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This study shows to what extent treatment with Ziziphus mauri-
tiana Lam can ameliorate the hazards induced by exposing animals to 
EMW with a frequency of 950 MHz and 4 Gy single dose of gamma 
ionizing radiation in serum and liver tissue. Rats were segregated into 
six groups control, EMW, whole body γ- irradiation, EMW followed by 
γ- irradiation and EMW followed by Ziziphus extract then exposed to 
γ- irradiation groups. Irradiation with 4 Gy γ- rays significantly increased 
the levels of serum Alpha-Fetoprotein (AFP), Alanine Aminotransferase 
(ALT) and Aspartate Aminotransferase (AST) activities; with substantial 
reductions in liver glutathione peroxidase (GPx), while lipid peroxides 
as malondialdehyde (MDA), nitric oxide (NO), Heat Shock Protein 70 
(HSP 70), Nuclear Factor κB (NFkB) and tumor suppressor protein (P53) 
levels significantly increased in liver tissue after EMW or ionizing radia-
tion exposure. However, these effects became marked in all parameters 
in Group 5 as compared either to Group 3 or 4. Interestingly, among 
the tested parameters, ziziphus extract showed significant recovery in the 
previous biochemical parameters. Ziziphus extract is effective antioxi-
dants and could be attenuate oxidative damages caused by electromag-
netic and ionizing radiation.
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INTRODUCTION

Electromagnetic wave, to which mobile 
phone belongs to, is a type of non- 
ionizing radiation that emits sufficient 
energy only for excitation instead of 
generating charged ions when passing 

through matters. The potential biological action of 
mobile phone on human body found to be through 
the generation of heat (thermal effect) that may lead 
to a rise in tissue or body temperature and the haz-
ards depend on its ability to permeate human body 
and absorption characteristic of different tissues. 
Thermal effects may induce disturbance in cellular 
function and development (Deepinder et al., 2007). 
The inflicted tissue injury in humans could take 
place due to the body’s facility to dissipate the exces-
sive heat. Furthermore, exposure to electromagnetic 
wave emitted from the cell phone caused a produc-
tion of free radicals and disruption of their metabo-
lism that contribute to formation of oxidative stress 
(Ghodbane et al., 2013). According to Desai and his 
colleagues’ acute exposure to electromagnetic wave 
can excite plasma membrane NADH oxidase which 
can raise the formation of reactive oxygen species 

(Desai et al., 2009), while chronic exposure to reac-
tive oxygen species (ROS) can lead to phosphory-
lation of heat shock proteins (HSP) which prevents 
apoptosis. Inhibition of apoptosis might encourage 
carcinogenesis by prolonging survival of cells with 
DNA damage. Moreover, according to Shckorbatov 
the mechanism of EMW induced chromatin conden-
sation may include the primary effects associated 
with changes in DNA protein interaction by EMW 
(Shckorbatov, 2014).

On the other hand, all types of ionizing radia-
tion generate ions contribute to the creation of free 
radicals; reactive oxygen species and reactive nitro-
gen species. Excess production of free radicals or 
reductions in antioxidant level can lead to oxidative 
stress in target tissues elevation of cytokines levels 
and other intercellular signals. Intercellular signals 

encourage production of free radicals and inflam-
matory mediators by intermediate enzymes such as 
cyclooxygenase-2 (COX-2), nitric oxide synthase 
(NOS), NADPH oxidase. Furthermore, some experi-
ments suggested that some cytokines such as IL-1β, 
TNF-α, IL-4 may help mitigate radiation toxicity. 
Owing to the harmful effects of ionizing radiation, 
applications of an external source of antioxidants 
can support in coping with this oxidative stress (La 
Verne, 2000). Therefore, to find out the effective, 
non- toxic, natural compounds with antioxidant ac-
tivity has been massive to protect humans against 
non-ionizing and ionizing radiation induced normal 
tissue injuries.

