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ABSTRACT 

 

The understanding of the fundamental role of angiogenesis and metastasis in 

cancer growth has led to tremendous interest in research regarding its regulatory 

mechanisms and clinical implications in the management of cancer. The present study 

was conducted to evaluate the influence of the angiogenic regulators modification on the 

tumor growth and the cell sensitivity to ionizing radiation targeting the improvement of 

cancer therapeutic protocols. Accordingly, the antiangiogenic activity of apigenin and 

selenium was tested in vitro via MTT assay.  The action of Apigenin and or Selenium 

was examined in vivo by using a model of solid tumor carcinoma (EAC). The growth rate 

of solid tumor in all experimental groups was measured by Caliper. The irradiated mice 

were exposed to 6.5 Gy of gamma rays.  Apigenin 50 mg/kg body weight and selenium 5 

µg per mice were daily administrated for 14 consecutive days after tumor volume reached 

1mm
3
.  The angiogenic activators   TNF-α (key cytokine) in spleen, serum MMP2 and 

MMP9, liver and tumor  NO, the  lipid peroxidation (LPx) and angiogenic inhibitor 

TIMP-1 in spleen  as well as, antioxidant markers (CAT, SOD, GPX) in tumor and liver 

tissue  and DNA fragmentation in spleenocytes  were estimated to monitor efficacy of 

Apigenin and selenium in cancer treatment strategy. All parameters were determined as a 

time course on days 16 and 22 after tumor volume reached 1mm
3
.  The using of MTT 

assay on EAC cells shows inhibition in EAC cell proliferation after the incubation witht 

apigenin and /or selenium.  The administration of apigenin and /or selenium to mice 

bearing tumor  and to irradiated mice bearing tumor reduce  significantly the TNF-α 

expression, MMP2,9 , NO , LPx level and increased the antioxidant enzymes (GPx , SOD 

and CAT) activities. The DNA fragmentation and the antiangiogenic factors TIMP-1 

were significantly increased when compared with their values in mice bearing tumor or in 

irradiated mice bearing tumor. From the results obtained, it could be postulated that the 

synergistic administration of apigenin and selenium might improve the condition of 

cancer radiotherapy via decreasing the tumor metastasis possibility in addition to increase 

cancer cells apoptotic transforming factors and conservation of antioxidant in normal 

cells.  
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INTRODUCTION 

         Ionizing radiation has attracted a lot of attention in recent years due to its beneficial 

as well as possible harmful effects to human population. Ionizing radiation has become 

an integral part of modern medicine. It is used for diagnostic as well as therapeutic 

purposes. In some cases, radiation may be the single best treatment of cancer (Jagetia et 

al., 2003).The severe side effects of radiotherapy resulted from the damage to normal 

cells. Irradiation of living cells with ionizing radiation leads to a rapid burst of reactive 

oxygen species (ROS). The ROS are generated primarily from ionization of water 

molecules as a result of high energy-absorption from the radiation (Somosy, 2000).  

           Reactive oxygen species (ROS) is a collective term often used by biologists to 

include oxygen radicals [superoxide (O2
• −

), hydroxyl (OH 
•
), peroxyl (RO2

•
) and alkoxyl 

(RO
•
)] and certain non-radicals that are either oxidizing agents and/or are easily 

converted into radicals, such as Hypochlorous acid HOCl, ozone (O3), peroxynitrite 

(ONOO
−
),singlet oxygen (O2) and H2O2 (Wiseman and Halliwell, 1996) . 

           The production of superoxide occurs mostly within the mitochondria of a cell. 

During energy transduction through the mitochondrial electron transport chain, a small 

number of electrons “leak” to oxygen prematurely, forming the oxygen free radical 

superoxide, which has been implicated in the patho-physiology of a variety of diseases 

(Kovacic et al., 2005). 

             The hydroxyl radical OH
•
, is the neutral form of the hydroxide ion. The hydroxyl 

radical has a high reactivity, making it a very dangerous radical with a very short in vivo 

half-life of approx. 10
−9

 second. Thus when produced in vivo,
 
OH

•
 reacts close to its site 

of formation. superoxide and hydrogen peroxide can both diffuse considerable distances 

in the cell, where the metal ion complexes occur then catalyze the formation of active 

OH
•
, which may lead to DNA strand scission, but if the metal ion complexes bound 

predominantly to biomembranes, then they will give rise to lipid peroxidation products, 
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such as malondialdehyde, which reacts with nucleic acids and become mutagenic and 

carcinogenic (Begum et al., 2012). 

  In the presence of water and oxygen, ionizing radiation results in the production 

of O2
• −

, H2O2, and OH
•
, with OH

• 
being the major deleterious ROS. ROS are well 

recognized for playing a dual role as both deleterious and beneficial species, since they 

can be either harmful or beneficial to living systems. Beneficial effects of ROS occur at 

low/moderate concentrations and involve physiological roles in cellular responses to 

noxia, as for example in defense against infectious agents and in the function of a number 

of cellular signaling systems. One further beneficial example of ROS at low/moderate 

concentrations is the induction of a mitogenic response. The harmful effect of free 

radicals causing potential biological damage is termed oxidative stress (Valko et al., 

2006). 

