Synergistic Effect of Ellagic Acid and Certain Trace
Element on Some Biochemical Disorders Induced By
Gamma-Irradiation in Male Albino Rats
Thesis submitted for Fulfilment of Master's Degree
In Pharmaceutical Science (Biochemistry)
Presented by

Mai Hamdy Ahmed Mekkawy

Pharmacist, Drug Radiation Research Department
National Centre for Radiation Research and Technology (NCRRT)
Atomic Energy Authority
Under Supervision of

Prof. Dr/ Ola Sayed Mohamed Ali

Professor and Head of Biochemistry Department
Faculty of Pharmacy (Girls)
Al-Azhar University

Prof. Dr/ Ahmed Shafik Nada

Professor of Physiology
National Centre for Radiation Research and Technology (NCRRT)
Atomic Energy Authority

Dr/ Doaa Mohamed Mohamed Abd Elateif
Assistant professor of Biochemistry
Faculty of Pharmacy (Girls)
Al-Azhar University
Biochemistry Department
Faculty of Pharmacy (Girls)
Al-Azhar University
2013

Acknowledgement
I am deeply indebted to Allah forever, as he gives me the life, creates me in a
very good structure, and helps me throughout my life in everything. I submit myself to
Allah, the Almighty who blessed me with courage to initiate and conclude this work.
It has been such an honour working with knowledgeable people throughout the
development of this thesis. There are a number of individuals; I would like to
acknowledge whose support has made this body of work possible.
I want to express my deepest thanks, gratitude and profound respect to my
honored professor, Prof. Dr. Ola Sayed Mohamed Ali, Professor and head of
Biochemistry department, Faculty of pharmacy (girls), Al Azhar University, for her
meticulous supervision.
I ‘d like to express my gratitude and sincere thanks to Prof. Dr. Ahmed Shafik
Nada, Professor of Physiology, Drug Radiation Research Department, National Centre
for Radiation Research and Technology (NCRRT), Atomic Energy Authority (AEA) for
his keen supervision, valuable guidance and encouragement. He offered deep experience
and continuous support.
I’d like to express my sincere thanks and appreciation to Dr. Doaa Mohamed
Mohamed Abd elateif, Assistant Professor of Biochemistry, Biochemistry Department,
Faculty of Pharmacy (girls), Al Azhar University, for her kindness, valuable advices
and continuous encouragement to the better.
I am deeply grateful to Dr. Marwa Abd elhameed mohamed, Assistant lecturer
of biochemistry, (NCRRT), (AEA) for her encouragement and cooperative spirit.
Also, I would like to thank all staff members and my colleagues of Drug
Radiation Research Department, (NCRRT), (AEA) who helped me by away or
another.

Dedicated to
- The spirit of my dear father, deep thanks and appreciation to my beloved father for
his kindness, patience and continuous advice; God bless his soul.
- My kind mother, who without her cooperation and support it wouldn’t be possible to
manage my life & complete this work.

- My dear husband Hesham Yehia, a special word of gratefulness is directed to him
for his encouragement and cooperation.
- My beloved brothers & my sister who were, and will always support me with
encouragement, love and tenderness all my life.
- My lovely daughter Salma and beloved son Mohammed who enlighten my life.

Mai Hamdy Ahmed Mekkawy

Acknowledgment
List of Figures
List of Tables
List of Abbreviations
1. Introduction & Aim of Work ......................................................... 1
2. Review of literature .......................................................................... 3
Radiation and its type .............................................................................. 3
Radiation Exposure ................................................................................. 5
Interaction of ionizing radiation with living organisms .......................... 7
Radiolosis of water .................................................................................. 9
Biological Effects of Ionizing Radiation ................................................. 9
Effects of ionizing radiation on the hematopoietic system .................... 10
Effects of ionizing radiation on liver function ....................................... 12
Effects of ionizing radiation on protein profile ..................................... 14
Effect of ionizing radiation on renal functions...................................... 15
Effects of ionizing radiation on lipid profile ......................................... 17
Effects of ionizing radiation on serum iron, TIBC and Transferrin...... 18
Effects of ionizing radiation on Glucose level....................................... 19
Effects of ionizing radiation on antioxidant defensive status................ 20
Trace elements ....................................................................................... 27
Trace elements in protection against radiation hazards......................... 28
Copper ................................................................................................... 29
Iron ....................................................................................................... 30
Calcium ................................................................................................ 32
Magnesium ............................................................................................ 33
Manganese ............................................................................................ 34
Zinc ....................................................................................................... 35
Essentiality of zinc................................................................................. 35
Bioavailability of zinc complexes ......................................................... 37
Effect of γ-irradiation on Zn metabolism .............................................. 38
Radiation Protection and Recovery with zinc Chelates ....................... 39
Mechanisms of the radioprotection action of zinc metal ...................... 40
Health benefits of zinc complexes......................................................... 41
Chemical structure of zinc aspartate...................................................... 43
Neutraceuticals protection against radiation hazards ............................ 44
Ellagic acid as a polyphenol .................................................................. 46
Natural sources of ellagic acid............................................................... 46
Chemical structure of ellagic acid ......................................................... 46
Metabolism of Ellagic acid .................................................................... 47
Biological effects and health benefits of Ellagic acid ........................... 48
Ellagic acid as a radioprotector.............................................................. 52

3. Materials and methods................................................................... 53
I. Materials............................................................................................. 53
Experimental animals ............................................................................ 53
Irradiation............................................................................................... 53
Treatments.............................................................................................. 53
Chemical and Kits.................................................................................. 54
II. Expermental design........................................................................... 55
Work groups........................................................................................... 55
Sampling ................................................................................................ 57
III. Methods .......................................................................................... 58
Parameters assessed in whole blood ...................................................... 58
Parameters assessed in blood Serum ..................................................... 58
Parameters assessed in tissue homogenate ........................................... 76
IV. Statistical analysis ........................................................................... 85
4. Results .............................................................................................. 86
5. Discussion ...................................................................................... 135
6. Summary and Conclusion............................................................ 170
Recommendation and Future directions ........................................ 174
7. References...................................................................................... 176
Arabic Summary

List of Abbreviations
ALP

Alkaline Phosphatase

ALT

Alanine transaminase

Amu

Atomic mass unit

ANOVA

Analysis of variance

AST

Aspartate transaminase

b.wt.

Body weight

Ch

Cholesterol

DTPA

Diethylene triamino pentaacetic acid

EA

Ellagic acid

GSH

Reduced glutathione

GSH-Px

Glutathione peroxidase

Gy

Gray (unit of radiation)

H2 O2

Hydrogen peroxide

Hct%

Hematocrits percentage

HDL

High Density Lipoproteins

Hb

Hemoglobin

HMG-COA

3- Hydroxyl - 3- methyl glutaryl coenzyme A

I.P

Interperitoneal

IR

Irradiated group

LDL

Low density lipoprotein

LPO

Lipid peroxidation

MDA

Malondialdehyde

mRNA

Messenger ribonucleic acid

MT

Metallothionein

NADPH

Reduced nicotinamide adenine dinucleotide phosphate

Pt

Platelets

RBCs

Red blood corpuscles.

Rem

Unit of biological dose relative to γ- rays

ROS

Reactive oxygen species

SOD

Superoxide dismutase

TBARS

Thiobarbituric acid reactive substance

TC

Total cholesterol

TCA

Trichloroacetic acid

TG

Triacylglycerols

TIBC

Total iron binding capacity

UV-B

Ultraviolet beam

VLDL

Very low density lipoprotein

WBCs

White blood cells

ZA

Zinc aspartate

List of Figures
Figure
No.

Title

Page
No.

1

Sources of radiation exposure.

7

2

Damaging effect of ionizing radiation on DNA, and
Radiolysis of water in a cell.

8

3

Lipid peroxidation of cell membrane by free radicals.

22

4

Chemical structure of Zinc L-aspartate.

43

5

Some mechanisms by which natural plant products
render radioprotection.

45

6

Diagram shows the molecular structure of ellagic acid.

47

7

Standard curve of AST.

60

8

Standard curve of ALT.

62

9

Standard curve of reduced glutathione.

81

10

Effect of Ellagic acid and Zinc aspartate on RBCs,
WBCs, Pt count, Hb and Hct%.

88

11

Effect of Ellagic acid and Zinc aspartate on serum AST,
ALT and ALP in normal and irradiated rats.

91

12

Effect of Ellagic acid and Zinc aspartate on serum
albumin and total protein concentration in normal and
irradiated rats.

94

13

Effect of Ellagic acid and Zinc aspartate on serum TG,
TC, LDL-c and HDL-c in normal and irradiated rats.

97

14

Effect of Ellagic acid and Zinc aspartate on serum
creatinine and urea in normal and irradiated rats.

100
103

15

Effect of Ellagic acid and Zinc aspartate on serum iron,
TIBC and transferrin concentration in normal and
irradiated rats.

16

Effect of Ellagic acid and Zinc aspartate on serum
glucose in normal and irradiated rats.

106

Page
No.

Figure
No.

Title

17

Effect of Ellagic acid and Zinc aspartate on hepatic SOD,
LPO, GSH and MTs in normal and irradiated rats.

111

18

Effect of Ellagic acid and Zinc aspartate on renal SOD,
LPO, GSH and MTs in normal and irradiated rats.

116
119

19

Concentration levels of Zn (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat
groups.

122

20

Concentration levels of Cu (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat
groups.

125

21

Concentration levels of Fe (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat
groups.

128

22

Concentration levels of Ca (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat
groups.

131

23

Concentration levels of Mg (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat
groups.

134

24

Concentration levels of Mn (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat
groups.

List of Tables
Page
No.

Table
No.

Title

1

Effect of Ellagic acid and Zinc aspartate on WBC, RBC,
Pt, Hb and Hct % in normal and irradiated rats.

87

2

Effect of Ellagic acid and Zinc aspartate on serum AST,
ALT and ALP in normal and irradiated rats.

90
93

3

Effect of Ellagic acid and Zinc aspartate on serum albumin
and total protein concentration in normal and irradiated
rats.

4

Effect of Ellagic acid and Zinc aspartate on serum TG,
TC, LDL-c and HDL-c of normal and irradiated rats.

96
99

5

Effect of Ellagic acid and Zinc aspartate on serum
creatinine and urea concentration of normal and irradiated
rats.

6

Effect of Ellagic acid and Zinc aspartate on serum iron,
TIBC and transferrin of normal and irradiated rats.

102

7

Effect of Ellagic acid and Zinc aspartate on serum glucose
of normal and irradiated rats.

105
110

8

Effect of Ellagic acid and Zinc aspartate on SOD, LPO,
GSH and MT levels of liver tissues of normal and
irradiated rats.

115

9

Effect of Ellagic acid and Zinc aspartate on SOD, LPO,
GSH and MT levels of kidney tissues of normal and
irradiated rats.
Concentration levels of Zn (µg/g fresh
spleen, kidney, testis and heart tissues
groups.
Concentration levels of Cu (µg/g fresh
spleen, kidney, testis and heart tissues
groups.

tissue) in liver,
of different rat

118

tissue) in liver,
of different rat

121

10

11

Table
No.
12

Page
No.
Concentration levels of Fe (µg/g fresh tissue) in liver, 124
spleen, kidney, testis and heart tissues of different rat
groups.
Title

127

13

Concentration levels of Ca (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat
groups.

130

14

Concentration levels of Mg (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat
groups.

133

15

Concentration levels of Mn (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat
groups.

Introduction & Aim of Work

1. Introduction & Aim of Work
Ionizing radiation has been found to produce deleterious effects on
the biological system. The cellular damage induced by ionizing radiation is
predominantly mediated through generation of ROS which when present in
excess can react with certain components of the cell and cause serious
system damage to various organs, tissues, cellular and subcellular structures
(Ward, 1988; Nelson, 2003).
Under normal conditions, there is a balance between the generation
of ROS and the cellular antioxidant system. Antioxidant enzymes are part
of this system responsible for removal and detoxification of free radicals
and their products formed by ionizing radiation (Kilciksiz et al., 2008).
Most of these enzymes are affected by trace elements which act as essential
activators or cofactors for them to exert their action. So, any disturbances in
trace elements level post-irradiation will in turn affect the level of these
enzymes (Sorenson, 2002).
Essential trace elements of the human body include zinc, copper,
selenium, chromium, cobalt, iodine, manganese and molybdenum although
these elements account for only 0.02 % of the total body weight they play
significant roles, e.g. as active centers of enzymes or as trace bioactive
substances (Kodama, 1996). They involved in many biochemical processes
supporting life; the most important of these processes are cellular
respiration, cellular utilization of oxygen, DNA and RNA reproduction,
maintenance of cell membrane integrity, and sequestration of free radicals
so they act as antioxidant (Chan et al., 1998).
Polyphenols are a broad family of natural compounds widely found
in plant foods, they are nutritionally important for their antioxidant
activities and protective functions against disease risk caused by oxidative
1
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stress. Recent studies have shown that some phenolic compounds have
antiinflamatory, anticancer, anticarcinogenic or antimutagenic activities
(Maciel et al., 2011). Ellagic acid is a naturally occurring polyphenolic
compound; it has been receiving the most attention because of its wide
array of biological properties, such as radical scavenging, chemopreventive,
anticancer, antiviral and antibacterial properties (Devipriya et al., 2008).
The present study aims to elucidate the biochemical effects of whole
body gamma irradiation (6.5Gy) on male rats and to investigate the possible
protective role of oral administration of Ellagic acid (50mg/ kg b.wt.) and /
or Zinc Aspartate (50mg/ kg b.wt.) against gamma irradiation-induced
biochemical changes and oxidative stress in rats.
Also, it is aim to studying the effects of whole body gamma
irradiation (6.5Gy) on some trace elements level in different rat tissues and
to illustrate the ameliorative effect of Ellagic acid and / or Zinc Aspartate
against gamma irradiation-induced trace elements level disturbances.
In order to achieve the goal of the present study; liver function,
kidney function, lipid profile, protein profile, glucose, iron, total iron
binding capacity and transferrin were measured in serum. Complete blood
picture was performed in whole blood. The antioxidant status; reduced
glutathione, superoxide dismutase and metallothioneins as well as the
concentration of thiobarbituric acid reactive substances were assayed in
liver and kidney tissues. Also, the present study is devoted to throw more
light on the essential trace elements (Zn, Cu, Fe, Ca, Mg and Mn) changes
in different studied tissue organs (liver, spleen, kidney, testis and heart).

2

2. Review of literature
Radiation and its types
Radiation is an energy that is transmitted in the form of waves or
particles and it has two fundamental types, ionizing and non-ionizing
radiation. The main difference between them is the amount of energy they
possess. Ionizing radiation has higher energy and has an ability to break
chemical bonds and remove electrons from atoms, causing ionization of
atoms and produce free radicals that can result in biological damage, and it
includes alpha particles, beta particles, gamma rays and x-rays. Nonionizing radiation does not have enough energy to remove electrons from
atoms so doesn't cause ionization but disperses the energy through heat and
it includes infrared, visible light, microwaves, radar, radio waves and lasers
(Prasad, 1984; Hall and Giaccia, 2006).
I. Ionizing radiation
Ionizing radiation consists of both particles and electromagnetic
radiation. The particles are further classified as electrons, protons, neutrons,
beta and alpha particles depending on their atomic characteristics. The most
common electromagnetic radiation with enough energy to break chemical
bonds and make ionization which alters biological function is x-rays and
gamma rays. Exposure to this radiation can cause cellular changes such as
mutations, chromosome aberration and cellular damage (Morgan, 2003).
1- Alpha particles
Alpha particles are energetic heavy particles with a high mass (4 amu)
and high charge (+2) they are nucleus of helium (42He), also they travel a few
centimeters in air so they have a very limited capability of penetration and they
do not exert external hazards except if taken into the body by inhalation or
ingestion; Alpha radiations can be stopped by a sheet of paper less than (1.0
cm) of air or human skin (Friedlander et al., 1981).

2-Beta particles
Beta particles are much less massive (0.0005 amu) and less charged
than alpha particles which can be positively or negatively charged, also they
interact less intensely with atoms in the materials they pass through which
gives them a longer range than alpha particles. All beta emitters, depending
on the amount present, can produce a hazard if inhaled, ingested or
absorbed into the body. Beta particles travel 10-20 feet in air, but can be
reduced or stopped by a layer of clothing, book or a thin sheet of aluminum
foil (Cember, 1996).
3-Neutron
The neutron is an indirectly ionizing particle. It is indirectly ionizing
because it does not carry an electrical charge (uncharged particles)
(Friedlander et al., 1981).
4-Electromagnetic wave
A- Gamma rays
A gamma ray is photons of electromagnetic radiation originate from
the nucleus of unstable atoms during radioactive decay. Gamma rays are
identical in nature to other electromagnetic radiations such as light or
microwaves but are of much higher energy. They have no mass or charge,
Also they are able to travel many feet in air depending upon their initial
energy. Gamma radiation is typically shielded using very dense materials
like lead or steel (Turner, 1995). Examples of gamma emitters are Cobalt60, Zinc-65, Cisium-137 and Radium-226.
B- X-ray radiation
Like gamma ray, an x-ray is photons electromagnetic radiation
emitted from an atom, also x-ray has the same properties as gamma ray

relative to mass, charge, distance traveled and shielding except that the xray is not emitted from the nucleus. In addition x-ray is produced from
changes in the positions of the electrons orbiting around the nucleus, as the
electrons transfer to different energy levels. Examples of x-ray emitting
radio-isotopes are iodine-125 and iodine-131 (William, 1994).
II. Non-ionizing radiation
Non- ionizing radiations have no enough energy to ionize atoms and
interact with materials in ways that create different hazards than ionizing
radiation. Examples of non-ionizing radiation include: microwaves, visible
light, radio waves, TV waves, and ultra violet waves light (Ng and Figg,
2003).
Radiation Exposure
From the beginning, life on this planet has been exposed to
ionizing radiation from natural sources. For about one century additional
irradiation has reached us from man-made sources (Roth et al., 1996).
Radiation accidents may result from radiation exposure to only a few or a
several hundreds of people, according to the type of accident and the
amount of radiation exposure. Radiation exposure can occur as external
exposure, for instance, from a sealed radiation source, or as internal
exposure due to the intake of radionuclides. In a nuclear disaster scenario
like the Chernobyl accident, a combination of external and internal
radiation exposure could occur. Radiation exposure can also be classified to
either chronic or acute, depending on the period of time of radiation
exposure. Another important factor that can affect treatment and outcome is
whether the whole body of a person was affected homogeneously or if only
localized radiation exposure of a part of the body occurred (Dorr and
Meineke, 2011).
Types of Exposures

1-Occupational Exposure
There is a wide variety of situations in which persons at work are
exposed to ionizing radiations, ranging from work involving small amounts
of radioactive material, e.g., tracer work, through work with radiation
equipment, to work in a nuclear fuel cycle facility. There are also situations
where the exposure of workers to natural sources of radiation is sufficiently
high to warrant its management and control as an occupational hazard.
Because of the ubiquity of radiation of natural origin, the direct application
of the definition of occupational exposure to radiation means that all
workers should be subject to regime of radiological protection (Kotb,
2005).
2-Medical Exposure
This is confined to exposures incurred by individuals (patients
herein) as part of their own medical diagnosis or treatment and to exposures
incurred knowingly and willing by individuals helping in the support and
comfort of patients undergoing diagnosis or treatment like radiotherapy in
cancer treatment (DiCarlo et al., 2008). Exposure of an individual to other
sources, such as stray radiation from diagnosis or treatment of other persons
and any occupational exposure of staff, is not included in medical exposure
(Comark et al., 1994).
3-Public Exposure
International Commission on Radiological Protection (ICRP) stated
that the public exposure encompasses all exposures other than occupational
and medical exposures. Public exposure to natural sources is by far the
largest, but this provides no justification for reducing the attention paid to
smaller, but more readily controlled exposures to artificial sources (ICRP,

1996).

Figure (1): Sources of radiation exposure (Baker et al., 2011).
Interaction of ionizing radiation with living organisms
When the living organisms are exposed to ionizing radiation, they
could be affected either directly or indirectly or by both effects. The effects
of irradiation on biological matter have been studied extensively.
Direct interaction
Ionizing radiation causes damage directly to DNA or other important
molecules in the cell (Ward, 1988; Nelson, 2003). Unrepaired DNA
damage is known to lead to genetic mutations, apoptosis, cellular
senescence, carcinogenesis and death (Oh et al., 2001). While much
remains to be learned about mechanisms of disease induction by radiation,
much is known of the way in which ionization causes damage to DNA,
stable mutations can lead to uncontrolled cell division, cells can accumulate
mutations, and clonal expansion can lead to malignancy (Mobbs et al.,
2011).
Indirect interaction

A second type of cell damage is indirect cellular damage which
occurs when radiation strikes the cytoplasm surrounding the nucleus rather
than the nucleus itself. The cytoplasm is composing primarily of water and
intercellular fluid. When radiation interacts with a water molecule, certain
free radicals can be formed. The free radicals are chemically reactive, and
they can cause the cell to become chemically imbalanced; the result is cell
damage, thus termed indirect interaction. If the damage is so great that the
cell cannot repair itself, the result is the same as in direct cell damage, the
cell dies or the cellular DNA damage leads to mutation and cancer
(Hosseinimehr and Nemati, 2006).

Figure (2): Damaging effect of ionizing radiation on DNA, and Radiolysis
of water in a cell (explaining the direct and indirect effect of ionizing
radiation).
Radiolysis of water
Ionizing radiation interacts with water molecules to form an ionized
pair consisting of a free electron (e-) and an ionized water molecule (H2O+) in

a process termed radiolysis. The free electron rapidly interacts with water to
form the hydrated electron (H2O-), which decomposes to OH- and H.
The second ion from the ion pair, H2O+, decomposes to H+ (hydrogen
ion) and OH˙ (hydroxyl radical) (Tubis and Wolf, 1976).
This can be summarized as follows:
H2O → H2O+ +e¯
e¯ + H2O → (H2O¯) → OH¯+ H˙
H2O+ → H˙ + OH˙
The end products of the radiolysis of water without oxygen are: H˙, OH˙, H+
and OH¯.
Free radicals (H˙ and OH˙) are highly reactive with considerable
energy that can produce biological damage. If oxygen is present in the
irradiated tissues, then an increased amount of damage might be expected to
be produced through the production of hydroperoxy radical (HO2˙), the
hydroperoxy ion (HO2¯) and hydrogen peroxide (H2O2) (Dowd and Tilson,
1999).
Biological Effects of Ionizing Radiation
Ionizing radiation cause ionization or excitation of atoms and
molecules which produce free radicals, break chemical bonds, produce new
chemical bonds and cross-linkage between macromolecules. Also, it can
make damage of molecules that regulate vital cell processes (e.g. DNA,
RNA, proteins). The cell can repair certain levels of cell damage that
produced at low doses of radiation (sublethal dose), such as that received
every day from background radiation (Feinendegen et al., 1995). However,
at extremely high doses (lethal dose), cells cannot be replaced quickly
enough and tissues function will affected.
The most sensitive cells are undifferentiated, well nourished, divide
quickly and are highly metabolically active cells. Among the body, the most

sensitive are blood-forming organs (bone marrow stem cells), reproductive
organs, spermatogonia and gastrointestinal stem cells. Moreover, the
quickly dividing tumor cells which are more sensitive to ionizing radiation
than the majority of body cells (Hall and Giaccia, 2006). The developing
embryo is most sensitive to radiation during the early stages of
differentiation. However, the least sensitive tissues are nerve cells, bones
and muscle fibers (Mettler and Upton, 1994).
The biological effects of radiation can be grouped into two
categories: deterministic (non-stochastic) and probabilistic (stochastic).
Radiation effects that are produced after a certain threshold dose of
radiations are called deterministic effects. Those effects that may occur
without a threshold dose are called stochastic effects (Hassib, 1995).
Effects of ionizing radiation on the hematopoietic system
One of the most critical and most vulnerable organ systems to
radiation exposure is the hematopoietic system, since the limited life-span
of blood cells requires continuous cell divisions of hematopoietic stem cells
in the bone marrow. The impairment of the hematopoiesis will result in
pancytopenia of various degrees with consecutive increased risk of
infection, hemorrhage and anemia (Waselenko et al., 2004). Irradiation
from γ-rays can cause severe damage to bone marrow and hematopoietic
tissues (Shao et al., 2010; Liu et al., 2011).
Total white blood cell count was lowered drastically after
sublethal radiation exposure (ninth day, 1500+/-500 cells/ mm(3)) (Manu
et al., 2007). Also, Total body irradiation induces long-term bone marrow
suppression in part by induction of hematopoietic stem cell senescence
through reactive oxygen species (Li et al., 2011).
RBCs are extensively used in studies of aging processes related to the
ROS action because their membrane is rich in polyunsaturated lipids and

hemoglobin is a strong catalyst of free radical reactions which may initiate
lipid peroxidation. Therefore the red blood corpuscles (RBC), being a
unique carrier of oxygen, is highly susceptible to oxidative stress
(Kaczmarska et al., 2011). Moreover, a significant decline was shown in
the mean values of (RBC), (WBC) counts, hemoglobin concentration (Hb)
and hematocrit percentages (Hct %) in whole body gamma-irradiated rats at
dose 6Gy compared with the control non-irradiated rat (Abou-Seif et al.,
2003b; Salama, 2009). Also, significant decrease in total erythrocyte and
leucocyte counts, Hb, and Hct values were observed in the irradiated group
at all radiation doses studied (6, 8, and 10Gy) (Samarth and Kumar,
2003).Furthermore, the dose range of 7.2 to 10.8 Gy promotes a decrease in
total amounts of blood leukocytes, bone marrow and spleen cells (Surkova
et al., 2010). In addition, whole-body exposure of Swiss albino mice to γrays 6Gy reduced the total WBC count on the 9th day. Moreover, the
number of bone marrow cells in control animals was reduced after 11 days
of irradiation (Pratheeshkumar et al., 2010).
Experimental investigations performed on day 28, 8Gy irradiation
cause changes in the counts of blood cells, thrombocyte count, hematocrit
and the erythrocyte count by decreasing manner in the irradiated group
(Rhee and Lee, 2011). Also, exposure to a sublethal total-body dose
of radiation 6.5Gy induced not only acute bone marrow suppression but
also residual (or long-term) bone marrow injury. The induction of residual
bone

marrow

injury

is

primarily

attributed

to

the

induction

of hematopoietic cell senescence by ionizing radiation (Wang et al., 2011).
Total-body irradiation doses in the range of 2-8 Gy are associated with a
drop in mice peripheral blood counts, peripheral blood lymphocytes,
neutrophils, hematopoietic syndrome and decreased bone marrow

cellularity at day 5 (Goff et al., 2011). Same results obtained by Verma et
al. (2011) when radiation exposure is 6Gy and on day 3 after irradiation.
Effects of ionizing radiation on liver function
The influence of stress on the liver is of interest from the clinical
view because stress plays a potential role in aggravating liver diseases in
general and hepatic inflammation in particular, probably through generation
of reactive oxygen species (Zaidi et al., 2005).
A lot of researches indicated that whole body gamma irradiation
caused elevation in transaminases (AST and ALT) as well as alkaline
phosphatase (ALP) which reflect the degree of liver injury (Sallie et al.,
1991; Nada, 2008; Adaramoye, 2010). In addition, changes in the same
serum enzymes (AST, ALT and ALP) are considered useful indicators in
detecting

sub-clinical

hepatocellular

damage

(Sridharan

and

Shyamaladevi, 2002).
1- Effect of ionizing radiation on alanine amino transferase (ALT) and
aspartate amino transferase (AST)enzymes
AST and ALT are enzymes catalyze the transfer of an amino group
from α-amino acid to α-keto acid and their high concentration reflect liver
injury caused by ionizing radiation (Bhatia and Gupta, 2007).
Exposure of rats to gamma irradiation (1Gy, 3Gy, 5 Gy) resulted in
an increase in AST and ALT (Pradeep et al., 2008). Acute whole body
irradiation with different dose levels of gamma rays (0.25 to 8 Gy) induces
significant increase in the activities of AST and ALT in 1, 2, 3 and 4 weeks
post

irradiation

(Azab

et

al.,

2001).

Gamma

radiation

(4Gy)

induced liver damage was studied in male albino rats and showed increases
in ALT and AST activities at 24 hours after exposure (Adaramoye et al.,
2008).

Furthermore, exposure of rats to gamma-radiation (2Gy- 8Gy)
resulted in an increase in AST and ALT activities and bilirubin (total and
direct) content (Mansour and El-Kabany, 2009). Also, exposure to 5Gy of
γ-radiation caused significant increases in the levels of serum ALT and
AST after 8 weeks. Precisely, ALT and AST levels were increased by 69%
and 82%, respectively when compared with control (Adaramoye et al.,
2011).
2- Effect of ionizing radiation on alkaline phosphatase enzyme (ALP)
ALP is a hydrolytic enzyme, acting on phosphoric esters with the
liberation of inorganic phosphate from different substrates. In addition,
ALP is essentially involved in the passive transport mechanism (Verma
and Nair, 2001).
Sublethal radiation exposure (LD50/30) caused an elevation in
serum and liver ALP (Manu et al., 2007). Similar biochemical changes
were observed by Omran et al. (2009) who found that, 1.5Gy gammairradiated groups for 5 days receiving final dose up to 7.5Gy resulted in an
increase in ALP compared to control one. Whole-body exposure of Swiss
albino mice to γ-rays (6Gy) could elevate the levels of ALP in both serum
and liver of

irradiated

animals

(Pratheeshkumar

et

al.,

2010;

Pratheeshkumar and Kuttan, 2011).
Effects of ionizing radiation on protein profile
1- Effects of ionizing radiation on serum total protein
Serum proteins are synthesized and secreted by several cell types
depending on the nature of the individual serum protein. An important
function of serum protein is the maintenance of the normal distribution of
body water by controlling the osmotic balance between the circulating

blood and the membrane of tissues, and the transport of lipids, hormones
and inorganic materials (Harper et al., 1977).
Irradiation induced the loss of aromatic amino acids and of helicity so
that fragmentation and aggregation products were obtained. The
thermodynamic properties of the protein were also modified (Chapelier et
al., 2001). In addition, radiation-induced binding of oxygen by protein in
relation to its concentration (Kharchenko and Pavlovskaia, 1976).
Regarding the radiation damage to protein, two types of damage are
observed: fragmentation (break down of the polypeptide chain) and
aggregation (formation of inter-protein cross-linking reactions, hydrophobic
and electrostatic interactions and the generation of disulphide bond)
(Woods and Pichaev, 1994; Gaber, 2005).
The radiation exposure has significant effect on serum protein level
in several instances (Stram et al., 1990). In addition, (Kilciksiz et al.,
2011) suggested that, irradiation with single dose (6Gy) of rat liver has a
negative

effect

on

the

cellular

proteins

by

enhancing

3-

nitrotyrosine formation. Single dose of total body gamma irradiation
(6.5Gy) to mice induced detectable decrease in total protein (Badr El-din,
2004). Same results obtained from Alil et al. (2007) which documented a
marked decrease in total protein contents in blood upon exposure to 6.5Gy
γ-irradiation. The levels of albumin, total protein and total globulin were
significantly decreased in sera of irradiated rats with dose of 2 and 4Gy (ElMissiry et al., 2007). In addition, irradiation at dose level of 4Gy resulted
in significant decrease in plasma total protein and globulin concentrations
(Assayed, 2010).
2- Effect of ionizing radiation on serum albumin
Albumin is the most abundant plasma protein, accounts for about
60% of the total protein in serum, it has numerous physiological functions

including regulating the distribution of water, maintaining normal plasma
colloid oncotic pressure and transporting endogenous and exogenous
ligands (Zhao et al., 2012).
It has been reported that the serum albumin was cleaved by the
oxidative destruction of proline residues, yielding specific protein
fragments, aggregation and cross-linking of proteins by radiation
(Mohamed, 2005).
Serum albumin levels are decreased after 9.5Gy single-dose total
body irradiation (Moulder et al., 1990). In addition, gamma-irradiation
(6Gy) caused a significant decrease in albumin level compared to control
(El-Tahawy et al., 2009).
Effect of ionizing radiation on renal functions:
Radiation showed renal impairment after local kidney irradiation or
total body irradiation (Robbins and Bonsib, 1995). It leads to biochemical
changes in the irradiated animals, which may suffer from continuous loss in
body weight which could be attributed to disturbances in nitrogen
metabolism usually recognized as negative nitrogen balance. Accordingly,
it could be expected that this may cause an increase in the urea level,
ammonia concentration and amino acid contents in blood and urine due to
great protein destruction induced by gamma irradiation. Also, increases of
creatinine have been reported after exposure to irradiation; it is an evidence
of marked impairment of kidney function (Best and Taylor, 1961).
It has been reported that the male rats were exposed to 10Gy (single
dose) of total-body irradiation lead to kidneys injury (Sieber et al., 2009).
Also, total body irradiation was delivered as a single fraction of 7.5Gy
caused significantly chronic renal failure (Delgado et al., 2006).
1- Effect of ionizing radiation on creatinine level

Creatinine is a nitrogenous waste product formed from the
metabolism of creatine in skeletal muscle then filtered from the
extracellular fluid by the kidney. The level of createnine is used as a test of
renal function (Champe and Harvey, 1994). In addition, it is well known
that creatine is converted to creatine phosphate in the muscle and that
creatine phosphate is converted to creatinine before excretion in the urine.
Ionizing radiation causes damage in muscles of mammals which appears by
increasing in nitrogenous metabolites such as creatine (Gerber et al.,
1961).
Increased serum creatinine in the irradiated rats indicates
development of nephritis and renal dysfunction (Borg et al., 2002; Kafafy
et al., 2005). Furthermore, serum creatinine levels were increased after 4
weeks when kidneys of male rats were irradiated with 10Gy as single dose
(Yildiz et al., 1998). Also, single dose of total body gamma irradiation
6.5Gy to mice induced significant elevation in plasma creatinine (Badr Eldin, 2004).