The medicinal plants are given more consider-
ation for their efficiency, safety and synergistic ef-
fects as illustrated in WHO played a key role in hu-
man health care. Ziziphus mauritiana belongs to the 
family Rhamnaceae (WHO, 1993). The leaf extract 
found to be helpful in liver diseases, asthma and fe-
ver (Morton, 2004). The chemical composition of 
the plant has been studied and well known by Ikram 
and Tomlinsim (1976) and Younes et al. (1996). 
Phytochemical compounds present in the Ziziphus 
mauritiana leaf extract with possible antioxidant 
activity are tannins, phenolic compounds and fla-
vonoids. The principle constituent of all-important 
oil was alpha-terpineol (16.4%), which inhibits 
the growth of tumor cells by a mechanism that in-
volves inhibition of the NF-κB pathway (Hassan et 
al., 2010). While the large percentage of flavonoid 
content was found in the leaves (0.66%); that pos-
sess many biochemical properties, merely the best 
described property is their capability to work as anti-
oxidants. Mechanisms of antioxidant action include 
(1) destruction of ROS formation either by inhibition 
of enzymes or by chelating trace elements involved 
in free radical generation; (2) up-regulation or pro-
tection of antioxidant defenses and (3) scavenging 
ROS (Mishra et al., 2013). According to Dahiru and 
his colleagues’ ethanol extract of Ziziphus mauriti-
ana leaf exhibited hepatoprotective activity against 
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carbon tetrachloride (CCl4) -induced liver damages 
in rats (Dahiru et al., 2006).

This work was intended to determine the effects 
of the hazards of EMW in mobile phone range and/ 
or ionizing radiation as environmental pollutants. 
The current study was extended to evaluate the ef-
ficacy of ethanol extract of Ziziphus mauritiana leaf 
treatment on rats exposed to electromagnetic waves 
and gamma rays induced liver oxidative injury. 

MATERIALS AND METHODS

Materials 

The fresh leaves of Ziziphus mauritiana Lam. 
blongs to the family Rhamnaceae. were collected 
from the farms of Atomic Energy Authority, Inshas, 
Egypt. Plant leaves were authenticated by Dr. No-
heir Sherif, Assistant professor of Phytocognosy 
(NCRRT). The plant material was air dried and kept 
in a firmly closed container till the process of extrac-
tion.

All chemicals used in these experiments were 
purchased from Sigma Chemical Co.

Extract preparation 

The zizphus extract was prepared by soaking 
200g of dried and powdered leaves in soxhlet extrac-
tor for 48 hours at 60 c, and then solvent was evapo-
rated to dryness at 50-55 C using a rotary evaporator. 
Finally, the lypholization was done (Kil et al., 2009). 
The extract was stored at 4°C till the analysis of dif-
ferent parameters. 

Animals and treatments

Animals

Male albino rats used in the current study were 
obtained from animal breeding unit of the na-
tional center for radiation research and technology 
(NCRRT), Nasr City, Egypt. Each animal weigh 
120-150 gm with the age of 10 to 12 weeks. Rats 
were housed under standard conditions of controlled 

humidity, temperature and light. The animals were 
allowed free access to water and were fed a stan-
dard pellet rat diet. The survey was conducted in 
conformity with the guidelines lay out by the Euro-
pean Economic Community (EEC) regulations (Re-
vised Directive 86/609/EEC) and sanctioned by the 
Ethical Committee at the Faculty of Pharmacy, Cairo 
University.

Electromagnetic wave (EMW) exposing process 

Animals were exposed to electromagnetic wave 
using a device that’s designed and constructed lo-
cally in the Radiation Physics Department, NCRRT, 
Nasr City, Cairo, Egypt. The device was constructed 
to study the biological effect between 0.01 and 20 
GHz (Gharib et al., 2010). The animals were ex-
posed to microwave 950 MHz at a specific absorp-
tion rate (SAR = 1.6 W/ Kg) for 60 days (3 hrs daily 
during the light period).

Irradiation process

A single dose whole body irradiation (4 Gy) was 
performed with rats, using Canadian gamma cell- 40 
biological radiator furnished with Cesium 137 source 
(Atomic Energy of Canada LTD), National Center 
for Radiation Research and Technology (NCRRT), 
with the dose rate 0.6797 rad/Sec. The gamma cesi-
um cell was calibrated by alanine dosimetry relative 
to a primary standard. Correction were made daily 
for humidity, temperature, and barometric pressure.