  Oxidative stress has been defined as a disturbance in the balance between 

antioxidants and prooxidants (free radicals and other reactive species) with increased 

levels of prooxidants leading to potential damage. This imbalance can be an effect of 

depletion of endogenous antioxidants, low dietary intake of antioxidants and/or increased 

formation of free radicals and other reactive species . Living cells are capable of 

counteracting the effects of oxidative stress by virtue of a complex redox buffering 

system to maintain redox homeostasis, which is maintained by antioxidant defense 

systems and their associated regulatory pathways. However, when the redox buffering 

system fails to keep the homeostasis, it results in an oxidative damage. The elevated ROS 

can damage proteins, membranes, nucleic acids, and various other biological materials, 

and may eventually give rise to cell death. Irradiation of animals and human patients has 

been shown to lead to increased markers for oxidative stress, for example, depletion of 

antioxidant molecules such as glutathione, peroxidation of membrane lipids, and 

oxidation of DNA (Williams et al ., 2010).  
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  Cancer is an abnormal growth of cells caused by multiple changes in gene 

expression leading to deregulated balance of cell proliferation and cell death and 

ultimately evolving into a population of cells that can invade tissues and metastasize to 

distant sites, causing significant morbidity and, if untreated, death of the host. It is 

characterized by alterations in the expression of multiple genes, leading to dysregulation 

of the normal cellular program for cell division and cell differentiation. All cancer is a 

result of accumulated inherited and/or acquired genetic mutations causing oncogene 

activation, tumor suppressor gene inactivation, and production of telomerase (an enzyme 

enabling continued cancer growth through lengthening of telomeres, and DNA sequences 

at the ends of chromosomes that normally shorten with aging (Eggert, 2011). 

Many research in the field of tumor biology aimed at reaching an understanding and 

knowledge of the factors and the mechanisms leading to the occurrence of different 

cancers, with a view to reach therapeutic protocols include means more effective and less 

collateral damage, as well as less cost therapeutic. The process of the spread of tumors in 

a patient's body of exceptionally serious stages, which received considerable attention to 

control it and developing the means to limit the spread of cancer cells and prevent them 

from infecting other parts of the patient's body. Because the blood vessels are way cancer 

cells to invade and spread in the body, many of the studies deliberately to focus on this 

part using compounds have the ability to inhibit blood vessel formation process to 

determine the mechanism of action of these compounds which is the subject of the 

present study. 
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Aim of the work  

 

The understanding of the fundamental role of angiogenesis and metastasis in 

cancer growth has led to tremendous interest in research regarding its regulatory 

mechanisms and clinical implications in the management of cancer. The present study 

was conducted to evaluate the influence of the angiogenic regulators modification on the 

tumor growth and the cell sensitivity to ionizing radiation targeting the improvement of 

cancer therapeutic protocols. Accordingly, the action of Apigenin & Selenium was 

examined in mice bearing Ehrlich cells (a model of solid carcinoma tumor) for their 

antiangiogenic properties. 

 

To achieve the work goals the following accomplishments will be done: - 

1) Estimation of the cytotoxic effect of Apigenin and or Selenium on Ehrlich Ascites 

Carcinoma cells in vitro. 

2) Observing the implication of Tumor necrosis factor- α (TNF-α) expression, in the 

angiogenic process. 

3) Determination of changes in certain angiogenic regulators MMP2,9 (Matrix 

Metallo Proteinase 2,9)  as well as the gene expression of their inhibitor TIMP-1(  

Tissue Inhibitor Metallo Proteinase).  

4) Estimation of changes in antioxidant status (SOD, CAT and GPX activities) 

during the process of tumor therapy by antiangiogenic herbal extract and /or 

ionizing radiation. 

5) Estimation of apoptotic DNA fragmentation and tumor growth. 
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REVIEW OF LITERATURES 

The basic cancer research has produced remarkable advances in our understanding of 

cancer biology and cancer genetics. Among the most important of these advances is the 

realization that apoptosis and the genes that control it have a profound effect on the 

malignant phenotype. For example, it is now clear that some oncogenic mutations disrupt 

apoptosis, leading to tumor initiation, progression or metastasis. Finally, it is now well 

documented that most cytotoxic anticancer agents induce apoptosis, raising the intriguing 

possibility that defects in apoptotic programs contribute to treatment failure. Because the 

same mutations that suppress apoptosis during tumor development also reduce treatment 

sensitivity, apoptosis provides a conceptual framework to link cancer genetics with 

cancer therapy. An intense research effort is uncovering the underlying mechanisms of 

apoptosis that this information will produce new strategies to exploit apoptosis for 

therapeutic benefit (Eggert, 2011). 