2- Effect of ionizing radiation on urea level
Most of ammonia formed by deamination of amino acids is converted
to urea in liver, urea resulting from protein degradation is excreted by
kidney so the level of urea in plasma of rats is an indicator for the effect of
radiation on kidney function (Berne and Levy, 1993).
It has been reported that a single dose of irradiation 6Gy caused renal
damage manifested biochemically as an increase in blood urea (Ramadan
et al., 2001). Also, Kafafy et al. (2006) found that irradiation significantly
elevated serum urea, uric acid and creatinine while it declined total proteins

and albumin. Creatinine was significantly increased in sera of irradiated rats
with dose of 2 and 4Gy. In addition, Omran et al. (2009) demonstrated that
rats exposed to 7.5Gy whole body gamma irradiation showed significant
increase in plasma urea (50%) at both time intervals of 7 and 16 days.
Effects of ionizing radiation on the lipid profile
Hyperlipidemia occurring due to exposure to ionizing radiation
resulting in accumulation of cholesterol (TC), triglycerides (TG) and
phospholipids (Stepanov, 1989). The accumulated lipoproteins were
susceptible to peroxidation process causing a shift and imbalance in
oxidation stress (Dasgupta et al., 1997). This imbalance manifested
themselves through exaggerated reactive oxygen species (ROS) production
and cellular molecular damage (Romero et al., 1998).
Whole body irradiation shows a significant increase of serum
cholesterol, after irradiation whether this irradiation applied as single or
fractionated dose (Feurgard et al., 1998; Heiba et al., 1998). In addition,
rats exposed to γ- irradiation at the doses of 2 and 4Gy showed a significant
increase in the level of serum TC and TG levels 5 days after irradiation (ElMissiry et al., 2007). The same result was recorded at 5Gy, 2 weeks post
irradiation (Ramadan, 2007). Gamma irradiation induced a significant
increase in TC, TG and low density lipoprotein cholesterol (LDL-c) levels
and significant decrease in high density lipoprotein cholesterol (HDL-c)
level after exposure to 6Gy irradiation compared to control group (Hanna
and Ali, 2002; Mansour, 2006). This confirms previous reports that whole
body exposure to gamma irradiation induces hyperlipidemia (Feurgard et
al., 1999; El-Kafif et al., 2003).
Whole body gamma irradiation of mice produced biochemical
alteration in lipid profile fractions TG, TC, LDL-c and HDL-c (Tawfik and
Salama, 2008; Chukwuemeka et al., 2012). Similar biochemical

alterations were observed after whole body gamma irradiation 6.5Gy
manifested by elevation in TC, TG and LDL-c (Alil et al., 2007; Nada,
2008). Total body irradiation with 10Gy, a dose relevant to radiological
terrorist

threats,

worsened

lipid

profile

and

injured

coronary

microvasculature (Baker et al., 2009). Michael (2011) reported a
significant increase in male rat serum TG, TC and LDL-c accompanied by a
decrease in HDL-c, 15 days post exposure to 4Gy of γ-irradiation.
Effects of ionizing radiation on serum iron, total iron-binding capacity
(TIBC) and transferrin (TRF)
Iron is transported to body tissues by a serum glycoprotein called
transferrin. This glycoprotein has two high affinity binding sites for iron
(Morgan, 1981). Determination of TIBC of the plasma can give a direct
measurement of transferrin. Actually, all plasma iron is bound to
transferrin, and measurement of plasma iron reflects the amount of
transferrin (Helmut et al., 1987). Transferrin plays a key role where
erythropoiesis and active cell division occur. The receptor helps maintain
iron homeostasis in the cells by controlling iron concentrations (Macedo
and de Sousa, 2008).
TIBC indicates the maximum amount of iron needed to saturate
plasma or serum TRF, which is the primary iron-transport protein (Aisen et
al., 1966). It also reflects the levels of transferrin in the serum (Walden et
al., 1984; Siek et al., 2002). Theoretically, 1 mol of TRF [average
molecular mass, 79,570 Da can bind 2 mol of iron (55.8 Da)] at two highaffinity binding sites for ferric iron (Baker and Lindley, 1992).
Measurements of TIBC, serum iron, and the percentage of iron saturation of
transferrin useful for the clinical diagnosis of iron-deficiency anemia and
chronic inflammatory disorders (Fairbanks and Klee, 1994; Yamanishi et
al., 2003). A research conducted has shown that, the concentration of

oxidizing peroxide equivalents in serum and the total iron concentration
increase 1.47 times and 1.63 times correspondingly 24 hours after
irradiation 4Gy (Riabchenko et al., 2011).
Effects of ionizing radiation on Glucose level
Hyperglycemia may be metabolic disorder as a result of endocrine
dysfunction and increased level of glucose (Ellefson and Caraway, 1976).
Radiation induced hyperglycemia could be attributed to inhibition of insulin
secretion, diminished utilization of glucose by irradiated tissues or
increased blood amino acids level which is considered as an important
source of glucose formation by deamination and transamination processes
(Harper et al., 1977).
Total-body irradiation with the dose of 4Gy somewhat increased the
function of islets; at the dose of 8Gy their function was transiently blocked,
and at the dose of 15Gy the function of islets of Langerhans was blocked
completely (Sheianov et al., 1983). Furthermore, the insulin function of a
pancreas in an organism exposed to a 4Gy dose is maintained at a
level sufficient for ensuring adequate regulation of the glucose homeostasis
and of the carbohydrate metabolism (Shkumatov, 2004). In addition,
exposure of rats to gamma radiation caused a significant increase in ALT,
AST, glucose, TC, TG, LDL-c and liver TABRS (Ramadan, 2007).Other
study performed by exposure of rats to 4Gy irradiation and the result
showed an increase in glucose and decrease in plasma insulin, Hct%, Hb,
RBCs and WBCs (Haggag, 2009). Animals exposed to gamma radiation
single dose (7Gy) had significant increase in TBARS, glucose, cholesterol,
triglycerides, LDL-C and hepatic iron level. Also, significant decrease in
hepatic GSH and copper levels were recorded (Nada, 2011).
Effects of ionizing radiation on antioxidant defensive status

Ionizing radiation provokes the decomposition reaction of water
resulting in a variety of ROS and reactive nitrogen species (RNS) (Sadani
and Nadkarni, 1997). ROS like hydroxyl radicals (OH-), superoxide anion
radicals (O2.-), and hydrogen peroxide (H2O2) are extremely reactive and
react with the molecules of cell membranes that are composed of a double
layer of lipids with proteins dispersed throughout (Ho et al., 1998). In the
normal conditions, there is a balance between the produced ROS and the
cellular antioxidant mechanisms. Exposure to ionizing radiation produces
significant alterations in the oxidant activity in different tissues, and causes
overproduction of ROS leading to oxidative damage of the lipids, proteins
and DNA (Kilciksiz et al., 2008). The oxidation of polyunsaturated fatty
acids in membranes induced by ROS is called lipid peroxidation (LPO)
which has been shown to increase in irradiated tissues (Guney et al., 2004).
The antioxidant defense system of many enzymes that can scavenge
the produced free radicals and other ROS, and prevent production of more
ROS, it also removes lipid peroxides, preventing further propagation (Sies,
1993). This antioxidant defense system may be enzymatic like catalase,
superoxide dismutase (SOD) and glutathione peroxidase (GSH-px), or nonenzymatic antioxidants including vitamins A, E and C; reduced glutathione
(GSH); metallothioneins (MTs) and natural antioxidants like polyphenols
(Belviranli and Gokbel, 2006; Özkaya et al., 2010).
1. Effect of ionizing radiation on superoxide dismutase (SOD) activity
SOD

is

widely

distributed

in

oxygen

metabolizing

cells

(Yamaguchy, 1991) and it maintains cellular homeostasis upon exposure to
gamma-rays and inhibition of one of the main enzymes of antioxidant
system (Iakovleva et al., 2002). It is also catalyzes the dismutation of super
oxide anion (O2˙¯) into hydrogen peroxide (H2O2) which is transformed
into H2O and O2 by catalase and glutathione peroxidase enzymes

(Avunduk et al., 2000). Furthermore, it plays a key role in suppressing free
radicals and inhibiting NADPH-dependent lipid peroxidation as well as in
preventing LPO via inhibition of glutathione depletion (Gibbs et al., 1985).
Experimental investigations performed 3, 7 and 10 days after
exposure to whole body radiation with 7Gy showed that,
decreases

irradiation

the amount of SOD in liver, lungs, and kidney tissues of

irradiated rats (Saada et al., 2003; Mansour and Tawfik, 2012).
The animals were exposed to different exposure levels of gammaradiation, namely either to single doses of 2 and 7.5Gy or a fractionated
dose level of 7.5Gy delivered as 0.5Gy twice weekly for 7.5 weeks showed
a suppression in SOD activity (Khayyal et al., 2009). Moreover, the
sublethal dose of gamma-irradiation was determined in primary hepatocytes
of rats 7 days after exposure to (6.5Gy) dose level by (Badr El-din, 2004;
Nada et al., 2012) and showed that these conditions decreased the level of
SOD and peroxiredoxin.
2. Effect of ionizing radiation on lipid peroxidation
Lipids are the essential components of cell membranes and
lipoproteins. Their peroxidation plays an important role in numerous
pathologies in which oxidative stress is involved. Lipid peroxidation occurs
through a chain reaction that contributes to membrane damage in cells. It
results in the conversion of fatty acids to polar hydroperoxides and leads to
the breakdown or malfunction of the membrane. Lipids are amphiphilic
molecules that aggregate in aqueous solutions into micelles and liposomes.
The effect of this structural organization is significant in studies of
radiation-induced peroxidation damage in highly ordered biological systems
such as biological membranes (Remita, 2001).
Polyunsaturated fatty acids, when exposed to ROS can also be
oxidized to hydro peroxides that decompose to hydrocarbons and aldehydes

such as malondialdehyde (MDA) in the presence of metals (Mathews et al.,
1994). This lipid peroxidation can cause severe impairment of membrane
function through increasing membrane permeability and membrane protein
oxidation (Miura et al., 1997).

Figure (3): Lipid peroxidation of cell membrane by free radicals.
In vivo studies, it was found that whole body exposure of mice
to gamma radiation 4Gy increased the formation of lipid peroxides in
various tissues and damage to cellular DNA (Gandhi and Nair, 2005).
Also many studies showed previously that, total body irradiation at dose
level of 8Gy increased lipid peroxidation in several tissues and body fluids,
and changes in antioxidant enzymes activities (Feurgard et al., 1999;
Jindal et al., 2006; Zhao et al., 2011).Furthermore, experimental design
performed on irradiated group, exposed to fractionated whole body γirradiation (1.5Gy every other day up to a total dose of 7.5Gy) resulted in
significant increases in TBARS concentrations in all tissues (liver, kidney
and spleen) after all experimental period (Nada and Azab, 2005). In
addition, whole body gamma-irradiation (6Gy) of mice resulted in a
decrease in GSH and increase in LPO in the liver and blood of irradiated
control group (Goyal and Gehlot, 2009).
Experimental investigations performed 24 and 48h after exposure of
mice to 4.5Gy of radiation showed significant decrease in reduced

glutathione, glutathione-S-transferase, catalase, and superoxide dismutase
levels and significant increase in lipid peroxidation levels in mouse liver
homogenates (P et al., 2011). In addition, a sublethal dose (5Gy) of γradiation induced oxidative stress markers in the hepatic tissue indicated
that, lipid peroxidation significantly increased and there were a depletion of
antioxidant enzymes and GSH levels (Kunwar et al., 2011). However,
ROS resulting from exposure to ionizing radiation 6Gy affects the
antioxidant defense mechanisms, reduced the intracellular concentration of
glutathione (Ping et al., 2012).

3. Effect of ionizing radiation on reduced glutathione (GSH) content
Glutathione is a small molecule made up of three amino acids
(glutamine-cysteine-glycine) whose antioxidant action is facilitated by the
sulfhydryle group of cysteine (Townsend et al., 2003). GSH is a
multifunctional intracellular non enzymatic antioxidant; it is highly
abundant in cytosol, nuclei and mitochondria, although it is the major
soluble antioxidant in these compartments. It is considered to be the major
thiol disulphide redox buffer in the cell (Masella et al., 2005; Valko et al.,
2007). Also, it act as a substrate for glutathione S-transferase and GSHperoxidase and GSH depletion has been shown to intensify lipid
peroxidation and predispose cells to oxidant damage (Maellaro et al.,
1990). GSH can function as antioxidant in many ways. It can react
chemically with singlet oxygen, superoxide and hydroxyl radicals and
therefore function directly as free radical scavenger (Cominacini et al.,
1996). GSH plays an important role in the detoxification and decrement of
ROS in tissue or plasma of irradiated animals (Ramadan et al., 2001). It

also, may stabilize membrane structure by removing acyl-peroxides formed
by lipid peroxidation reactions (Price et al., 1990).
Exposure to whole body gamma irradiation dramatically decreased
the GSH in the cystol fraction from the first day after exposure of gamma
irradiation (Abdel-Fatah et al., 2005). Also, Dokmeci et al. (2006) stated
that, there were marked reductions in GSH levels in liver of irradiated
group compared with controls. In addition to that, in irradiated animals, the
oxidative marker MDA was significantly increased in the liver, while a
marked decrease in hepatic GSH, DNA and RNA was demonstrated by ElMissiry et al. (2007).
The exposure of animals to gamma ray 6Gy and sacrificed 7 days
after irradiation cause a significant decreases in GSH content (Saada et al.,
2010). Also, Experimental investigations performed 4 hours after mice
exposure to single dose of 5Gy of Co⁶⁰ γ-irradiation, will induce catalase,
GSH and ferric reducing antioxidant power values decrement (Sinha et al.,
2011).
4. Effect of ionizing radiation on metallothionine (MT) level
Metallothionein is such a small cysteine-rich protein coordinating
various transition metal ions, including Zn(II), Cd(II), and Cu(I) (Kagi and
Vallee, 1961). MTs are ubiquitously present in all phyla, indicating a
successful molecular concept for metal ion binding in all organisms
(Loebus et al., 2011). They are characterized by a low molecular weight
(6000–7000 Da), and the absence of heterocyclic and aromatic amino acids
and of disulphide bonds (Tsunoo et al., 1978). Its function in cellular zinc
distribution is the subject of this short account. MT binds seven zinc ions
with sulfur ligands of its 20 cysteines to form two zinc/thiolate clusters. The
clusters have some selectivity in binding metal ions and despite their high

thermodynamic stability (Kd = 10-13 mol/L at pH 7.0), they provide reactive
coordination environments to induce kinetic lability in metal-exchange
reactions (Maret and Krezel, 2007).
The MT concentration is very variable; it is not only species- or
tissue-dependent, but other factors, such as environment, diet and stage of
development, play a role as well. In mammals the highest concentrations
are found in the fetal liver, MTs are also present in considerable amounts in
the adult liver, kidney and gut epithelia (Goossens, 2011).
MTs might be involved in the protection against oxidative stress and
can act as free radical scavengers (Morcillo et al., 2000). They are
important compounds on reducing the efficiency of zinc absorption at
elevated zinc intakes (Davis et al., 1998). MTs are involved in metal
homeostasis and heavy metal detoxification, They have a protective role
against the toxic effects of free radicals and electrophiles produced by
gamma radiation (Liu et al., 1999). The hepatic and renal MTs have been
increased after whole body X-irradiation (Shiraishi et al., 1986). The
results of Shibuya et al. (2008) suggest that, MT plays a protective role
against heavy metals, carcinogens , mutagens and oxidative DNA damage
caused by ionizing radiation and chemical carcinogenesis.
Ionizing radiation causes cellular damage due to formation of
intracellular oxygen radicals such as hydroxyl radicals. Several reports have
shown a relationship between ionizing radiation and metallothioneins.
Induction of MTs biosynthesis is involved in protective mechanisms against
radiation injuries (Morcillo et al., 2000; Azab et al., 2004; Fahim,
2008).The increase in the content of bone marrow and hepatic
metallothioneins in mice with the maximum at 30 hr after wholebody gamma irradiation was shown by Koterov and

Sazykin (1994).

Moreover, the concentration of MTs in different tissues subjected to 7.5Gy

were significantly increased after 1 day and significantly decreased after 10
days comparing with control rats. These changes in MTs levels were
associated with significant changes in metals concentrations in different
investigated tissues (Nada and Azab, 2005). Also, MT induction increased
the protective effects against both metals like ZnCl2 or CdCl2 and UV
radiation-induced cell damage (Saito et al., 2010). Recently it was found
that, MT-1 loses its rigid structure organized around the two distinct metal
clusters, triggering a chain reaction with more zinc being rapidly released,
hence exposing more cysteine residues to the oxidizing effects of the
hydroxyl radicals formed due to gamma radiation (Goossens, 2011).
Trace elements
Essential trace elements of the human body include zinc, copper,
selenium, chromium, cobalt, iodine, manganese and molybdenum; although
these elements account for only 0.02 % of the total body weight they play
significant roles, e.g. as active centers of enzymes or as trace bioactive
substances (Kodama, 1996).
Basically, an essential element is one that is uniquely required for
growth or for the maintenance of life or health (Takacs and Tatar, 1987).
A deficiency of the element consistently produces a functional impairment
which is alleviated by physiological supplementation of only that element.
A biochemical basis for the elements essential functions must be
demonstrated. For trace metals, this is often the identification of a unique
metalloenzymes which contains the metal as an integral part or as an
enzyme activator (Takagi and Okada, 2001).
Trace elements are involved in many biochemical processes
supporting life. The most important of these processes are cellular
respiration, cellular utilization of oxygen, DNA and RNA reproduction,
maintenance of cell membrane integrity, and sequestration of free radicals

so they act as antioxidant (Chan et al., 1998). Some trace elements inhibit
viral replication in the host cells and therefore have antiviral activity
(Lukac and Massanyi, 2007).
The antioxidant enzymes superoxide dismutase, catalase, glutathione
peroxidase,

glutathione

reductase

and

enzymes

of

the

hexose

monophosphate shunt, require cofactors such as trace and other relevant
elements: selenium (Se2+), manganese (Mn2+), copper (Cu2+), zinc (Zn2+),
and also magnesium (Mg2+), to maintain their function (Djujic et al., 1992;
Jozanov-Stankov et al., 1998).
Trace elements in protection against radiation hazards
The role of metalloelements in tissue maintenance, function and
response to injury offer a new approach to decreasing and/or
treating radiation injury. Additional reports documented that, non-toxic
doses of essential metalloelement chelates are effective in increasing
survival and repairing radiation injury when administered before irradiation,
in the radiation protection paradigm, and effective in increasing survival
when used to treat after irradiation, in the radio-recovery paradigm. These
approaches to radioprotection and radio-recovery offer promising
approaches

to

facilitating

recovery

from radiation-induced

injury

experienced by patients undergoing radiation therapy for their neoplastic
disease and by individuals who experience environmental, occupational, or
accidental exposure to ionizing radiation (Sorenson, 2002).
In addition to that, iron, manganese, and zinc complexes have also
been found to prevent death in lethally irradiated mice. These
pharmacological effects of essential metalloelement complexes can be
understood to be due to facilitation of de novo synthesis of essential
metalloelement-dependent enzymes which have roles in preventing the
accumulation of pathological concentrations of oxygen radicals or repairing

damage caused by radiation-induced bond hemolysis (Sorenson et al.,
1995). On the other hand, Exposure to ionizing radiation disturbs the levels
of most trace elements (Cengiz et al., 2003); these disturbances depend on
many factors as radiation type, radiation dose, type and radiosensitivity of
the tissue receiving the radiation, volume of tissue exposed and also the
type of exposure (El Naggar, 2009).
 Copper:
Copper (Cu2+) is an essential trace element for the body; it is rapidly
absorbed from the stomach and small intestine and mainly stored in the
liver (Gissen, 1994 ). Copper ions can adopt distinct redox states oxidized
Cu (II) or reduced (I), allowing the metal to play a pivotal role in cell
physiology as a catalytic cofactor of essential enzymes known as
cuproenzymes. The most important of them are those, play a critical role in
cellular energy production, help in the formation of strong and flexible
connective tissue, involve in synthesis of hemoglobin and oxidizing ferrous
iron to ferric iron, and help in a number of reactions essential to normal
function of the brain and nervous system (Brem, 1999). Cu functions as a
cofactor required for the structural and catalytic properties of important
enzymes including cytochrome oxidase, lysyl oxidase and Cu, Zn SOD
(Uauy et al., 1998). In biological systems, it is coordinated by several
proteins such as glutathione, metallothionein, Cu-transporting P-type
ATPases, Menkes and Wilson proteins and by cytoplasmic transport
proteins called copper chaperones to ensure that it is delivered to specific
subcellular compartments and thereby to copper-requiring proteins
(Tapiero et al., 2003).
Effects of γ-radiation on copper metabolism & the radioprotection
effect of copper chelates

Experimental investigations performed 24hrs after irradiation; they
were manifested as reduced copper concentration in spleen, heart and
kidney (Kotb et al., 1990). Copper levels in all studied organs liver, kidney,
spleen, brain, lung and intestine were decrease after exposure of rats to
irradiation dose 6.5Gy (Nada et al., 2011).
Furthermore, the changes in the serum levels of copper and
ceruloplasmin through eight weeks post whole body gamma irradiation with
three sub-lethal doses (2, 3.5 and 5Gy) of rats showed that, the copper
levels of the irradiated groups increased significantly and then were
recovered at 6th week post irradiation (Abdou et al., 2010).
The role played by copper in radiation-induced damage is more
complex and was found to involve protective, sensitizing and recovery
effects (Roy et al., 1996). However, the copper complex was found to be
very effective in protecting the cells against radiation-induced suppression
of glutathione peroxidase, catalase and superoxide dismutase activities
(Kunwar et al., 2007). In addition, pretreatment with either copper or zinc
complexes delayed and reduced mortality in mice exposed to 10Gy whole
body gamma radiation and also caused significant decrease in the sublethal
dose of radiation-induced micronucleated polychromatic erythrocytes and
normochromatic erythrocytes (Mantena et al., 2008). In a radio recovery
study, doses of 5, 10, or 20, µmol Cu(II) complex given 3hr after (8Gy,)
irradiation produced survivals of 88% compared control mice, and also
facilitated recovery of radiation-reduced loss of body mass and radiationinduced loss of physical activity (locomotion) (Sorenson et al., 1995).
 Iron:
Iron is the most important of the essential trace metals. An
appreciable number of human diseases are related to iron deficiency or
disorders of iron metabolism (Kazi et al., 2008). Blood iron is mainly

represented by hemoglobin and transferrin in a ratio of 1000: 1, and by
ferritin in human serum and leukocytes (Siimes et al., 1974). Iron is
involved in terminal oxidases and respiratory proteins (Wang et al., 2007).
A part from its involvement in heme synthesis iron is required in many
other biochemical processes ranging from oxidative metabolism to DNA
synthesis and cell division (Crowe and Morgan, 1996). In collagen
synthesis, the hydroxylation of proline and lysine require iron as Fe (II).
Heme enzymes (iron protoporphyrin) decompose hydrogen peroxide to
oxygen and water as in catalase or to water and dehydrogenated product as
with the peroxidases (Prockop, 1971).
Effects of γ-radiation on iron metabolism & the radioprotection effect
of iron chelates
In irradiated animals, the iron was increased in liver and spleen,
while a decrease in kidney, lung, intestine and brain was demonstrated by
(Nada et al., 2008). These observations are in full agreement with those of
Heggen et al. (1958), Olson et al. (1960) and Beregovskaia et al. (1988)
who reported an increase of iron in liver and spleen after whole body
gamma-irradiation. Accumulation of iron in the spleen could be resulted
from disturbances in the biological function of RBCs including possible
intravascular hemolysis and subsequent storage of iron in the spleen Kotb
et al. (1990).
Iron, even in ferritin, can act as a radiosensitizer and increase the
radiation-induced killing of Chinese hamster ovary cells (Nelson and
Stevens, 1992). It has been reported that iron and its complexes protect
from ionizing radiation (Sorenson et al., 1990); play important role in
facilitation of iron dependent enzymes required for tissue or cellular repair
processes including DNA repair (Ambroz et al., 1998) ,protect against
radiation induced immunosuppressant (Tilbrook and Hider, 1998) and

perhaps gene regulating proteins which may ultimately account for its
mechanism of action as a radio-recovery agent (Basile and Barton, 1989;
Abou-Seif et al., 2003b).
Gamma irradiated (7Gy) young adult male mice treated with Fe(III)
hematoporphyrin chloride 7 days after irradiation had significantly
increased spleen colony forming units by day 14 following irradiation
(Hunt et al., 1994).Treatment subcutaneously with 35µmol Fe(III) complex
before LDl00/30 irradiation increased survival 300% compared to vehicletreated mice (8% survival) (Irving et al., 1996).
 Calcium:
Calcium is essential for the functional integrity of the nervous and
muscular systems, for normal cardiac function, for conversion of
prothrombin in to thrombin and as the major component of bone; 99% of
total body calcium is found in bone and 1% is present in serum; of the
serum calcium, 45% is bound to plasma protein and the rest serves as a
reservoir to maintain normal plasma calcium levels (Keyler and Peterson,
1985). Chronic calcium deficiency results in osteoporosis or osteomalacia
in adults and rickets in children (McCarter and Holbrook, 1992).
Effects of γ-radiation on calcium metabolism
Whole body gamma irradiation caused disturbances and alteration in
Ca2+ level of the blood (Faucheux et al., 1976). Ionizing radiation cause
transient elevations of calcium level which has been shown to activate
transcription of early response genes through independent mechanisms
(Kayan et al., 2010). In addition, a number of studies have established that
sustained elevations in Ca2+ can lead to chromatin degradation by Ca2+dependent endonucleases, ultimately resulting in apoptotic cell death. The
end products of radiation, reactive oxygen species such as H202, can cause
increases in Ca2+ (Todd and Mikkelsen, 1994). Also, exposure of rats to

gamma-irradiation (5Gy) resulted in an increase of calcium in lung, liver,
spleen and kidney (Elnimr and Abdel-Rahim, 1998).
 Magnesium:
Over the past decade, clinical, epidemiological and experimental data
suggested that magnesium the fourth most abundant cation in the human
body plays an important role in blood pressure control (Loyke, 2002).
According to McSweeney (1992), the average adult body contains
approximately 1000 mmol of Mg, 99% of which is in bone and the
intracellular compartment, of the 1% remaining in the vascular space, 25%
is bound to proteins and it is ionized 75% that exerts the physiological
effects with calcium & potassium, magnesium regulates neuromuscular
excitability and conduction in the cell membrane. It also has a role in the
release of parathyroid hormone (Lim and Herzog, 1998). The deficiency of
magnesium may depress the antioxidant defense mechanisms (Kumar and
Shivakumar, 1997), erythrocyte production (Morgan et al., 1995),
increase cholesterol, triglyceride, phospholipids concentration, lipid
peroxidation, transaminases, Fe and Ca in tissue (Lerma et al., 1995;
Vormann et al., 1995). It is a cofactor of many cellular enzymes and cell
energy production (Durlach et al., 1998). Mg has a prophylactic effect on
cardiac and pulmonary tissue against irradiation induced oxidative stress
(Atasoy et al., 2012).
Effects of γ-radiation on magnesium metabolism
Various environmental agents, for instance ionizing radiation, may
affect the status and relationship between essential microelements in
various tissues, analysis of the concentration of Mg seven days after whole
body irradiation with a single dose of 4.2Gy of gamma rays from a Co60
source, showed a significantly higher concentration levels of Mg was

measured in the hind brain and testes of irradiated animals (JozanovStankov et al., 2003).
Reduced concentration of Mg level in heart and elevation of Mg in
plasma after irradiation with 6Gy was detected by Kotb et al. (1990) and
Hawas (1997), while Nada et al. (2008) found that, irradiation doesn't alter
the level of Mg in some organs (liver, brain).
 Manganese:
Manganese is a cofactor for a number of

enzymes including

arginase, cholinesterase, phosphoglucomutase, pyruvate carboxylase,
mitochondrial superoxide dismutase, catalases as well as several
phosphatases, peptidase and glycosyl transferases (Pierrel et al., 2007).
Manganese containing SOD is largely located in the mitochondria and
contributes 10 % of total cellular activity (Weisiger and Fridovich, 1973).
Removal of the manganese from the active sites of Mn-SODs causes loss of
catalytic activity, the manganese cannot usually be replaced by other
transition metals ion to yield functional enzymes. However, if the supply of
copper is restricted in Cu-Zn SOD, more Mn-SOD is synthesized to
maintain the total cellular SOD activity approximately constant (Pasquier
et al., 1984). It also plays important roles in de novo syntheses of
metalloelement dependent enzymes required for utilization of oxygen and
prevention of O· accumulation as well as tissue repair processes including
metalloelement-dependent DNA and RNA repair are key to the hypothesis
that essential metalloelement chelates decrease and/or facilitate recovery
from radiation-induced pathology (Sorenson, 2002).
Effects of γ-radiation on manganese metabolism & the radioprotection
effect of manganese chelates
It has been reported that, manganese and its compounds protect from
CNS depression induced by ionizing radiation (Sorenson et al., 1990),

radio recovery agent from radiation induced loss of body weight (Irving et
al., 1996), manganese can be considered as therapeutic agent in treatment of
neuropathies associated with oxidative stress and radiation injury
(MacKenzie et al., 1999), effective in recovery from radiation induced skin
and intestinal inflammation (Gurbuz et al., 1998), enhancement the
induction of metallothionein synthesis (Shiraishi et al., 1983), overcoming
inflammation due to radiation injury (Booth et al., 1999) and maintaining
cellular homeostasis (Iakovleva et al., 2002; Abou-Seif et al., 2003a).
The earlier review cited a number of reports that inorganic Mn(II)CI 2
given subcutaneously in the radio protectant paradigm before irradiation
increased survival and enhanced survival when co-administered with
aminothiol radioprotectants (Sorenson et al., 1995). Treatment with 180
µmol Mn(II)CI2 given i.p to male mice 24hr before a single dose (5Gy)
local paw irradiation or 12 to 21Gy abdominal irradiation fed to repair of
acute intestinal and skin radiation-injury (Murata et al., 1995). The
radioprotective activity of Mn (II) chelates basing on the evaluation of its
membrane-protective effects, revealed at different periods post the exposure
of the organism to ionizing radiation at a dose level of 4.8Gy produced
correcting action on structure-functional properties of erythrocyte
membrane of irradiated rats (Badzhinian et al., 2003).
Irradiation induced a significant decrease in Mn in liver and other
organs (Nada and Azab, 2005).
 Zinc
Essentiality of zinc
The importance of zinc was ﬁrst documented for Aspergillus niger
(Raulin, 1869). It took over 75 years to realize that zinc is also an essential
trace element for rats (Todd et al., 1935), and an additional 30 years went
by before it was recognized that this was also true for human (Prasad et al.,

1963; Sandstead et al., 1967). Following the initial observation that zinc is
required for the catalytic activity of carbonic anhydrase (Keilin and Mann,
1940), it became clear that zinc is a component of more than 300 enzymes
from all six enzyme classes (Vallee and Falchuk, 1993).
Bioinformatics estimation reported that 10% of the human proteome
contain zinc binding motives (Andreini et al., 2006). Based on its role in
such a plethora of cellular components, zinc has diverse biological
functions in enzymatic catalysis (Auld, 2001), redox regulation (Maret,
2006), cellular signal transduction (Beyersmann and Haase, 2001).
Zinc is an anabolizing oligoelement essential for life. In adults, the
greatest dietary sources of zinc are meats, dairy products, grains, and mixed
dishes (Pennington et al., 1989), Zn is involved in a large variety of
biological processes like conditioning cell integrity, function and growth,
intellectual

development,

reproduction,

disease

resistance

and

immunocompetence (Barbarino et al., 1988). It is essential to the function
of DNA polymerase, RNA polymerase and the activity of the
transcriptional regulatory family, zinc finger DNA binding proteins (Vallee
and Falchuk, 1993; Rink and Gabriel, 2000).
In addition, it has been used to manage conditions of copper or iron
overload (Zago and Oteiza, 2001), functioning in part by competition with
metal binding sites on various proteins. Zinc is known to be essential for
normal function in a wide range of metabolic, enzymatic, and transcription
factor activities, with overall antioxidant activity, especially in the liver
(Maret and Krezel, 2007). The level of free zinc within the cell determines
its net effects. Zinc is normally maintained within the cell at Pico molar to
low Nano molar concentrations, but is under tight, redox-dependent
regulation that depends upon and influences glutathione metabolism
(Krezel and Maret, 2006). When cytoplasmic zinc fall below these levels,

it fails to regulate enzymes and gene expression that cumulatively produce
its pro-antioxidant activity, resulting in oxidative stress (Sen and Packer,
1996). At abnormally high intracellular concentrations, zinc inhibits many
enzymes involved in energy metabolism, resulting in excessive free radical
production and oxidative stress (Hao and Maret, 2005).
Zinc chelate has a globular form that might enable it to enter cells
faster. It could prolong the persistence of the drug in the circulation, and
furthermore, zinc can displace and substitute catalytically active iron
(Chevion, 1991). Special interest was drawn to zinc aspartate (ZA), which
is traditionally used for the treatment of skin ailments, suppressing
inflammation and accelerating wound healing. Moreover, zinc aspartate was
recommended for the treatment of various disorders including tumors, heart
diseases and hypertension (Afanas'ev et al., 1995).
Bioavailability of zinc complexes
European food safety authority (EFSA) assumed that, its reported
solubility in diluted hydrochloric acid will allow its dissociation and
absorption in the stomach. However, it was not clear that the absorption
could take place in the intestine considering its reported insolubility in
water (EFSA, 2008). Zinc appears to be absorbed by both passive diffusion
and a saturable carrier-mediated process (Tacnet et al., 1990). The carriermediated mechanism appears to be most important at low zinc levels, and
involves a saturable cysteine-rich intestinal protein. Metallothionein may be
involved in zinc homeostasis at higher zinc concentrations (Hempe and
Cousins, 1992). Several dietary factors can influence zinc absorption,
including other trace elements (e.g., copper, iron, lead, calcium, cadmium,
cobalt); amino acids, simple and complex carbohydrates, and protein. High
levels of phytate or phosphate in the diet can decrease the amount of zinc
absorbed (Oberleas, 1996).

