters are used to
assess the DNA damage. As illustrated in Fig 1

and Table 3 y-irradiation in both doses of 4 Gy and
8 Gy caused a significant increase in the recorded
comet parameters that designated the DNA
damage induced by y-irradiation when compared
with the control group. On the other hand, oral
administration of the Pg juice did not show any
significant damage to DNA as compared with
the control group. However, administration of
Pg juice orally caused a significant reduction in
the DNA damage that was induced by 4 Gy and 8
Gy when compared with the respective irradiated
groups.

Fig. 1. Photomicrograph showing, (A): Typical of undamaged cell from the control group. Different degrees of
comet that were observed in all different treated groups; where B: From Pg group, C: From 4 Gy, D: From

Pg+4 Gy, E: 8 Gy and F: From Pg+8 Gy
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TABLE 3. The effect of oral administration of Pg juice on the comet parameters (DNA%T, TL, TM, and OM)
which indicated the genetic damage induced by (4 Gy and 8 Gy) y-irradiation in rat bone marrow [The
results are presented as means + SD]|

Groups DNA%T TL ™ oM
Control 6+1.1 3+0.1 0.4+0.1 0.78+0.2
Pg 9.6+2.0% 4.65+1.9% 1.08+0.7% 1.43+0.5%
4 Gy 47.243.0* 28.82+3.9° 18.56+4.8 12.4£2.5°
Pg+4 Gy 9.3+1.6 5.05+1.8% 1.18+0.9% 1.53+0.6%
8 Gy 52.6+4.0° 34.28+8.0* 24.76+6.3% 13.7643.1*
Pg+ 8 Gy 15.4+1.8¢ 9.27+1.7% 3.07+0.4% 3.1+0.5b°

a: Compared with control group
b: Compared with 4 Gy group
¢: Compared with 8 Gy group
(P<0.005)

Micronucleus test

The micronucleus test was used to detect
MNPCEs and MNNCE:s that are recognized by an
intermittent small nucleus as shown in Fig. 2. The
incidence of MNPCE and MNNCE significantly
increased and the ratio of PCE/PCE+NCE
significantly decreased in the 4 Gy & 8 Gy groups
as compared with the control group, as shown
in Table 4, due to the genotoxicity which was
caused by y-irradiation. On the other hand, there
were no significant changes in the frequency
of MNPCE, MNNCE, and the ratio of PCE/

PCE+NCE when compared to the control group
after the oral administration of Pg juice alone
without y-irradiation. When compared to the 4 Gy
group, oral administration of Pg juice prior to 4Gy
-irradiation resulted in a significant reduction in
the frequency of MNPCE and MNNCE as well
as an increase in the ratio of PCE/PCE+NCE.
Moreover, oral administration of Pg juice before 8
Gy y-irradiation reduced the incidence of MNPCE
and MNNCE as compared with the respective
irradiated group.

Fig. 2. Light-microscopic photos of different rat’s bone marrow smears showing; (A): Normal PCE and NCE, (B):

MNPCE, (C): MNNCE

TABLE 4. The effect of oral administration of Pg juice on the genotoxicity (indicated by MNPCE, MNNCE and
PCE ratio) induced by 4 Gy and 8 Gy y-irradiation in rat bone marrow [The results are presented as

means £ SD]

Groups MNPCE/1000PCE MNNCE/1000NCE PCE/PCE+NCE%
Control 1.8+1.3 0.4+0.5 48.6+2.3

Pg 2.2+0.8% 1.8+0.4% 45.4+4.0%

4 Gy 15.6£2.2%¢ 7.24+0.8¢ 34+3.8°

Pgt+4 Gy 5.840.8%¢ 4.4+]1.1%¢ 43.6+3.8"

8 Gy 25.445.2% 8.6+2.3¢ 37+9.5¢
Pg+8 Gy 10.241.3%¢ 6+1.6* 42.6+4.5°

a: Compared with control group
b: Compared with 4Gy group

¢: Compared with 8Gy group
(P<0.005)

Egypt. J. Rad. Sci. Applic. 34, No.1, 2 (2021)



APPRAISAL OF THE PROTECTIVE ROLE OF PUNICA GRANATUM AGAINST ... 111

Discussion

Radiation can be utilized as adjuvant therapy
in cancer, but it can also impact tissues with
higher levels of cellular division, resulting
in inflammation and necrosis as end point
hallmarks of high dose radiation injury. Multiple
physiological processes may cause cellular
damage when exposed to radiation; however
the formation of oxygen free radicals followed
by lipid peroxidation may be one of the most
important components in this chain of events
(Ceron et al., 2014). ROS interact with biological
components such as DNA, lipids, and proteins.
In radiation-exposed rats, liver damage causes
a disruption in the oxidant/antioxidant ratio as
well as an inflammatory response including DNA
breakage and the generation of inflammatory
cytokines (Sisakht et al., 2020). The present work
focuses on the DNA damage and esterases enzyme
family in the plasma and the liver tissues, which is
known as an active role in detoxification (Fukami
& Yokoi, 2012; Hatfield et al., 2016), oxidative
stress (Li et al., 2013), and atherosclerosis
(Khosravi et al., 2019).