Types of cancer: 

       Cancers can be classified according to the type of cells that resemble cancerous 

cell and therefore these cells presumed to be the origin of this type of cancer. Carcinoma 

is the type of cancer that represent 80-90% of cases and originate in epithelial tissues 

which includes skin, the covering lining of the organs and internal passage ways and 

responsible for developing tumor in breast, prostate, lung, pancreas and colon. Sarcoma is 

the cancers arising from connective tissue that developed from cells originating in 

mesenchymal cells outside the bone marrow (cancer in bone, cartilage, fat, and nerve). 

Lymphoma and leukemia are cancer arise from hematopoietic (blood-forming) cells that 

leave the marrow and tend to mature in the lymph nodes and blood, respectively. 

Seminoma and dysgerminoma are derived from pluripotent cells, most often presenting in 

the testicle or the ovary (germ cell tumors). Blastoma  is derived from immature 

http://en.wikipedia.org/wiki/Connective_tissue
http://en.wikipedia.org/wiki/Mesenchyme
http://en.wikipedia.org/wiki/Bone
http://en.wikipedia.org/wiki/Cartilage
http://en.wikipedia.org/wiki/Fat
http://en.wikipedia.org/wiki/Nerve
http://en.wikipedia.org/wiki/Lymphoma
http://en.wikipedia.org/wiki/Blood
http://en.wikipedia.org/wiki/Pluripotent
http://en.wikipedia.org/wiki/Testicular_cancer
http://en.wikipedia.org/wiki/Ovarian_cancer
http://en.wikipedia.org/wiki/Blastoma
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"precursor" cells or embryonic tissue. Blastomas are more common in children than in 

older adults (Jaganathan et al., 2010). 

Ehrlish Ascites Carcinoma: 

Ehrlich Ascites Tumor (EAT) is a type of tumors originates from the carcinomas 

tumors. Ehrlich tumor is a species specific transplantable neoplasia from malignant 

epithelium that corresponds to mice‟s mammary adenocarcinoma. It grows in several 

strains of this animal species: in an ascitic form when inoculated in the peritoneal cavity 

and in the solid form when subcutaneously inoculated (Tanaya et al., 2011). The survival 

time after intraperitoneal injection of EAT cells in untreated mice is said to be directly 

related to the number of tumor cells injected, hence the widespread use of this tumor in 

the screening of potential anticancer drugs. Mice inoculated with 6x10
6
 tumor cells have 

a life span of 18 ± 2 days (Natalia et al., 2010). 

It has been reported that Ehrlich ascites tumor cells lack H-2 histocompatibility 

antigens, which apparently is the reason for their rapid proliferation in almost any mouse 

host (Jaganathan et al., 2010). EAT avoid the host immune response by secreting a 

variety of immunosuppressive cytokines, resulting in a dysfunction of cytotoxic cell 

immunosurveillance. This tumor has early effects on T lymphocytes of the host, 

accounting for a dramatic decrease in the number of T helper (Th) cells in the spleen of 

tumor bearing mice, represented by a reduction in the number of CD4
+
 cells expressing 

interferon-gamma (IFN-γ) after in vitro stimulation by mitogens . It has been proposed 

that tumors induce a T helper 2 (Th2)-type response, which does not negatively affect the 

tumor, but depresses the T helper 1 (Th1)-type response in the host, which would 

promote tumor progression (Marize et al., 2004). It is likely that EAT cells disturb the 

Th1/Th2 balance through cell interactions or the production of soluble factors. 

 

   In order to elucidate factors involved in carcinogenesis, several researchers have 

been using transplantable experimental tumors to study the effect of chemicals, viruses, 
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and hormones on carcinogenesis. The use of transplantable neoplasias provides 

researchers with previous knowledge of the amount of tumor cells inoculated and their 

early characteristics. In addition, rapid neoplasia development decreases study time 

(Alessandra et al., 2007) There are various ways to evaluate the antitumor efficacy of 

any compound against Ehrlich ascites. To mention: (1) examine the ascites cells 

cytologically after treatment, (2) to measure the increase in survival time after using the 

desired compound of study, and (3) to measure the amount of ascites formed after 

therapy or to measure the volume of tumor formed by caliper in case of inoculation of 

EAT subcutaneously(solid tumor) (Jaganathan et al., 2010). 

            Although, cancer is a genetic disease, many environmental and other non-genetic 

factors directly or in-directly play a role in different stages of carcinogenesis. Genetic 

factors by themselves are thought to explain only about 5%-10% of all cancers and the 

remainder can be attributed to environmental carcinogens. The involuntary or voluntary 

exposure to these carcinogens may account for the recent growing incidence of cancer. 