In humans, the highest concentrations of zinc have been distributed in
bone, muscle, prostate, liver, and kidneys (Wastney et al., 1986). In blood,
zinc is found in plasma, erythrocytes, leukocytes, and platelets.
Approximately 98% of serum zinc is bound to proteins; 85% is bound to
albumin, 12% to α2-macroglobulin, and the remainder to amino acids
(Giroux et al., 1976). In erythrocytes, zinc is predominantly found as a
component of carbonic anhydrase (87%) and Cu, Zn-superoxide dismutase
(5.4%) (Ohno et al., 1985).
The recommended daily allowance is only 10 mg elemental zinc, but
many people in both developing and industrialized countries do not have
this in their diet (Sandstead, 1991).
Effect of γ-irradiation on Zn metabolism
Radiation exposure produces alteration in the plasma proteins and
protein fractions that responsible for Zn transport (Noaman and ElKabany, 2002). Experimental investigator performed on the liver of dogs
was exposed to ionizing radiation at 2Gy, Zn concentration of hepatic vein
blood increased immediately within 120 min (Bors et al., 1980). Also,
Walden et al. (1984) found that whole body X-irradiation induces an
elevation of Zn protoprophyrin of blood in mice and rats. Kotb et al. (1990)
found that there is a significant reduction in the concentration of Zn in
kidney after 24 hrs, heart and spleen after 3 days following irradiation with
doses between 10 and 25rem. Avunduk et al. (2000) demonstrated that 10
days after irradiation, Zn+2 concentrations were significantly lower,
compared with the control group. Also, long-term low-level X-ray
irradiation cause damage in microtubules of sperm tail and changes of some
testis trace elements level by increasing copper and iron level and
decreasing zinc level (Chatterjee et al., 1994).

Radiation Protection and Recovery with Zn Chelates
Zinc has long been known as a trace element for living bodies
(Grahn et al., 2001). Traditionally, radio protectors are defined as agents
that are administered before radiation exposure whereas therapeutic agents
are administered after exposure. Zinc salts considered as radio protectors
and organic zinc salts are shown to be superior to inorganic zinc salts in
terms of radioprotection against total body irradiation lethality (Matsubara
et al., 1986; Floersheim et al., 1988).
The protective effects of zinc against radiation hazards have been
reported in many investigations (Morcillo et al., 2000; Azab et al., 2004;
El-Batal et al., 2008). Zinc is an essential oligoelement for cell growth and
cell survival (Norii, 2008). Zinc protects various membrane systems from
peroxidative damages induced by heavy metals and high oxygen tension
and stabilize the membrane perturbations (Micheletti et al., 2001; Saada et
al., 2009). As pointed out in earlier review that treatment with Zn
compounds dramatically increased survival of irradiated mice (Sorenson et
al., 1995). . It is known to be one of the most important trace elements with
antioxidant properties. Zinc complexes have a radioprotection activity
against 8.2Gy gamma irradiation in mice (Hosseinimehr et al., 2008). In
addition, zinc aspartate was found to reduce significantly the irradiation
toxicity against hematopoietic tissue and does not affect the anti-tumor
activity of therapeutic irradiation (Korkina et al., 1995). Organic Zn salts
(aspartate, histidine, orotate, acetate) are protective alone, and Zn aspartate
improves the radio protective effect of WR-2721 (Floersheim and Bieri,
1990). Pre-treatment with zinc aspartate protected mice against the lethal
effects of radiation and raised the LD50/30 from 8Gy to 12.2Gy; Zinc
chloride and zinc sulphate were clearly less active (Floersheim and
Floersheim, 1986). However, zinc aspartate did not inhibit the

radiotherapeutic effect of γ-rays on human tumors grown as xenografts in
immunosuppressed mice, whereas it had a sparing effect on bone marrow
precursors of peripheral blood cells (Krishnamurthy et al., 1998).
Mechanisms of the radioprotection action of zinc metal
Several mechanisms of the radioprotection action of zinc metal have
been suggested to be: induction of the production of metallothionein
(Ogata and Izumo, 1990; Winum et al., 2007); which protects biological
cells and astrocytes from radiation-induced apoptosis (Cai et al., 2004). In
general, the major biological function of MTs is the detoxification of
potentially toxic heavy metals ions and regulation of the homeostasis of
essential trace elements. However, there are increasing evidences that MTs
can reduce toxic effects of several types of free radical including
superoxide, hydroxyl and peroxyl radicals (Pierrel et al., 2007); so increase
the antioxidant properties (Kang, 1999), it has been reported that Znmetallothionein protect from DNA damage induced by ionizing radiation
(Cai and Cherian, 2003); Another hypothesis regarding radio protective
effects of zinc is by stabilization of endogenous thiols by the formation of
zinc–thiol complexes (Floersheim and Floersheim, 1986). Ever, zinc is
associated with the phospholipids, lipoproteins and membrane-bound
metalloenzymes and it stabilizes membranes by reacting with sulphydryl
group of membrane proteins to form stable mercaptides. It is also reported
to inhibit lipid peroxidation through the inhibition of phopholipases
(Bettger and O'Dell, 1981). Moreover, Zn supplementation act as radioprotector via inhibition of the production of reactive oxygens by transition
metals and prevents DNA fragmentation by inhibiting the exchange of Zn
for Ca and Mg within the nuclei with subsequent activation of endogenous
endonucleases (Ertekin et al., 2004a). Furthermore, Zn complexes have
also been found to prevent death in lethally irradiated mice. It can be

understood as due to facilitation of de novo synthesis of essential
metalloelement-dependent enzymes required to repair radiation injury
(Sorenson et al., 2001; Sorenson, 2002). Zn is also the co-factor of copperzinc superoxide dismutase (Cu-Zn SOD), an enzyme that acts as an
important scavenger of superoxide radicals, thereby protecting against
radiation-induced cytotoxic effect (Powell, 2000; Behndig et al., 2001).
Furthermore, it plays a part in the maintenance of epithelial and tissue
integrity through promoting cell growth and suppressing apoptosis (Berger,
2002). Virtually all of the beneﬁcial effects of long-term administration of
zinc can be linked to the induction of some other substance that serves as
the ultimate antioxidant (Powell, 2000).
Health benefits of Zinc complexes
Zinc participates in mechanisms of the major metabolic pathways
involving protein synthesis and turnover; carbohydrates, energy, nucleic
acids, lipids, and heme syntheses, and has an important function in gene
expression and embryogenesis. Consequently, it reduces progression of
tissue damage after traumatic and ischemic condition, and improves healing
process (Boran and Ozkan, 2004). There is also evidence that zinc
supplementation could offer benefit to pregnant women and their babies
(Baqui et al., 1998).
Zinc has hepatoprotective effect through induction of the hepatic
levels of metallothionein and through the inhibitory effect of zinc on the
microsomal cytochrome P-450-dependent drug metabolizing system
(McMillan and Schnell, 1985). Zinc supplements improve the liver
pathology of hepatitis C patients (Matsumura et al., 2012). Some enzymes
depend on zinc for their catalytic activity and are affected by the presence
or absence of sufficient zinc, these enzymes will not act their function
without sufficient zinc. Alkaline phosphatase is a vital enzyme dependent

on zinc, this explain why rats fed zinc had higher activity of ALP than in
control (Vallec and Huld, 1990). Zinc aspartate (30 mg/Kg b.wt.) had a
protective effect against acetaminophen induced hepato-renal toxicity by
improving ALT, AST, creatinine, GSH and MDA (Mohamed et al., 2011).
Zinc complexes have been suggested as a protective agent against
postischemic reperfusion injury in the cat retina (Ophir et al., 1994),
against corneal alkali injury in rabbits (Siganos et al., 1998), It has
decreased the incidence of blindness due to age-related macular
degeneration (Clemons et al., 2004).
At the molecular level, zinc aspartate inhibited DNA breakage and
cell injury induced by radiation (Samuni et al., 1999). Although,
zinc supplementation seems to be beneficial in adult patients with HIV
infection in some aspects (Zeng and Zhang, 2011). While several reports
state that a moderate intake of zinc can decrease the risk for prostate cancer,
data from the Health Professionals Follow-up study suggest that an intake
of more than 100 mg per day could promote the incidence of aggressive
prostate cancer (Jarrard, 2005).
It can improve the memory by maintaining the integrity of blood
brain barrier so used in treatment of Alzheimer’s disease and Parkinson’s
disease caused by oxidative stress (Moazedi et al., 2007). It has also been
reported that zinc sulfate treatment reduced symptoms in children with
attention deﬁcit hyperactivity disorder (Bilici et al., 2004). Zinc and
magnesium are potent inhibitors of the N-methyl-D-aspartate receptor
complex so they exhibit antidepressant-like activity in rodent screening
tests and depression models (Poleszak et al., 2008).
Furthermore, it was found that orally administered zinc shortened the
duration of cold symptoms (Science et al., 2012); and also it is an effective
anti-inflammatory. In addition the administration of 45 mg elemental

zinc/day did not reduce plasma copper concentrations in zinc-supplemented
subjects. In as much as zinc is non-mutagenic and relatively nontoxic
(Prasad et al., 2007). Also, organic Zn supplementation at dose 20, 40 and
60mg/kg on day 21 reduced oxidative stress and improved some immune
responses (Bun et al., 2011). The radio protective effect of zinc aspartate on
spermatogonial cells of whole-body irradiated mice was studied and
showed that zinc aspartate pretreatment protects spermatogonia and
tetraploid cells from radiation-induced cell killing (Krishnamurthy et al.,
1998).
Chemical structure of Zinc Aspartate
Zinc aspartate is a white crystalline powder. It is soluble in dilute
hydrochloric acid and insoluble in water (EFSA, 2008). Its IUPAC name is
Zinc (2S)-2-amino-4-hydroxy-4-oxobutanoate.

Figure (4): Chemical structure of Zinc L-aspartate.

Neutraceuticals protection against radiation hazards
Natural

antioxidant

has

several

cellular

mechanisms

that

counterbalance the production of ROS, including enzymatic and nonenzymatic pathways (Hayes and McLellan, 1999). Many antioxidant
compounds, naturally occurring from plant sources, have been identified as
free radical or reactive oxygen scavengers (Yen and Duh, 1994; Duh,
1998). Interest has increased considerably in finding naturally occurring

antioxidant for use in foods or medicinal materials to replace synthetic
antioxidants, which are being restricted due to their side effects such as
carcinogenicity (Zheng and Wang, 2001).
Polyphenols are a broad family of natural compounds widely found
in plant foods. Phenolic compounds embrace a considerable range of
substances that possess an aromatic ring bearing one or more hydroxyl
constituents. Polyphenols can be divided into two subgroups; flavonoid and
phenolic acids; ellagic acid is a phenolic acid compound (Kamau, 2007).
Phenolic

compounds,

including

ﬂavonoids,

are

nutritionally

important for their antioxidant activities and protective functions against
disease risk caused by oxidative stress (Maciel et al., 2011). Recent studies
have

shown

that

some

phenolic

compounds

have

anticancer,

anticarcinogenic or antimutagenic activities (Behera et al., 2008).
Flavonoids and other plant polyphenols have been reported to have multiple
biological effects such as antioxidant activity, anti-inflammatory action,
inhibition of platelet aggregation

and antimicrobial activity (Moroney et

al., 1988; Pratt and Hudson, 1990; Nada et al., 2012).
The development of effective radioprotector and radiorecovery drugs
is of great importance during both planned radiation exposure (e.g.
radiotherapy) and unplanned radiation exposure (e.g. in the nuclear
industry, natural background radiation emitting from the earth or other
sources) (Arora et al., 2005), So that many researches carried out aiming to
develop numerous drugs of both natural and synthetic origin have been
tested in both in vitro and in vivo models, and human clinical trials to
overcome injuries caused by ionizing radiation exposure in the sublethal
and supralethal range. There exist enormous prospect for screening and
evaluation

of

herbal/plant

products

for

developing

effective

radiosensitization and radioprotection relevant to nuclear research program.

Oxidative stress plays a pivotal role in the pathogenesis and
progression of gamma-irradiation induced cellular damage and the
administration of dietary antioxidants has been suggested to protect against
the subsequent tissue damage (Pradeep et al., 2008).

Figure (5): Some mechanisms by which natural plant products render
radioprotection (Arora et al., 2005).

Ellagic acid (EA) as a polyphenol
Recently, there is growing interest in understanding the role and
mechanism of the phytochemicals: polyphenolics, flavonoids and phenyl
propanoids as inhibitors of oxidative stress. Among all phytochemicals,
ellagic acid has been receiving the most attention because of its wide array
of biological properties, such as radical scavenging, chemopreventive,
antiviral and antibacterial properties (Talcott and Lee, 2002; Xu et al.,
2003).

Interest in ellagic acid and ellagitannins has increased over the past
few years due to its properties as a micronutrient. Ellagitannins are complex
plant polyphenols composed of hexahydroxydiphenoyl moieties esterified
to a sugar (Bakkalbasi et al., 2009).
Natural sources of ellagic acid
Ellagic Acid is a naturally occurring plant polyphenol that found in
high concentrations in a number of fruits like: red raspberries, strawberries,
blackberries, walnuts, grapes, pecans, pomegranates, and cranberries
(Falsaperla et al., 2005; Özkaya et al., 2010). However, red raspberries
have been found to have up to six times the therapeutic amount of ellagic
acid compared to what is contained in other fruits and foods. It was also
found that, EA is not changed, nor its potency weakened, by freezing,
drying, or processing into a powder (Barta et al., 2006).
Chemical structure of ellagic acid
Ellagic acid, a dimer of gallic acid, belongs to the polyphenols, is
generated by the hydrolysis of ellagitannins. Chemically it is (2,3,7,8tetrahydroxy[1]benzopyra-nol[5,4,3-cde]benzopyran-5,10-dione)
(Masamune et al., 2005). Its molecular structure carrying four OH groups
attached to the main ring accounting for its free radical scavenging action
(Ahmed et al., 1999).

Figure (6): Molecular structure of ellagic acid (Soh et al., 2009).

Metabolism of Ellagic acid
Ellagic acid and ellagitannins have been associated with the health
benefits for humans. These compounds are transformed into urolithins by
the gut microbiota, and these metabolites exert several biological activities
(Truchado et al., 2011). Urolithins are microbial metabolites produced
from EA after the intake of dietary ellagitannins by different animals
(Gonzalez-Barrio et al., 2011).
A bioavailability study of (Borges et al., 2007) using rats indicated
that only 9.6% of EA was detected in stomach 1 h after oral ingestion and
that after 2 h, only traces were detected. Moreover, no EA was detected in
any of the rat organs, tissues or ﬂuids collected over 24 h after
consumption. In mice, ellagic acid presents the highest concentrations in
blood only 30 min after oral administration, with absorption occurring
mostly within 2 h and to increase the intestinal absorption, EA must be used
in lipophilic form (Teel and Martin, 1988). Rats fed with ellagic acid at
doses as high as 50 mg/day up to 45 days did not exhibit any sign of
systemic toxicity (Doyle and Griffiths, 1980).
Biological effects and health benefits of Ellagic acid
Ellagic acid has been reported as a potent antioxidant from natural
resources with several nutritional benefits, It has antimutagenic, antiviral
and anticarcinogenic properties (Surh, 1999). Through its antioxidative
effect (Cozzi et al., 1995) and decreasing of cytochrome P450 activity
(Ahn et al., 1996), it reduces the metabolic activation of carcinogenic
substances. It also increases the activity of glutathione-S-transferase and
prevents oxidative DNA damage (Barch et al., 1995; Aiyer et al., 2008).
Also, EA proved to have more than one mechanism of action, probably as a
scavenger of ROS and as a protector of the DNA double helix from
alkylating agent injury (Cozzi et al., 1995). It markedly reduces the

mutagenic activity of aflatoxin B (Loarca-Pina et al., 1998). Furthermore,
it was reported that the dietary intake of EA is capable of inhibiting the
process of lipid peroxidation and modulating the antioxidant defence
system in male and female mice (Majid et al., 1991) and showed
significantly protection to the liver by restoring the activity of superoxide
dismutase, catalase and liver glutathione, and thiobarbituric acid reactive
substances with respect to the carbon tetrachloride treated group (Murugan
et al., 2009).
Natural antioxidants like EA which has high total phenolic content
could be used to prevent free-radical-induced deleterious effects so, it has
high antioxidant activity (EC50 = 0.05; number of electrons consumed by
molecule of antioxidant = 10), probably because of the greater number of
hydroxyl groups in its structure capable of sequestering and neutralizing
free radicals (Nowak and Gawlik-Dziki, 2007). Also, it was a substrate of
mushroom polyphenol oxidase, an enzyme which oxidizes ellagic acid,
generating its o-quinone (Munoz-Munoz et al., 2009).
EA treatment significantly induced total thiol and glutathione levels,
and enhanced metallothionein protein biosynthesis. Also, EA plays an
important role in protein sulfhydryl repair mechanisms, in protection from
the oxidative stress-induced cell damage via inhibition of single strand
break formation, reduction of intracellular calcium, and inhibition of lipid
peroxidation (Gamal-Eldeen, 1997). The dietary ellagic acid that can
reverse gene expression signature associated with carcinogenesis are novel
candidates for cancer prevention and therapy (Vidya Priyadarsini et al.,
2012). Also, it has been reported to induce apoptosis via mitochondrial
pathway in colon cancer Caco-2 cells but not in normal colon cells
(Larrosa et al., 2006). Recently, it was found that zinc chelation of EA is
involved in its antiangiogenic effects by inhibiting matrix metalloproteinase

(MMP-2) activity, tube formation and cell migration of vascular endothelial
cells. The role of zinc with EA was confirmed to be important in the
process of angiogenesis (Huang et al., 2011).
EA have modulator effects on aroclor-induced reproductive
dysfunction in male rats (Atessahin et al., 2010). Also it prevents testicular
apoptosis and peroxidation induced by cisplatin (Turk et al., 2011). In
addition, it has an effect on the proliferation of prostate cancer cells (Bell
and Hawthorne, 2008).
Oxidative stress was effectively modulated by EA administration. EA
significantly improved the status of antioxidants and decreased TBARS,
hydroperoxides, nitric oxide and liver marker enzymes (GGT and ALP) at
the dose of 60 mg/kg body weight when compared with the effect of
alcohol induced oxidative stress (Devipriya et al., 2007a). Furthermore,
administrations of EA at (50 mg/kg b. w.) significantly decreased the
activities of hepatic marker enzymes compared with other doses of EA
(12.5, 25 mg/kg body weight). In addition, the levels of TBARS and
hydroperoxides were significantly decreased and the levels of enzymatic
and non-enzymatic antioxidants significant increased on treatment with EA
in the liver. (Pari and Sivasankari, 2008). EA also protects against cell
death and elevation of GSH, ALT and AST in Concavalin A-induced
fulminant liver damage in mice; it protects hepatocytes from damage by
inhibiting

mitochondrial

production

of

reactive

oxygen

species

through preventing vitamin k3-induced ROS productions, apoptotic and
necrotic cellular damage and mitochondrial depolarization, which is a main
cause of ROS production (Hwang et al., 2010). In addition, EA
(60mg/Kg/day)

has

modulator effects on

Cu

and

Zn

levels

in liver and serum of cholestatic rats (Gumus et al., 2011). So it can serve

as a primary compound for further development of hepatoprotective drugs
(Girish and Pradhan, 2008).
EA oral administration at a dose of 50 and 100 mg/kg body weight
caused restoration in the activities of antioxidant enzymes, reduction in
micronuclei formation and DNA fragmentation and serum toxicity marker
enzymes like urea, creatinine, and LDH which increased after treatment
with

cyclophosphamide-induced

renal

injury,

DNA

damage,

and

genotoxicity (Rehman et al., 2012). The potential of EA nanoparticulate
formulations in the prevention of Cyclosporin A-induced nephrotoxicity at
three times lower dose suggesting improved oral bioavailability of EA
(Sonaje et al., 2007).
EA has anti-inflammatory property by NOS, COX-2, TNF-alpha and
IL-6 down-regulation due to inhibition of NF-kappaB (Umesalma and
Sudhandiran, 2010). In addition, topical administration of ellagic acid
prevented collagen destruction and inflammatory responses caused by UVB, therefore, dietary and pharmacological interventions with berries rich in
EA may be promising treatment strategies interrupting skin wrinkle and
inflammation associated with chronic UV exposure leading to photo ageing
(Bae et al., 2010).
The oral suspension of ellagic acid has hypolipidaemic action in high
fat diet induced hyperlipidemia in rats, also it lowering glucose level
(Ratnam et al., 2009). In addition, it protects endothelial cells from
oxidized low-density lipoprotein-induced apoptosis by its antioxidant
activity (Ou et al., 2010). Recently, EA have been reported to cause
vasorelaxations in vivo studies, which are partly modulated via
endothelium-dependent mechanisms and through inhibition of calcium
influx (Yilmaz and Usta, 2013). In addition, when administered orally at
dose (7.5 or 15mg/kg) can act as cardioprotective and used for treatment of

the infracted heart by reduction of the infarct size, regulation of the
apoptotic gene expressions and enhancement of the activities of
mitochondrial respiratory marker enzymes and cell viability (Mari Kannan
and Darlin Quine, 2012).
Pomegranate oligomers, composed of gallic acid, ellagic acid and
glucose units, may account for the enhanced growth of probiotic bacteria
(Bialonska et al., 2010). Furthermore, EA has in vivo activity against
plasmodia, and it has been shown to potentiate the activity of current
antimalarial drugs such as chloroquine, mefloquine, artesunate, and
atovaquone (Soh et al., 2009). The cancer chemopreventive agent EA;
possesses antiplasmodial activities in the upper-Nano molar range by
inhibiting glutathione S-transferases (Sturm et al., 2009). EA (50mg/kg,
per oral) produced an antidepressant-like effect showed by reduction in
immobility time using forced swimming test and tail suspension test
(Girish et al., 2012).
Ellagic acid as a radioprotector
EA, a plant-derived polyphenol, inhibits gamma-radiation induced
lipid peroxidation in rat liver microsomes in a dose- and concentrationdependent manner (Priyadarsini et al., 2002). Whole body irradiation of
rats (10Gy as five fractions) was found to produce lung fibrosis within 2
months and the oral administration of antioxidant ellagic acid significantly
reduced the lung collagen hydroxyproline in these animals; also it decreases
serum and liver lipid peroxidation which were found to be increased by
irradiation (Thresiamma et al., 1996). However, induction of micronuclei
and chromosomal aberrations produced by whole body exposure of gamma
irradiation (1.5-3.0Gy) in mice was found to be significantly inhibited by
oral administration of ellagic acid (200 µmol) (Thresiamma et al., 1998).
Also, HeLa cells (immortal human cell line) treated with EA and gamma

radiation showed increased superoxide generation, up regulated p53 protein
expression, and decreased antioxidant enzymes. Also it was found that, EA
and radiation enhance capase-3 activity via oxidative stress, increased
intracellular calcium levels, phospholipase C and cause a drop in
mitochondrial

potential

(Bhosle

et

al.,

2010).

Chemopreventive

phytochemical, usually non-toxic agents with both cancer preventive and
therapeutic activities like EA was found to suppress the radiation-induced
activation of receptor tyrosine kinases and nuclear factor-κB signaling, can
modify cell survival and DNA repair efficacy, and may potentiate ceramide
signaling (Nambiar et al., 2011). It may play the key role in prevention of
hepatic lipid peroxidation by scavenging radiation induced free radicals at
single dose of 5Gy Co60 gamma radiation (Sinha et al., 2012a).
These results might provide a basis for prominent reduction of cancer
cell using EA as an adjunct to radiotherapy and an opportunity to lower the
toxic radiation doses to improve the quality of life.

Material & Methods

3. Materials & Methods
I.
1.

Materials
Animals maintenance
Eighty male albino rats were used, weighing 120 - 150g each

obtained from Ucmma Company for chemical industry. The animals
kept for 7 days for laboratory acclimatization and fed commercial pellets
and provided with tap water.

2.

Irradiation
Whole body gamma irradiation was carried out using Caesium

gamma cell (GC- 40, Nordion-Canada) provided by the National Centre
for Radiation Research and Technology (NCRRT) at Cairo, Egypt. The
type of source used was Caesium-137 with dose rate equal to 0.996
rad/sec at the time of experiment. This unit characterized by small dose
rate which used for irradiation of different research samples that need
small doses like small animals, insects and plants and also it is
characterized by uniform distribution of rays inside the irradiation
chamber with no external hazards for the operating persons. The dose
used for irradiation of the rats was 6.5Gy as a single shot.

3.

Treatments
Ellagic acid hydrate: 97% concentration may contain up to 12%

water purchased from Sigma-Aldrich Co. (St Louis, Mo, USA). It was
dissolved in corn oil and supplied to certain groups of animals (50 mg/kg
b.w.) by intragastric gavages according to (Pari and Sivasankari,
2008).
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Zinc Aspartate: Purchased from Atos Pharma, Cairo, Egypt. It
was dissolved in distilled water and supplied to certain groups of animals
(50mg/kg b.w.) equivalent to 10mg elemental zinc (Atahan et al., 2007;
Turut et al., 2009) by intragastric gavages.

4.

Kits and Chemicals:
Chemicals used

*Chloroform (El Nasr, Egypt).

*Pyrogallol (Sigma, USA).

*Diethylene triamine penta acetic

*Silver nitrate (El Nasr, Egypt).

acid (DTPA) (Sigma, USA).

*Sodium cacodylic acid (Sigma,

*DTNP [5, 5`-Dithio- bis (2-

USA).

nitrobenzoic acid)] (Sigma, USA).

*Sodium dibasic phosphate (El

*Ethanol 70% (Sigma, USA).

Nasr, USA).

*Formic solution 98% (Sigma,

*Sodium hydroxide (Sigma, USA).

USA).

*Standard malondialdehyde (1, 1,

*Glycine (Sigma, USA).

3, 3, tetrahydroxy propane)

*Hydrochloric acid (HCl) (Merck,

(Sigma, USA).

Germany).

*TCA - EDTA (Sigma, USA).

*N-butyl alcohol (Merck,

*Thiobarbituric acid (TBA)

Germany).

(Sigma, USA).

*Nitroblue tetrazolium (NBT)

*Tricloroacetic acid (TCA)

(Sigma, USA).

(Sigma, USA).

*Potassium chloride (El Nasr,

*Tris hydroxyl methyl amino

Egypt).

methane (Sigma, USA).

*Potassium dihydrogen Phosphate

*Triton X-100 solution (Sigma,

(El Nasr, Egypt).

USA).
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Kits used
*Alanine transaminase

*Glucose Kit (Biomed, Germany).

(Biodiagnostic, Egypt).

*HDL- Cholesterol Kit (Biomed,

*Albumin (Biodiagnostic, Egypt). Germany).
*Alkaline Phosphatase

*Iron (Biodiagnostic, Egypt).

(Biodiagnostic, Egypt).

*Total iron binding capacity

*Aspartate transaminase

(Biodiagnostic, Egypt).

(Biodiagnostic, Egypt).

*Total protein (Biodiagnostic,

*Cholesterol Kit (Biomed,

Egypt).

Germany).

*Triglycerides (Biomed,

*Creatinine (Biomed, Germany).

Germany).
*Urea (Biomed, Germany).

II.
1.

Experimental Design
Work Groups
The animals were randomly divided into eight groups; each

group is composed of ten rats.
Group 1: control (non-irradiated and non-treated normal rats).
Group 2: Gamma radiated.
The animals were subjected to whole body gamma radiation (6.5
Gy) as a single shot at day 21 from experiment.
Group 3: Ellagic acid
The animals were administrated with ellagic acid (50mg/kg body
weight) as a triple dose per week by intra-gastric gavage for 28 days.
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Group 4: Ellagic acid + Gamma radiation
The animals were administrated with ellagic acid (50mg/kg b.wt)
orally as a triple dose per week for 21 days, and then exposed to whole
body gamma radiation (6.5Gy) at the day 21, followed by treatment with
ellagic acid for an additional.
Group 5: Zinc aspartate
Animals were supplied with Zinc aspartate (50mg/kg body
weight) as a triple dose per week by intra-gastric gavage for 28 days.
Group 6: Zinc aspartate + Ellagic acid.
Animals were supplied with Zinc aspartate and Ellagic acid three
times a week by gavage for 28 days.
Group 7: Zinc aspartate + Gamma radiation
Animals were administrated with 50mg ZA /kg body weight
orally for 21 days as a triple dose per week, and then they were exposed
to whole body gamma radiation (6.5Gy) in the day 21; followed by
further one week ZA treatment.
Group 8: Zinc aspartate + Ellagic acid + Gamma radiation.
Animals were administrated with ZA and EA three times per
week for 21days, followed by gamma radiation exposure in the day 21,
and then coadministration of ZA and EA will continue for more one
week.
At the end of the experimental period of 28 days, the rats were
subjected to diethyl ether anesthesia then, sacrificed. Blood and tissue
samples were collected.
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III.

Methods

 Parameters assessed in whole blood
White blood cells, red blood corpuscles, platelets count,
haemoglobin concentration and haematocrit percentage were estimated
using blood counter (COBAS micro s. Roche Co. 1992).

 Parameters assessed in blood Serum
A. Assessment of liver functions
1. Determination of aspartate aminotransferase (AST) activity:
Principle:
Colorimetric determination of AST activity according to the
following reactions:
AST
Aspartate + α Ketoglutarate

Oxaloacetate + Glutamate

The ketoacids pyruvate or oxaloacetate formed is measured in its
derivative from 2, 4- dinitrophenylhydrazone which has a reddish brown
colour in alkaline medium (Reitman and Frankel, 1957)
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Reagents:
No.
R1

Chemicals

Concentration

AST buffer substrate:

R2

Phosphate buffer pH 7.5

100mmol/L

Aspartate

200mmol/L

α-ketoglutarate

2mmol/L

Colour reagent:
2, 4 dinitrophenyl hydrazine

R3

Standard pyruvate

1mmol/L
2mmol/L

Additional reagent:
Sodium hydroxide

0.4N

Procedure:
a) 0.5ml of R1 was added in the test tube and incubated for 5min at
37ºc.
b) 0.1ml of serum was added, then mixed well and incubated exactly for
60min at 37ºc.
c) 0.5ml of R2 was added, then mixed and incubated for 20min at room
temperature.
d) 5.0ml of NaOH (0.4N) was added, then mixed well and let to stand
5min.
 The absorbance was measured at 505nm against distilled water.
Calculation:
Calculate the number of units/ml of AST of sample using the standard
curve.
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Figure (7): Standard curve of AST
2. Determination of alanine amino transferase (ALT) activity:
Principle:
Colorimetric determination of ALT activity according to the
following reactions:
Alanine + α Ketoglutarate

ALT

pyruvate +Glutamate

The ketoacids pyruvate or oxaloacetate formed is measured in its
derivative from 2, 4- dinitrophenylhydrazone which has a reddish brown
colour in alkaline medium (Reitman and Frankel, 1957).
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Reagents:
No.
R1

Chemicals

Concentration

ALT buffer substrate:

R2

Phosphate buffer pH 7.5

100mmol/L

Alanine

200mmol/L

α-ketoglutarate

2mmol/L

Colour reagent:
2, 4 dinitrophenylhydrazine

R3

Standard pyruvate

1mmol/L
2mmol/L

Additional reagent:
Sodium hydroxide

0.4N

Procedure:
a) 0.5ml of R1 was added in the test tube and incubated for 5min at
37ºc.
b) 0.1ml of serum was added, then mixed well and incubated exactly for
30min at 37ºc.
c) 0.5ml of R2 was added, then mixed and incubated for 20min at room
temperature.
d) 5.0ml of NaOH (0.4N) was added, then mixed well and let to stand
for 5min.
 The absorbance was measured at 505nm against distilled water.
Calculation:
Calculate the number of units/ml of ALT of sample using the standard
curve.
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Figure (8): Standard curve of ALT
3. Determination of Alkaline Phosphatase (ALP) activity:
Principle:
Colorimetric determination of ALP activity according to the
following reactions:

Phenyl phosphate

alkaline
pH=10

phosphatase phenol + phosphate.