Experimental Design

Rats were segregated into six groups (n=6). 
Group 1 received saline and served as controls. 
Group 2 was orally administered with a cumulative 
dose of Ziziphus (400 mg/ Kg b.wt for 14 consecu-
tive days) diluted in 0.4 ml distilled water. Group 3 
was exposed to whole body electromagnetic wave 
950 MHz three hours daily for 60 days.  Group 4 
was exposed to irradiation whole body gamma with 
a single dose of 4 Gy. Group 5 was exposed to whole 
body electromagnetic wave 950 MHz three hours 
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daily for 60 days followed by ionizing γ irradiation 
(4 Gy). Group 6 was exposed to electromagnetic 
wave 950 MHz three hours daily for 60 days and 
they were orally administered with the cumulative 
dose of 400 mg/Kg Ziziphus at the last 14 days; at 
the end of the day 60, animals were exposed to 4 Gy 
single dose of whole body γ- irradiation. All animal 
groups were sacrificed after 48 hours of radiation 
exposure, blood samples were withdrawn from the 
retro-orbital venous plexus using non heparinized 
capillary tubes and liver samples were immediately 
removed, rinsed with saline to eliminate blood con-
tamination, dried by blotting with filter paper and 
then divided into two portions for various biochemi-
cal and histopathological examinations.

Biochemical Analysis

Each blood sample was collected into non-hep-
arinized tube. The blood samples were allowed to 
coagulate and then centrifuged at 3000 r.p.m. for 20 
min. The separated sera were used for the estimation 
of AFP, ALT and AST, while the following param-
eters were measured in the liver homogenate of the 
six tested rat groups, according to the instructions of 
their referred methods. 

METHODS

Assessment of hepatic biochemical markers in 
serum

Serum AFP was colorimetrically assayed using 
the rat AFP ELISA Kit. In addition, serum AST and 
ALT activities were colorimetrically assayed using 
test reagent kit according to Huang et al., 2006.

Assessment of hepatic antioxidant and oxidative 
stress biomarkers

Liver tissues were homogenized in ice-cold 0.1 
M phosphate buffer saline (pH 7.4) for estimation of 
the activity of Hepatic glutathione peroxidase (GPx) 
was evaluated according to Prabhu (2002), hepatic 
lipid peroxides using malondialdehyde (MDA) as an 

indicator according to the method of Devasagayam 
(2003). In addition, hepatic nitric oxide (NO) was 
evaluated according to Baezzat et al. (2011).

Assessment of NFkB, heat shock protein (HSP70) 
and P53

Hepatic NFkB was determined using rat Nuclear 
Factor κB (NFκB) Elisa kit (Competitive ELISA). 
Catalog number: MBS722386 for tissue homog-
enates, Synatom Research,Princeton, New Jersey, 
United States.  Furthermore, gene expressions of 
HSP70 and P53 were estimated by Quantitative real-
time PCR technique.

RNA extraction

Total RNA was purified from the liver tissues us-
ing RN easy Purification Reagent (Qiagen, Valencia, 
California) according to the manufacturer’s proto-
col. Extracted RNA was quantified by spectropho-
tometer at 260/ 280 nm and its integrity was assessed 
by gel electrophoresis on 1% agarose gel stained 
with ethidium bromide. Reverse transcription was 
carried out on 5 μg RNA from each liver sample us-
ing MMuLV reverse transcriptase in a 50 μL reac-
tion volume. Mixtures of the reverse transcription 
were used for amplification of fragments specific for 
liver heat shock protein 70 and P53by PCR using the 
primer pairs listed below.

Real-time quantitative polymerase chain reaction 
(PCR) 

Liver heat shock protein and P53 gene expres-
sion were measured by means of real time PCR (RT- 
PCR). In brief, first-strand cDNA synthesis was per-
formed with the Super Script Choice System (Life 
Technologies, Breda, Netherlands) according to the 
manufacturer’s protocol. For quantitative real-time 
PCR, 5 ul of first-strand cDNA was used in a total 
volume of 25 ul, containing 200 ng of specific prim-
er and 12.5 ul 2x SYBR Green PCR Master Mix. 

The primer sequences of heat shock protein (HSP70) 
as follows:
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Forward; 5-TTCGTGGCTGGAGGTCAATC-3, and 
Reverse; 5-TAATGATTTGAAGATGAGGGG-3, 
(Gene bank accession number; NM_005527.3). 