These agents include; microorganisms (viruses, bacteria and parasites), radiations 

(radioactivity, UV and pulsed electromagnetic fields), occupational exposures, tobacco 

smoke, sexual behavior, alcohol, dietary constituents, pollutants (in the workplace, air, 

water, and food supply), formaldehyde, volatile organic compounds such as benzene and 

1,3 butadiene and many xenochemicals, carcinogenic metals and metalloids, 

pharmaceutical medicines, food additives, additive in cosmetics, etc. The environmental, 

occupational, and recreational exposures to carcinogens contribute to cancer risk in 

humans, varied in incidence and progression among individuals and can be attributed to 

inter individual variation in genetic makeup. The risk fraction attributable to 

environmental factors is still unclear. One of the hopeful messages from cancer research 

is that most of the cases of cancer are linked to environmental factors and, in principle, 

can be prevented by growing awareness about the modulating risks from environmental 

carcinogens (Kumar and Bhudev, 2009). 
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Types of cancer therapy: 

 The effective cancer treatment that prevented the tumor growth as well as stopped 

cancer recurrence is the dream of the most oncologists. Among the different therapeutic 

means of cancer, the surgery is the oldest effective treatment for patients with solid 

tumors. The surgical oncologist encompasses all areas of cancer care, including 

prevention, diagnosis, staging, treatment and palliation ( Heinemann et al., 2013). 

However, the surgery was a limited type of cancer therapy and it effective only in the 

area of the primary tumor or regional lymphatics and does nothing for neoplasm outside 

the operative field (Custodio et al., 2013). 

         Radiotherapy is the second clinical medical specialty used to treat a wide variety 

of cancer (Ferrari et al., 2013).  It delivered as either teletherapy or branchy therapy 

using radiation beam or radio labeled monoclonal antibodies and radioisotopes which 

injected intraperitoneally or intravenously ( Heinemann et al., 2013). 

          Chemotherapy, the 3
rd

 strategy for cancer treatment, working by directs killing or 

suppressing both normal and malignant cells. Unfortunately, as all systemic treatments, 

chemotherapy enters the blood stream and distributed throughout the body attacking 

many types of proliferating cells not only cancer cells (Aparo and Geol, 2012).  

  However, the clinically useful anticancer agents are more toxic to sensitive 

malignant cells than to normal cell of the tumor bearing host.  Due to quantitative 

differences between malignant and normal cell, the selective toxicity of 

chemotherapeutic agents is possible despite the lacking of unique molecules or 

biochemical pathways in cancer cells (Custodio et al., 2013).The development of drug 

resistance is another problem opposes anticancer chemotherapy Furthermore, most of 

the commonly used anti-neoplastic agents are capable of suppressing both cellular and 

humeral immunity   (Aparo and Geol, 2012). 

 

http://www.sciencedirect.com.library.aucegypt.edu:2048/science/article/pii/S0305737213000066
http://www.sciencedirect.com.library.aucegypt.edu:2048/science/article/pii/S0305737213000352
http://www.sciencedirect.com.library.aucegypt.edu:2048/science/article/pii/S0305737213000066
http://www.sciencedirect.com.library.aucegypt.edu:2048/science/article/pii/S1040842811001971
http://www.sciencedirect.com.library.aucegypt.edu:2048/science/article/pii/S0305737213000352
http://www.sciencedirect.com.library.aucegypt.edu:2048/science/article/pii/S1040842811001971


9 
 

            The inherent nature of the cancer cell limits the full effectiveness of therapies 

that have been developed. The plastic nature of tumors renders them remarkably 

resilient in rebounding from clinical regimens of radiotherapy and chemotherapy that 

used.  Making the matter worse, tumor may be no longer respond to the previously 

successful therapy owing to the capacity of tumor cells to evolve resistance under 

selective pressures of cytotoxic agents (Saeidnia and Abdollahi, 2013). 

              The adjuvant therapy (surgery combined with radiation and/or chemotherapy) 

is the most common strategy used to neutralized cancer. However, all cancer treatment 

strategies are not usually successful in curing metastatic cancer patients (Anita et al., 

2013). 

            Several crucial acquired traits that are necessary for a cell to become malignant 

were identified. These include the ability to mimic normal growth signaling, the 

insensitivity to antigrowth signals, the ability to evade apoptosis, limitless replicative 

potential, sustained angiogenesis, and tissue invasion and metastasis (Laubenbacher et 

al., 2009). The most if not all cancers have acquired the same set of capabilities during 

their development, through various mechanistic strategies (Hanahan and Weinberg, 

2000). 

Apoptosis: 

             In addition to cell-cycle arrest and repair machinery, the damaged cells, where 

damage is beyond repair, may induce an apoptotic (programmed cell death; PCD) 

response that is highly cell-specific and is the most common form of physiologic cell 

death in multicellular forms. Apoptosis play an essential role in survival of the organisms 

and is considered to be an imperative component of various processes including normal 

cell turnover, proper development and functioning of the immune system, multiplication 

of mutated chromosomes, hormone-dependent atrophy, normal embryonic development, 

elimination of indisposed cells and maintenance of cell homeostasis (Kralova et al., 

2012).  

http://www.sciencedirect.com.library.aucegypt.edu:2048/science/article/pii/S0041008X13001932
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           Although there are a wide variety of stimuli and conditions, both physiological and 

pathological, that can trigger apoptosis, not all cells will necessarily die in response to the 

same stimulus. Irradiation or drugs used for cancer chemotherapy results in DNA damage 

in some cells, UV radiation (UVR), ionizing radiation (IR), oxidative stress, replication 

or recombination errors as well as from environmental and therapeutic genotoxins is one 

of the principal triggers of apoptosis (Batista et al., 2009). 