The liberated phenol is measured colorimetrically in the presence
of 4-aminophenazone and potassium Ferricyanide (Belfield and
Goldberg, 1971).
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Reagents:
No.

Chemicals

R1

Standard phenol

R2

Buffer – substrate:

R3

R4

Concentration
0.150g/L

Buffer pH10.0

50mmol/L

Phenyl phosphate disodium

5mmol/L

Enzyme inhibitor:
EDTA

100mmol/L

4-Aminophenazone

50mmol/L

Color reagent:
Potassium ferricyanide

20mmol/L

Procedure:
a) Appropriate set of test tubes were labeled 3 tubes for each sample, the
standard, the blank and the test.
b) Add 0.05ml of R1 in the standard tube.
c) Add 0.05ml of serum in the test tube.
d) Add 1ml of R2 in all tubes.
e) Incubate for 20minutes exactly at 37°C.
f) Add 0.5ml of R3 in all tubes.
g) Mix well, and then add 0.5ml of R4 in all tubes.
h) Mix, let stand at room temperature for 5 minutes in the dark.
 Read the absorbances of sample (A

sample)

and standard (A

standard)

against reagent blank at 510 nm. The colour is stable for 60 minutes.
The reaction is linear up to 250 IU/L.
Calculation:
Enzyme activity (IU/L) = (A sample / A standard) × 75
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B. Assessment of protein profile
1. Determination of Albumin:
Principle:
Formation of an albumin / bromcresol - green complex at pH 4.2
and photometric measurement of the absorbance (Doumas et al., 1971).
Reagents:
No.

Chemicals

R1

Standard albumin

R2

Colour reagent

Concentration
4g/dL

Citrate buffer, pH 4.2

50mmol/L

Bromocresol green

0.12mmol/L

Detergent
Preservative
Procedure:
a) A set of test tubes were prepared for blank, standard and sample.
b) 0.01ml of standard was added in the standard tube.
c) 0.01ml of sample was added in the sample tube.
d) 2.0ml of R2 was added in all tubes.
e) The tubes must be mixed well, and then the absorbance was measured
after 5mins against reagent blank at 630nm.
Calculation:
Albumin concentration (g/dl) = (A sample / A standard) × 4.
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2. Determination of Total Protein (Biuret method):
Principle:
In the presence of an alkaline cupric sulfate, the protein produces a
violet colour, the intensity of which is proportional to their concentration
(Gornall et al., 1949).
Reagents:
No.

Chemicals

R1

Standard albumin

R2

Biuret reagent:

Concentration
5g/dL

Cupric sulfate

6mmol/L

Sodium potassium tartrate

21mmol/L

Sodium hydroxide

750mmol/L

Potassium iodide

6mmol/L

Procedure:
a) A set of test tubes were prepared for blank, standard and sample.
b) 0.025ml of standard was added in the standard tube.
c) 0.025ml of sample was added in the sample tube.
d) 1.0ml of R2 was added in all tubes.
e) The tubes would be mixed well and incubated for 10mins at 37ºc.
 The absorbance of sample and standard was read against reagent
blank at 550nm.
Calculation:
Protein concentration (g/dl) = (A sample / A standard) × 5.
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C. Assessment of Lipid Profile Pattern:
1. Determination of Total Cholesterol:
Principle:
Cholesterol esters are hydrolysed to produce cholesterol.
Cholesterol is oxidized with production of hydrogen peroxide by
cholesterol oxidase. In a coupled reaction catalysed by peroxidase,
quioneimine dye coloured red is formed from 4- aminoantipyrine,
DCHB and hydrogen peroxide.
Cholesterol ester
Cholesterol+ O2

CEH

Cholesterol + fatty acid

CHOD

2H2O2 + 4-AAP + DCHB

Cholesterol-4-en-ona+H2O2
PAP

Coloured Comp. + 4H2O

The formed colour is proportional to cholesterol concentration in
sample when used as directed (Watson, 1960).
Reagents:
No.

Chemical

R1

Standard solution

R2

Enzymes reagent:

concentration
200mg/dl

Cholesterol esterase

≥160U/l

Cholesterol oxidase

≥120U/l

Peroxidase

2000U/l≥

3,5Dichloro-2-hydroxybenzene

4.0mmol/L

Sulfonic acid

50mmol/L

Tris buffer

2.0%

4-aminoantipyrine

0.45mmol/l
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Procedure:
a) Sets of test tubes were prepared for tests, blank and standard.
b) 0.01ml of standard was added to standard test tube.
c) 0.01ml of sample was added to sample test tube.
d) 1.0 ml of R2 was added to all test tubes.
e) All test tubes were incubated for 5 minute at 37ºC or 10 min at room
temperature
 The resulting colors of the test and sample tubes were measured
against blank using spectrophotometer at wave length 520nm.
Calculation:
Cholesterol conc. (mg / dl) = (A sample / A standard) × 200
2. Determination of Triglycerides:
Principle:
Triglycerides are hydrolized by lipase to yield glycerol and fatty
acids. The produced glycerol is measured by a coupled assay that
terminates in the formation of a colored compound. The intensity of
formed color is proportional to triglycerides concentration when
measured at 520nm (Fossati and Prencipe, 1982).
Triglyceride
Glycerol +ATP
G-3-P + O2

Lipas
e

Glycerol+ fatty acids

Glycerokinase

Glycerol-3-phosphate + ADP

Glycerol-3-peroxidase

DAP + H2O2

2H2O2 + 4-Aminonatipyrine + 4-chlorophenol
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Reagents:
No.

Chemicals

R1

Standard solution

R2

Enzymes reagent:

Concentration
200mg/dl

Buffer PIPES pH 7.2

50mM

Lipase (microbile)

>500U/l

Glycerokinase

>500U/l

peroxidase

>1000U/l

4-aminoantipyrine

>1000U/l

3,5-Dichloro-2-Hydroxybecensulfonic

1mM

acid

1.5mM

ATP

0.50mM

Mg2+

5mM

Sodium azide

1g/l

Stabilizers and surfactants

c.s

Procedure:
a) Sets of test tubes were prepared for tests, blank and standard.
b) 0.01ml of standard was added to standard test tube.
c) 0.01ml of sample was added to sample test tube.
d) 1 ml of R2 was added to all test tubes.
e) All test tubes were incubated for 5 minute at 37º C or 10 minutes at
room temperature.
 The resulting colors of test and sample tubes were measured against
blank using spectrophotometer at wave length 520nm.
Calculation:
Triglycerides conc. (mg / dl) = (A sample / A standard) × 200

68

Material & Methods

3. Estimation of Serum LDL-Cholesterol:
LDL-Cholesterol was calculated according to the Friedwalds formula:
LDL-C (mg/dl) = Cholesterol – (Triglyceride/5 + HDL-C).
4. Determination of HDL- cholesterol:
Principle:
HDL-cholesterol is obtained through selective precipitation of
LDL and VLDL lipoproteins, thus HDL lipoproteins remain in solution.
HDL-cholesterol in supernatant is treated as a sample for cholesterol
assay according to the following reaction:
Cholesterol ester
Cholesterol + O2

CEH
CHOD

2H2O2 + 4-AAP+ P-HBA

Cholesterol + fatty acids.
Cholest 4-en-3-ona + H2O2.
Peroxidase

coloured comp. + 4 H2O.

Formed colour is measured at 546nm and is proportional to
HDL-cholesterol concentration in sample when used as directed
(Watson, 1960).
Precipitating reagent:
Phosphotungstic acid

0.55mM

Magnesium chloride

25mM

Procedure:
a) 200µ of sample was added to 500 µ of precipitant.
b) The tube was mixed well and then stand for 10mins at room
temperature.
c) Centrifugation occurred for 10mins at 4000 rpm, the clear supernatant
was separated for cholesterol determination.
d) 1ml of cholesterol reagent was added in blank and sample tubes.
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e) 100µ of supernatant was added in sample tube, while in blank, 100µ
of distilled water was added.
f) The tubes were mixed well, then incubated for 10mins at room
temperature.
 The absorbance was measured against blank at 546nm.
Calculation:
Concentration of HDL-c (mg/dl) in supernatant = A sample × 325.

D. Assessment of Kidney Function Pattern
1. Determination of urea:
Principle:
The method is based on the following reaction:
Urea + H2O → 2NH3 + CO2
The ammonium ions formed, in the presence of salicylate and
nitroferricyanide reacts in alkaline solution of sodium hypochlorite, to
form a green dye compound. The intensity of the green colour produced
is directly proportional to the amount of urea concentration (Chaney
and Marbach, 1962).
Reagents:
No.

Chemicals

Concentration

R1

Urea standard

50mg/dL

R2

Urease

>5000U/L

R3

Phosphate buffer pH 8.0

50mmol/L

Sodium salicylate

52mmol/L

Sodium nitroprusside

1.0mmol/L

Sodium hydroxide

20mmol/L

Sodium hypo-chlorite

10mmol/L

R4
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Procedure:
a) A set of test tubes were prepared for blank, standard and sample.
b) 1.0ml of R3 was added in all tubes.
c) 50u/L (drop) of R2 was added in all tubes.
d) 0.01ml of sample or standard was added.
e) Tubes must be mixed well, and then incubated for 3mins at 37ºc.
f) 1.0ml of R4 was added in all tubes.
g) Tubes must be mixed well, and then incubated for 5mins at 37ºc.
 The absorbance of the sample or standard was measured against the
blank at 578nm.
Calculation:
Urea concentration (mg/dl) = (A sample / A standard) × 50.
2. Determination of creatinine:
Principle:
Creatinine in alkaline solution reacts with picric acid to form a
yellow-orange colour complex. The rate of the formation of colour is
proportional to the creatinine quantity in the sample (Young et al.,
1975).
Reagents:
No.

Chemicals

Concentration

R1

Creatinine standard

2mg/dL

R2

Picric acid

38mmol/L

R3

Sodium hydroxide

0.4mmol/L

Procedure:
a) Working reagent was prepared by mixing equal volumes of R2 and
R3 before the assay.
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b) Two test tubes were prepared for standard and sample.
c) 1.0ml of the working solution was added in all tubes.
d) 0.1ml of sample or standard was added and mixed.
 After 30seconds at 20-25ºc, the absorbance A1 of sample or standard
was read at 492nm against distilled water.
 Exactly 2 minutes later, A2 was read for standard or sample.
Calculation:
A2-A1= ΔA sample or ΔA standard
Creatinine concentration (mg/dl) = (ΔA sample / ΔA standard) × 2.

E. Assessment of parameters related to iron:
1. Estimation of serum IRON:
Principle:
The serum is deproteinized by trichloroacetic acid and the iron is
dissociated from the protein transferring by hydrochloric acid then
reduced to ferrous by thioglycolic acid. The coloured complex which the
iron forms with bathophenanthroline is measured colorimetrically
(Dreux, 1977).
Reagents:
No.

Chemicals

R1

Standard iron

R2

Acids mixture:

R3

Concentration
35.8μmol/L (200µg/dL)

Trichloroacetic acid

0.6mol/L

Hydrochloric acid

2.1mol/L

Thioglycolic acid

0.4mol/L

Chromogen:
Bathophenanthroline

0.47mmol/L

Sodium acetate

3.6mol/L
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Procedure:
i. Deproteinization:
a) A set of test tubes were prepared for samples.
b) 0.5ml of serum was added to the test tubes.
c) 0.5ml of R2 was added to the test tubes.
d) The test tubes were mixed, left to stand for 10 min then, were
centrifuged for 10min at 3000rpm (1000 ground force), and the
supernatant was used for the assay.
ii. Iron Assay:
a) A set of free iron test tubes were prepared for blank, standard and
sample.
b) 0.5ml of the supernatant was added in the sample tubes.
c) 0.25ml of R1 was added in the standard tube.
d) 0.25ml of R2 was added in the standard and blank tubes.
e) 0.25ml distilled water was added in the blank tube.
f) 0.5ml of R3 was added in the standard, blank and sample tubes.
g) All tubes were mixed and incubated for 5min at 20 - 25°C
 The absorbances of the sample and the standard were measured
against blank at 535nm.
Calculation:
Iron Concentration = (A Sample / A Standard) X Standard Conc.
2. Estimation of Total Iron Binding Capacity (TIBC):
Principle:
TIBC is measured after the saturation of the transferrin by the
iron and the adsorption of the excess iron on magnesium hydroxy
carbonate. Determination of iron is then performed by the colorimetric
method used for iron determination (Piccardi et al., 1972).
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Reagents:
No.

Chemicals

R1

Iron saturating solution

R2

Adsorbant reagent:

Concentration
6mg/L

Magnesium hydroxy carbonate powder.
Procedure:
a) A set of free iron test tubes were prepared for samples.
b) 0.5ml of serum was added in the test tubes.
c) 1.0ml of R1 was added in the test tubes.
d) The test tubes were mixed and left to stand for 10min.
e) One spoon (200mg) of R2 was added in the test tubes.
f) The test tubes were mixed from time to time, over a period of 30min,
and were centrifuged for 15 min at 3000 rpm.
g) For measurement of TIBC, 0.5ml of the supernatant was considered
as serum and was preceded for the measurement as in case of iron
assay, starting from the deproteinization step till the end of the
experiment.
Calculation:
TIBC = (A Sample / A Standard) x Standard Conc. x 3 (Dilution factor).
Standard Conc. = 35.8μmol/L (200μg/dl).
2. Estimation of transferrin:
Transferrin concentration can be determined from the theoretical
ratio of TIBC (in µmol/L) to TRF (in g/L) 25.1(Tsung et al., 1975).
TIBC (µmol/L) = 25.1 x TRF (g/L)
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F. Determination of Glucose:
Principle:
The enzymatic method uses Glucose oxidase to catalyze the
oxidation of glucose to hydrogen peroxide and gluconic acid. Hydrogen
peroxide, when combined with 4-aminoantipyrine and a derivative from
phenol forms a red dye compound. The intensity of the red colour
produced is directly proportional to the glucose quantity in the sample
(Young et al., 1972).
Reagents:
No.

Chemicals

Concentration

R1

Glucose

100mg/dL (5.56mmol/L)

R2

Phosphate buffer

100mmol/L

Glucose oxidase

10000U/L

Peroxidase

2000U/L

4-AAP

1mmol/L

Phenol

10mmol/L

Procedure:
a) Sets for test tubes were prepared for tests, blank and standard.
b) 1.0ml of R2 was added for all tubes.
c) 10µl of distilled water was added to blank tube.
d) 10µl of R1 was added to standard tube.
e) 10µl of serum was added to sample tubes.
f) All tubes were mixed and incubated for 10min at 37oC.
 The absorbance of sample and standard were measured at 500nm
against blank.
Calculation:
Glucose mg/dL = (A sample / A standard) x 100 (standard value)
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 Parameters assessed in tissue homogenate:
1.
Estimation of Superoxide Dismutase (SOD) Activity in liver
and kidney tissues:
Principle:
SOD activity was determined According to (Minami and
Yoshikawa, 1979); This method is based on:
a) The generation of superoxide anions by Pyrogallol autoxidation.
b) Detection of generated superoxide anions by nitroblue tetrazolium
(NBT) formazan colour development.
c) Measuring the amount of generated superoxide anions scavenged by
SOD (the inhibitory level of formazan colour development).
Reagents:
Tris-Cacodylic buffer pH 8.2
46mM sodium cacodylic acid was added to 5mM Diethylene triamine
penta acetic acid (DTPA), the pH was adjusted to 8.2 by adding tris
hydroxy methyl amino methane.
Pyrogallol solution
a-The stock solution was made by dissolving pyrogallol powder in 1M
HCl and stored in a refrigerator until use; the stock solution was stable
for 3months.
b- The pyrogallol solution (for assay) was freshly prepared before use by
diluting the stock to 0.9mM with distilled water.
Nitroblue tetrazolium (NBT)
NBT was used in aqueous solution (0.98mM).
Triton X-100 solution
Sixteen volumes of Triton X-100 were mixed with water; the volume
was adjusted to 100 volumes with distilled water.
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Formic buffer
Formic solution (analar, 98%) 2M in 16% Triton X-100.
Preparation of tissue samples:
The liver and kidney tissues were placed in 0.154M NaCl
solution and homogenized (1:50, W/V). 5ml aliquot of the homogenate
was shaken vigorously with 5ml of ethanol and chloroform (2:1) for
3min to remove substance disturbing SOD assay; then the 5ml aliquot of
the organic mixture was centrifuge for 60min at 15000rpm using a
cooling centrifuge (Microfriger-BL, Selecta, Espania). The supernatant
of 0.25ml was used for assay.
Assay:
Reagent

Blank

Test

1- Distilled water

0.25ml

-----

2- Supernatant

-----

0.25ml

3- Tris-cacodylic buffer

0.5ml

0.5ml

4- NBT

0.25ml

0.25ml

5- Pyrogallol

10µ

10µ

0.5ml

0.5ml

 The mixture is incubated for 5min at 37˚C.
6- Formic acid (Stopper reagent)

 The optical density was measured at 540nm against distilled water in
Beckman-Model-24 Spectrophotometer.
Calculation:
1 unit (50% inhibitory level) corresponding to 0.229nmol/ml (7.47µg/ml
of the reaction mixture) of SOD by this method.
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2. Determination of lipid peroxidation level in liver and kidney
tissues:
Principle:
Lipid peroxidation level was determined by using the method of
(Yoshioka et al., 1979). The colorimetric determination of thiobarbituric
acid reactive substance (TBARS) is based on the reaction of 1 molecule
of malondialdehyde (MDA) with 2 molecules of thiobarbituric acid
(TBA) at low pH (2-3). The resultant pink pigment product is extracted
by n- butanol.
Reagents:
-20 % trichloroacetic acid (TCA).
-0.67 % thiobarbituric acid (TBA).
-N-butyl alcohol analar.
-Standard malondialdehyde (1, 1, 3, 3 tetraethoxy propane), serial
dilutions of standard MDA were prepared to set up a standard curve for
lipid peroxidation (5- 30 nmol / ml).
Preparation of tissue samples:
Liver and Kidney tissues were placed in cold physiological saline
(0.9 NaCl) and homogenized using a Tri-R STIR-R model K41
homogenizer (i.e. take certain weight of the tissue then added certain
volume of saline according to the dilution needed mainly 10 %
homogenate).The homogenate was centrifuged at 10.000 r.p.m for 10
minutes at 4°C. Using cooling centrifuge (universal 16 R) and the
supernatant was prepared for analyses.
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Procedure:
Reagent
1- Tissue homogenate (10%)
2- TCA (20%)

Blank

Test

-----

0.5ml

2.5ml

2.5ml

1ml

1ml

 Shake well
3- TBA (0.67%)

 The mixture was shaked well and heated for 30min. in boiling water,
then cooling rapidly.
4- N-butyle alcohol

4ml

4ml

5- The butanol upper layer was separated by centrifugation at 3000 rpm
(1000 ground force) for 10 minutes.
6- The absorbance of the upper layer was measured at 535 nm using
spectrophotometer against n.butanol
Calculation:
Malondialdehyde

concentration

was

determined

by

nmol

malondialdehyde / g tissue; using the following equation:
MDA conc. = (O.D.

test

/ O.D.

standard)

x Conc. of standard x dilution

factor.

3. Estimation of total reduced glutathione (GSH) content in liver
and kidney tissues:
Principle:
Reduced glutathione was determined using the method of
(Ellman, 1959). The procedure is based on the reduction of Ellman's
reagent [5, 5`-dithiobis - 2-nitrobenzoic acid] per mole of SH. The
nitromercaptobenzoic acid anion has intense yellow color and can be
determined spectrophotometrically.
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Reagents:
-Potassium phosphate buffer pH 8, 0.1M
-Ellman's reagent [5, 5`- dithiobis (2- nitro benzoic)] 0.396g / 100ml
phosphate buffer.
-10% TCA for centrifugation.
-6mM Na2EDTA
-KCl solution 0.15M for homogenization of tissue.
-Glutathione standard.
Preparation of tissue samples:
The liver and kidney tissues were placed in (0.15M KCl) and
homogenized using a Tri-R STIR-R model K41 homogenizer (i.e. take
certain weight of the tissue then added certain volume of KCl solution
according to the dilution needed mainly 10% homogenate).The
homogenate was centrifuged at 10.000 r.p.m for 10 minutes at 4°C using
cooling centrifuge (universal 16 R) and the supernatant was prepared for
analyses.
Procedure:
a) To each micro centrifuge tube containing 0.5ml of TCA - EDTA and
0.5ml of 20% homogenate (or standard) was added.
b) The tubes were gently shaken intermittently for 10-15 mins. This was
followed by centrifugation at 2000 rpm for 5 minutes at room
temperature.
c) Accurately, 0.2 ml of resulting clear supernatant was taken & mixed
with 1.7ml of 0.3 M phosphate buffer in separate test tubes.
d) 0.1ml of Ellman's reagent was added to each tube.
 After 5 minutes; the optical density was measured at 412 nm against a
reagent blank.
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Preparation of serial dilutions of the standard:
TCA-EDTA and KCL solutions were mixed in a proportion of
1:1. The resulting solution was used as a solvent to prepare serial
dilutions of standard glutathione (from 1-60/ml) to set up a standard
curve for glutathione.
Calculation:
GSH Content was determined from the standard curve.

1.2

Absorbance

1
0.8
0.6
0.4
0.2
0
0

0.2

0.4

0.6

Concentration (mg / g tissue)

0.8

1

Figure (9): Standard curve of reduced glutathione.

4. Determination of Metallothionein (MT) level in liver and kidney
tissues:
Metallothioneins were determined according to the method
described by (Onosaka and Cherian, 1982).
Preparation of tissue samples:
Certain weight of liver and kidney tissues were washed in saline
and homogenized in volume of sucrose solution (0.25M), then the
homogenates were centrifuged at 6000rpm (2000 ground force), at 4˚c
for 20min. The aliquots were separated and stored at -20oC till used.
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Procedure:
a) 0.05ml aliquot was incubated with 0.5ml of (20 ppm Ag2+) for 10min.
at 20˚c (AgNO3 dissolved in deionized water).
b) The resulting Ag-MT was incubated in 0.5 ml glycine-NaOH buffer
(PH= 8.5) for 5min.
c) Excess silver (Ag2+) was removed by addition of 0.1ml mutant RBCs
haemolysate, followed by heat treatment in boiling water bath for
15min., and then the complex was centrifugated at 3000 rpm (1000
ground force) for 5min.
d) Step (c) (hem treatment) was repeated twice to ensure the removal of
unbound metal Ag2+.
e) Ag2+ in the supernatant was measured by the atomic absorption
apparatus which is proportional to the amount of metallothioneins.
Preparation of Rat or Mutton RBCs haemolysate:
a) Blood was obtained from the abdominal aorta under diethyl ether
anesthesia into heparinized tubes.
b) 20ml of 1.5% KCL was added to 10ml blood and mixed well.
c) The mixture was centrifuged at 3000 rpm for 5min. at 10˚c.
d) The pellet containing the RBCs was suspended in 30ml 1.15% KCL
and centrifuged.
e) Previous steps were repeated twice regarding wash and centrifuge.
f) The washed RBCs were suspended in 20ml of 30mM tris HCL buffer
pH = 8.
g) The reaction was kept in room temperature 10min. for haemolysis
and centrifuged at 3000rpm for 10min. at 20˚c.
h) The supernatant fraction was collected and used for the haemolysate.
i) The haemolysate samples can be stored at 4˚c for 2-3 weeks.
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5. Determination of some trace elements in liver, kidney, testis,
spleen, and heart tissues by Atomic Absorption Spectrometry:
Theory:
The method used in the estimation, is based on the fact that
atoms of an element in the ground or unexcited state will absorb light of
the same wave length that they emit in the excited state. The wave length
of that light or the resonance lines is characteristic for each element. No
two elements have identical resonance lines. Atomic absorption
spectrophotometer involves the measurement of light absorbed by atoms
in the ground state. It is different from flame photometry in that the later
employs the measurement of light emitted by atoms in the excited state.
Most elements have several resonance lines but usually one line is
considerably stronger than the others. The wave length of this line is
generally the one selected for measurement. Occasionally however it
may be necessary to select another resonance line either to reduce
sensitivity or because resonance line of an interfering element is very
close to the one of interest (Kirbright and Sargent, 1974).
Preparation of tissue samples for atomic absorption analysis:
Tissues were washed with deionized water and digested in a
mixture of 65% nitric acid analar and hydrogen peroxide (5:1). The
digestion was completed by using microwave digestor Milestone (MLS1200 Mega), Italy; and the digested samples were diluted with deionized
water to fixed volume (IAEA, 1980).
Elements concentrations of tissue samples were calculated by
calibration curve method using standard stock solution (1mg/L) for each
studied element.
The selected elements were then estimated quantitatively by
Atomic Absorption Spectrophotometer SOLAR System Unicam 939,
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England. Hallow cathode lamps were used to determine Fe2+, Cu2+, Zn2+,
Mg2+, Ca2+ and Mn2+ in air acetylene flame (Kingston and Jassei,
1988).
The samples were atomized under the instrumental conditions
shown in the following table:
Element

Fe

Cu

Zn

Mn

Ca

Mg

Wave length(nm)

248.3

213.9

213.9

279.5

422.7

285.5

Band pass (nm)

0.2

0.5

0.5

0.5

0.5

0.5

Lampcurrent (mA)

7-11

2-4

4-7

5-7

5-7

2-3

Integration period

4sec

4 sec

4sec

4 sec

4 sec

4sec

Air flow rate (L/m)

5

5

5

5

5

5

8-1.1

9-1.2

9-1.2

4-4.4

9-1.2

Acetylene flow rate 8-1.1
(L/m)
Sensitivity:
Flame (mg/L)

0.06

0.41

0.013

0.029

0.015

0.003

Furnace (pg)

1.5

1.8

0.22

0.57

0.8

0.13

Calculation:
The element concentration per gram tissue could be determined
by equation:
Conc. in (μg \ g) =

Conc. (μg \ ml)
Sample weight

× dilution factor.

 Wet tissue weights were used for calculating the metal concentration
in tissues (Gregus and Klaassen, 1986).
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Microwave Digestor Technology:
Microwave

is

electromagnetic

energy.

Frequencies

for

microwave heating are set by the Federal Communication Commission
and International Radio Regulations. Microwave Frequencies designated
for industrial, medical and scientific uses. The closed vessels technology
included by microwave heating gives rise to several advantages: (1)
Very fast heating rate (2) Temperature of an acid in a closed vessel is
higher than the atmospheric boiling point (3) Reduction of digestion time
(4) Microwave heating raises the temperature and vapour pressure of the
solution (5) The reaction may also generate gases further increasing the
pressure inside the closed vessels (IAEA, 1980; Kingston and Jassei,
1988).

IV.

Statistical Analysis
The statistical analysis was performed using one-way analysis of

variance (ANOVA) and the groups were compared by Tukey-Kramer
test using Prism Dimo-4 program. Results were expressed as mean ±
standard error (SE). Figures were drown using excel 2010 program.
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4. Results
I. Parameters assessed in whole blood
Effect of Ellagic acid and/or Zinc aspartate on WBCs count, RBCs
count, Pt count, Hb concentration and Hct% in normal and
irradiated rats:
The results represented in table (1) and illustrated in figure (10)
revealed that, whole body gamma irradiation at single dose (6.5Gy),
resulted in highly significant decrease in WBCs, RBCs, platelets count,
Hb and Hct% recording percentage changes (70%, 32%, 65, 31% and
36%) respectively from control.
The supplementation of rats with ellagic acid (50mg/Kg b.wt.)
showed non-significant changes in all mentioned parameters when
compared with control. However, supplementation of rats with EA pre
and post whole body γ-irradiation showed improvement in all mentioned
parameters which disturbed by radiation; WBCs from -70% to -45%, Pt
from -65% to -58%, Hb from -31% to -17% and Hct from -36% to -23%;
it could return RBCs count near to the normal values.
Results revealed that, supplementation of rats with zinc aspartate
before and after whole body gamma irradiation showed highly
significant decrease in all mentioned parameters when compared with
the control group. While, it showed significant increase in WBCs count
when compared with irradiated group.
Co-administration of EA and ZA revealed non-significant changes
in WBCs and RBCs when compared with control rats. However, this
supplementation before and after whole body gamma irradiation showed,
improvement in RBCs from -32% to -26%, Pt from -65% to -51% and
Hct% from -36% to -30%. On the other hand, they could ameliorate the
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changes in WBCs disturbed by irradiation and they showed a synergistic
effect.
Table (1): Effect of Ellagic acid and/or Zinc aspartate on WBC
count, RBC count, Pt count, Hb concentration and Hct % in normal
and irradiated rats
×10 /UL

3

×10 /UL

Hb

(g/dl)

Hct%

8.4±0.6

6.5±0.4

644±26

12±0.6

39±1.2

2.3±0.08 b
-70
7±0.6
-16
4.6±0.4 b
-45
6.8±0.1
-19
5.2±0.3 b,c
-38
9.8±0.3
16
5.6±0.5 a,d
-33

4.4±0.3 b
-32
6.2±0.1
-8
5.7±0.1
-12
6±0.3
-8
4.5±0.04b
-31
6±0.04
-8
4.8±0.2 b
-26

224±21 b
-65
529
-17
270±12 b
-58
812±5.6 b
26
266±17 b
-58.7
894±70 b
39
314±7.2 b
-51

8.3±0.3 b
-31
13±0.2
8
9.6±0.2 b
-17
9.3±0.4 b
-3
8.5±0.2 b
-29
10±0.1 b
-17
8.4±0.4 b
-30

25±1.5 b
-36
40±0.4
2.6
30±0.4 b
-23
33±1.7 b
-15
25.2±0.9b
-35
33±0.3 b
-15
27±1.3 b
-30

Parameters
Groups
control

WBC

×10 /UL

IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

3

RBC
6

Pt

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (SE).
- % change from control.
- Data were analyzed by one way ANOVA and the groups were
compared by Tukey-Kramer test
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Figure (10): Effect of Ellagic acid and Zinc aspartate on RBCs, WBCs,
Pt count, Hb and Hct% in normal and irradiated rats, where *
significantly different (P<0.05) when compared with control. **
Significantly different (P<0.01 or P<0.001) when compared with control.
# Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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II.Parameters assessed in blood Serum
A. Assessment of liver functions
Effect of Ellagic acid and/or Zinc aspartate on serum AST, ALT and
ALP in normal and irradiated rats:
The results represented in table (2) and illustrated in figure (11)
revealed that whole body gamma irradiation, at a single dose (6.5Gy),
caused an elevation in AST, ALT and ALP, recording percentage
changes (64%, 70.5% and 34%) respectively from normal control after
7days from irradiation.
The prolonged administration of ellagic acid (50mg/kg b.wt.)
showed insignificant changes in AST, ALT and ALP when compared
with control group. On the other hand, when EA taken before and after
γ-irradiation it caused significant amelioration in serum ALP and AST
disturbed by gamma irradiation and it could return ALT near to the
normal values.
While all groups supplied with zinc aspartate (50mg/kg b.wt.)
showed significant increase in AST when compared with control group.
Supplementation of rats with ellagic acid and zinc aspartate before
and after whole body gamma irradiation showed insignificant changes in
ALT and ALP when compared with normal rats.
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Table (2): Effect of Ellagic acid and/or Zinc aspartate on serum
AST, ALT and ALP in normal and irradiated rats

Parameters

Groups
control

IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

AST

ALT

ALP

54.6±2.5

34.6±2.3

181±12

89.6±8 b
64
55.3±2.4
1.3
60±5.7 c
10
96.6±3.8 b
77
99±2.6 b
81
84.5±7 a
55
97±4 b
78

59±5.7 b
70.5
35.9±3.2
4
46.4±3.7
34
38±3.6
10
51±5.1 a
47
39.9±3.7
15
48±4.3
38

242±11 a
34
190±17
5
177±11 c
-7
183.7±5.7
1.5
221±4.8
22
218±17
20
231±14.5
28

(U/l)

(U/l)

(U/l)

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (SE).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (11): Effect of Ellagic acid and Zinc aspartate on serum AST,
ALT and ALP in normal and irradiated rats, where * Significantly
different (P<0.05) when compared with control. ** Significantly
different (P<0.01 or P<0.001) when compared with control. #
Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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B. Assessment of protein profile
Effect of Ellagic acid and/or Zinc aspartate on serum albumin and
total protein concentration in normal and irradiated rats:
Results shown in table (3) and illustrated in figure (12)
demonstrated that, exposing rats to gamma-radiation (6.5Gy) as single
shot induced a highly significant decrease in albumin and total protein by
about 27% and 55% respectively from normal values after 7 days of
irradiation.
Administration of ellagic acid (50mg/kg b.wt.) or zinc aspartate
(50mg/kg b.wt.) each alone or together showed insignificant changes in
serum albumin and total protein when compared with normal rats.
Administration of EA pre and post exposure of rats to γ-ray
caused highly significant amelioration in total serum protein disturbed
by gamma-radiation and it improved the decrease in albumin level
induced by radiation from -27% to -22%.
On the other hand, supplementation of the irradiated rats with ZA
could return albumin concentration near to the normal values and
improved the level of total protein from -55% to -44%.
Supplementation of rats with EA and ZA before and after whole
body gamma irradiation

showed

a synergistic effect through

amelioration of the decreased albumin and total protein induced by
irradiation from -27% to -20% and from -55% to -39% respectively.
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Table (3): Effect of Ellagic acid and/or Zinc aspartate on serum
albumin and total protein concentration in normal and irradiated
rats
Parameters
Groups
control