The primer sequences for P53 as follows: 

Forward; 5’-CGCAAAAGAAGAAGCCACTA-3, 
and Reverse; 5′-TCCACTCTGGGCATCCTT-3, 

The primer sequence for Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) as follows:

Forward: TCATTGACCTGAACTACAT Reverse: 
GAAGATGGTGATGGACTT
(Gene bank accession number; NM_001087756.1). 

PCR reactions consist of 1 cycle at 95˚C for 
10 min, 94˚C for 15 Sec and 40 cycles at 60˚C for 
1 min. These reactions were performed on an ABI 
Prism 7900 HT Fast Real Time PCR system (Ap-
plied Biosystems). The mRNA levels were calcu-
lated based on the method of Livak and Schmittgen 
(2001). Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) (R&D Systems Inc., USA) was used as a 
housekeeping gene.

Tissue preparation for histology

Liver was dissected apart, removed, cut into 
pieces of approximately 5 x 5 x 5 mm. The pieces 
were immersed in Bouin’s solution (7.5 ml of satu-
rated picric acid, 2.65 ml of glacial acetic acid and 
2.5 ml 7% formaldehyde) as a fixative for 4 hr at 
room temperature under continuous gentle gyrotory 
shaking; the fixative was changed once. The Bouin’s 
fixative was washed from the samples with 70% ethyl 
alcohol and fixed cross sections of the liver were em-
bedded in paraffin wax by routine methodology. The 
paraffin blocks were cut into 5µm thick sections and 
stained with hematoxylin and eosin (H & E) (Car-
son, 1992). All liver sections were examined using 
light microscope.

Statistical analysis system

The data were expressed as mean ± standard de-
viation (SD) and were analyzed by one- way analysis 

of variances (ANOVA) followed by Tukey-Kramer 
multiple comparisons test. Statistical analysis was 
done by using Graph-Pad software, San Diego, CA, 
USA. Differences were considered statistically sig-
nificant when P<0.05.

RESULTS

Biochemical results

Table (1) exemplifies the effect of EMW and/ or 
4 Gy γ-radiation exposures on liver biomarker mea-
sured as serum AFP level as well as ALT and AST 
activities. Exposing rats to EMW and/ or irradia-
tion caused a significant rise in serum AFP level as 
matched to control rats. The increase in AFP, ALT 
and AST activities were more obvious in the group 
exposed to double treatment of EMW and γ-rays 
(group 5). The percentage differences of AFP, ALT 
and AST level in group 5 was 168.4%, 182% and 
78%, respectively as compared to normal control 
levels (group 1). Otherwise, the difference between 
EMW exposure group (group 3) and 4 Gy dose of 
gamma radiation exposure group (group 4) is non-
significant in all the previous parameters. Moreover, 
administration of ziziphus to EMW and irradiated 
rats (group 6) caused a full restoration showing a non 
significant change as in all serum biomarkers levels 
as compared to the control group Table (1). 

Table (2) show the effect of EMW and/ or 4 
Gy γ-radiation exposures on both liver antioxidant 
and oxidative stress bio-markers that measured as 
the activity of GPx as well as NO and MDA lev-
els, respectively. Treated rats with EMW and/ or 4 
Gy γ-radiation (groups 3, 4 & 5) revealed a signifi-
cant decline in liver GPx activity accompanied by a 
sharp rise in NO and MDA levels as compared to the 
control group (group 1).  The percentage differences 
of GPx decline were 41.9%, 49.4% and 69.3%, re-
spectively, while the increase recorded in NO as 69, 
139.5 and 318.7%, respectively, and MDA levels re-
corded 326.4%, 313% and 578.6%, respectively as 
compared to group (1), while there is a significant 
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difference between EMW exposure group (group 3) 
and 4 Gy dose of gamma radiation exposure group 
(group 4) in NO level. The activity of GPx showed a 
marked fall in the group of animals submitted to the 
both treatment (EMW and γ-rays, group 5). On the 
other hand, the increase was insignificant between 
EMW and IRR group (group 3 and 4) in case of NO 

and MDA, while a combined treatment as in group 
5 (EMW + IRR) showed a marked increase in liver 
NO and MDA levels as compared to control group. 
Administration of the Ziziphus extract (groups 6) 
caused a moderate amelioration in GPx (-24%), NO 
(74%) and MDA (123.6%) levels when compared to 
normal control level (Table 2). 