Biochemical changes in apoptosis: 

             Genrally, three main types of biochemical changes can be observed in apoptosis: 

1) activation of caspases, 2) DNA and protein breakdown and 3) membrane changes and 

recognition by phagocytic cells (Kumar et al., 2010). Early in apoptosis, there is 

expression of phosphatidyl serine (PS) in the outer layers of the cell membrane, which 

has been “flipped out” from the inner layers. This allows early recognition of dead cells 

by macrophages, resulting in phagocytosis without the release of pro inflammatory 

cellular components. This is followed by a characteristic breakdown of DNA into large 

50 to 300 kilobase pieces (Dar et al., 2013). Later, there is inter nucleosomal cleavage of 

DNA into oligo nucleosomes in multiples of 180 to 200 base pairs by endonucleases.  

Apoptosis and carcinogenesis: 

     Cancer can be viewed as the result of a succession of  genetic changes during which a 

normal cell is transformed into a malignant one while evasion of cell death is one of the 

essential changes in a cell that cause this malignant transformation .Apoptosis had linked 

to the elimination of potentially malignant cells, hyperplasia and tumor progression . 

Hence, reduced apoptosis or its resistance plays a vital role in carcinogenesis. There are 

many ways a malignant cell can acquire reduction in apoptosis or apoptosis resistance. 

Generally, the mechanisms by which evasion of apoptosis occurs can be broadly dividend 

into: 1) disrupted balance of pro-apoptotic and anti-apoptotic proteins, 2) reduced caspase 

function and 3) impaired death receptor signaling (Fulda, 2009). 
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Cancer Progression: 

 New growth in the vascular network is important since the proliferation, as well 

as metastatic spread, of cancer cells depends on an adequate supply of oxygen and 

nutrients and the removal of waste products. New blood and lymphatic vessels form 

through processes called angiogenesis and lymphangiogenesis, respectively.  

Angiogenesis is a dynamic process of neovascularization, consisting in the 

formation of new blood vessels from pre-existing ones. This is a complex multistep 

process that comprises matured vessel changes, pericyte detachment, extracellular matrix 

(ECM) degradation and remodeling, proliferation, migration and assembly of endothelial 

cells (EC) into tubule structures. Several physiological situations (like ovulation, 

embryogenesis and placental development) and a variety of pathological states (Ex, 

ischemic diseases, chronic inflammatory reactions and cancer) are associated with 

angiogenesis ( Mehmet et al., 2012) .                

Angiogenesis is regulated by both activator and inhibitor molecules. More than a 

dozen different proteins have been identified as angiogenic activators and inhibitors. 

Levels of expression of angiogenic factors reflect the aggressiveness of tumor cells. The 

discovery of angiogenic inhibitors should help to reduce both morbidity and mortality 

from carcinomas (Tariq et al., 2008). 

The mechanism of angiogenesis: 

                 Angiogenesis involves a sequence of coordinated events that initiated by the 

expression of angiogenic factors such as vascular endothelial growth factor (VEGF) with 

subsequent binding to its cognate receptors on endothelial cells. VEGF increases vascular 

permeability, which leads to extravasation of plasma proteins and dissociation of pericyte 

coverage (Dvorak, 2005). Endothelial cell migration and proliferation then follow in 

preparation for the new vasculature. Local degradation of the vascular basement 

membrane and extracellular matrix (ECM) occur simultaneously, paving the way for 

newly sprouting vessels. This breakdown of ECM involves cathepsin B, matrix 
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metalloproteinases (MMP) and other enzymes as well as the expression of matrix 

proteins such as fibronectin, laminin, tenascin-C and vitronectin .Formation of the new 

blood vessel is accomplished by alignment of endothelial cells in bipolar mode, tubular 

morphogenesis and formation of a lumen. Individual sprouts are then connected to form 

vascular loops. Once connected, blood begins to flow through the vessel loops. 

Maturation of the vessel wall then begins by recruitment of pericytes and/or smooth 

muscle cells to assemble along the endothelial cells outside the new vessel. The 

angiogenic process is finally completed by the formation of new basement membrane ( 

Mehmet et al., 2012). 

Tumor angiogenesis: 

Tumor angiogenesis, is the proliferation of a network of blood vessels penetrating 

into the cancerous growths to supply nutrients and oxygen and remove metabolic waste 

products from tumors. It is a complex process involves the tight interplay of tumor cells, 

endothelial cells, phagocytes and their secreted factors, which may act as promoters or 

inhibitors of angiogenesis.  

       Growth of tumors beyond 100 ml of blood vessels necessitates the recruitment of a 

new blood supply and consequently leads to the emergence of an angiogenic phenotype 

.The cells in pre-malignant tissue acquired angiogenic capacity as part of the 

transformation to become fully malignant (Tariq et al., 2008).  