Albumin
(g/dl)
3.22±0.1

Total protein
(g/dl)
5.97±0.27

IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

2.34±0.2 b
-27
3.28±0.1
1.9
2.51±0.07 b
-22
3.24±0.1
0.6
2.74±0.2
-15
3.67±0.1
14
2.56±0.07 b
-20

2.7±0.3 b
-55
6.6±0.5
24
5.2±0.4 d
-13
6.7±0.2
12
3.3±0.14 b
-44
7.2±0.3
21
3.6±0.2 b
-39

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (SE).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (12): Effect of Ellagic acid and Zinc aspartate on serum albumin
and total protein concentration in normal and irradiated rats, where *
significantly different (P<0.05) when compared with control. **
Significantly different (P<0.01 or P<0.001) when compared with control.
# Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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C. Assessment of Lipid Profile Pattern:
Effect of Ellagic acid and/or Zinc aspartate on serum
Triacylglycerol (TG), Cholesterol (TC), Low density lipoprotein
(LDL-c) and High density lipoprotein (HDL-c) concentrations of
normal and irradiated rats:
The results represented in table (4) and illustrated in figure (13)
revealed that whole body gamma irradiation, at single dose (6.5Gy),
resulted in highly significant increase in TG and cholesterol and
significant increase in LDL-c, while it caused highly significant decrease
in HDL-c recording percentage changes (64%, 57%, 42% and 53%)
respectively from normal control.
Supplementation of rats with ellagic acid (50mg/Kg b.wt.) showed
significant decrease in TG (44%) and non-significant changes in the
other parameters when compared with control group.
Results revealed that, supplementation of rats with EA before and
after whole body gamma irradiation showed significant amelioration to
the levels of serum TC and LDL-c disturbed by radiation. However, it
could return the level of TG near to the normal value. Moreover, it
improved the level of HDL-c disturbed by radiation from -35% to -37%.
Administration of zinc aspartate (50mg/Kg b.wt.) revealed nonsignificant changes in all mentioned parameters in comparison with
normal values. While, when supplied pre and post γ-irradiation revealed
a highly significant decrease in the levels of serum TG, TC and LDL-c
when compared with gamma irradiated group.
Results revealed that supplementation of rats with EA and ZA pre
and post γ-irradiation showed a synergistic effect and significant
amelioration in TG, TC and LDL-c which disturbed by irradiation; while
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they could improve the level of HDL-c disturbed by γ-ray from -53% to
-32% percentage change from control.
Table (4): Effect of Ellagic acid and/or Zinc aspartate on serum TG,
TC, LDL-c and HDL-c of normal and irradiated rats
Parameters

Groups
Control

IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

TG

(mg/dl)

TC

(mg/dl)

LDL-c

45±2.5

41.7±1.5

25.2±2.4

HDL-c
(mg/dl)
49.3±3.9

74±4.9 b
64
19±0.5 a
-44
60.4±4.7
34
47±4.4
4.4
57±2.8 d
27
34±3
-24
52.4±2.9 d
16

65.4±4.3 b
57
32.5±0.9
-22
42.2±3.5 d
2
43±0.7
6.2
48.7±3.1 d
17
45.7±2.5
10
46.1±4.7 c
11

35.8±1.7 a
42
20±1.7
-20
23.2±1.2 c
-8
18.2±1.4
-28
22.5±1.8 d
-10.7
16.4±1.5 a
-35
22.4±2.2 d
-11

23±1.5 b
-53
39.2±1.5
-20
31±2.7 b
-37
38±2.4
-22
26±1.7 b
-47
57.4±4.2
16
33.4±1.3 b
-32

(mg/dl)

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (SE).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (13): Effect of Ellagic acid and Zinc aspartate on serum TG, TC,
LDL-c and HDL-c in normal and irradiated rats, where * significantly
different (P<0.05) when compared with control. ** Significantly
different (P<0.01 or P<0.001) when compared with control. #
Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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D. Assessment of Kidney Function Pattern
Effect of Ellagic acid and/or Zinc aspartate on levels of serum
creatinine and urea in normal and irradiated rats:
The results represented in table (5) and illustrated in figure (14)
revealed that whole body gamma irradiation, at single dose (6.5Gy),
resulted in highly significant increase in serum creatinine and urea
recording percentage changes (108%, 62%) respectively from control
group after 7days from irradiation.
Supplementation of rats with ellagic acid and/or zinc aspartate
showed nonsignificant changes in serum creatinine and urea in
comparison with control group.
Results revealed that administration of EA and ZA each alone or
together before and after whole body gamma irradiation caused
significant amelioration of serum creatinine and urea which disturbed by
gamma irradiation.
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Table (5): Effect of Ellagic acid and/or Zinc aspartate on levels of
serum creatinine and urea in normal and irradiated rats
Parameters
Groups
Control

Creatinine (mg/dl)

Urea (mg/dl)

0.48±0.02

29.14±1.3

IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

1.04±0.06 b
108
0.45±0.02
-6.3
0.42±0.01 d
-16
0.39±0.02
-26
0.39±0.02 d
-26
0.44±0.02
-8.3
0.38±0.02 d
-21

46.64±1.2 b
62
25.25±1.9
-12.9
35.79±2.9 d
24
33.26±1.9
13
37.57±2.7 c
31
35.25±1.88
21.6
36.33±2.2 c
25.3

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (S.E).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (14): Effect of Ellagic acid and Zinc aspartate on serum
creatinine and urea in normal and irradiated rats, where * significantly
different (P<0.05) when compared with control. ** Significantly
different (P<0.01 or P<0.001) when compared with control. #
Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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E. Effect of Ellagic acid and Zinc aspartate on serum iron, total iron
binding capacity (TIBC) and transferrin of normal and irradiated
rats:
The results represented in table (6) and illustrated in figure (15)
revealed that whole body gamma irradiation, at single dose (6.5Gy),
resulted in highly significant increase in serum iron, TIBC and
transferrin recording percentage changes (70%, 132% and 132.2%)
respectively from normal group.
Results revealed that supplementation of rats with ellagic acid
and/or zinc aspartate showed insignificant changes in all mentioned
parameters when compared with normal rats. On the other hand,
supplementation of rats with EA pre and post γ-irradiation could return
the level of serum iron near to the normal.
Administration of zinc aspartate (50mg/Kg b.wt.) before and after
exposure to γ-rays, revealed highly significant amelioration in TIBC and
transferrin disturbed by gamma irradiation and it could return serum iron
near to the normal values.
Synergistic effect was obtained when EA and ZA was supplied to
rats before and after whole body gamma irradiation through inducing
highly significant decrease in serum iron, TIBC and transferrin in
comparison with the irradiated group.
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Table (6): Effect of Ellagic acid and/or Zinc aspartate on serum iron,
TIBC and transferrin of normal and irradiated rats
Parameters
Groups
control

(µg/dl)

Iron

(µmol/l)

TIBC

Transferrin

103±8.5

219±21

8.7±0.8

IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

175±15 b
70
104.3±7
1.3
148.2±7
44
119.4±11
16
132.8±13
29
115.5±6
12
116.8±8.9 d
13

508±42 b
132
227.3±15
4
499.5±29 b
128
248.5±8.2
13
341±29 d
56
221.4±12.2
1.1
327±11 d
49

20.2±1.7 b
132.2
8.9±0.6
2.3
19.9±1.2 b
129
9.9±0.3
14
13.6±1.2 d
56.3
8.8±0.5
1.1
13±0.4 d
49.4

(g/l)

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (SE).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (15): Effect of Ellagic acid and Zinc aspartate on serum iron,
TIBC and transferrin concentration in normal and irradiated rats, where *
significantly different (P<0.05) when compared with control. **
Significantly different (P<0.01 or P<0.001) when compared with control.
# Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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F. Effect of Ellagic acid and/or Zinc aspartate on serum glucose
levels levels of normal and irradiated rats:
The results represented in table (7) and illustrated in figure (16)
revealed that whole body gamma irradiation, at single dose (6.5Gy),
resulted in highly significant increase (P<0.001) in glucose concentration
recording percentage change (58%) from control group.
Supplementation of EA and/or ZA to rats revealed non-significant
change in serum glucose in comparison with normal non irradiated rats.
Results revealed that, supplementation of rats with EA (50mg/Kg
b.wt.) before and after whole body gamma irradiation showed significant
increase (P<0.05) in glucose level recording percentage change (35.5%)
when compared with normal group. Also, it could improve the
hyperglycemia induced by irradiation from 58% to 35%.
Administration of zinc aspartate before and after whole body
gamma irradiation showed highly significant decrease (p<0.001) in
glucose level when compared with irradiated group. However, coadministration of EA and ZA pre and post γ-irradiation showed highly
significant amelioration to the disturbances in glucose level caused by
gamma irradiation and the synergistic effect was appeared.
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Table (7): Effect of Ellagic acid and/or Zinc aspartate on serum
glucose levels of normal and irradiated rats
Parameters
Groups
Control

Glucose

IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

167.4±13.2 b
58
88.7±6.4
-16.3
143.7±6.9 a
35.6
103.3±3.3
-2.5
124±5.5 d
17
121.8±6.8
15
123.6±9 d
16.6

(mg/dL)

106±9

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (SE).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (16): Effect of Ellagic acid and Zinc aspartate on serum glucose
in normal and irradiated rats, where * significantly different (P<0.05)
when compared with control. ** Significantly different (P<0.01 or
P<0.001) when compared with control. # Significantly different (P<0.05)
when compared with the irradiated group. ## Significantly different
(P<0.01 or P<0.001) when compared with the irradiated group.
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III. Parameters assessed in tissue homogenate
A. Effect of Ellagic acid and/or Zinc aspartate on some oxidative
stress biomarkers of liver tissues of normal and irradiated rats:
The results represented in table (8) and illustrated in figure (17).
1. Superoxide dismutase (SOD) activity in the liver tissues.
Exposure to whole body gamma irradiation (6.5Gy) induced a
highly significant decrease (P<0.001) in the activities of SOD in the liver
homogenate of irradiated rats with percentage change (52%) from the
control group.
Administration of ellagic acid and/or zinc aspartate showed nonsignificant changes in the hepatic SOD compared to the control group.
Supplementation of rats with EA (50mg/Kg b.wt.) before and after
whole body γ-irradiation showed improvement of SOD disturbed by
irradiation from -52% to -36%.
However, administration of ZA alone or with EA pre and post
whole body γ-irradiation revealed highly significant increase in SOD
activity in comparison with the irradiated group and synergistic effect
was appeared.
2. Lipid peroxidation (LPO) level in the liver tissues.
Results revealed that whole body gamma irradiation, at single
dose (6.5Gy), resulted in highly significant increase in LPO recording
percentage change (165%) in comparison with normal group.
Administration of ellagic acid and/or zinc aspartate revealed nonsignificant changes in LPO compared with the normal group.
Supplementation of rats with EA (50mg/Kg b.wt.) before and after
whole body γ-irradiation showed highly significant increase (P<0.001) in
LPO recording percentage change (116%) in comparison with normal
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control. On the other hand, it caused significant decrease (P<0.05) in
LPO when compared with irradiated group.
However, supplementation of rats with ZA (50mg/Kg b.wt.) pre
and post whole body γ-irradiation showed highly significant increase in
LPO recording percentage change (67%) in comparison with normal
control. On the other hand, it showed highly significant amelioration
(P<0.001) to the disturbances in LPO caused by gamma irradiation.
Co administration of EA and ZA to rats before and after whole
body gamma irradiation showed amelioration to the disturbances in LPO
caused by gamma irradiation.
3. Reduced glutathione (GSH) contents in the liver tissues.
Results revealed that whole body γ-irradiation, at single dose
(6.5Gy), resulted in highly significant decrease in GSH content
(P<0.001) recording percentage change (77%) when compared with
normal group.
Supplementation of rats with ellagic acid pre and post exposure to
whole body γ-radiation showed highly significant decrease (P<0.001) in
GSH recording percentage change (53%) in comparison with normal
control. On the other hand, it caused highly significant increase
(P<0.001) in GSH content when compared with the irradiated group.
Supplementation of rats with zinc aspartate showed highly
significant increase in the level of GSH recording percentage change
(43.4%) from normal group. However, supplementation of rats with ZA
before and after whole body γ-irradiation showed highly significant
increase (P<0.001) in GSH when compared with the irradiated group.
Moreover, supplementation of rats with EA and ZA together
showed highly significant increase in GSH recording percentage change
(47%) in comparison with normal control. On the other hand, when they
administered before and after exposure to whole body gamma radiation
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showed highly significant amelioration to the disturbances caused by
gamma irradiation.
4. Metallothineins (MTs) level in the liver tissues.
Exposure to whole body gamma irradiation (6.5Gy) induced a
significant increases (P<0.05) in the metallothioneins level in the liver
homogenate of irradiated rats with percentage change of (47%) from
control group.
Supplementation of rats with ellagic acid and/or zinc aspartate
revealed non-significant changes in the hepatic MTs level when
compared with the normal non irradiated group.
Results revealed that, supplementation of rats with EA Pre and
post irradiation exposure showed highly significant decrease in hepatic
MTs (p<0.001) which elevated upon exposure to γ-irradiation.
Administration of zinc aspartate (50mg/Kg b.wt.) before and after
whole body gamma irradiation revealed highly significant increase in
MT concentration (63%) in comparison with normal rat's homogenate.
On the other hand, coadministration of ZA with EA before and
after whole body gamma radiation exposure caused highly significant
amelioration to the disturbances caused by gamma irradiation in MTs
level and the synergistic effect was appeared.
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Table (8): Effect of Ellagic acid and/or Zinc aspartate on SOD, LPO,
GSH and MT levels of liver tissues of normal and irradiated rats
Groups

Parameters

SOD

LPO

GSH

MT

(U/ml)

(n mol/mg)

(mg/g.tissue)

(mg/g.tissue)

Control

58±1.7

63.5±2.7

62±2.9

27.5±1

IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

28±2 b
-52
53±2.5
-9
37±2.9 b
-36
65±2.3
12
52±3.3 d
-10.3
59±4.5
1.7
48±3 d
-17

168±10.7 b
14±0.8 b
165
-77
76.13
51±1.3
20
-18
b,c
137±10
29.4±1.6 b,d
116
-53
60±2.6
88.9±2.2 b
-5.5
43.4
b, d
106±7
39±1.1 b,d
67
-37
41±4
91±3.2 b
-35.4
47
b, c
138±5.3
41±3.4 b,d
117.3
-34

40.5±2.4 a
47
22±1.9
-20
30.3±2 d
10
34.3±2.9
24.7
44.8±4 b
63
31±3
13
20.4±1.5 d
-26

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (SE).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (17): Effect of Ellagic acid and Zinc aspartate on hepatic SOD,
LPO, GSH and MTs in normal and irradiated rats, where * significantly
different (P<0.05) when compared with control. ** Significantly
different (P<0.01 or P<0.001) when compared with control. #
Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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B. Effect of Ellagic acid and/or Zinc aspartate on some oxidative
stress biomarkers of kidney tissues of normal and irradiated rats:
The results represented in table (9) and illustrated in figure (18).
1. Superoxide dismutase (SOD) activity in the kidney tissues.
Exposure to whole body gamma irradiation (6.5Gy) induced a
highly significant decrease (P<0.001) in the activity of SOD in the
kidney homogenate of irradiated rats with percentage change (31.3%)
from the control group.
Administration of ellagic acid and/or zinc aspartate to rats
revealed non-significant changes in SOD activity in comparison with
control group.
Supplementation of rats with EA before and after whole body γirradiation revealed an improvement in SOD activity disturbed by
irradiation from -31.3% to -26%.
Administration of ZA pre and post whole body γ-irradiation
revealed highly significant (P<0.001) increase in SOD activity compared
to the γ-irradiated group.
Synergistic effect was obtained when EA and ZA was supplied to
rats before and after whole body gamma irradiation through inducing
highly significant increase in SOD activity compared to irradiated group.
2. Lipid peroxidation (LPO) level in the kidney tissues.
Results revealed that whole body gamma irradiation, at single
dose (6.5Gy), resulted in highly significant increase in LPO of the
kidney homogenate recording percentage change (109%) in comparison
with normal group.
Administration of ellagic acid and/or zinc aspartate to rats
revealed non-significant changes in renal LPO level in comparison with
control group.
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Supplementation of rats with EA and ZA each alone or together
before and after whole body gamma irradiation showed highly
significant amelioration (P<0.001) to the disturbances in renal LPO
caused by gamma irradiation.
3. Reduced glutathione (GSH) content in the kidney tissues.
Exposure to whole body gamma irradiation (6.5Gy) induced a
highly significant decrease (P<0.001) of the content of GSH in the
kidney homogenate of irradiated rats with percentage change (69%) from
the control group.
Supplementation of rats with ellagic acid (50mg/Kg b.wt.) before
and after whole body gamma irradiation showed slight improvement in
GSH content disturbed by irradiation from 69% to 62%.
Supplementation of rats with zinc aspartate (50mg/Kg b.wt.)
showed highly significant increase in the level of GSH recording
percentage change (121%) in comparison with normal group. However,
when supplied before and after whole body gamma irradiation showed
highly significant increase in GSH level (P<0.001) when compared with
irradiated group.
Coadministration of EA and ZA to the irradiated rats showed
slight amelioration to the disturbances in GSH level caused by
irradiation from -69% to -55%.
4. Metallothioneins (MTs) level in the kidney tissues.
Results revealed that whole body gamma irradiation, at single
dose (6.5Gy), resulted in highly significant increase in MTs level of the
kidney homogenate recording percentage change (89%) from the normal
group.
Administration of ellagic acid and/or zinc aspartate to rats
revealed non-significant changes in the renal MTs levels in comparison
with control group.
113

Results

However, supplementation of rats with EA pre and post irradiation
could return the level of MTs disturbed by radiation near to the normal
values. While administration of ZA before and after whole body gamma
radiation exposure showed significant decrease in renal MTs level
(P<0.05) when compared with the irradiated group.
Co-administration of EA and ZA before and after gamma
irradiation revealed a synergistic effect and they caused a highly
significant amelioration to the disturbances in MTs levels caused by
gamma irradiation.
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Table (9): Effect of Ellagic acid and/or Zinc aspartate on SOD, LPO,
GSH and MT levels of kidney tissues of normal and irradiated rats

Groups

Parameters

SOD

LPO

GSH

MT

9±0.5

(U/ml)

(n mol/mg)

Control

48.6±1.5

138±6

42±3

IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

33.4±1.4 b
-31.3
52±1.9
7
36±1.9 a
-26
55.7±3
14.6
54.8±4 d
13
60±3
23
53.7±1 d
10.5

289±11.5 b
109
152±1.5
10
224±14b,d
62.3
159±3.6
15
216±15 b,d
56.5
143.2±5.6
4
233±18 b,d
69

13±1.1 b
-69
33±2.9
-21
16±1.6 b
-62
93±1.6 b
121
32±2.8 a,d
-24
89±3.3 b
112
19±0.5 b
-55

(mg/g.tissue) (mg/g.tissue)

17±1.6 b
89
8.2±0.8
-9
15±1.3
66.7
12.5±1.2
39
14±1.2 c
56
7.4±0.5
-18
9.1±0.8 d
1

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (SE).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (18): Effect of Ellagic acid and Zinc aspartate on renal SOD,
LPO, GSH and MTs in normal and irradiated rats, where * significantly
different (P<0.05) when compared with control. ** Significantly
different (P<0.01 or P<0.001) when compared with control. #
Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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C. Effect of Ellagic acid and/or Zinc aspartate on some trace
elements in liver, spleen, kidney, testis, and heart tissues of normal
and irradiated rats:
1. Concentration levels of Zn (µg/g fresh tissue) in liver, spleen,

kidney, testis and heart tissues of different rat groups:

Concerning with the concentration levels of Zn in different tissue
organs described in table (10), it was observed that whole body gamma
irradiation at 6.5Gy induced highly significant decrease (P<0.001) in Zn
concentration levels of liver and testis with percentage change (29% and
16.3%) respectively, significant decrease (P<0.05) in spleen (16%) and
non-significant changes in kidney (7.5%) and heart (4%) from the
control group.
Supplementation of rats with ellagic acid (50mg/Kg b.wt.) showed
significant increase in zinc levels in spleen (10%) and in heart (23.4%) in
comparison with the control. While supplementation of rats with EA
before and after γ-irradiation, induced highly significant amelioration of
zinc levels in liver and testis when compared with the irradiated group
and also return zinc level in spleen near to the normal value.
Supplementation of rats with Zinc aspartate (50mg/Kg b.wt.) pre
and post γ-irradiation induced significant increase in liver zinc levels
when compared with the irradiated group and it could return zinc levels
in spleen and testis near to the normal values.
The combined administration of EA with ZA showed significant
increase in spleen zinc levels (16%) in comparison with normal group.
While the treatment with this combination before and after gamma
irradiation induced significant amelioration in zinc levels of liver and
heart when compared with the irradiated group; and also they could
return Zn levels in spleen and testis near to the normal value; Thus a
synergistic effect was appeared.
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Table (10): Concentration levels of Zn (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat groups.
Tissues
Groups
Control
IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

Liver

Spleen

Kidney

Testis

Heart

32.6±1.1

16.4±0.7

22.7±0.6

32±0.7

15.4±0.1

23.3±0.2 b
-29

13.8±0.8 a
-16

21±0.5
-7.5

26.8±0.5 b
-16.3

16±0.2
4

28.6±1.5
-12.3
32.3±1.5 d
-1
28.7±1.8
-12
28.3±1.7 c
-13.2
32±2.8
-2
31±1.1 c
-5

18±1 a
10
16.9±0.8
3
17±0.6
4
15.7±0.9
-4.3
19±1.4 a
16
15±0.1
-8.5

20±0.7
-12
22.8±0.6
0.4
21.5±1.1
-5.3
21.6±1.7
-4.8
20.7±0.9
-8.8
21± 1
-7.5

32.3±0.7
1
32.3±0.8 d
1
28.5±1.6
-11
30±0.7
-6.3
29±0.6
-9.4
28.4±2.3
-11.3

19±0.5 a
23.4
17.6±1.2
14.3
17.2±0.4
12
16±0.5
4
16.6±0.4
8
19.3±0.8b,d
25

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (S.E).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (19): Effect of Ellagic acid and/or Zinc aspartate on Zn2+ in liver,
spleen, kidney, testis and heart tissues of different rat groups, where *
significantly different (P<0.05) when compared with control. **
Significantly different (P<0.01 or P<0.001) when compared with control.
# Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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2. Concentration levels of Cu (µg/g fresh tissue) in liver, spleen,
kidney, testis and heart tissues of different rat groups:
Concerning with the concentration levels of Cu in different tissue
organs described in table (11), it was observed that whole body γirradiation at 6.5Gy induced highly significant decrease (p<0.001) in Cu
levels of testis and heart tissues with percentage change (11%) and
(30%) respectively, significant decrease (P<0.05) in liver (22%), and
highly significant increase in spleen (29%) from the normal group.
Supplementation of rats with ellagic acid and/or zinc aspartate
showed non-significant changes in Cu levels of all tested organs when
compared with the control group.
Administration of EA (50mg/Kg b.wt.) before and after exposure
of rats to γ-radiation, showed amelioration of the disturbances in Cu
level of testis caused by irradiation. On the other hand, it could return Cu
level in liver near to the normal values.
Upon administration of ZA (50mg/Kg b.wt.) pre and post
exposure of rats to γ-radiation; the Cu levels of liver and testis become
near to the normal value.
Coadministration of ZA with EA before and after exposure of rats
to gamma radiation induced highly significant amelioration of the
disturbances in Cu levels caused by gamma irradiation in testis and
heart. Also, they return Cu levels of liver toward the normal value.
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Table (11): Concentration levels of Cu (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat groups.
Tissues

Groups
control

IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

Liver

Spleen

Kidney

Testis

Heart

3.2±0.1

1.4±0.07

3.4±0.08

1.8±0.04

5.6±0.38

2.5±0.14 a
-22
3.2±0.09
0
3.1±0.1
-3
3.2±0.06
0
2.7±0.2
-16
3±0.1
-6
2.8±0.2
-12.5

1.8±0.04 b
29
1.6±0.05
14
1.9±0.04 b
36
1.42±0.04
1.4
1.8±0.09 b
29
1.39±0.08
-0.7
1.9±0.1 b
36

3.5±0.08
2.9
3.54±0.19
4
3±0.19
-12
3.8±0.26
12
3.41±0.1
0.3
3.44±0.16
1.2
3.7±0.09
9

1.6±0.03 b
-11
1.9±0.04
6
1.9±0.04 d
6
1.7±0.07
-6
1.77±0.02
-1.7
1.7±0.03
-6
1.9±0.06 d
6

3.9±0.1 b
-30
4.6±0.1
-18
3.9±0.18b
-30
4.6±0.18
-18
4.2±0.1 b
-25
4.5±0.1
-20
5.4±0.4 d
-4

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (S.E).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (20): Effect of Ellagic acid and/or Zinc aspartate on Cu2+ in liver,
spleen, kidney, testis and heart tissues of different rat groups, where *
significantly different (P<0.05) when compared with control. **
Significantly different (P<0.01 or P<0.001) when compared with control.
# Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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3. Concentration levels of Fe (µg/g fresh tissue) in liver, spleen,
kidney, testis and heart tissues of different rat groups:
Concerning with the concentration levels of Fe in different tissue
organs described in table (12), it was observed that whole body gamma
irradiation at 6.5Gy induced highly significant increase (p<0.001) in Fe
concentration levels of liver, spleen and heart tissues with percentage
change of (74%, 112% and 29%) respectively, non-significant decrease
(P>0.05) in kidney (2%) and significant decrease in testis (58%) when
compared with normal group.
Supplementation of rats with ellagic acid (50mg/Kg b.wt) showed
no significant changes of Fe concentration levels in spleen, kidney and
heart tissues, while it caused significant increase in liver (50%) when
compared with the control group.
However, administration of EA before and after exposure of rats
to γ-radiation showed highly significant increase (P<0.001) in testis Fe
levels when compared with gamma irradiated group. Also, it returned Fe
levels of heart near to the normal value.
Supplementation of rats with zinc aspartate (50mg/Kg b.wt)
caused no significant changes of Fe concentration levels in spleen,
kidney, testis and heart tissues, while it caused significant increase in
liver iron levels with percentage change (52%) from the control group.
Administration of ZA pre and post exposure of rats to gamma
radiation showed significant amelioration of Fe levels in spleen, testis
and heart when compared with gamma irradiated group.
Co administration of EA with ZA showed no significant changes
of Fe concentration levels in spleen, kidney, testis and heart tissues,
while it caused significant increase in liver Fe (52%) from the control
group.
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Synergistic effect was obtained when EA and ZA was supplied to
rats pre and post γ-irradiation through inducing significant amelioration
to the changes caused irradiation in Fe levels of liver, spleen, testis and
heart in comparison with the irradiated group.
Table (12): Concentration levels of Fe (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat groups.
Tissues

Groups
Control

IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

Liver

Spleen

Kidney

Testis

Heart

176.2±6

285±23

292±11

38±3

235.5±13

307±16 b
74
265±7.2 b
50
311±1.4 b
77
283.6±8.4b
61
267±20 b
52
267±11 b
52
254±5.6 b,c
44

605±33 b
112
200±2.8
-30
578±35 b
103
314±26
10
457±45 b,d
60
332±8.5
16
430±24 b,d
50

286±22
-2
316±28
8
271±20
-7
305±26
4.5
275±20
-6
248±14
-15
258±10
-12

16±1.3 b
-58
30.6±1.7
-19.5
28±1.2 a,d
-26
29.7±2
-22
25±1.2 b,c
-35
30.3±1.2
-20
36±1.4 d
-5.3

304±7.4 b
29
289±0.9
23
285.4±4
21
276.5±17
17.4
248±10.5 c
5.3
240±15.7
2
241±17.2 c
2.3

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (S.E).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (21): Effect of Ellagic acid and/or Zinc aspartate on Fe2+ in liver,
spleen, kidney, testis and heart tissues of different rat groups, where *
significantly different (P<0.05) when compared with control. **
Significantly different (P<0.01 or P<0.001) when compared with control.
# Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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4. Concentration levels of Ca (µg/g fresh tissue) in liver, spleen,
kidney, testis and heart tissues of different rat groups:
Concerning with the concentration levels of Ca in different tissue
organs described in table (13), it was observed that whole body γirradiation at 6.5Gy induced highly significant increase in Ca levels of
spleen, kidney and heart tissues with percentage change (107%, 36% and
50%) respectively,

significant increase in liver (34%) and highly

significant decrease in testis (41%) from the normal group.
Supplementation of rats with ellagic acid and/or zinc aspartate
showed non-significant changes of Ca concentration levels in all
examined tissue organs when compared with the control group.
Administration of EA before and after exposure of rats to gamma
radiation 6.5Gy revealed significant amelioration to the changes in Ca
levels of kidney, testis and heart caused by irradiation.
Administration of ZA pre and post exposure of rats to gamma
radiation caused highly significant amelioration to the changes in Ca
levels of kidney, spleen and heart caused by irradiation, while it could
return Ca level of testis toward normal range.
Synergistic effect was obtained when EA and ZA was supplied to
rats pre and post γ-irradiation through inducing significant amelioration
to the changes caused irradiation in Ca levels of spleen, kidney and heart
when compared with gamma irradiated group. Also they could return Ca
levels in liver and testis near to the normal value.
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Table (13): Concentration levels of Ca (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat groups.
Tissues

Groups
Control

IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

Liver

Spleen

Kidney

Testis

Heart

92.4±4

133.7±8.7

215.5±14.5

88.8±2.5

139.6±8.7

124±5.4 a
34
118.5±9.7
28
131±6.5 b
41
125±8
35
126±11 a
36
118.4±6
28
120.6±5
31

277.3±20 b
107
136±5
2
273±0.5 b
104
106±7
-21
198.3±13b,d
48
118±8.2
-12
215±11.2b,d
61

293.4±17 b
36
211±13.5
-2.08
226±8 d
5
202±17
-6.3
224.4±17 d
4
223±11.4
3.5
237±18 d
10

52.6±2.2 b
-41
84±12.5
-5.4
96.8±4.4 c
9
62.5±4.5
-29.61
83.8±14
-5.6
82.7±18
-7
73±9
-18

209±12.3 b
50
168.7±4
21
166±4 c
19
168.7±6
21
160.2±14 d
15
163.6±7
17.2
170.5±2.4c
22

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (S.E).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (22): Effect of Ellagic acid and/or Zinc aspartate on Ca2+ in liver,
spleen, kidney, testis and heart tissues of different rat groups, where *
significantly different (P<0.05) when compared with control. **
Significantly different (P<0.01 or P<0.001) when compared with control.
# Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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5. Concentration levels of Mg (µg/g fresh tissue) in liver, spleen,
kidney, testis and heart tissues of different rat groups:
Concerning with the concentration levels of Mg in different tissue
organs described in table (14), it was observed that whole body gamma
irradiation at 6.5Gy induced significant decrease (p<0.05) in Mg
concentration levels of liver and testis tissues with percentage change
(9.8% and 17%) respectively from the normal group.
Supplementation of rats with ellagic acid and/or zinc aspartate
showed non significant changes of Mg concentration levels in all
examined tissue organs when compared with the control group, while
administration of EA before and after exposure of rats to gamma
radiation showed highly significant increase in Mg level of spleen in
comparison with irradiated group and also it could return Mg level in
liver toward normal range.
However, administration of ZA before and after exposure of rats
to gamma radiation showed amelioration to the changes in Mg
concentration levels of liver caused by gamma irradiation and also it
could return Mg level in testis near to the normal value.
Coadministration of EA with ZA pre and post exposure of rats to
gamma radiation showed significant amelioration in Mg concentration
levels of liver and spleen which disturbed by gamma irradiated group.
Also, they could return Mg level of testis toward control values.
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Table (14): Concentration levels of Mg (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat groups.
Tissues
Groups
control

Liver

Spleen

Kidney

Testis

Heart

448±12

392.4±7.6

372.7±18.6

366±5.9

362±23

421±20.4
13
394±30.4
6
391±26.3
5
398±17.8
7
332±15.5
-11
364±15
-2.3
368±30
-1.3

305±11 a
-17
396±14
8
292±12 a
-20
334±28
-9
340±11
-7
309±2
-15.6
332±13
-9

378±15
4.4
379±6.9
4.7
397±23
10
399±11
10.2
369±17
2
353±7
-2.5
376±5.7
4

a

404±4
356±4.5
IRR
-9.8
-9.3
% Change
453±6.8 361.4±7.6
EA
1.1
-7.9
% Change
417±8
420±21.5 d
EA+IRR
-7
7
% Change
452±14
336±4.4
ZA
1
-14
% Change
c
439±9.3
318.5±15 b
ZA+IRR
-2
-19
% Change
428±5.3
380.5±21
ZA+EA
-4.5
-3
% Change
c
451±7.1d
ZA+EA+IRR 437±11
-2.5
15
% Change