Table (1) : Changes in serum AFP level, ALT and AST activities, in EMW and/ or γ- radiation exposed rats 
	      and the ameliorative role of ethanol ziziphus extract treatment.

Table (2) : Changes in liver GPx activity, NO and MDA levels in EMW and/ or γ-radiation exposed rats and 
	      the ameliorative role of ethanol ziziphus extract treatment.

Parameter

Experimental groups

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Control Z EMW IRR EMW+IRR EMW+Z
+IRR

AFP (ng/ml) 0.77±0.125 0.643±0.029b 1.4±0.089a, b 1.45±0.045a, b 2.067±0.197a 0.905±0.031b

ALT (U/L) 16.05±2.96 17.83±4.22 23.38±4.05b 21.06±0.86b 45.29±10.69a 24.48±5.19b

AST (U/L) 44.82±9.5 39.82±8.24 64.99±5.42a 78.34±13.66 a 79.82±10.06 a 46.54±9.21b

Results are expressed as means ± SD (n=6).
(a) Significantly different from the control group, (b) significant different from (EMW+ IRR) treated group at P<0.05. Statistical 
analysis was held out by one- way ANOVA followed by Tukey- Kramer Multiple Comparison Test.

Results are expressed as means ± SD (n=6).
(a) Significantly different from the control group, (b) significantly different from (EMW+ IRR) treated group at P<0.05
Statistical analysis was carried out by one way ANOVA followed by Tukey- Kramer Multiple Comparison Test.

Parameter

Experimental groups

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Control Z EMW IRR EMW+ IRR EMW+Z
IRR +

GPX
)U/g protein( 84.35±1.74 83.97±6.55b 49.03±1.53a, b 42.67±4.07 a, b 25.87±4.15 a 64.05±6.4 a, b

NO
 µmol/g(
)protein

11.9±1.52 11.1±1.87b 20.13±2.95a, b 28.5±2.66 a, b 49.83±8.45a 20.7±0.89a, b

MDA
 nmol/g(
)protein

1.45±0.22 1.39±0.48b 6.183±5.416a 5.989±13.66a 9.839±10.06a 3.242±9.213 b
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Exposing rats with EMW and/ or radiation 
(groups 3, 4 and 5) shown a highly significant rise 
in Both liver HSP70 with the percentage difference 
198%, 292% and 416%, respectively, and NF-κB with 
the percentage difference 49.8%, 70% and 103.9%, 
respectively, that accompanied by a pronounced de-
crease in P53 with percentage differences 42.6, 63.4 
and 50.5% when compared to control rats group 
(group 1). Moreover, the difference between EMW 
exposure group (group 3) and 4 Gy dose of gamma 
radiation exposure group (group 4) is non-significant 

in both HSp70 and P53 expression levels. However, 
rats treated with Ziziphus extract (groups 6) showed 
a descent in the increase of HSP70 (32.9%, 19% and 
61%, respectively) and NF-κB (12.9%, 41.9% and 
36%, respectively) levels that induced by EMW and/ 
or radiation exposure (groups 3, 4& 5). Moreover, 
administration of the Ziziphus extract (groups 6) to 
rats caused a moderate restoration -17% in P53 as 
compared to control group, since Ziziphus treatment 
was affected obviously on the level of the previous 
parameters (Table 3).

Table (3) : Changes in liver HSP 7, NFkB and P53 levels in rats exposed to EMW and/ or γ-radiation and 
	      the ameliorative role of ethanol ziziphus extract treatment.

Results are expressed as means ± SD (n=6).
(a) Significantly different from the control group, (b) significant different from (EMW+ IRR) treated group at P<0.05
Statistical analysis was carried out by one way ANOVA followed by Tukey- Kramer Multiple Comparison Test.