The blood vessels of normal and tumor-derived tissues show considerable 

differences in morphology. For example, blood vessels of non-pathological normal 

tissues are generally quiescent in adults and are intact in appearance, but tumor blood 

vessels are highly disorganized, relatively thin walled, leaky and have irregular diameter 

with less supporting pericytes or smooth muscle cells. Tumor-associated endothelial cells 

are abnormal in shape and grow on top of each other, and remain in a proagiogenic 

factor- and inflammatory cytokine-rich environment. Therefore, angiogenesis is regarded  
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as a promising target for cancer prevention and control by using least toxic or non-

toxic natural phytochemicals having antiangiogenic properties (Carmeliet and Jain, 

2000). 

Metastasis: 

Cancer metastasis is a multi step process of organized, sequential and interrelated 

steps including angiogenesis, local invasion, invasion of cancer cells into blood vessels 

(intravasation), travelling of these cells in the circulation (extravasation), many of which 

require active degradation of the host tissue by proteolytic enzymes .The ability of 

malignant epithelial cells to break down adjacent extracellular matrix (ECM) is an 

essential step in the processes of invasion and metastasis .Loss of basement membrane 

integrity in breast cancers has been shown to be associated with an increased  risk of 

metastasis and poor prognosis (Zahraa et al., 2012). 

                A current hypothesis proposes that remodeling of the extracellular matrix 

(ECM) is a required process for cancer cell invasion. Cancer invasion is a disordered and 

uncontrolled behavior that usually involves the interaction of tumor cells and their 

surrounding stromal cells, leading to the loss of matrix function and a compromised 

matrix boundary .For a successful spread of tumor cells, a number of barriers must be 

breached including basement membrane and its components, type IV collagen, Laminin 

and specific glycoproteins, stromal matrix which is a considerable barrier to cell 

movement, and is composed of a diverse array of macromolecules including interstitial 

collagenase, elastin, fibronectin and other glycoproteins; and cell adhesion molecules 

involved in cell and cell-matrix including integrin, cadherins and immunoglobulin 

superfamily (Bobby et al ., 2012). 
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Regulation of angiogenesis: 

Auerbach et al. (1991) described a list of positive angiogenic regulators as 

follows: angiogenin; angiopoietin-1; fibroblast growth factors: [acidic (aFGF) and basic 

(bFGF)]; follistatin; granulocyte colony-stimulating factor (G-CSF); hepatocyte growth 

factor (HGF) /scatter factor (SF); interleukin-8 (IL-8); leptin; midkine; placental growth 

factor; platelet-derived endothelial cell growth factor (PD-ECGF); platelet-derived 

growth factor-BB (PDGF-BB); pleiotrophin (PTN); progranulin; proliferin transforming 

growth factor-alpha (TGF-α); transforming growth factor-beta (TGF-β); tumor necrosis 

factor-alpha (TNF-α) ,Nitric oxide (NO) and Vascular endothelial growth factor (VEGF) 

/ vascular permeability factor (VPF). 

Endogenous angiogenesis inhibitors are molecules that are naturally present in the 

body fluids or tissue and possess antiangiogenic activity, potentially offering a counter-

balance for the angiogenesis stimulators, thus maintaining a physiological angiogenesis 

balance (Kalluri, 2003). 

              Negative angiogenic regulators include: angioarrestin; angiostatin 

(plasminogen fragment); antiangiogenic antithrombin III; cartilage-derived inhibitor 

(CDI); CD59 complement fragment; endostatin (collagen XVIII fragment); fibronectin 

fragment; Gro-beta; heparinases; heparin hexasaccharide fragment; human chorionic 

gonadotropin (hCG); interferon alpha / beta / gamma; interferon inducible protein (IP-

10); interleukin-12; kringle 5 (plasminogen fragment); metalloproteinase inhibitors 

(TIMPs); 2-Methoxyestradiol; placental ribonuclease inhibitor; plasminogen activator 

inhibitor; platelet factor-4 (PF4); prolactin 16KDa fragment; proliferin-related protein 

(PRP); retinoids; tetrahydrocortisol-S; thrombospondin-1; transforming growth factor-

beta (TGF-β); vasculostatin and vasostatin (Korpelainen and Alitalo, 1998). 
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Positive Angiogenic Regulators: 

1- Vascular Endothelial Growth Factor (VEGF) 

               VEGF is one of the best studied and the most potent pro-angiogenic factor and 

has a molecular weight of 27042kDa. It is expressed by chromosome 6p12. The VEGF 

family includes six glycoproteins referred to asVEGF-A, VEGF-B, VEGF-C, VEGF-D, 

VEGF-E, and placental growth Factor (Michael et al., 2009). 