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (S.E).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (23): Effect of Ellagic acid and/or Zinc aspartate on Mg2+ in
liver, spleen, kidney, testis and heart tissues of different rat groups,
where * significantly different (P<0.05) when compared with control. **
Significantly different (P<0.01 or P<0.001) when compared with control.
# Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
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6. Concentration levels of Mn (µg/g fresh tissue) in liver, spleen,
kidney, testis and heart tissues of different rat groups:
Concerning with the concentration levels of Mn in different tissue
organs described in table (15), it was observed that whole body gamma
irradiation at 6.5Gy induced highly significant increase (p<0.001) in Mn
concentration levels of spleen and kidney tissues with percentage change
(33% and 69%) respectively and induced highly significant decrease
(p<0.001) in Mn concentration levels of liver, testis and heart tissues
with percentage change (29%, 45% and 57%) respectively from the
normal group.
Supplementation of rats with ellagic acid (50mg/Kg b.wt) showed
no significant changes of Mn concentration levels in all examined tissue
organs except in liver there was highly significant increase (29%) from
the control group. However, administration of EA before and after
exposure of rats to gamma radiation showed significant amelioration in
Mn levels of liver, testis and heart tissues which disturbed by γirradiation and it could improve Mn level of kidney from 69% to 54%.
Administration of ZA before and after exposure of rats to gamma
radiation 6.5Gy could return the Mn concentration levels of liver, kidney
and testis near to the normal value.
Synergistic effect was obtained when EA and ZA was supplied to
rats pre and post γ-irradiation through inducing significant amelioration
to the changes caused irradiation in Mn levels of kidney, testis and heart
and also they could return Mn level in liver toward normal range. On the
other hand, they improved the increase in Mn level of spleen induced by
irradiation from 33% to 28%.
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Table (15): Concentration levels of Mn (µg/g fresh tissue) in liver,
spleen, kidney, testis and heart tissues of different rat groups.
Tissues Liver
Groups
1.4±0.08
control
IRR
% Change
EA
% Change
EA+IRR
% Change
ZA
% Change
ZA+IRR
% Change
ZA+EA
% Change
ZA+EA+IRR
% Change

Spleen

Kidney

Testis

Heart

1.8±0.16

1.3±0.08

1.1±0.07

1.4±0.1

1±0.06 b 2.4±0.17 b 2.2±0.2 b
-29
33
69
b
1.8±0.1
1.8±0.1
1.5±0.1
29
0
15.4
c
b
1.6±0.1
2.7±0.2
2±0.2 a
14.3
50
54
1.5±0.09
1.5±0.1
1.8±0.18
7
-17
38.5
b
1.2±0.1 2.4±0.1
1.6±0.1
-14
33
23
1.4±0.1
1.5±0.1
1.8±0.1
0
-16.66
38.5
a
1.3±0.1 2.3±0.2
1.5±0.09 c
-7.14
28
15.4

0.6±0.02 b 0.6±0.08 b
-45
-57
0.9±0.03
1.1±0.07
-18
-21
d
1.11±0.0
1.5±0.1 d
0.9
7
0.9±0.04 0.9±0.07 a
-18
-36
0.86±0.04 0.6±0.05 b
-22
-57
0.93±0.04
1.2±0.1
-15
-14.3
d
1.09±0.1
1.2±0.1 d
-0.9
-14.3

a: significant difference from control at P<0.05.
b: highly significant difference from control at P<0.01 or P<0.001.
c: significant difference from irradiated group at P<0.05.
d: highly significant difference from irradiated group at P<0.01 or
P<0.001.
- n= 8 animals.
-All values are expressed as mean ± standard error (S.E).
- % change from control.
- Data were analyzed by one way ANOVA followed by Tukey-Kramer
test.
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Figure (24): Effect of Ellagic acid and/or Zinc aspartate on Mn2+ in
liver, spleen, kidney, testis and heart tissues of different rat groups,
where * significantly different (P<0.05) when compared with control. **
Significantly different (P<0.01 or P<0.001) when compared with control.
# Significantly different (P<0.05) when compared with the irradiated
group. ## Significantly different (P<0.01 or P<0.001) when compared
with the irradiated group.
134

Results

135

Discussion

5. Discussion
Exposure to ionizing radiation whether accidental or during
radiotherapy leads to serious systemic damage including not only DNA,
Lipid and protein damage but also oxidative damage that leads to serious
effects in tissue physiological functions (Ropenga et al., 2004).
The present study investigated the biochemical effects of whole body
gamma irradiation (6.5Gy) on male rats and illustrated the possible
protective role of oral administration of Ellagic acid (50mg/ kg b.wt.) and /
or Zinc aspartate (50mg/ kg b.wt.) against gamma irradiation-induced
biochemical changes and oxidative stress in rats. In addition, it elucidated
the effects of gamma irradiation on some trace elements levels in different
rat tissues and illustrated the ameliorative effect of Ellagic acid and / or
Zinc Aspartate against gamma irradiation-induced trace element levels
disturbance.
In the present work, the results revealed that whole body gamma
irradiation (6.5Gy) produced hematological disorders. It produced highly
significant decrease in WBCs, RBCs, Pt count, Hb and HCT% in
comparison with normal control. These results were in line with the
ﬁndings of Abou-Seif et al. (2003b), Nunia and

Goyal (2004),

Pratheeshkumar et al. (2010) and Verma et al. (2011) who reported that
radiation exposure induced decline in hematological parameters (RBCs,
WBCs, Hb). Roushdy et al. (1979) reported that whole body irradiation of
rats at doses 1, 5 and 10Gy caused a significant decrease in production of
cells by haemopoietic tissues and destruction of the mature cells in the
peripheral blood so they caused drop in RBCs count. The decrease in
erythrocyte count could be due to a drop in their production, increased
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destruction and / or hemorrhage due to the failure of thrombopoiesis and
apoptosis of lymphocytes (Wilkins et al., 2002). This suggestion is
supported by the finding that exposure to radiation selectively activated p38
in bone marrow hematopoietic cells. The activation was associated with a
significant reduction in hematopoietic cell clonogenic function. The
underlying cause of the increased RBCs lyses by irradiation appears to be
decreased production of erythropoietin (Alfrey et al., 1997). The cellular
elements of the blood are particularly sensitive to oxidative stress because
their plasma membranes contain a high percentage of polyunsaturated fatty
acids (Chew and Park, 2004). Therefore the decrease in WBCs and RBCs
recorded in the irradiated rats might be the consequence of radiationinduced lipid peroxidation and damage of their cell membranes and due to
the failure of thrombopoiesis (Kang-xin et al., 1990). According to
Kashiwakura et al. (2000), exposure to radiation induces bone marrow
depression results in WBCs drop and depletion of lymphocytes which is
primarily due to apoptosis and necrotic death. The decrease in Hb content
and Hct % is due to induction of changes by radiation in erythrocyte
membrane emphasize the formation of free radicals. The effect of free
radicals on erythrocyte membrane may contribute to the eventual leak of
hemoglobin out of the cells (Hussien et al., 2007). It has been shown that
the oxidative stress leads to the formation of stable complexes between Hb
molecules and proteins of the RBC membrane skeleton (Snyder et al.,
1985). Irradiation of rats caused retardation in incorporation of iron and
decrease in hemoglobin binding to erythrocyte membrane. This finding
agrees with that observed by Tanikawa et al. (1990) and Ramadan (2007).
The decrease in hemoglobin content could be attributed to the decline in the
number of red blood cells. Also, the decrease in hematocrit might be the
consequence of erythropoiesis failure, destruction of mature cells (Azab et
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al., 2011). Moreover, the destruction of these injured cells and the
radiation-induced hemodilution resulted in decreased its packed volume
(Hct%) (Zhirnov et al., 2010).
The current study revealed that whole body gamma irradiation, at a
single dose (6.5Gy), caused an elevation in AST, ALT and ALP, in
comparison with normal control. These results further supported by Bhatia
(2007), Adaramoye (2010) and Nada (2011). These changes might due to
the drastic physiological effect caused by irradiation, either directly by
interaction of cellular membranes with gamma ray or through the action of
free radicals produced by radiation. Liver damage may increase the cell
membrane permeability due to extensive breakdown of liver parenchyma
accompanied with rise in the transaminases enzymes from their subcellular
sites of production to extracellular process and consequently to blood
circulation (Saad and El Masry, 2005). Also, ionizing radiation enhanced
lipid peroxidation in cell membrane which contains fatty acids and
excessive production of free radicals; this in turn increases the cytoplasmic
membrane permeability to organic substances and causes leakage of
cytosolic enzymes such as AST, ALT (Weiss and Landauer, 2003).
Ramadan et al. (2001) attributed the higher activity of ALP to the
damage in the hematopoietic system and massive dysfunction of liver cells
by gamma radiation. In addition, liver responds to the hepatobiliary disease
or injury by synthesizing more enzymes which enter the circulation and
elevating the enzyme concentration in the serum (Moss et al., 1987).
The current study showed highly significant decrease in serum
albumin and total protein in response to whole body gamma irradiation
(6.5Gy). These results previously obtained by Chapelier et al. (2001), Alil
et al. (2007), El-Missiry et al. (2007) and Kilciksiz et al. (2011). This
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decrease in serum protein in irradiated rats might due to the damage of vital
biological processes or due to changes in the permeability of liver, kidney
and other tissues resulting in leakage of protein especially albumin via the
kidney (Srinivasan et al., 1985; Haggag et al., 2008). Also the decrease in
blood total protein might due to the slow rate in synthesis of all protein
fractions after irradiation (Reuter et al., 1967). Exposure to radiation
increases free radical activity which considered being the primary cause of
damaging effects through induction of lipid peroxidation which reduce
protein synthesis (Kadiiska et al., 2000). Kempner (2001) explained that
this decrease in proteins level may be due to gamma-irradiation which can
damage or inactivate proteins by two different mechanisms. First, it can
rupture the covalent bonds in target protein molecules as a direct result of a
photon depositing energy into the molecule. Second, it can act indirectly,
link with a water molecule, producing free radicals and other non-radical
reactive oxygen species that are in turn responsible for most (99.9%) of the
protein damage. Furthermore, gamma irradiation induce decrease in total
protein specially albumin due to decrease in plasma volume as a result of
water loss by γ-irradiation and the alteration in the exchange of individual
polypeptides (Domashenko et al., 1990; Hanafi, 2010).
In the present study, marked significant elevation was observed in
serum TG, TC and LDL-c; also marked significant decrease in HDL-c was
observed after exposure to 6.5Gy whole body gamma radiation at a single
dose. These results previously confirmed by Feurgard et al. (1999), Hanna
and Ali (2002), Mansour (2006) and Tawfik and Salama (2008); they
reported an increase in plasma lipids level in rats post irradiation, and also
they attributed the hypercholesterolemia to the stimulation of cholesterol
synthesis in the liver after gamma irradiation. Moreover, Bok et al. (1999)
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contributed the irradiation-induced hypercholesterolemia to the increase in
the activation of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase enzyme, the key regulatory enzyme in the reduction of the overall
process of cholesterol synthesis. Also it might due to the decrease in
lecithin cholesterol acyl transferase (LCAT) leading to decrease in
cholesterol esterification of rat plasma (Kafafy and Ashry, 2001). Elevated
serum cholesterol levels would be expected in radiation nephropathy
because of the associated proteinuria that adversely affects hepatic
lipoprotein synthesis resulting in incensement of low density lipoproteins
(Baker et al., 2009). Karbownik and Reiter (2000) observed that, the
elevation in serum lipid fractions might result from ionizing radiation
induced destruction of cell membrane and also from the disturbance of
LDL-c receptors, leading to hypercholesterolemia which affect particularly
on polyunsaturated fatty acids and increase lipid peroxidation. On the other
hand, The VLDL was catabolized and converted to LDL while the
formation of HDL was impaired due to low activity of apoprotein A and B
(Ramadan, 2007). Sedlakova et al. (1986) explained that the increase in
serum triglyceride level after irradiation might result from inhibition of
lipoprotein lipase activity, leading to reduction in uptake of triacylglycerol.
Mahmoud (1996) attributed the hyperlipidaemic state under the effect of
gamma-irradiation, to the stimulation of liver enzymes responsible for the
biosynthesis of fatty acids by gamma radiation and mobilization of fats
from adipose tissue to blood stream. Also it might attributed to the
degeneration

effect

of

ionizing

radiation

on

hepatic

cells

and

biomembranes, resulting in releasing of structural phospholipids (Chaialo
et al., 1992; Feurgard et al., 1999). Another explanation for this
hyperlipidaemic state is the retention character caused by the diminished
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utilization of circulating lipids by the damaged tissues (Abou-Safi and
Ashry, 2004).
Present results revealed that serum urea and creatinine levels, which
are considered as a markers of kidneys function were significantly elevated
after exposure the animals to γ-radiation indicating renal damage or
impairment. Same results obtained by Okada (1970), Ramadan et al.
(1998), Badr El-din (2004) and Nada et al. (2011).
In the same sense, Hassan et al. (1994) concluded that the elevation
in the serum creatinine level post irradiation may be due to the back leakage
of the filtered creatinine, which may occur due to the damage of the tubular
epithelium along the concentration gradient established by salt and water
reabsorption. The significant increment in the concentration of serum urea
in rats by gamma-irradiation could be due to the result of radiation-induced
oxidative deamination of amino acids in liver or due to the elevation of
proteins catabolic rate observed in irradiated rats (El-Kashef and Saada,
1988; Mahdy et al., 1997).
Abou-Safi and Ashry (2004) suggested that the significant increase
in serum urea was attributed to the increase in glutamate dehydrogenase
enzyme levels after the radiation exposure, which might increase carbamyl
phosphate synthetase activity leading to an increase in urea concentration.
In the current study γ-irradiation caused an elevation in the level of
serum iron, TIBC and transferrin from that of control group. Gamma
radiation-generated superoxide has also been shown to cause the release of
iron from ferritin (Reif et al., 1988; Randazzo et al., 2011). Maiti et al.
(2001) showed an elevation in transferrin after exposure to γ-irradiation and
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revealed this observation to the incensement of its mRNA levels in
response to irradiation. However the elevated serum iron may be a
compensatory response to provide iron to irradiation-damaged tissues or it
might also due to radiation induced changes in erythrocyte membrane
emphasize the formation of free radicals which might contributed to the
eventual leakage of hemoglobin out of the cells (Hussien et al., 2007;
Nassar, 2011). Determination of total iron-binding capacity of the plasma
can give a direct measurement of transferrin (Tsung et al., 1975). Actually,
all plasma iron is bound to transferrin, and measurement of plasma iron
reflects the amount of transferrin (Helmut et al., 1987). So we might
conclude that the elevation of transferrin in response to gamma irradiation
may reflect an increase in TIBC.
The present study indicated that exposure of rats to gamma
irradiation

caused

highly

significant

increase

in

serum

glucose

concentration. Similar observations were reported by Shkumatov (2004),
Ramadan (2007) and Nada et al. (2012). Ellefson and Caraway (1976)
stated that, hyperglycemia may be metabolic disorder as a result of
endocrine dysfunction and increased level of glucose. Radiation induced
hyperglycemia could be attributed to inhibition of insulin secretion,
diminished utilization of glucose by irradiated tissues or increased blood
amino acids level which is considered as an important source of glucose
formation

by

deamination

and

transamination

processes.

Also,

hyperglycemia may be attributed to endocrine abnormalities induced by
irradiation that promote the secretion of peptide which has relation to
carbohydrate metabolism by increasing glyconeogenesis in liver (Harper et
al., 1977; Haggag, 2009).
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This study suggested that gamma radiation at dose level 6.5Gy
caused depletion of rat’s liver and kidney SOD and these results were in
agreement with those of Aktas et al. (2012), Jiang et al. (2012) and Ping et
al. (2012) who showed that irradiation markedly decreased activities
of SOD. The sublethal dose of gamma irradiation 6.5Gy for 21 days caused
reduction in the activity of SOD (Nada et al., 2012). Gamma irradiation
leads to increase in the formation of O.2 and H2O2

which result in

decrement of SOD levels; and this decline may be due to inactivation of
SOD by ROS (Wiseman and Halliwell, 1996). The decreased antioxidant
status in irradiated rats in our study might due to the increased utilization of
these antioxidants to counteract the ROS generated by irradiation.
In the present study; increased levels of malondialdehyde (MDA, an
index of lipid peroxidation) was observed in liver and kidney tissues of
gamma irradiated rats. In agreement with this ﬁnding, Bhatia and Jain
(2004) who observed a signiﬁcant depletion in the antioxidant system, and
an increased lipid peroxides in animals exposed to whole body gamma
irradiation 5Gy. MDA levels were significantly increased after 6Gy
radiation (Ping et al., 2012). According to

Ueda et al. (1996) and

Mansour and El-Kabany (2009), the generation of lipid peroxide and its
appearance in the rat's liver and kidney; which accompanied with exposure
to irradiation may be a result of a chain of reactions or may be initiated by
an indirect mechanism that enables the escape from anti-oxidation. Also, it
might due to the free radical attacked cell membrane phospholipids and
circulating lipids and, thus, MDA acts as a sensitive biomarker for oxidative
stress that occurs as part of the pathogenesis of irradiation (Claiborne et
al., 1979; Adaramoye, 2010). Bonnefont-Rousselot (1999) in particular
supposed that gamma radiolysis of physiological solutions produces oxygen
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free radicals (OH ̇, O2̇ , HO2 ̇) which can oxidize very quickly all the
components of LDL (endogenous antioxidants, lipids, apolipoprotein B),
thus inducing a particular disappearance of α-tocopherol, a low concomitant
formation of products that react with (TBARS). The marked increase in
MDA levels is likely to be a result of the inactivation of scavenger enzymes
induced by ROS (Oliinyk et al., 2001). In addition, oxidative stress leads to
over production of NO, which readily reacts with superoxide to form
peroxynitrite (ONOO-) and peroxynitrous acid which they can initiate lipid
peroxidation (Millar, 2004).
The present results revealed significant depletion in glutathione after
radiation exposure at dose shot 6.5Gy. These data confirms the previous
reports of Sinha et al. (2012b) who showed that single dose of 5Gy γirradiation caused decrease in hepatic GSH and elevation of LPO. Also,
Ramadan et al. (2001), Kilciksiz et al. (2008) and Hosny Mansour and
Farouk Hafez (2012) applied single dose 6Gy whole body gamma
irradiation to the rats; they examined the levels of GSH in the liver and a
significant decrease was detected. The depletion in GSH content might
result from diffusion through impaired cellular membranes and/or inhibition
of GSH synthesis. GSH represents a key cellular defense mechanism
against oxidative injury, and lowered concentrations of GSH resulting from
increased formation of ROS (Skaper et al., 1997; Korotkina et al., 2002).
Therefore, the decline of GSH level in the liver and kidney after irradiation
may be due to its consumption during the oxidative stress induced by
irradiation. In addition to that, it might due to the oxidation of sulfhydryl
group and diminished activity of glutathione reductase (Sarkar et al., 1998)
or due to the deficiency of NADPH which is necessary to change oxidized
glutathione to its reduced form (Pulpanova et al., 1982; Said et al., 2005).
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Metallothioneins are small, cysteine-rich zinc binding proteins that
are powerful antioxidants (Chung et al., 2006). Results indicated that liver
and kidney MTs were increased after exposure to gamma radiation 6.5Gy at
day 7 from irradiation. These data are in agreement with those reported by
Shiraishi et al., (1986), Fahim, (2008), Saito et al. (2010) and Goossens
(2011) who stated that the induction of metallothioneins by irradiation
appears to be due to an increased synthesis of liver MTs. Azab et al. (2004)
stated that induction of metallothioneins biosynthesis is involved in a
protective mechanism against radiation injuries. The mechanisms of
metallothionein induction by irradiation are unknown. However, MTs
synthesis can be induced by physical and chemical oxidative stress
including free radical generators. Thus, MTs synthesis may be induced
directly or indirectly by free radical produced from irradiation (Sato and
Bremner, 1993). Additionally, the increased Fe content in liver as present
in the current study may have induced the synthesis of MTs which in turn
bond Zn (Fleet et al., 1990). Also, MTs can work as the alternative of
glutathione when cells are in need of glutathione as zinc-copper-thionein
has a function almost equivalent to that of glutathione and seem to be a sort
of energy protein which has a protective role against radiation stress
(Matsubara et al., 1987). Metallothionein has the characteristics of a
sacrificial but renewable cellular target for hydroxyl radical-mediated
cellular damage (Thornalley and Vasak, 1985).It has previously been
shown that NO or H2O2 which released as a result of irradiation can release
zinc from zinc-sulfur clusters and that the resulting increase in intracellular
labile zinc can stimulate MT transcription (Andrews, 2000; Chung et al.,
2005).
Trace elements, in the present investigation, have already been shown
to be essential for a number of biological effects and it seems probable that
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gamma-irradiation interferes with some of these vital organs. Elnimr and
Abdel-Rahim (1998) revealed the significant change in the concentrations
of essential trace elements in the studied organs to the long term
disturbances of enzymatic function and possible retardation of cellular
activity. Also enzymatic catalysis is the major rational explanation of how a
trace of some substances can produce profound biological effects.
Zinc is an essential element for many metalloenzymes. concerning
with the concentration levels of Zn in different tissue organs, it was
observed in this study that whole body gamma irradiation at 6.5Gy induced
significant decrease of Zn concentration levels in liver, spleen and testis;
and non-significant decrease in kidney; and non-significant increase in heart
in comparison with normal group. Zn level decreased after 1st week post
irradiation (2, 3.5 and 5Gy), because of the diarrhea as mentioned by
Abdou et al. (2010). On the other hand, some observations found that
whole body gamma irradiation induced an elevation of zinc in different
organs (Nada et al., 2008; Ashry et al., 2010). During the cell damage and
inflammation caused by irradiation, liver cells take up more zinc to
synthesis nucleic acid, protein and enzymes related to zinc (Ertekin et al.,
2004b). Also radiation exposure produces alteration in the plasma proteins
and protein fractions that responsible for Zn transport (Noaman and ElKabany, 2002). Heggen et al. (1958) recorded that, the most striking
changes in irradiated rats, were found in spleen, where iron and zinc were
increased in concentration shortly after irradiation. We can conclude that
the decrease in Zn concentration is due to gamma radiation induced
hyperglycemia; thus hyperglycemia increase the loss of Zn from the body
(Chausmer, 1998). Avunduk et al. (2000) demonstrated that 10 days after
irradiation, Fe+2 and Ca+2 concentrations in the irradiated animals were
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significantly higher, and that Zn+2 concentrations were significantly lower,
compared with the control group. They proposed that, enhancement of
calcium influx in the presence of oxygen was related to accumulation of
ROS, and that the decreased Zn+2 concentrations after irradiation indicated
enhanced consumption of this antioxidant element and/or antioxidant
enzymes as a counterbalance to the effects of oxidants. Moreover, because
of induction DNA fragmentation under Zn-deficient conditions is a result of
exchange of Zn for Ca and Mg within the nuclei with subsequent activation
of endogenous endonucleases (Sunderman, 1995). Our results showed that,
zinc levels in most tissues decreased and this reduction may be due to
sequestration of Zn by irradiation caused over production of MT (Amara et
al., 2008).
In the present study, there is a depression in the copper levels in liver,
testis and heart; On the other hand an elevation of Cu concentration levels
was observed in spleen tissues of the irradiated rats. Similar observations
were obtained by many investigators Yukawa et al. (1980), Kotb et al.
(1990) and Nada et al. (2008) who recorded that irradiation induced
decrease in copper in liver and kidney, while Heggen et al. (1958) indicated
that copper was increased in the spleen. Cuproenzymes are able to reduce
oxygen to water or to hydrogen peroxide, they have high affinities for
oxygen, depending on the number of incorporated copper atoms (AbdelMageed and Oehme, 1990), these may explain the decreases in copper due
to excess utilization of cuproenzymes after irradiation, or may be due to de
novo synthesis of Cu-SOD and catalase which prevent the formation of O2
and hydroxyl radical associated with irradiation (Fee and Valentine, 1977).
Also, it has been reported that as a result of accumulation of lipid
peroxidation due to gamma radiation, hepatic synthesis of ceruloplasmin
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“the major copper carrying protein in blood” was decreased resulting in
consumption of copper level in liver (Noaman and El-Kabany, 2002).
A significant inverse correlation between hepatic iron and copper
concentration has been demonstrated in rats (Underwood, 1977; Thomas
and Oates, 2003). In the present study, the copper depression may enhance
the retention of iron in many organs. Both absence and excess of essential
trace elements may produce undesirable effects (Takacs and Tatar, 1987).
Concerning with concentration level of iron in liver, spleen, kidney,
testis and heart of different groups, we observed that irradiation of rats with
a dose (6.5Gy) induced significant increase of iron in liver, spleen and
heart. While in the kidney, the changes in the iron contents were
comparatively small when compared with that of the control group. These
results are in full agreement with those of Ludewig and Chanutin (1951),
Olson et al. (1960), Beregovskaia et al. (1988) and Nada (2011) who
reported an increase of iron in liver, spleen and other tissues organ after
whole body gamma irradiation. While in the kidney, there were
comparatively small changes in the iron contents. The increase in value of
iron may be related to the inability of bone marrow to utilize the iron
available in the diet and released from destroyed red cells, while the
decrease in iron in other tissue organs in other experiments may
corresponds to the time of recovery of erythrocyte function as early
explained by Ludewing and Chanutin (1951). Kotb et al. (1990)
suggested that, the accumulation of iron in the spleen may result from
disturbance in the biological functions of red blood cells including possible
intravascular hemolysis and subsequent storage of iron in the spleen.
According to Hampton and Mayerson (1950), the kidney is capable of
forming ferritin from iron released from hemoglobin. It is probable that iron
which presented in the kidney for excretion and conversion to ferritin.
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While in liver the oxidative stress induced by irradiation causes damage
resulting in ferritin degeneration and increase in the intracellular free iron
levels (Atkinson et al., 2005). Meanwhile, iron overload is associated with
liver damage, resulting in massive iron deposition in the hepatic
parenchymal cells, leading to fibrosis and hepatic cirrhosis (Ashry et al.,
2010). Moreover the high accumulation of iron in liver and spleen due to
radiation is closely correlated with the inhibition of the ceruloplasmin
which is essential for iron metabolism and distribution (Osman et al., 2003)
and also due to the loss of feroxidase activity of ceruloplasmin resulting in
systemic iron deposition and tissue damage (Okamoto et al., 1996).
Calcium and magnesium are mainly existed as free ionized fractions
and as protein ligands. Since magnesium is clearly associated with calcium,
both in its functional role and the homeostatic mechanisms, chemical and
physiological properties of calcium and magnesium show similarities which
have led to the correlations between the two divalent cations in human and
other animals (Brown, 1986).The results of the present study showed that
gamma irradiation (6.5Gy single dose) increase the level of calcium in liver,
spleen, kidney and heart. Concerning the concentration level of magnesium
the results clearly indicated that Mg was decreased in liver, spleen and
testis. Yukawa et al. (1980) and Smythe et al. (1982) recorded increase in
Ca and Mg after irradiation, Elnimr and Abdel-Rahim (1998) recorded
that sublethal irradiated dose (5Gy) increased calcium levels of heart,
spleen, kidney, lung and liver tissues of male albino rats, while Kotb et al.
(1990) observed reduction in Ca and Mg in spleen, heart and kidney.
Lengemann and

Comar (1961) indicated that whole body gamma

irradiation has been shown to induce changes in calcium metabolism with
increase in passive calcium transport which possibly was due to a decrease
in intestinal propulsive motility. Lowrey and Bell (1964) observed a rapid
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disappearance of Ca from blood after whole body irradiation. They
concluded that the maintenance of calcium homeostasis with either
parathyroid hormone or calcium salts has been observed to diminish
radiation induced lethality. They thought that calcium absorption, involves
both an active and passive transport mechanisms; this may explain that the
permeability of the small intestine may be increased in some manner by
irradiation and the active transport mechanism may be decreased. This
would indicate that changes in absorption after irradiation are related to
functional alterations. Kotb et al. (1990) attributed the disturbances in
calcium and magnesium metabolism to the insufficient renal function after
irradiation. It has previously been observed that calcium homeostasis is
essential for the maintenance of cellular mitosis. Induced hypocalcaemia
would be expected to depress mitotic activity and may be partially
responsible for activity of pathological alterations produced by irradiation.
It is interesting to note that various radioprotective agents are known to
influence calcium metabolism. The redistribution of calcium and
magnesium in tissue organ may response in recovery from radiationinduced pathology or in repairable damage in biomemebrane and to prevent
irreversible cell damage (Nada et al., 2008). In addition, during oxidative
stress the inadequate generation of ATP can causes disturbance in calcium
ATPase pump and an increase in intracellular calcium (Heunks et al.,
1999). Moreover, irradiation causes ischemic cell injury associated with
rushed influx of calcium from extracellular into intracellular compartment
and such ischemia results from the damaged small blood vessels (Alden
and Frith, 1991).
The results of the present study showed decrease in Mn levels in
liver, testis and heart after irradiation. While it cause increase in Mn
concentration level of spleen and kidney. These results are in agreement
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with those of Nada and Azab (2005) who reported a significant decrease
in Mn in liver and other organs. The decrease of manganese might
indirectly contribute to the decrease of SOD (Pigeolet et al., 1990). This
idea might supported by the well-known fact that Mn is present in the active
site of the antioxidant enzyme Mn-SODs. Manganese plays important roles
in de novo synthesises of metalloelement-dependent enzymes required for
utilization of oxygen and prevention of O· accumulation as well as tissue
repair processes including metalloelement-dependent DNA and RNA repair
which are the key to the hypothesis that essential metalloelement chelates
decrease and/or facilitate recovery from radiation-induced pathology
(Sorenson, 2002).
Zinc has long been known as a trace element for living bodies
(Grahn et al., 2001). In the present study we suggest that zinc aspartate
could be used as a radioprotector. Administration of zinc chloride or zinc
acetate before irradiation 6.5Gy or 7.7Gy improve LD50/30 and increase the
survival from 15% to 56% (Weiss et al., 1990). Zinc were prepared and
evaluated for radioprotection activity against gamma irradiation 8.2Gy in
mice through improving LD50/30 (Hosseinimehr et al., 2008). Zn2 (D,Laspartate) 92 pmol/kg produced 100% survival of 13Gy irradiated mice.
Mechanistically, it was suggested that Zn2 (D,L-aspartate), provided Zn in
an advantageous form which underwent cell membrane translocation and
subsequent formation of Zn(II)-thiol chelates in vivo (Sorenson et al.,
1995). Floersheim and

Floersheim (1986) hypothesized that the

stabilization of endogenous thiols by the formation of zinc–thiol complexes
may be one of the mechanism involved in radioprotection. Ever, zinc is
associated with the phospholipids, lipoproteins and membrane-bound
metalloenzymes and it stabilizes membranes by reacting with sulphydryl
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group of membrane proteins to form stable mercaptides. It is also reported
to inhibit lipid peroxidation through the inhibition of phopholipases
(Bettger and O'Dell, 1981). Another hypothesis regarding radioprotective
effects of zinc is by the induction of metallothionein (Matsubara et al.,
1987; Winum et al., 2007). Moreover, Zn supplementation act as
radioprotector via inhibition of the production of reactive oxygens by
transition metals and prevents DNA fragmentation by inhibiting the
exchange of Zn for Ca and Mg within the nuclei with subsequent activation
of endogenous endonucleases (Ertekin et al., 2004a). Furthermore, it can
be understood as due to facilitation of de novo synthesis of essential
metalloelement-dependent enzymes required to repair radiation injury
(Sorenson et al., 2001; Sorenson, 2002). These are some of the other
reasons why we used zinc aspartate as a radioprotector in the present study.
In the current study administration of zinc aspartate revealed nonsignificant change in RBCs and WBCs, significant decrease in Hb and
Hct%; and significant increase in platelet count when compared with
control rats. These results in agreement with that of Bentley and Grubb
(1991) and Zaporowska and Wasilewski (1992). While administration of
zinc aspartate before and after whole body gamma irradiation showed
significant increase in WBCs when compared with the irradiated group.
Indeed, both organic and inorganic complexes of zinc have been reported to
confer radioprotection by preventing destruction of blood cells and
enhancing hemopoietic recovery. For instance, zinc aspartate protected
against whole-body irradiation, inhibited lethality and hematological
damage (Floersheim et al., 1988). Different findings showed that zinc
could improve the hematological parameters disturbed by 8Gy irradiation
(Ertekin et al., 2004a). Zinc supplement increase WBCs count in blood
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which declined after exposure to γ-radiation (8Gy fractionated dose)
(Saada et al., 2009). Platelets count increased significantly in the group
administered with zinc supplement (Matsumura et al., 2012). Zinc is
necessary for the activity of thymus hormones and the primary function of
thymus is the maturation of bone marrow hematopoietic stem cells derived
blood component (Someya et al., 2009). Recent reports showed that zinc
supplementation decreased the production of proinflammatory cytokines
and inhibited inflammatory responses (Prasad, 2008). Proinflammatory
cytokines are known to play an important role in the production of
granulocytes and WBCs from bone marrow (Al-Gindan et al., 2009); so it
may ameliorate the inflammatory damage effect of irradiation to the bone
marrow

resulting

in

increase

in

the

WBC.