Parameter

Experimental groups

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

Control Z EMW IRR EMW+ IRR EMW+Z
+IRR

HSP 70 1.04±0.046b 1.01±0.01b 3 .1±0.268a, b 4.08±0.319a, b  5.37±1.05a 2.08±0.018a, b

NFkB
nmol/g(
)protein

75.7±3.9b 81.43±5.99b 113.43±7.92a, b 129.01±17.48a, b 154.33±10.94a 98.75±2.19a, b

P53 1.01±0.015b 1.003±0.005b 0.58±0.117 a, b 0.37±0.187 a, b 0.197±0.052 a 0.837±0.049a, b

Histopathological results

The histology of control group slides shows an 
average central vein with intact epithelial lining, the 
hepatocytes arranged in single cell cord with aver-
age blood sinusoid, portal vein and bile duct (Figure 
1). In case of rats exposed to electromagnetic wave 
with the frequency of 950 MHz or 4 Gy gamma rays; 
the central vein became dilated with intact epithelial 
lining and dilated congested blood sinusoids with 
scattered apoptotic hepatocytes. The portal vein be-
came mildly dilated with mild inflammatory cellular 

infiltrate in portal tract. Exposure to electromagnetic 
waves 950 MHz and gamma radiation (4 Gy) showed 
hepatocyte necrosis, marked inflammatory infiltrate 
and expanded Portal tracts (Figure 2), meanwhile 
Figure (3) showed that ziziphus treatment improve 
this inflammation and protect against hepatocyte ne-
crosis and hepatocytes were arranged in single cell 
cords, central vein was average in size and has an 
intact epithelial lining. 
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DISCUSSION

In this study exposure to EMW had a significant 
influence on rat liver; confirmed by the intensifica-
tion in the serum level of AFP, AST and ALT compar-
ing to the control group levels, proposing that ROS 
were generated under the experimental conditions 
employed due to the possible effect of EMW and/ or 
ionizing radiation, which affects the mitochondrial 
membranes to produce great quantities of oxygen 
radicals; causing leakage of large quantities of serum 
enzymes into the blood stream was associated with 
centrilobular necrosis, ballooning degeneration, and 
cellular infiltration of liver (Ozguner et al., 2005). 
Moreover, EMW and/or radiation exposure on rats 
affected a significant reduction in the natural pro-
cess of liver GPx with the rise in the NO, MDA and 
HSP 70 levels as compared to control values. Afore-
mentioned investigators accounted comparable data; 
they noticed a decrease in the level of GPX with a 
rise in the level of NO (Ozguner et al., 2005), MDA 
(Akan et al., 2010) and HSP 70 (Fahmy et al., 2016) 
in liver tissue, after EMW as well as, γ-ray expo-
sure. The decrease in the activity of liver GPx could 
be owing to either free radical dependent inactiva-
tion of enzyme or decline of its co- substrates, that 
is GSH and NADPH (Dahiru and Obidoa, 2008).  
Accordingly, the capability of liver to scavenge toxic 
H2O2 and lipid peroxide was lessened (Akan et al., 
2010). Thus, dropped antioxidant status partially 
explains the mechanism of hepatotoxicity induced 
by EMW and /or γ-irradiation. Cellular response to 
stresses is signified at the molecular level by speedy 
synthesis of molecular chaperones such as HSP70 
(Huang et al., 2001). Through the chaperone role, 
HSPs are likely to defend proteins against dena-
turation or oxidative inactivation, or support in the 
folding of stress-modified proteins (Martindale 
and Holbrook, 1999). HSP70 and HSP90 chaper-
ones cooperate in client protein folding to an active 
conformation, protein stabilization, and protein turn-
over by the creation of multichaperone complexes. 
The regulation of Hsp90 client proteins is connected 

Fig. (1): Group 1 (Control):  liver tissue showing average 
central vein with intact epithelial lining (blue arrow), 
hepatocytes arranged in single-cell cords (black arrow) with 
average blood sinusoids (yellow arrow) (H&E X 400).

Fig. (2): Group 5 (EMW+ IRR): liver tissues showing areas 
of necrosis (blue arrows) with apoptotic (black arrows) and 
bi-nucleated hepatocytes (yellow arrow) (H&E X 400).

Fig. (3): Group 6 (EMW+ Z+ IRR): liver tissues showing 
average central vein with intact epithelial liming (blue 
arrow), hepatocytes arranged in single cell cords (black 
arrow) with dilated irregular blood sinusoids (yellow arrow) 
(H&E X 400).
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to the function of Hsp70. It initially tries to buffer 
the effect of oxidative damage followed by Hsp70-
depndent protective events (Pratt et al., 2010). Cells 
have developed mechanisms associated with induc-
tion of HSPs to maintain cellular homeostasis and 
try to cope with the overloading of ROS produced 
during oxidative stress.  The similar results were ob-
tained in the present study. In addition, the rise in 
NO and MDA levels due to EMW exposure and/ or 
γ-irradiation was considered as an index of increased 
ROS production occurring throughout the exposure 
period and may reflect the pathological process of 
the exposure. The increase was suggesting a poten-
tial action of EMW in inducing nitric oxide synthase 
under experimental disorders. In addition, the posi-
tive correlation found between NO and MDA levels 
may propose that NO behaves as an oxidant radical 
(Ozguner et al., 2005).