        The primary target of VEGF is the endothelial cell. VEGF has many activities and 

functions, including the following:(1) Increasing endothelial cell migration, endothelial 

cell mitoses, and vascular permeability; (2) promoting chemotaxis for granulocytes and 

macrophages; and (3) indirectly promoting vasodilatation via nitric oxide release 

(Ferrara et al., 2003). 

        VEGF has also been shown to regulate blood vessel diameters when binding to 

VEGFR2 Low concentrations of VEGF promote long and thin vessels, while higher 

concentrations result in increased vessel diameters (Teresa et al., 2006). 

2- Tumor necrosis factor alpha: 

         Tumor necrosis factor (TNF) belongs to a family of signaling molecules that exist 

as Type II membrane proteins characterized by the C-terminus being extra-cytoplasmic. 

A conserved 150 amino acid region within the C-terminus characterizes this family, and 

is the region used by the members of the TNF family to recognize their cognate receptors 

(Li et al., 2010). 

          Currently, two isoforms of TNF have been identified and share similar 

inflammatory activities. TNF-A, the smaller and more abundant of the two peptides, is 

thought to be the peptide that mediates cardiac homeostasis. TNF-B, first described as 

lymphotoxin (Li et al., 2010), is less abundant, and is thought to be produced mainly by 

T-cells. 
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Tumor necrosis factor-α (TNF- α), a 157amino acid polypeptide, is a key cytokine 

synthetised by different types of cells e.g. macrophages, CD4+ and also CD8+ T cells, 

and in activated NK cells, neutrophils in humans and mast cells. during the first stage of 

the inflammatory process.  In association with interleukin-1β, this most pivotal pro-

inflammatory cytokine induces enzyme activities (nitric oxide synthase, phospholipase A, 

cyclo-oxygen- 2 ases, proteases) that stimulate adhesion molecules and the production of 

cytokines such as interleukin-2, interleukin- 10, and interferons (Yamagata  et al., 2011). 

3-Metalloproteinases (MPs): 

Up to now, at least 24 matrix metalloproteinases (MMPs) have been found to be 

expressed in human tissues. MMPs share high protein sequence homology and have 

defined domain structure; thus, according to their structural properties can be divided into 

eight groups (Diego et al., 2012). (1) Minimal domain-MMPs (i.e., MMP-7 and MMP-

26), (2) Simple hemopexin-containing domain MMPs (i.e., MMP-1, MMP-8, MMP-13, 

MMP-18, MMP-10, MMP-12, MMP-19, MMP-20 and MMP-27). (3) Gelatin-binding 

MMPs (i.e., MMP-2 and MMP-9). (4) Furin-activated secreted MMPs (i.e., MMP-11 and 

MMP-28). (5)Vitronectin-like insert MMP (i.e. MMP-21). (6) Type I transmembrane 

MMPs (i.e., MMP-14, MMP-15, MMP-16 and MMP-24). (7) Glycosyl phosphatidyl 

inositol-anchor linked MMPs (i.e., MMP-17 and MMP-25). (8) Type II transmembrane 

MMPs (i.e., MMP-23A and MMP-23B). 

           According to their substrate specificity and structural organization, MMPs are 

usually also classified into five main subgroups, (i) Collagenases (i.e., MMP-1, MMP-8 

and MMP-13), which are able to preferentially cleave fibrillar collagen, recognizing the 

substrate through the haemopexin-like domain (Gioia et al., 2002) (ii) Gelatinases (i.e., 

MMP-2 and MMP-9), which are able to enzymatically process various substrates of the 

extracellular matrix (ECM), such as collagen I and collagen IV. Beside the haemopexin-

like domain, gelatinases are characterized by the presence of a „„collagen binding 

domain‟‟ (CBD), located in their catalytic domain. CBD is made of three fibronectin II-
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like repeats and represents the preferential binding domain for fibrillar collagen I. (iii) 

Stromelysins (i.e., MMP-3, MMP-10 and MMP-11), which are able to hydrolyse collagen 

IV, but do not cleave fibrillar collagen I .(iv) Matrilysins (i.e., MMP-7 and MMP-26), 

which lack the haemopexin-like domain and are able to process collagen IV but not 

collagen I (Diego et al., 2012).(v) Membrane-type I (MT-MMPs) (i.e., MMP-14, MMP-

15, MMP-16, MMP-17, MMP-24 and MMP-25), which contain at the C-terminal an 

additional domain, represented by an intermembrane region, completed by a short 

cytoplasmic tail.Only MMP-14 and MMP-16 has been shown to be able to cleave fibrillar 

collagen I (Sabeh et al., 2009). 

        Numerous reports have shown that MMPs are directly implicated in almost every 

biological process involving matrix remodeling throughout the mammalian life span, 

from embryo implantation to cell death or necrosis (David et al., 2010). But at what level 

is their role? For instance, MMP-driven proteolysis has been linked to several 

morphogenetic events during development, including mammary gland ductal branching, 

bone ossification and blood vessel remodeling (Caw et al., 2007). 