Furthermore,

zinc

supplementation decreased plasma corticosterone levels and inhibited stress
response. Therefore, inflammation actions and stress responses may play an
important action on the number of WBCs (Sakakibara et al., 2011). In
addition, zinc protects various membrane systems from peroxidative
damages and stabilizes the membrane perturbations so it could protect
blood component (Micheletti et al., 2001).
Supplementation of rats with zinc aspartate showed significant
increase in AST, while it caused non-significant changes in ALT and ALP
when compared with control group. However, it could ameliorate the
changes in ALT and ALP levels caused by irradiation. These results are in
agreement with those of Osaretin and Gabriel (2008). In a study with
chicks fed purified diet containing a basal zinc level 70mg/kg, no
significant change in plasma ALT was found after 14 days; AST was
significantly elevated in a dose dependent manner with a 33.3% (Lu and
Combs, 1988). Different reports emphasized the hepatoprotective efficacy
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of Zn under CCl4- and Cd-induced liver injury (Goering and Klaassen,
1984; Dhawan et al., 1992). Supplementation of rats with zinc aspartate
(30mg/Kg b.wt.) improved the level of ALT and AST disturbed by
acetaminophen induced hepato renal toxicity (Mohamed et al., 2011).
Sidhu et al. (2004) suggested that supplemented with Zn did not indicate
any significant rise in the activity of ALT when compared to normal
controls, suggesting the protective action of Zn by maintaining homeostasis
through the regulation of protein synthesis. Zn plays a part in the
maintenance of epithelial and tissue integrity by promoting cell growth and
suppressing apoptosis and by protecting against free radical damage during
inflammatory

responses

(Berger,

2002;

Amara

et

al.,

2008).

Zinc supplementation therapy seems to improve liver pathology by
normalizing ALT, AST and albumin level of hepatitis C patients
(Matsumura et al., 2012). Some enzymes depend on zinc for their catalytic
activity; these enzymes will not act properly with insufficient zinc. Alkaline
phosphatase is a vital enzyme dependent on zinc; it releases inorganic
phosphates to be used in bone metabolism (Vallec and Huld, 1990), The
restoration in the levels of ALP activities to near-normal limits subsequent
to Zn treatment could be ascribed to the antioxidative potential of the Zn
and also to the smooth transportation of phosphates across cell membranes
because of Zn being a cofactor for the expression of enzyme activities
(Dhawan et al., 1992); this explain why rats fed zinc could ameliorate the
effect of gamma irradiation on the activity of ALP.
Moreover, administration of zinc aspartate (50mg/kg b.wt.) showed
insignificant changes in serum albumin and total protein when compared
with normal rats, while it caused amelioration in serum albumin disturbed
by gamma-radiation. Zn-deficient rats had lower serum proteins and serum
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albumin as well as several peptide bonds were decreased in rats fed 1/2 or
1/10 of Zn adequate, i.e. their synthesis was affected and it was pronounced
with the lowest level of Zn deficiency (Yousef et al., 2002). Furthermore,
total serum protein continued to increase during the 3 days of tube feeding
of zinc in zinc deficient rats (Norii, 2008).
In this study, serum creatinine and urea concentrations were
determined in zinc aspartate-treated rats (50mg/kg b.wt) and results
observed non-significant changes compared to normal rats. This results in
full agreement with Mohamed et al. (2011). However, supplementation of
rats with ZA before and after whole body γ-irradiation showed significant
amelioration in serum creatinine and urea.
Administration of ZA caused non-significant change in serum
glucose when compared with control group, while supplementation of ZA
before and after whole body gamma irradiation showed highly significant
decrease (p<0.001) in glucose level when compared with irradiated group.
Reduced blood sugar levels were observed as well as improvement in motor
nerve conduction velocity after zinc treatment (Gupta et al., 1998).
Although zinc has in vitro eﬀects on cellular glucose metabolism (Tang
and Shay, 2001). Zinc supplementation was found to attenuate
hyperglycaemia and hyperinsulinaemia in mice; suggesting a role of zinc in
pancreatic function and peripheral tissue glucose uptake (Simon and
Taylor, 2001; Al-Kady et al., 2011). Hence, zinc supplementation may be
deemed appropriate for diabetic patients. Mechanistically, zinc has been
described as having an insulinomimetic eﬀect (Coulston and Dandona,
1980; May and Contoreggi, 1982). This may be based on its physiological
role in insulin receptor signal transduction, and in particular on its function
as a regulator of protein tyrosine phosphatases (Haase and Maret, 2005).
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In addition, pancreatic activities of exportable digestive enzymes were
decreased by feeding Zn and that, in the case of pancreas, amylase activity
was inversely correlated with tissue Zn concentration within a certain range
(Lu and Combs, 1988).
In this study, SOD were determined in liver and kidney of zinc
aspartate-treated rats (50mg/kg b.wt) and results observed insignificant
increase in hepatic and renal SOD compared to normal rats. However,
supplementation of rats with ZA before and after exposure to gamma
radiation showed highly significant amelioration in liver and kidney SOD
when compared with the irradiated rats. It has been reported that Zn
deficient rats have diminished SOD activity and longevity (Rajesh et al.,
2003) and increased zinc administration has been associated with increased
SOD activity in blood samples of sheep (Mates et al., 1999). Furthermore,
oral zinc treatment reverses malathion-induced impairment in SOD activity
(Franco et al., 2009). The activity of Cu–Zn SOD was increased with
increasing organic Zn levels in both the challenged and nonchallenged
groups, but the magnitude of response was greater in the challenged group
(Bun et al., 2011). Moreover, Zinc aspartate has superoxide scavenging
effect which produced by NADH oxidation (Amara et al., 2008). The
ability of zinc aspartate to enhance the rate of spontaneous dismutation of
the superoxide ion makes this compound a genuine antioxidant. It is well
known that the life-time of superoxide ion in solution is limited by two
different factors: (i) the catalytic dismutation in the presence of transition
metal cations or complexes [eqns. (1) and (2)]; or (ii) the spontaneous
dismutation mediated by protonation; thus, zinc aspartates (transition metal)
inhibited the formation of oxygen radicals (Kim et al., 1998; Powell,
2000).
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In this study, it was observed that hepatic renal LPO in ZA group
approximately equal to that of control group and administration of zinc
aspartate (50mg/Kg) to the irradiated animals significantly decreased the
LPO levels of liver and kidney homogenate.
Shaheen and el-Fattah (1995) reported that, Zn deficiency caused
increased LPO and that this was overcome by Zn supplementation.
Ozdemir and Inanc (2005) found that treatment with zinc aspartate (50
mg/kg) in ischemia reperfusion model had equal MDA levels when
compared with sham group, whereas ischemia reperfusion group had the
highest biochemical oxidative stress.
Zinc was found to minimize oxidative damage and reduce the
elevated levels of MDA in the testis of Cd-exposed rats (Amara et al.,
2008). A previous study conducted in healthy volunteers revealed that zinc
(45 mg daily oral administration, 8 weeks) decreased MDA levels and
inﬂammatory cytokines (Prasad et al., 2004).
The decrease in LPO at 20 and 40 mg/kg of organic Zn may be
associated with the enhancing capacity of scavenging free radicals and
decreases the damage of tissues or cells by organic Zn (Bun et al., 2011).
Souza et al. (2004) suggested that Zn protection against the cytotoxicity
may be related to the maintenance of normal redox balance inside the cell.
Furthermore, the presence of zinc helps in minimizing oxidative damage by
protecting various membrane systems from peroxidative damage and by
stabilizing the membrane perturbation (Amara et al., 2008) and scavenging
ROS (Sankaramanivel et al., 2010).
In the present study, ZA group showed highly significant increase in
liver and kidney GSH compared to control group. Also, liver and kidney
156

Discussion

GSH in the irradiated rats were increased with the supplementation of zinc
aspartate (P<0.001). It has been shown that zinc ions can elevate the
glutathione level in cultured cells (Seagrave et al., 1983). The observed
antioxidant effect of ZA may be related to its indirect anticytotoxic and
antinitrosative effects and the ability of protecting thiol-dependent
antioxidant proteins from oxidative damage (Turut et al., 2009). The
protective effect of zinc was suggested to be due to the reduction of
sulfhydryl reactivity through one of three mechanisms: (1) direct binding of
zinc to the sulfhydryl, (2) steric hindrance as a result of binding to some
other protein site in close proximity to the sulfhydryl group or (3) a
conformational change from binding to some other site on the protein
(Powell, 2000; Karck et al., 2001). Sulfur is an important constituent of
many amino acids like methionine, cysteine, cystine, homocysteine,
homocystine, and taurine (Parcell, 2002), and these amino acids can be
used to increase the synthesis of glutathione (GSH). Zn can regulate the
synthesis of S-containing amino acids (Sidhu et al., 2004).
In this study, MTs content were determined in liver and kidney of
ZA-gamma-treated rats and results observed an elevation in MTs levels in
liver and kidney compared to normal rats. There was already solid evidence
that the administration of zinc increases the synthesis of metallothionein in
various tissues (Richards and Cousins, 1975; Cousins, 1985; Afanas'ev
et al., 1995; Kim et al., 1998; Powell, 2000). Zn administration had a
marked effect on the differential tissue accumulation of Zn and MT,
especially with respect to hepatic MT accumulation it is considered as a
direct inducer (Fleet et al., 1988). Furthermore, Andronikashvili et al.
(1976) reported that a redistribution of zinc from the nuclei into the
mitochondria occurred during X-ray irradiation. Therefore we deem that the
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presently observation might correlate with the homeostatic mechanism of
zinc and the redistribution of zinc in the body where the biosynthesis of
metallothionein

was

accelerated

(Matsubara

et al., 1986). The

metallothioneins have been shown to have antioxidant effects under
radiation exposure (Matsubara et al., 1987) due to the changes in the
cellular redox state result in release of zinc from metallothionein as a result
of sulﬁde/disulﬁde exchange (Jiang et al., 1998). Raymond et al. (2010)
observed that, elevated intracellular zinc content caused MT gene
expression result in increased MT production and increased monocytes
resistance to apoptosis. Expression of MT genes in association with changes
in zinc metabolism may represent a common host response to inﬂammation
which may be due to gamma irradiation. MT content was determined in 11
tissues of zinc-treated rats (20 mg zinc/kg) and it was observed that,
elevated MT levels, such as in liver, kidney, small intestine, and pancreas;
MT induction by zinc in these tissues was associated with an accumulation
of zinc not bound to MT (Heilmaier and Summer, 1985).
Supplementation of rats with zinc aspartate (50mg/Kg b.wt.) before
and after gamma irradiation resulting in normalization of zinc levels in all
examined organs; which might the result of an increase in the production of
Zn-MT. The combined treatment of ellagic acid with zinc aspartate showed
significant increase in spleen zinc levels in comparison with normal group.
While the treatment with both EA and ZA before and after gamma
irradiation induced significant increase in liver and heart zinc levels when
compared with irradiated group and showed normalization in Zn levels of
spleen, kidney and testis. Zinc supplementation to Ni-treated animals
resulted in the normalization of Zn and Cu concentrations in liver (Sidhu et
al., 2004). Zn administration had a marked effect on the differential tissue
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accumulation of Zn and MT (Fleet et al., 1988). We can conclude from
these results that zinc supplementation may play a compensatory role in
gamma radiation induced loss of elemental Zn.
However, supplementation of rats with zinc aspartate (50mg/Kg
b.wt) alone or with ellagic acid didn’t cause significant change in Cu level
of all mentioned organs when compared with the control group.
Furthermore, Zinc aspartate applied before and after exposure of rats to
gamma irradiation showed amelioration of the disturbances in liver, kidney,
testis and heart Cu levels caused by irradiation. Zinc supplementation to Nitreated animals resulted in the normalization of Cu concentrations in liver
(Sidhu et al., 2004).The activity of Cu–Zn SOD was increased with
increasing organic Zn levels in both the challenged and nonchallenged
groups (Bun et al., 2011), from this result we can conclude that treatment
with ZA could increase Cu levels to be utilized for Cu–Zn SOD enzyme.
High Zinc level induces hepatic and intestinal metallothionein (MT)
synthesis which in turn binds copper, rendering it unavailable for absorption
into the blood stream and so copper level lower and vice versa (Smolarek
and Stremmel, 1999).
Concerning with concentration level of iron in liver, spleen, kidney,
testis and heart of different groups; (ZA group) or (ZA-irradiation group)
showed results near to the normal group. On the other hand, coadministration of ZA and EA to the irradiated rats showed amelioration to
the disturbances caused by γ-irradiation in Fe levels of liver, testis and
heart. The present study reveals the role of Zn in maintaining the levels of
Fe under exposure of gamma irradiation. Increased hepatic and spleen Fe
levels in response to the toxic conditions of irradiation suggest that the body
requirement for Fe has been so severe that more and more of this metal ion
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are transported to the liver, in order to serve as a cofactor for many key
enzymes being affected. When serum Fe levels exceed the Fe-binding
capacity of transferrin; the circulating free Fe initially accumulates in
Kupffer cells and later in the hepatocytes, resulting in the increased
concentration of Fe in liver tissue (Nielsen et al., 1984). Zinc has earlier
been reported to prevent oxidation of lipids induced by Fe and, therefore, it
is likely that Fe levels, which is enhanced by Ni treatment, might be
regulated by Zn administration (Sidhu et al., 2004). Kandaz et al. (2009)
stated that radiation caused elevation of Fe level while upon treatment of
irradiated rats with zinc sulphate; the elevated iron level start to decrease.
Accordingly, it was suggested that an increase in zinc-iron ratio in some
organs may confer protection from iron catalyzed free radicals-induced
damage as early explained by Sorenson (1989).
Moreover, supplementation of rats with zinc aspartate (50mg/Kg
b.wt) showed no significant changes of Ca and Mg concentration levels in
all examined tissue organs when compared with the control group. On the
other hand, administration of zinc aspartate before and after exposure of rats
to gamma irradiation normalize the Ca levels in kidney, spleen and heart; it
also normalize Mg levels in liver, kidney, testis and heart. Kandaz et al.
(2009) stated that radiation caused elevation of Ca level while upon
treatment of irradiated rats with zinc sulphate; the elevated calcium level
start to decrease.
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Ellagic acid is a naturally occurring polyphenolic compound that
exhibits

antioxidative,

antiinﬂammatory,

anti-hyperlipidaemic

and

anticarcinogenic activities in a wide range of assays both in vitro and in
vivo (Devipriya et al., 2007a). EA plays an important role in protein
sulfhydryl repair mechanisms, in protection from the oxidative stressinduced cell damage via inhibition of single strand break formation,
reduction of intracellular calcium, and inhibition of lipid peroxidation
(Gamal-Eldeen, 1997).
In the current study results of WBCs, RBCs, Pt count, Hb and Hct%
obtained from administration of EA (50mg/Kg b.wt.) were approximately
equal to those of control group. In the rat treated with ellagic acid (30
mg/Kg) induced a decrease in the plasma level of fibrinogen and in the
blood platelet content and an increase of the activated partial
thromboplastin time (Damas and Remacle-Volon, 1987). Pretreatment
with EA at doses of 7.5 and 15 mg/kg to rats injected with isoproterenol
induced rats myocardial infarction produced significant beneficial effect by
returning the hematological parameters near to normal levels (Kannan et
al., 2012).
The present study showed that, administration of rats with ellagic
acid (50 mg/Kg b.wt.) caused amelioration to the liver markers (ALT, AST
and ALP) which are changed and showed significant increase by exposure
of rat to gamma irradiation (6.5Gy). EA at the dosage of 60 mg/kg b.wt.
effectively

decreased

hepatic

markers

during

alcohol-induced

hepatotoxicity (Devipriya et al., 2007b). Ellagic acid was reported to have
hepatoprotective activity in experimental animals being useful in arresting
hepatic ﬁbrosis, reducing inﬂammation (Thulstrup et al., 1999; Girish and
Pradhan, 2008). It has also been reported that oral administration of EA
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decreases the activities of liver marker enzymes during CCl 4 induced
toxicity (Thresiamma and Kuttan, 1996). Administration of EA
signiﬁcantly decreased the activities of AST, ALT and ALP levels,
suggesting that they offer protection by preserving the structural integrity of
the hepatocellular membrane against cyclosporine A (Priyadarsini et al.,
2002). Furthermore, EA protects hepatocytes from damage by inhibiting
mitochondrial production of reactive oxygen species, also protects against
cell death and elevation of ALT and AST in Concanavalin-induced
fulminant liver damage in mice (Hwang et al., 2010). In addition, it may be
used in combination with isoniazid-rifampicin (first line therapy of
tuberculosis) in the treatment of tuberculosis to prevent liver damage
through improving ALT and AST (Ambrose et al., 2013). Thus, EA being
a strong antioxidant attenuates the damaging effect of H2O2, quenches free
radicals and inhibits peroxidation of lipids; resulting from exposure to
gamma

irradiation

thereby preserving the structural integrity of

hepatocellular membrane by the liver cell membrane-stabilizing action and
consequently prevents the leakage of liver markers into the circulation
(Festa et al., 2001; Kang et al., 2006; Devipriya et al., 2008).
However, administration of ellagic acid (50mg/kg b.wt.) showed
insignificant changes in serum albumin and total protein when compared
with normal rats. While it caused amelioration in total serum protein
disturbed by gamma-radiation. Kannan et al. (2012) showed that,
pretreatment

with ellagic

acid

improved

serum

total

protein,

albumin/globulin ratio which disturbed by isoproterenol induced rats
myocardial infarction. Pretreatment with EA significantly increased the
level of serum protein and reduced the levels of blood glucose and serum
uric acid in ISO-induced myocardial infarction in rats (Saranya et al.,
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2012). EA plays an important role in protein sulfhydryl repair mechanisms,
in protection from the oxidative stress-induced cell damage via inhibition of
single strand break formation (Gamal-Eldeen, 1997). Experiments proved
that there is a direct interaction between phenols and DNA or
serum albumin, also EA exhibited the highest affinity for protein plasma
(Leger et al., 2010).
The current study showed that supplementation of rats with EA
improved the lipid profile which disturbed by exposure to gamma
irradiation. Co administration of ellagic acid and zinc aspartate before and
after whole body gamma irradiation showed insignificant changes in TG,
TC and LDL-c when compared with the control group. On the other hand,
they showed significant decrease in TC and highly significant decrease in
TG and LDL-c when compared with irradiated group. Administration of EA
effectively reduced the level of lipids in the circulation (Devipriya et al.,
2007b; Aviram et al., 2008; Ratnam et al., 2009). EA has been reported to
affect the cellular lipid metabolism during benzoyl peroxide-induced
toxicity (Kaul and Khanduja, 1999). Furthermore, EA (30 mg/kg)
supplemented for a period of 14 days showed a significant decrease in the
level of serum and heart lipids (TG, TC, LDL and VLDL) and increased
heart PL and serum HDL cholesterol in isoproterenol-induced myocardial
infarction in rats; as EA has antioxidant property, which indirectly helps to
decrease the levels of lipids by preventing the membrane damage (Saranya
et al., 2012). Many polyphenolic compounds possess hypolipidaemic
activity and have been shown to increase the fecal fat excretion and LDL
receptor activity (Chan et al., 1999). EA being a polyphenolic compound
might possess the same hypolipidaemic activity. Furthermore, it effectively
prevents lipid peroxidation (Singh et al., 1999), which paralleled the
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inhibition of membrane damage and prevents release of free fatty acids
from the membrane. As free fatty acid is the substrate for other lipids, its
decrease may reﬂect on the level of other lipids. Yu et al. (2005) and
Devipriya et al. (2007b) reported that, EA supplementation effectively
reduced the elevations of plasma cholesterol in hyperlipidemic rabbits. It
can be speculated that EA might have decreased the activity of HMG CoA
reductase, which is a rate-limiting enzyme involved in the cholesterol
metabolism or enhanced the rate of lipid degradative process and increased
the hepatic bile acids and fecal neutral sterol and thus decreased the level of
other lipids. EA showed a significant effect on inhibiting the pancreatic
lipase activity in vitro and increasing the fecal fat excretion, which suggests
that it is one of the mechanisms responsible for decreasing the serum TG
concentrations (Lei et al., 2007).
In the present study, supplementation of rats with ellagic acid before
and after whole body gamma irradiation showed highly significant decrease
in serum creatinine and urea in comparison with irradiated group.
Atessahin et al. (2007) showed that, EA treatment provides a signiﬁcant
protection against cisplatin-induced nephrotoxicity and reduces plasma
creatinine and urea levels. Also, they showed a decrease in cisplatin
induced tubular necrosis and other pathologic changes in the histological
evaluation of the kidney preparations in the EA treated group. A sharp
decrease in the level of serum urea and creatinine marker parameters of
kidney damage in ellagic acid treated rats suggest that prophylaxis of
ellagic acid is effective in improving kidney function in nickel-treated rats
(Ahmed et al., 1999). So we might conclude that, treatment with ellagic
acid partially inhibited the increase in lipid peroxidase induced by gamma
irradiation in renal tissue and improve the renal function. The molecular
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mechanism responsible for these effects remains largely unknown, but the
potent scavenging action of EA on both superoxide anion and hydroxyl
anion might be involved.
However, administration of ellagic acid (50mg/kg) showed
nonsignificant change in serum iron, TIBC and transferrin when compared
with control group. EA at doses of 15 mg/kg produced significant beneficial
effect by returning serum iron and TIBC near to normal levels in
myocardial infracted rats (Kannan et al., 2012).
The current study showed that supplementation of rats with EA
(50mg/Kg) caused no significant change in serum glucose levels when
compared with normal group. On the other hand, administration of EA and
ZA before and after whole body gamma irradiation showed highly
significant amelioration to the disturbances in glucose level caused by
gamma irradiation. EA improve serum glucose levels in myocardial
infracted rats (Kannan et al., 2012). EA as a polyphenol it decreases serum
glucose as it stimulates insulin-like glucose uptake and inhibits adipocytes
differentiation (Lei et al., 2007; Bagri et al., 2009).
EA is plant derived polyphenol carrying 4 OH groups so it act as
strong reducing agent accounting for its strong scavenging action on free
radicals and ROS (Bahri-Sahloul et al., 2009; Michael, 2011).
In the present study, supplementation of rats with EA caused nonsignificant changes in liver and kidney SOD levels when compared with
control group. On the other hand coadministration of EA and ZA pre and
post irradiation showed amelioration to the disturbances in SOD compared
to the irradiated group. The liver superoxide dismutase and glutathione
peroxidase activity were found to be increased upon EA supplementation
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compared with the irradiated control (Thresiamma et al., 1998). EA
scavenges superoxide radicals and hydrogen peroxide produced by
isoproterenol induced myocardial damage (Punithavathi et al., 2010).
Also, Lee et al. (2010) indicated that ellagic acid exerts its protective
effects

by inhibiting

NADPH

oxidase-induced

overproduction

of

superoxide, enhancing cellular antioxidant defenses. Administration of EA
resulted in normalization of the antioxidants in the circulation. EA
effectively scavenges O2•-, hydroxyl radical, peroxy radical and
peroxynitrite (Murakami et al., 1991; Cozzi et al., 1995); thus it could
improve SOD activity.
Present results indicated that, hepatic and renal LPO which obtained
from administration of EA were nearly similar of control results, while
supplementation of rats with EA & ZA before and after whole body gamma
irradiation showed highly significant amelioration (P<0.001) to the
disturbances in liver and kidney LPO caused by gamma irradiation.
Previous study showed that, EA (85 mg/kg oral gavage) reduced serum
MDA levels (p<0.05) and liver's oxidative stress index which raised by the
hepatic ischemia-reperfusion (Kapan et al., 2012). Oral pretreatment
with EA restored lipid peroxidation and altered lipid profile in the
isoproterenol-induced myocardial infarcted rats (Kannan and Quine,
2013). Priyadarsini et al. (2002) stated that EA, a plant-derived
polyphenol, inhibits gamma-radiation (hydroxyl radical) induced lipid
peroxidation in rat liver microsomes in a dose- and concentration-dependent
manner. Addition of ellagic acid (10 mg/Kg) to cisplatin and
cyclosporine A-treated animals for 21 days decreased the MDA levels
(Yuce et al., 2007; Yuce et al., 2008). In addition to that, Pari and
Sivasankari (2008) suggested that, administrations of EA at 50 mg/kg
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body weight for 21 days significantly decreased the activities of hepatic
marker enzymes and MDA compared with other doses of EA (12.5, 25
mg/kg body weight). The antioxidant activity of EA shows that it scavenges
the free radicals (superoxide anion, hydroxy radical and peroxy radical) and
quenches the lipid peroxidation markers (Amador et al., 1999; Seeram et
al., 2005). The ability of polyphenols to protect cell from oxidative stress
has been demonstrated; polyphenol compounds could have both antioxidant
and prooxidant properties, depending on the concentration and free radical
source; EA being a polyphenol can act as a chain breaking antioxidant and
may react directly with chain carrying peroxyl radicals thus terminating the
propagation of these free radical mediated reactions like NADPH- and
ascorbate- dependent lipid peroxidation which are free radicals mediated
(Majid et al., 1991).
Current study revealed that, EA administration before and after
exposure to gamma radiation caused highly significant amelioration in liver
GSH content. Treatment with EA resulted in a significant rise in total GSH
levels which declined upon exposure to tetrachlorodibenzo-p-dioxininduced ROS overproduction (Hassoun et al., 2006). EA (30 mg/kg)
ameliorated oxidative stress caused by cisplatin induced-nephrotoxicity by
increase the level of renal GSH (Al-Kharusi et al., 2013). Also, it showed
potent protective effects against tert-butylhydroperoxide-induced oxidative
stress via inhibiting ROS generation and increasing total glutathione levels
in HepG2 cells (Oidovsambuu et al., 2013). Furthermore, (Majid et al.,
1991) also demonstrated that dietary administration of EA to mice increased
the levels of reduced glutathione and glutathione reductase in liver. Further,
reports suggest that EA besides acting as an antioxidant and also enhances
the GSH dependent protection (Khanduja et al., 1999; Özkaya et al.,
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2010). Furthermore, studies have shown that two lactone groups (phenolic
nucleus) of EA can act as both hydrogen bond donor and acceptor (Bala et
al., 2006), which might also involve free radical scavenging potential (Pari
and Sivasankari, 2008).
Also, EA has high antioxidant activity (EC50 = 0.05; number of
electrons consumed by molecule of antioxidant = 10), probably because of
the greater number of hydroxyl groups in its structure capable of
sequestering and neutralizing free radicals (Nowak and Gawlik-Dziki,
2007). In addition, it was a substrate of mushroom polyphenol oxidase, an
enzyme which oxidizes ellagic acid, generating its o-quinone (MunozMunoz et al., 2009). EA may also form adducts with DNA, masking the
binding site to be occupied by the ROS (Falsaperla et al., 2005); which
resulted from exposure to gamma irradiation. In addition, studies have
shown that polyphenols like EA may decrease oxidative stress through
indirect antioxidant action, such as the inhibition of ROS-producing
enzymes like myeloperoxidase, lipoxygenase, cyclooxygenase, and
xanthine oxidase (Dew et al., 2005).
Current study showed that, EA (50mg/Kg) caused non-significant
change in liver and kidney MTs when compared with normal group. Also,
when EA alone or with ZA were applied before and after exposure to γradiation; they caused highly significant improvement of hepatic and renal
MTs. EA treatment significantly induced total thiol and glutathione levels,
and enhanced metallothionein protein biosynthesis through selectively upregulation of MT-mRNA expression (Gamal-Eldeen, 1997).
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Concerning trace elements, supplementation of ellagic acid
(50mg/Kg b.wt.) to the normal or irradiated rats showed some positive
effects in the examined trace elements in different organs. Devipriya et al.
(2007b) reported that EA could normalize Zn levels during alcohol-induced
toxicity in experimental rats. In addition, it might have modulator effects on
Cu and Zn levels in obstructive jaundice (Gumus et al., 2011). EA by its
effective antioxidant property might have decreased the utility of zinc
thioniens and other Zn-containing enzymes like SOD and matrix
metalloproteinases and thus maintained the levels of Zn as found in this
study. Furthermore, studies have shown that EA inhibits cupric ionmediated lipid oxidation (Ramanathan et al., 1994).