The present study indicated that EMW and/ or 
radiation exposure of rats produced a significant in-
crease in liver NF-κB gene expression, which was 
go together with a decrease in P53 level, that is in 
agreement with the results recorded by Cacha-o et 
al., 2010. Alteration in all tested parameters was am-
plified in rats exposed to EMW and γ-rays; repre-
senting that irradiation strengthens the toxic effect of 
EMW. Interestingly, these results may be mainly due 
to the induction of TNF- α after radiation exposure 
(Klefstrom et al., 1997) , The NF-kB family of tran-
scription factors has an essential role in protecting 
the cells from apoptosis during exposure to a variety 
of stressors. Under normal condition, NF-kB is pres-
ent in the cytoplasm in an inactive form by inhibitory 
κB (IκB). Once activated, IκB is phosphorylated and 
degraded, which permits NF-κB p50 to translocate 
to the nucleus and induce the expression of its tar-
get genes upon activation by oxidative stress stimuli, 
hence resulting in release of pro-inflammatory cy-
tokines, which ultimately leading to hepatic dam-
age (Shih et al., 2015), (Tang et al., 2017). Since 
exposing to EMW and/ or ionizing radiation expo-
sure lead to excessive ROS production, it activates 

the transcription factor to modulate the antioxidant 
system. A few earlier reports demonstrated that an 
increase in ROS may result in NF-kB activation and 
other transcription factor such as MAPK which can 
have important consequences for cell survival and 
cell signaling (Bowie and O’Neill et al., 2000). In 
our present results once ROS levels increased after 
EMW and/ or ionizing radiation exposure it affects 
the antioxidant status specifically glutathione metab-
olism that induce an increase in lipid peroxidation. 
In such situations, HSPs act as the central mediators 
to regulate the NF-kB activation and translocation 
process. Moreover, Klefstrom and his colleagues 
mentioned that P53 and NF-κB may functionally 
control each other (Klefstrom et al., 1997). In ad-
dition, ROS induced by the exposure of EMW and 
ionizing radiation, are the most common factors that 
induce NF-κB activation (Xiao et al., 2008). EMW 
and ionizing radiations activate NF-κB via the pro-
tein kinases ATM or DNA-PK. ATM is a nuclear 
serine kinase that upon sensing DNA damage stimu-
lates several signaling pathways to modulate the cell 
cycle, stress and DNA repair (Fahmy et al., 2016). 
According to Tang and his colleagues’ the interac-
tion of Toll like receptor (TLR) 4 and lipopolysac-
charide (LPS) result in the stimulation of NF-κB 
(Kawai and Akira, 2007), which is composed of 
p50 and p65 subunits (Tang et al., 2017). According 
to the above results the effect of 4 Gy dose of gamma 
radiation is more pronounced than that of EMW ex-
posure in some parameters, this may be due to the 
nature of both types of radiation. Ionizing irradia-
tion is more harmful to human and animals per unit 
of energy deposited than non-ionizing radiation, as 
the ions that are developed are excited to combine in 
semi-random techniques with other particles in the 
environment and form free radicals (Li et al., 2000). 
By contrast, most non-ionizing radiation is damag-
ing to organisms only in proportion to the thermal 
energy deposited and is usually considered harmless 
at low powers that do not create a considerable tem-
perature increase (Deepinder et al., 2007).
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Based on the results of the current study ad-
ministration of leaves ziziphus extract improves the 
toxicity induced by both non-ionizing and ionizing 
radiation exposure recorded as a decrease in AFP, 
ALT and AST activities as well as the histological 
results of liver organ. This decrease may be due to 
the protection of both plasma membrane and liver 
cells contrary to membrane damage as a result of ra-
diation toxicity and, by this means, decreasing the 
leakage of serum enzymes markers into circulation 
(Dahiru and Obidoa, 2008). According to Hikino 
and his colleagues’ tannins are known to apply anti-
hepatotoxic action (Hikino et al., 1985). The basis 
for the hepatoprotective action of tannins has been 
ascribed to the formation of an impervious poly-
phenol- protein and/ or polysaccharide layer under 
which the natural healing processes can occur (Ya-
hyapour et al., 2018). An interesting outcome in the 
present study was the effect of ziziphus extract ad-
ministration on irradiated rats by both non- ionizing 
and ionizing radiation induced a significant improve-
ment of HSP 70, NF-kB and P53 levels comparable 
as the irradiated group of animals. According to Bon-
giovanni and his colleagues’ the dietary supplemen-
tation of flavonoids may cause protection against 
acute HSP (Bongiovanni et al., 2007). Moreover, 
flavonoids inhibit the expression of HSP70, which 
in turn modulates the activities of GPx that regulate 
cellular redox status (Fischer et al., 2018), (Guo 
et al., 2007). The results suggested the pharmaco-
logical possibilities of flavonoids in diseases derived 
from the abnormal expression of HSP. As well, it 
was reported that Kaempferol and quercetin; the 
ones belong to flavonoid found in ziziphus extract 
(Herbani and Bintari, 2017); inhibited the NF-kB 
through the suppression of the phosphorylation of 
IKK and IKKB accompanied with a reduction in 
nucleus and cytoplasm (Porras et al., 2016) causing 
a modulation of iNOS (nitric oxide synthase), which 
play the major role in regulating the high levels of 
nitric oxide (Rezaeyan et al., 2016). In addition, 
Najafi et al. demonstrate that the flavonoid could re-