The current study’s findings revealed that
whole-body v-irradiation (4 & 8 Gy) of rats
resulted in a substantial decrease in the activity
of CarE and PON in plasma, and liver tissues as
compared to their equivalent values in the control
group of rats. The considerable drop in PON
activity may be due to an increase in its use to
neutralize the excess of free radicals produced
in the various tissues after y-irradiation; these
findings are corroborated by Kimak et al. (2011).
CarE is reduced by y-irradiation but in a way that is
difficult to interpret from a biological standpoint.
CarE appears to be highly sensitive to pollutants
or radiation in insects, mollusks and rodents,
with responses that are quite precise since they
are not coupled with a change of tissue protein
concentration. This susceptibility to environmental
stresses is expected given that these enzymes
are involved in a variety of metabolic activities,
including hormone metabolism, reproduction
and development, nervous system development,
and cell signaling. Therefore gamma rays may
have impacts on general metabolism (Gagnaire
et al., 2019). Another possible explanation for
the decrease in the enzyme activity caused by
irradiation is that enzymes are protein molecules,
and thus oxidative modification of proteins could
contribute to enzyme inactivation. Furthermore,

it is hypothesized that the enzyme-inactivating
action of ROS or lipid peroxides induced by
irradiation can overwhelm enzyme synthesis
capability (Yang et al., 2011). The administration
of Pg juice prior to y-irradiation had a modulatory
impact on the activity of CarE and PON in
plasma, and liver tissues. This may be attributed
to the high polyphenolic content of Pg, which
contributes to its antioxidant properties (Seeram
et al., 2005; Kaur et al., 2000).

AChE, the enzyme that swiftly divides
acetylcholine into acetate and choline, has non-
cholinergic actions that may contribute in the
regulation of cell growth and death (Xiang et
al., 2008). The current study’s AchE activity
results showed that it is not affected dramatically
by irradiation and this is in accordance with the
study of Gagnaire et al. (2019) who suggested that
AchE does not appear to be a meaningful long-
term biomarker for the effect of y-irradiation.

The results obtained from the present work
indicated that Pg juice significantly reduced
VLDL, than in the control group. Some previous
studies indicated that Pg juice reduces oxidative
stress and plasma lipid in healthy individuals
(Aviram et al., 2000; Matthaiou et al., 2014). The
reason for the lack of knowledge about the action
mechanism of Pg could be attributed in part to
the variety of fruit components and the regulation
of antioxidant and detoxification enzymes, cell
signalling, and gene expression, among other
cellular effects (Sahebkar et al., 2016). Meanwhile
4 Gy and 8 Gy irradiation elevated cholesterol,
triglycerides, LDL, and VLDL levels, Pg juice
administration prior to irradiation combated this
elevation and improved LDL/HD and total/HDL
ratios. lonizing radiation caused oxidative stress,
which could affect hepatic lipid metabolism and
serum lipoproteins (El-Missiry et al., 2007).
According to Onody et al. (2003), ionizing
irradiation is allied with the induction of oxidative
stress as well as elevated levels of lipid fractions
and LDL. The hyper-lipidemic state observed in
the irradiated rats may be due to increased fat
mobilization from adipose tissues as a result of
radiation-induced cellular bio-membranes injury.
Moreover, a decrease in lipoprotein lipase activity
(clearance aspect) reduces the lipid uptake by
adipose cells. Likewise, the increased total
cholesterol level could be a result of increased
synthesis as an early reaction required for bio-
membranes repair (Saada et al., 2003). Pg juice
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contains Tannins, Cumarins, Saponins, Flavonoids
and Triterpens (Mustafa & AbdElrahman, 2015).
Tannic acid conveyed anti hyper-lipidemic
activity in rats (Seeram et al., 2004).

In the present study, cytogenetic results in
bone marrow cells showed highly significant
frequencies of MNi and comet parameters in
irradiated rats as compared to the control group.
These results are in-accordance with Song et al.
(2007). Free radicals are produced by ionizing
irradiation oxidise lipids, producing reactive
compounds such as aldehydes, ketones, and
hydroxy-acids. The direct interaction of these
chemicals with DNA has been shown to cause
genetic damage (Harangi et al.,, 2004). On the
other hand, Pg juice exhibits no genotoxicity at
used dose and this is in agreement with Hussien
et al. (2015). Moreover, The authors found that
pretreatment with Pg juice significantly decreased
DNA damage induced by gamma irradiation.
The flavonoid rich fractions of Pg juice have
anti-peroxidative effect as stated in the study of
Sudheesh & Vijayalakshmi (2005). Moreover,
Guo et al. (2007) reported that, Pg extracts has
antioxidant activity and prevent DNA damage.
Additionally, De Salvi (2005) revealed that the
Pg whole fruit extract could scavenge reactive
oxygen species caused by hydrogen peroxide, a
mechanismthatallows itto protectthe DN A against
the lesions provoked by it. The antimutagenic
effect of the bioactive Pg compounds has been
demonstrated by a decrease in the frequency of
genotoxicant-induced chromosomal aberrations
(Alekperov, 2002). The Pg fruits also exhibited
scavenging ability for (02.), (H,0,), (OH) and
(NO), with its potent free radical quenching
capacity and expected to inhibit oxidative damage
to biomolecules (Noda et al., 2002). Droge (2002)
reported that certain flavonoids and phenols have
protective effect due to its antioxidant properties.
Antioxidant potential of Pg juice is attributed to
its high polyphenolics content (Seeram et al.,
2005; Kaur et al., 2006). In addition, the PON
inhibits the formation of new oxidative radicals
by hydrolyzing lipid peroxides, thereby avoiding
DNA oxidative damage. Increased PON activity
inhibits lipid peroxidation, which may contribute
to the the reduction of oxidative DNA damage
observed by the comet test (Harangi et al., 2004).

Conclusion

Pg juice pretreatment prior to y-irradiation
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in rats had a modulatory effect on esterasing
enzyme disruption, hyper-lipidimic activity, and
cytogenetic damage caused by irradiation. This
effect could be attributed to its ability to scavenge
free radicals. The Pg juice contains an enormous
amount of polyphenolic compounds, which may
account for its antioxidant activity.

Disclosure of interest: The authors report no
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