EA

plays

an

important role in the reduction of intracellular calcium (Gamal-Eldeen,
1997). In a study conducted to evaluate the potential of EA as an enhancer
of radiation-induced apoptosis in cancer cells; they found that EA and
radiation increased intracellular calcium levels of cancer cells (Bhosle et
al., 2010).
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اﻟﻣﻠﺧص اﻟﻌرﺑﻲ
ﺟﻣﯾﻊ اﻟﻛﺎﺋﻧﺎت اﻟﺣﯾﺔ ﺗﺗﻌرض ﻟﻺﺷﻌﺎع اﻟﻣؤﯾن ﻗﺎدﻣﺎ ﻣن ﻣﺻﺎدر طﺑﯾﻌﯾﺔ ﻣﺛل اﻟﻌﻧﺎﺻر
اﻟﻣﺷﻌﺔ ﻓﻲ اﻟﺗرﺑﺔ أو اﻹﺷﻌﺎع اﻟﻛوﻧﻲ ،ﻓﺿﻼ ﻋن اﻹﺷﻌﺎﻋﺎت اﻟﻣؤﯾﻧﺔ اﻟﺗﻲ ﻣن ﺻﻧﻊ اﻹﻧﺳﺎن
)اﻟﺗﺷﺧﯾص اﻟطﺑﻲ أو اﻟﻌﻼج اﻹﺷﻌﺎﻋﻲ واﻟﻌﺎﻣﻠﯾن ﻓﻲ ﻣﺟﺎل اﻹﺷﻌﺎع( -ﻓﻣن اﻟﻣﻌروف ﺟﯾدا أن
اﻟﺟرﻋﺎت اﻟﻌﺎﻟﯾﺔ ﻣن اﻹﺷﻌﺎع اﻟﻣؤﯾن )ﺗﺗﺟﺎوز  2ﺟراي ﻟﻺﺷﻌﺎع اﻟﺟﺎﻣﻰ( ﺗﺳﻔر ﻋن اﻹﻓراط ﻓﻲ
إﻧﺗﺎج اﻟﺷوارد اﻟﺣرة ﻣن ذرات اﻷﻛﺳﺟﯾن اﻟﺗﻲ ﺗﺳﺑب ﻓوق أﻛﺳدة ﻟﻠﺑروﺗﯾﻧﺎت واﻟدھون اﻟﻣوﺟودة
ﺑﺎﻏﺷﯾﺔ اﻟﺧﻼﯾﺎ ﺣﯾث أﻧﮭﺎ اﻷھداف اﻷوﻟﻰ ﻟﻠﻌﻣل اﻟﻣدﻣر ﻟذرات اﻻﻛﺳﺟﯾن اﻟﺗﻔﺎﻋﻠﯾﺔ .وﺗﺗﻛون
ﻣﻧﺗﺟﺎت أﺧرى ﻣن اﻟﺑﯾروﻛﺳﯾداﺷن ﺗﻛون ﻣطﻔرة وﻣﺳﺑﺑﺔ ﻟﻠﺳرطﺎن.
ﻓﻲ ظل اﻟظروف اﻟﻌﺎدﯾﺔ ،ﺗﻛون اﻟﺧﻼﯾﺎ ﻗﺎدرة ﻋﻠﻰ اﻟدﻓﺎع ﻋن ﻧﻔﺳﮭﺎ ﻣن ذرات اﻻﻛﺳﺟﯾن
اﻟﺗﻔﺎﻋﻠﯾﺔ .وﻗد وﺟد أن اﻵﺛﺎر اﻟﺑﯾوﻟوﺟﯾﺔ ﻟﮭذه اﻟذرات ﻋﺎﻟﯾﺔ اﻟﺗﻔﺎﻋل ﺗﺳﯾطر ﻋﻠﯾﮭﺎ طﺎﺋﻔﺔ واﺳﻌﺔ ﻣن
اﻵﻟﯾﺎت اﻟﻣﺿﺎدة ﻟﻸﻛﺳدة ،أﻣﺛﻠﺔ ﻟذﻟك أﻧزﯾﻣﺎت ﻓﺎﺋق أﻛﺳﯾد دﯾﺳﻣﯾوﺗﺎز ،اﻟﺑﯾروﻛﺳﯾداز اﻟﺟﻠوﺗﺎﺛﯾون،
ﻛﺎﺗﺎﻻز ،ﺑﯾروﻛﺳﯾرﯾدوﻛﺳﯾن ،وأﯾﺿﺎ ﻛﺛﯾر ﻣن اﻟﺟزﯾﺋﺎت اﻟﺻﻐﯾرة ﻣﺛل اﻟﻛﺎروﺗﯾﻧﺎت ،ﺣﻣض
اﻷﺳﻛورﺑﯾك ،ﻣﯾﺗﺎﻟوﺛﯾوﻧﯾن ،ﺗوﻛوﻓﯾرول و اﻟﺟﻠوﺗﺎﺛﯾون اﻟﻣﺿﺎدة ﻟﻸﻛﺳدة اﻟﻧﺎﺗﺟﺔ ﻋن زﯾﺎدة إﻧﺗﺎج
اﻟﺷوارد اﻟﺣرة أو ﻋﯾوب ﻓﻲ اﻟدﻓﺎﻋﺎت اﻟﻣﺿﺎدة ﻟﻸﻛﺳدة و اﻟﻣﺗورطﺔ ﻓﻲ اﻵﻟﯾﺔ اﻟﻣرﺿﯾﺔ ﻟﻠﻌدﯾد ﻣن
اﻷﻣراض.
ﻣن اﻟﻣﻌروف أن اﻟزﻧك ﻋﻧﺻرﺷﺣﯾﺢ أﺳﺎﺳﻲ ﻟﮫ دوره اﻟﺣﻔﺎز واﻟﮭﯾﻛﻠﻲ ﻓﻲ اﻟﻌدﯾد ﻣن
اﻹﻧزﯾﻣﺎت .و ﯾﻠﻌب أﯾﺿﺎ دوراً أﺳﺎﺳﯾﺎ ﻓﻲ ﺣﯾوﯾﺔ اﻟﺧﻠﯾﺔ ﺑﺳﺑب أﻧﮫ ﻣﺿﺎد ﻟﻸﻛﺳدة ،و ﻣﺿﺎد
ﻟﻠﺑﻛﺗﯾرﯾﺎ ،وﻣﺿﺎد ﻟﻼﻟﺗﮭﺎﺑﺎت ،وھو ﯾﻌﻣل ﻛﻣﺳﺎﻋد ﻧﻣو وﻣﻧظم ﻟﻠﻣﻧﺎﻋﺔ وﻛﺣﺎﻣﻲ ﻟﻠﺧﻠﯾﺔ .و ﻟﻘد وﺟد
أن اﺳﺑﺎرﺗﺎت اﻟزﻧك ﻟﮫ ﻓﺎﻋﻠﯾﺔ ﻛﺑﯾرة ﻓﻲ اﻟﺣﻣﺎﯾﺔ ﺿد اﻻﺷﻌﺎع أﻛﺛر ﻣن اﻟﺳﯾﺳﺗﯾن و اﻟﺟﻠوﺗﺎﺛﯾون.
ﻓﻲ اﻵوﻧﺔ اﻷﺧﯾرة ،ھﻧﺎك اھﺗﻣﺎم ﻣﺗزاﯾد ﻓﻲ ﻓﮭم دور وآﻟﯾﺔ ﻛﺛﯾر ﻣن اﻟﻣواد اﻟﻛﯾﻣﯾﺎﺋﯾﺔ
اﻟﻧﺑﺎﺗﯾﺔ :ﺑوﻟﯾﻔﯾﻧوﻟﯾﻛس ،اﻟﻔﻼﻓوﻧوﯾدات و ﻓﯾﻧﯾل ﺑروﺑﺎﻧوﯾدس ﻛﻣﺛﺑطﺎت ﻟﻸﻛﺳدة .ﻣن ﺑﯾن ھذه اﻟﻣواد
اﻟﻛﯾﻣﯾﺎﺋﯾﺔ اﻟﻧﺑﺎﺗﯾﺔ ،ﺣﻣض اﻻﻟﺟﯾك وھو ﻣرﻛب ﺑوﻟﯾﻔﯾﻧوﻟﯾك طﺑﯾﻌﻲ؛ و ﯾﺗﻠﻘﻰ ﻛﺛﯾر ﻣن اﻻھﺗﻣﺎم ﺑﺳﺑب
ﻣﺟﻣوﻋﺔ واﺳﻌﺔ ﻣن اﻟﺧﺻﺎﺋص اﻟﺑﯾوﻟوﺟﯾﺔ ،ﻣﺛل ﺳﺣب اﻟﺷوارد اﻟﺣرة ،ﻣﺿﺎد ﻟﻠﺳرطﺎن ،ﻣﺿﺎد
ﻟﻠﻔﯾروﺳﺎت وﻣﺿﺎد ﻟﻠﺑﻛﺗﯾرﯾﺎ .و ﻓﻲ اﻟﻐﺎﻟب ﯾﺗواﺟد ﺑوﻓرة ﻓﻲ اﻟﺗوت واﻟﺟوز واﻟﺟوز أﻣرﯾﻛﻲ،
واﻟرﻣﺎن واﻟﻌﻧب.
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ﻓﻲ ھذا اﻟﻌﻣل اﻋﺗزم دراﺳﺔ آﺛﺎر اﻟﺟرﻋﺔ ﻗﺑل اﻟﻣﻣﯾﺗﺔ ﻟﻺﺷﻌﺎع اﻟﺟﺎﻣﻲ ) 6.5ﺟراى
ﻛﺟرﻋﺔ واﺣدة( وﻟﻠﺗﺣﻘﯾق ﻓﻲ اﻟﺗﺄﺛﯾر اﻟوﻗﺎﺋﻲ ﻟﺣﻣض اﻻﻟﺟﯾك ) 50ﻣﻎ/ﻛﻎ ﻣن وزن اﻟﺟﺳم( ﻋن
طرﯾق اﻟﻔم و/أو اﺳﺑﺎرﺗﺎت اﻟزﻧك ) 50ﻣﻎ/ﻛﻎ ﻣن وزن اﻟﺟﺳم( ﻋن طرﯾق اﻟﻔم ﺿد اﻟﺗﻐﯾرات
اﻟﺑﯾوﻛﯾﻣﯾﺎﺋﯾﺔ واﻷﻛﺳدة اﻟﻧﺎﺟﻣﺔ ﻋن اﻹﺷﻌﺎع ﻓﻲ اﻟﺟرذان اﻟذﻛور )أﻟﺑﯾﻧو(.
إﺳﺗﺧدم ﻓﻲ ھذه اﻟدراﺳﺔ ذﻛور اﻟﺟرذان اﻟﺑﯾﺿﺎء اﻟﺗﻰ ﯾﺗراوح وزﻧﮭﺎ ﻣن  150-120ﺟرام .أﺟرى
ﺗﺷﻌﯾﻊ اﻟﺣﯾواﻧﺎت ﺑﺎﺳﺗﺧدام ﺧﻠﯾﺔ اﻟﺳﯾزﯾوم" 137-ﺟﺎﻣﺎ"؛ ﺗﻌﻣل وﺣدة اﻟﻣﺷﻊ ﺑﻣﻌدل ﺟرﻋﺔ ﻣن
 0.996راد /ﺛﺎﻧﯾﺔ .ﻓﻲ وﻗت اﻟﺗﺟرﺑﺔ.
ﻗﺳﻣت اﻟﺣﯾواﻧﺎت ﺗﺣت اﻟﺗﺟرﺑﺔ إﻟﻰ ﺛﻣﺎﻧﻲ ﻣﺟﻣوﻋﺎت :اﻟﻣﺟﻣوﻋﺔ اﻷوﻟﻲ ﺿﺎﺑطﺔ طﺑﯾﻌﯾﺔ،
اﻟﻣﺟﻣوﻋﺔ اﻟﺛﺎﻧﯾﺔ ﻣﺷﻌﻌﺔ وﻗد ﺗم إﻋطﺎء اﻟﻣﺟﻣوﻋﺔ اﻟﺛﺎﻟﺛﺔ ﺣﻣض اﻻﻟﺟﯾك وﺣده وإﻋطﺎء اﻟﻣﺟﻣوﻋﺔ
اﻟراﺑﻌﺔ ﺣﻣض اﻻﻟﺟﯾك ﻗﺑل وﺑﻌد اﻟﺗﺷﻌﯾﻊ وأﯾﺿﺎ إﻋطﺎء اﻟﻣﺟﻣوﻋﺔ اﻟﺧﺎﻣﺳﺔ اﺳﺑﺎرﺗﺎت اﻟزﻧك وﺣده
ﺑﯾﻧﻣﺎ اﻟﻣﺟﻣوﻋﺔ اﻟﺳﺎدﺳﺔ ﺗم اﻋطﺎﺋﮭﺎ اﺳﺑﺎرﺗﺎت اﻟزﻧك ﻗﺑل وﺑﻌد اﻟﺗﺷﻌﯾﻊ ،اﻟﻣﺟﻣوﻋﺔ اﻟﺳﺎﺑﻌﺔ ﺗم
اﻋطﺎﺋﮭﺎ ﺣﻣض اﻻﻟﺟﯾك و اﺳﺑﺎرﺗﺎت اﻟزﻧك ﺑﯾﻧﻣﺎ اﻟﻣﺟﻣوﻋﺔ اﻟﺛﺎﻣﻧﺔ ﺗم اﻋطﺎﺋﮭﺎ ﺣﻣض اﻻﻟﺟﯾك و
اﺳﺑﺎرﺗﺎت اﻟزﻧك ﻗﺑل وﺑﻌد اﻟﺗﺷﻌﯾﻊ.
أﺟرﯾت ھذه اﻟدراﺳﺔ ﻣن ﺧﻼل ﺗﺣﻠﯾل ﻣﺳﺗوى إﻧزﯾﻣﺎت اﻟﻧﺎﻗل أﻻﻣﯾﻧﻰ ) (ALT, ASTوإﻧزﯾم
اﻟﻔوﺳﻔﺎﺗﯾز اﻟﻘﻠوى ) ،(ALPوظﺎﺋف اﻟﻛﻠﻲ )اﻟﺑوﻟﯾﻧﺎ واﻟﻛرﯾﺎﺗﯾﻧﯾن( ،اﻟﻣﺣﺗوى اﻟدھﻧﻰ )اﻟﻜﻮﻟﯿﺴﺘﯿﺮول
اﻟﻜﻠﻰ ) (TCواﻟﺠﻠﺴﺮﯾﺪات اﻟﺜﻼﺛﯿﺔ ) (TGوﻛﻮﻟﯿﺴﺘﯿﺮول اﻟﺒﺮوﺗﯿﻨﺎت اﻟﺪھﻨﯿﺔ ﻣﺮﺗﻔﻌﺔ وﻣﻨﺨﻔﻀﺔ
اﻟﻜﺜﺎﻓﺔ( ،ﻛﻣﺎ ﺗم ﻗﯾﺎس اﻟﻣﺣﺗوى اﻟﺑروﺗﯾﻧﻰ )اﻟﺑروﺗﯾن اﻟﻛﻠﻲ واﻟزﻻل( ،اﻟﺟﻠوﻛوز ،اﻟﺣدﯾد ،اﻟﺳﻌﺔ
اﻟﻛﻠﯾﺔ ﻟﻠﺣدﯾد اﻟﻣرﺗﺑط ) (TIBCوﺗراﻧﺳﻔﯾرﯾن ﻓﻲ ﻣﺻل اﻟدم .وﻛذﻟك ﺻورة اﻟدم ﻛﺎﻣﻠﺔ )ﻋدد ﻛرات
اﻟدم اﻟﺣﻣراء ،ﺧﻼﯾﺎ اﻟدم اﻟﺑﯾﺿﺎء ،اﻟﺻﻔﺎﺋﺢ اﻟدﻣوﯾﺔ و ﺗرﻛﯾز اﻟﮭﯾﻣوﺟﻠوﺑﯾن وﻛذﻟك ﻧﺳﺑﺔ
اﻟﮭﯾﻣﺎﺗوﻛرﯾت( أﻧﺟزت ﻓﻲ اﻟدم .اﯾﺿﺎ ﺣﺎﻟﺔ ﻣﺿﺎدات اﻷﻛﺳدة اﻟﺟﻠوﺗﺎﺛﯾون ،اﻟﺳوﺑر
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دﯾﺳﻣﯾوﺗﺎز وﻣﯾﺗﺎﻟوﺛﯾوﻧﯾن ،ﻓﺿﻼ ﻋن ﻣﺳﺗوي اﻟدھون اﻟﻔوق ﻣؤﻛﺳدة ﻓﻲ أﻧﺳﺟﺔ اﻟﻛﺑد واﻟﻛﻠﻰ .أﯾﺿﺎ،
ﻓﻲ ھذه اﻟدراﺳﺔ ﺗم إﻟﻘﺎء ﻣزﯾدا ﻣن اﻟﺿوء ﻋﻠﻰ ﺗﺗﺑﻊ اﻟﺗﻐﯾﯾرات ﻓﻲ اﻟﻌﻧﺎﺻر اﻟﺷﺣﯾﺣﺔ اﻷﺳﺎﺳﯾﺔ
)اﻟزﻧك ،اﻟﻧﺣﺎس ،اﻟﺣدﯾد ،اﻟﻛﺎﻟﺳﯾوم ،اﻟﻣﺎﻏﻧﯾﺳﯾوم و اﻟﻣﻧﺟﻧﯾز( درﺳت ﻓﻲ أﻋﺿﺎء ﻣﺧﺗﻠﻔﺔ )اﻟﻛﺑد،
اﻟطﺣﺎل ،اﻟﻛﻠﻲ ،اﻟﺧﺻﯾﺔ واﻟﻘﻠب(.
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 -1ﺗﺄﺛﯾر اﻟﺗﻌرض ﻟﺟرﻋﺔ اﻹﺷﻌﺎع اﻟﺟﺎﻣﻲ ) 6.5ﺟراي ﻛﺟرﻋﺔ واﺣدة(:
اظﮭرت ﻧﺗﺎﺋﺞ اﻟدراﺳﺔ اﻟﺣﺎﻟﯾﺔ ﻋن أن اﻟﺗﻌرض ﻷﺷﻌﺔ ﺟﺎﻣﺎ أدي اﻟﻰ إرﺗﻔﺎع ذو دﻻﻟﺔ
إﺣﺻﺎﺋﯾﺔ ﻓﻰ ﻣﺳﺗوى اﻧزﯾم اﻟﻧﺎﻗل اﻷﻣﯾﻧﻰ ) ،(ALT ،ASTإﻧزﯾم اﻟﻔوﺳﻔﺎﺗﯾز اﻟﻘﻠوى ) ،(ALPاﻟدھون
اﻟﺛﻼﺛﯾﺔ ) ،(TGاﻟﻛوﻟﯾﺳﺗﯾرول اﻟﻛﻠﻰ ) (TCوﻛﻮﻟﯿﺴﺘﯿﺮول اﻟﺒﺮوﺗﯿﻨﺎت اﻟﺪھﻨﯿﺔ ﻣﻨﺨﻔﻀﺔ اﻟﻜﺜﺎﻓﺔ
) ،(LDL-cاﻟﻛرﯾﺎﺗﯾﻧﯾن ،اﻟﯾورﯾﺎ واﻟﺣدﯾد ،اﻟﺳﻌﺔ اﻟﻛﻠﯾﺔ ﻟﻠﺣدﯾد اﻟﻣرﺗﺑط ) ،(TIBCﺗراﻧﺳﻔﯾرﯾن
واﻟﺟﻠوﻛوز؛ وﻋﻼوة ﻋﻠﻰ ذﻟك ،أﺷﻌﺔ ﻏﺎﻣﺎ أظﮭرت اﻧﺧﻔﺎض ﻣﺣﺗﻣل ﻓﻲ اﻟزﻻل واﻟﺑروﺗﯾن اﻟﻛﻠﻲ و
وﻛﻮﻟﯿﺴﺘﯿﺮول اﻟﺒﺮوﺗﯿﻨﺎت اﻟﺪھﻨﯿﺔ ﻣﺮﺗﻔﻌﺔ اﻟﻜﺜﺎﻓﺔ ) (HDL-cﻓﻲ ﻣﺻل اﻟدم؛ ﻓﻲ ﺣﯾن ﻛﺎن ھﻧﺎك
اﻧﺧﻔﺎض ﻛﺑﯾر ﺟداً ﻓﻲ ﻋدد ﻛرات اﻟدم اﻟﺣﻣراء ،ﺧﻼﯾﺎ اﻟدم اﻟﺑﯾﺿﺎء ،اﻟﺻﻔﺎﺋﺢ اﻟدﻣوﯾﺔ و ﺗرﻛﯾز
اﻟﮭﯾﻣوﺟﻠوﺑﯾن وﻛذﻟك ﻧﺳﺑﺔ اﻟﮭﯾﻣﺎﺗوﻛرﯾت ﻓﻲ اﻟدم ﻛﻠﮫ .وﺑﺎﻹﺿﺎﻓﺔ إﻟﻰ ذﻟك ،ھﻧﺎك اﻧﺧﻔﺎض ﻛﺑﯾر
ﺟداً ﻓﻲ اﻟﺟﻠوﺗﺎﺛﯾون واﻟﺳوﺑر اﻛﺳﯾد دﯾﺳﻣﯾوﺗﺎز  ،ﺑﯾﻧﻣﺎ ﻓﻲ اﻟدھون اﻟﻔوق ﻣؤﻛﺳدة ،اﻟﻣﺗﺎﻟوﺛﯾوﻧﯾن،
ﻛﺎﻧت ھﻧﺎك زﯾﺎدة ﻣﺣﺗﻣﻠﺔ ﻋﻧد ﻗﯾﺎﺳﮫ ﻓﻲ اﻟﻛﺑد واﻟﻛﻠﻰ .وﻗد ﺣدﺛت ﺑﻌض اﻟﺗﻐﯾرات ﻓﻲ ﺗرﻛﯾزات
اﻟﻌﻧﺎﺻراﻟﺷﺣﯾﺣﺔ ﻓﻲ أﻧﺳﺟﺔ ﺑﻌض اﻷﻋﺿﺎء اﻟﺗﻲ ﻗد ﯾﻛون ﺑﺳﺑب ﻗدرة اﻹﺷﻌﺎع ﻋﻠﻰ اﻟﺣث ﻋﻠﻰ
اﻷﻛﺳدة.
 -2اﻟﺗﺄﺛﯾر اﻟوﻗﺎﺋﻲ ﻟﺣﻣض اﻻﻟﺟﯾك ) 50ﻣﻎ/ﻛﻎ( ﻋﻠﻲ اﻵﺛﺎر اﻟﺳﻠﺑﯾﺔ ﻟﻼﺷﻌﺎع اﻟﺟﺎﻣﻲ:
وﻗد أظﮭرت اﻟﺑﯾﺎﻧﺎت اﻟﺗﻲ ﺗم اﻟﺣﺻول ﻋﻠﯾﮭﺎ ﻣن اﻟﻔﺋران اﻟﺗﻲ ﻋوﻣﻠت ﺑﺣﻣض اﻻﻟﺟﯾك ﻗﺑل
وﺑﻌد اﻟﺗﺷﻌﯾﻊ ﺑﺄﺷﻌﺔ ﺑﺟﺎﻣﺎ ﻟﻠﺟﺳم ﻛﻠﮫ أظﮭرت ﻋن ﺗﻌدﯾل ﻛﺑﯾرذو دﻻﻟﺔ إﺣﺻﺎﺋﯾﺔ ﻓﻲ اﻟﻘﯾﺎﺳﺎت
اﻟﺑﯾوﻛﯾﻣﯾﺎﺋﯾﺔ اﻟﻣﺧﺗﺑرة واﯾﺿﺎ ﺗﺣﺳﯾن ﻋﻣﯾق ﻓﻲ ﻧﺷﺎط ﻣﺿﺎدات اﻷﻛﺳدة ،اﻟﺟﻠوﺗﺎﺛﯾون وﻣﯾﺗﺎﻟوﺛﯾوﻧﯾن.
وﻛذﻟك ﻣﻌﺎﻣﻠﺔ اﻟﻔﺋران اﻟﻣﺷﻌﻌﺔ ﺑﺣﻣض اﻻﻟﺟﯾك إﻧﺧﻔﺎض ذو دﻻﻟﺔ إﺣﺻﺎﺋﯾﺔ ﻓﻲ اﻟدھون اﻟﻔوق
ﻣؤﻛﺳدة اﻟﻧﺎﺟﻣﺔ ﻋن اﻹﺷﻌﺎع وﻛذﻟك اﻟﺗﻐﯾرات ﻓﻲ اﻟﻌﻧﺎﺻر اﻟﺷﺣﯾﺣﺔ ﻓﻲ ﺑﻌض أﻧﺳﺟﺔ اﻷﻋﺿﺎء.
 -3اﻟﺗﺄﺛﯾر اﻟوﻗﺎﺋﻲ ﻻﺳﺑﺎرﺗﺎت اﻟزﻧك ) 50ﻣﻎ/ﻛﻎ( ﻋﻠﻲ اﻵﺛﺎر اﻟﺳﻠﺑﯾﺔ ﻟﻼﺷﻌﺎع اﻟﺟﺎﻣﻲ:
وﻛذﻟك أظﮭرت اﻟدراﺳﮫ اﻟﺣﺎﻟﯾﮫ ان اﻣداد اﻟﻔﺋران ﺑﺄﺳﺑﺎرﺗﺎت اﻟزﻧك ﻗﺑل وﺑﻌد ﺗﺷﻌﯾﻊ اﻟﺟﺳم
ﻛﻠﮫ ﺑﺟﺎﻣﺎ ﺗﻌدﯾل ﻛﺑﯾر ذو دﻻﻟﺔ إﺣﺻﺎﺋﯾﺔ ﻋﺎﻟﯾﺔ ﻓﻲ اﻧزﯾم اﻟﻧﺎﻗل اﻷﻣﯾﻧﻰ ) ،(ALTاﻟﺑروﺗﯾن اﻟﻛﻠﻲ،
اﻟزﻻل  ،اﻟدھون اﻟﺛﻼﺛﯾﺔ ،اﻟﻛوﻟﯾﺳﺗﯾرول اﻟﻛﻠﻲ وﻛﻮﻟﯿﺴﺘﯿﺮول اﻟﺒﺮوﺗﯿﻨﺎت اﻟﺪھﻨﯿﺔ ﻣﻨﺨﻔﻀﺔ اﻟﻜﺜﺎﻓﺔ،
اﻟﻛرﯾﺎﺗﯾﻧﯾن ،اﻟﺑوﻟﯾﻧﺎ واﻟﺣدﯾد ،اﻟﺳﻌﺔ اﻟﻛﻠﯾﺔ ﻟﻠﺣدﯾد اﻟﻣرﺗﺑط ،اﻟﺗراﻧﺳﻔﯾرﯾن واﻟﺟﻠوﻛوز .أﯾﺿﺎ ،ﺗﺳﺑب
ﻓﻲ ﺗﺣﺳن ﺣﺎﻟﺔ ﻣﺿﺎدات اﻷﻛﺳدة؛ اﻟﺳوﺑر اﻛﺳﯾد دﯾﺳﻣﯾوﺗﺎز ،اﻟﺟﻠوﺗﺎﺛﯾون وﻣﯾﺗﺎﻟوﺛﯾوﻧﯾن .ﻣﻌﺎﻣﻠﺔ
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اﻟﻔﺋران اﻟﻣﺷﻌﻌﺔ ﺑﺄﺳﺑﺎرﺗﺎت اﻟزﻧك أدى إﻟﻲ ﺗﻘﻠﯾل اﻟزﯾﺎدة ﻓﻲ اﻟدھون اﻟﻔوق ﻣؤﻛﺳدة اﻟﻧﺎﺟﻣﺔ ﻋن
اﻹﺷﻌﺎع ﺑدﻻﻟﺔ إﺣﺻﺎﺋﯾﺔ ﻋﺎﻟﯾﺔ وﻛذﻟك اﻟﺗﻐﯾرات ﻓﻲ اﻟﻌﻧﺎﺻر اﻟﺷﺣﯾﺣﺔ ﻓﻲ ﺑﻌض أﻧﺳﺟﺔ اﻷﻋﺿﺎء.
 -4اﻟﺗﺄﺛﯾراﻟﻣؤازر ﻟﺣﻣض اﻻﻟﺟﯾك واﺳﺑﺎرﺗﺎت اﻟزﻧك:
ﺗرﻛﯾﺑﺔ ﺣﻣض اﻻﻟﺟﯾك ﻣﻊ اﺳﺑﺎرﺗﺎت اﻟزﻧك ھو ﻧﮭﺞ ﻟﺗﺣﺳﯾن اﻟﺣﻣﺎﯾﺔ ﻣن اﻹﺷﻌﺎع اﺳﺗﻧﺎداً
إﻟﻰ اﻟﻧﺗﺎﺋﺞ اﻟﺗﻲ ﺗم اﻟﺣﺻول ﻋﻠﯾﮭﺎ ﻣن اﻟﺗرﻛﯾﺑﺔ وﺟد أﻧﮭﺎ اﻧﺗﺟت زﯾﺎدة ﻣﻠﺣوظﺔ ﻓﻲ ﻛﻔﺎءة اﻷﻋﺿﺎء
واﻧﺧﻔﺎض اﻟﺳﻣﯾﺔ ﻋن طرﯾق ﺗﺣﺳﯾن ﺑﻌض اﻟﻘﯾﺎﺳﺎت ﺑدﻻﻟﺔ إﺣﺻﺎﺋﯾﺔ ﻋﺎﻟﯾﺔ ﻓﻲ اﻧزﯾم اﻟﻧﺎﻗل اﻷﻣﯾﻧﻰ
) ،(ALTإﻧزﯾم اﻟﻔوﺳﻔﺎﺗﯾز اﻟﻘﻠوى ) ،(ALPاﻟدھون اﻟﺛﻼﺛﯾﺔ ) ،(TGاﻟﻛوﻟﯾﺳﺗﯾرول اﻟﻛﻠﻰ ،ﻛﻮﻟﯿﺴﺘﯿﺮول
اﻟﺒﺮوﺗﯿﻨﺎت اﻟﺪھﻨﯿﺔ ﻣﻨﺨﻔﻀﺔ اﻟﻜﺜﺎﻓﺔ ،اﻟﻛرﯾﺎﺗﯾﻧﯾن ،اﻟﺑوﻟﯾﻧﺎ ،اﻟﺣدﯾد ،اﻟﺳﻌﺔ اﻟﻛﻠﯾﺔ ﻟﻠﺣدﯾد اﻟﻣرﺗﺑط،
اﻟﺗراﻧﺳﻔﯾرﯾن واﻟﺟﻠوﻛوز ﻓﻲ ﻣﺻل اﻟدم .ﻛذﻟك ،ﻛﻣﺎ ﺗﺣﺳﻧت ﺣﺎﻟﺔ ﻣﺿﺎدات اﻷﻛﺳدة؛ اﻟﺳوﺑر اﻛﺳﯾد
دﯾﺳﻣﯾوﺗﺎز ،اﻟﺟﻠوﺗﺎﺛﯾون و ﻣﯾﺗﺎﻟوﺛﯾوﻧﯾن ﻛﻣﺎ أدت اﻟﻲ ﺗﻘﻠﯾل اﻟزﯾﺎدة ﻓﻲ اﻟدھون اﻟﻔوق ﻣؤﻛﺳدة
اﻟﻧﺎﺟﻣﺔ ﻋن اﻹﺷﻌﺎع ﻓﻲ أﻧﺳﺟﺔ اﻟﻛﺑد و اﻟﻛﻠﻲ .وﺑﺎﻹﺿﺎﻓﺔ إﻟﻰ ذﻟك ،أﻧﮭﺎ ﺗﺣﺳن اﻟﺗﻐﯾﯾرات ﻓﻲ ﺑﻌض
اﻟﻌﻧﺎﺻراﻟﺷﺣﯾﺣﺔ اﻟﻣﺗﺳﺑﺑﮫ ﺑﺎﻻﺷﻌﺎع اﻟﺟﺎﻣﻲ.
اﺳﺗﻧﺎداً إﻟﻰ ھذه اﻟدراﺳﺔ ﯾﻣﻛن اﺳﺗﻧﺗﺎج أن:
ﯾﻣﻛن ﻟﺣﻣض اﻻﻟﺟﯾك و اﺳﺑﺎرﺗﺎت اﻟزﻧك اﻟﺣﻣﺎﯾﺔ ﺿد اﻷﺿرار اﻟﺗﻲ ﯾﻧﺗﺟﮭﺎ اﻹﺷﻌﺎع
اﻟﺟﺎﻣﻲ ﻋن طرﯾق ﺗﻧظﯾم اﻹﻧزﯾﻣﺎت اﻟﻣﺿﺎدة ﻟﻸﻛﺳدة ﺑﻌدة طرق (1 :ﺗﻧﺷﯾط إﻧزﯾم اﻟﻣﺿﺎد ﻟﻸﻛﺳدة
اﻟﺳوﺑر اﻛﺳﯾد دﯾﺳﻣﯾوﺗﺎز  (2 ،ﺣﻣﺎﯾﺔ ﻣﺳﺗوي اﻟﺟﻠوﺗﺎﺛﯾون داﺧل اﻷﻧﺳﺟﺔ (3) ،ﺗﺧﻔﯾض اﻟدھون
اﻟﻔوق ﻣؤﻛﺳدة اﻟﺗﻲ ﻗد ﺗﺣدث داﺧل أﻧﺳﺟﺔ اﻟﻔﺋران اﻟﻣﺷﻌﻌﺔ (4) ،ﺣﻣﺎﯾﺔ ﻣﺳﺗوي اﻟﻣﯾﺗﺎﻟوﺛﯾوﻧﯾن
داﺧل اﻷﻧﺳﺟﺔ (5) ،ﺳﺣب اﻟﺷوارد اﻟﺣرة اﻟﺗﻲ ﺗم إﻧﺷﺎؤھﺎ ﺑواﺳطﺔ اﻹﺷﻌﺎع اﻟﻣؤﯾن.
ﺛم ﯾﻧﺑﻐﻲ أن ﺗﺳﮭم ھذه اﻟﻧﺗﺎﺋﺞ ﻓﻲ اﻟدراﺳﺎت اﻟﻣﺳﺗﻘﺑﻠﯾﺔ اﻟﺗﻲ ﺳوف ﺗﻔﺣص ﻗدرة ﺣﻣض اﻻﻟﺟﯾك و
اﺳﺑﺎرﺗﺎت اﻟزﻧك ﻟﻠﺣد واﻟوﻗﺎﯾﺔ ﻣن اﻟﺳﻣﯾﺔ اﻟﻣﺗوﻟدة ﻋن اﻹﺷﻌﺎع واﻷﻣراض اﻟﻧﺎﺷﺋﺔ ﻋن اﻟﺷوارد
اﻟﺣرة ﻓﻲ ﻣﺛل ھذه اﻟﺣﺎﻻت ﻟﻠﻌﺎﻣﻠﯾن ﻓﻲ ﻣﺟﺎل اﻹﺷﻌﺎع واﻟﻣرﺿﻲ اﻟذﯾن ﯾﺗﻠﻘون اﻟﻌﻼج اﻹﺷﻌﺎﻋﻲ.
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اﻟﺘﺄﺛﯿﺮ اﻟﻤﺆآزر ﻟﺤﻤﺾ اﻹﻟﺠﯿﻚ وﺑﻌﺾ اﻟﻌﻨﺎﺻﺮ اﻟﺸﺤﯿﺤﺔ ﺿﺪ ﺑﻌﺾ
اﻻﺧﺘﻼﻻت اﻟﺒﯿﻮﻛﻤﯿﺎﺋﯿﺔ اﻟﻤﺤﺪﺛﮫ ﺑﺎﻻﺷﻌﺎع اﻟﺠﺎﻣﻲ ﻓﻲ ذﻛﻮر
اﻟﺠﺮذان اﻟﺒﯿﻀﺎء
رﺳﺎﻟﺔ
ﺗﻮطﺌﮫ ﻟﻠﺤﺼﻮل ﻋﻠﻲ درﺟﺔ اﻟﻤﺎﺟﺴﺘﯿﺮ ﻓﻲ اﻟﻌﻠﻮم اﻟﺼﯿﺪﻟﯿﺔ )اﻟﻜﯿﻤﯿﺎء اﻟﺤﯿﻮﯾﺔ(

واﻟﻤﻘﺪﻣﺔ ﻣﻦ

اﻟﺼﯿﺪﻻﻧﯿﺔ  /ﻣﻲ ﺣﻤﺪي أﺣﻤﺪ ﻣﻜﺎوي

ﻗﺴﻢ اﻟﺒﺤﻮث اﻟﺪواﺋﯿﺔ اﻻﺷﻌﺎﻋﯿﺔ
اﻟﻤﺮﻛﺰاﻟﻘﻮﻣﻲ ﻟﺒﺤﻮث وﺗﻜﻨﻮﻟﻮﺟﯿﺎ اﻹﺷﻌﺎع
ھﯿﺌﺔ اﻟﻄﺎﻗﺔ اﻟﺬرﯾﺔ

ﺗﺤﺖ إﺷﺮاف

أ.د /ﻋﻼ ﺳﯿﺪ ﻣﺤﻤﺪ ﻋﻠﻲ

أﺳﺘﺎذ و رﺋﯿﺲ ﻗﺴﻢ اﻟﻜﯿﻤﯿﺎء اﻟﺤﯿﻮﯾﺔ
ﻛﻠﯿﺔ اﻟﺼﯿﺪﻟﺔ )ﺑﻨﺎت(  -ﺟﺎﻣﻌﺔ اﻷزھﺮ

أ.د /أﺣﻤﺪ ﺷﻔﯿﻖ ﻧﺪا

أﺳﺘﺎذ اﻟﻔﺴﯿﻮﻟﻮﺟﻲ
اﻟﻤﺮﻛﺰ اﻟﻘﻮﻣﻲ ﻟﺒﺤﻮث وﺗﻜﻨﻮﻟﻮﺟﯿﺎ اﻹﺷﻌﺎع
ھﯿﺌﺔ اﻟﻄﺎﻗﺔ اﻟﺬرﯾﺔ

أ.د.م /دﻋﺎء ﻣﺤﻤﺪ ﻣﺤﻤﺪ ﻋﺒﺪ اﻟﻠﻄﯿﻒ

أﺳﺘﺎذ ﻣﺴﺎﻋﺪ اﻟﻜﯿﻤﯿﺎء اﻟﺤﯿﻮﯾﺔ
ﻛﻠﯿﺔ اﻟﺼﯿﺪﻟﺔ )ﺑﻨﺎت(  -ﺟﺎﻣﻌﺔ اﻷزھﺮ

ﻗﺴﻢ اﻟﻜﯿﻤﯿﺎء اﻟﺤﯿﻮﯾﺔ
ﻛﻠﯿﺔ اﻟﺼﯿﺪﻟﺔ ﺑﻨﺎت -ﺟﺎﻣﻌﺔ اﻷزھﺮ
2013