duce NO radical production through the preventing 
the binding of NF-kB to the iNOS promoter (Najafi 
et al., 2018). The collective evidence suggests that 
flavonoid interfere with NF-kB activation not only 
by correcting the changes in the cell redox state, but 
also by specific binding to proteins tangled in the NF-
kB (Gomes et al., 2008). Our result further showed 
that the rats orally treated with ziziphus extract along 
with non-ionizing and ionizing γ-irradiation signifi-
cantly improved the double unfavorable effects. This 
is obvious by the increase in the level of antioxidant 
GPx enzyme and the decrease in the level of MDA 
in liver. Literature survey revealed that polypheno-
lic compounds have been shown to guard various 
cell types from oxidative stress mediated cell injury 
(Sasaki et al., 2002). The phenolic structure of fla-
vonoids partition into the hydrophobic core of the 
membrane can cause a modification of lipid fluidity 
(Arti et al., 2000). Flavonoids have been reported to 
reduce the peroxidation of polyunsaturated fatty ac-
ids in cell membranes. These substances, could react 
with the deeper membrane domains and intracellular 
structures, and guard the cells from oxidant injury 
(Kaviaran et al., 2006).

The histological examination of liver tissue in 
group of animals exposed to EMW and a single dose 
of gamma rays ionizing radiation showed histopath-
ological changes, which may be owing to the inter-
action of free radicals with the polyunsaturated fatty 
acids in phospholipids portion of cell membrane ini-
tiating the lipid peroxidation chain reaction (Spitz 
et al., 2004). Administration in rats with ziziphus 
extract to the irradiated animals with both EMW 
and γ- rays ionizing radiation showed a significant 
amelioration in the configuration and architecture of 
liver tissue that may be attributed to the anti-hepato-
toxic action, free radical scavenging and antioxidant 
agents of ziziphus extracts. Moreover, the improve-
ment in the hepatic tissue structure was confirmed 
by the biochemical parameter estimated in this study.     
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CONCLUSION

Our present biochemical and histological data 
demonstrated clearly that exposing animals to non- 
ionizing or ionizing radiation caused hazard effects 
due to thermal and free radical action. In addition 
to the synergistic effects which became more obvi-
ous in case of animals exposed to both types of ra-
diation. On the other hand, ziziphus extract, with its 
anti-hepatotoxic action, free radical scavenging and 
antioxidant properties, appears to be encouraging 
agent in guarding the hepatic tissue against EMW 
with a frequency of 950 MHz and a single dose of 
gamma rays ionizing radiation (4 Gy) exposures in-
duced oxidative damages. Further study should be 
done on this plant to formulate it as an antioxidant 
drug for treatment of hazards induced due to mobile 
phone and ionizing radiation exposure.
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