          As well, MMPs play a primary role in normal tissue maintenance functions, 

including wound healing and repair, menstruation and reproductive processes, and innate 

immune defense (Dean et al., 2008). As a consequence, altered expression and/or 

misregulation of MMP activities in vivo has been associated with the development of a 

wide range of pathologies, including chronic inflammatory diseases and cancer. In all 

these functions, the conventional dogma still insists that MMPs participate in these 

pleiotropic functions primarily through degradation of the ECM. 
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Gelatinases: 

          Gelatinases is a class of MMPs historically defined according to their affinity for 

denatured collagen (i.e., gelatin). This class includes two members, namely (i) gelatinase 

A or MMP-2 (72 and 62 kDa for the pro-enzyme and the active enzyme, respectively); 

(ii) gelatinase B or MMP-9 (92–85-82 kDa for the pro-enzyme, the intermediate form and 

active enzyme, respectively. 

         The domain composition shares with other MMPs the presence of a pro-peptide, a 

highly conserved N-terminal catalytic domain and a C-terminal hemopexin-like domain; 

however, unlike other MMPs, there is a peculiar additional exosite, inserted in the 

catalytic domain, which is called Collagen Binding Domain (CBD) . Gelatinases are 

deeply involved both in inflammatory processes and in tumor progression, being 

considered for long time one of the most important antitumoral target (Diego et al., 

2012).     

MMP-2: 

 MMP-2 is a Zn
+2

 -dependent endopeptidase, synthesized and secreted in zymogen 

form. The nascent form of the protein shows an N-terminal signal sequence ("pre" 

domain) that directs the protein to the endoplasmic reticulum. The pre domain is followed 

by a propeptide-"pro" domain that maintains enzyme-latency until cleaved or disrupted, 

and a catalytic domain that contains the conserved zinc-binding region. A 

hemopexin/vitronectin-like domain is also seen, that is connected to the catalytic domain 

by a hinge or linker region. 

          The hemopexin domain is involved in TIMP (Tissue Inhibitors of Metallo-

Proteinases) binding, the binding of certain substrates, membrane activation, and some 

proteolytic activities. It also shows a series of three head-to-tail cysteine-rich repeats 

within its catalytic domain. These inserts resemble the collagen-binding type II repeats of 

fibronectin and are required to bind and cleave collagen and elastin . The propeptide 

domain displays a three-helix fold structure and the cystein of the conserved cystein-
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switch motif is the fourth ligand of the catalytic Zn
2+

 ion in the inactive enzyme (Diego et 

al., 2012). 

          The activation mechanisms of MMP-2 has been described in detail. The pro-

domain displacement occurs in presence of TIMP-2 and MT1-MMP at the cell surface, 

even though alternative mechanisms involving the MT2-MMP and thrombin have been 

proposed (Koo et al., 2010). The first model proposes that the C-terminal domain of a 

TIMP-2 molecule bound to a cell surface MT1-MMP acts as a receptor for the 

hemopexin-like domain of pro-MMP-2 a second MT1-MMP then cleaves the pro-peptide 

releasing an intermediate MMP-2 which is fully activated by another soluble MMP-2 Fig 

(1). 

 

(Fig 1): Model of proMMP-2 activation by MT1-MMP and TIMP-2. Active MT1-MMP (MT-1) on the 

membrane binds a molecule of TIMP-2 (T-2), inhibiting its activity. MT1-MMP can form dimers or 

multimers on the cell surface through interaction of the hemopexin domains. ProMMP-2 (pM-2) 

subsequently binds to the C-terminal domain of TIMP-2 through its hemopexin domain. The second, 

active, MT1-MMP then cleaves the bait region proMMP-2, thereby partly activating it. The MMP-2 (M-

2) dissociates from the membrane and is fully activated by intermolecular processing (Itoh et al., 2001). 

 

 

 

MMP-9: 
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                MMP-9 is a Zn
+2

 dependent endopeptidase, synthesized and secreted in 

monomeric form as zymogen. The structure is almost similar to MMP-2 . Like other 

proteolytic enzymes, MMP-9 is first synthesized as inactive proenzyme or zymogen. 

Activation of proMMP-9 is mediated by plasminogen activator/plasmin (PA/plasmin) 

system. The regulation of MMP-9 activity is controlled through TIMP-3 (Barresia et al., 

2012). 

4- Nitric oxide: 

               Nitric oxide (NO) is a highly reactive free radical gaseous molecule, which has 

diverse physiological and patho-physiological roles. NO also binds to certain 

metalloproteins, such as soluble guanylyl cyclase (sGC), and hence is involved in a range 

of beneficial health effects, such as vasodilation. Finally, NO is a signalling molecule 

involved in inflammatory processes. It controls, for instance, the activity of T 

lymphocytes and signal transduction, and also has a pronounced effect on mitochondrial 

events (some of which may result in apoptosis) (Bhowmick and Girotti, 2013). 

             It is produced from L-arginine by a family of NO synthase (NOS) isoenzymes, of 

which three different members have been identified, namely NOS I, II, and III. NOS I 

and III are Ca2+/calmodulin dependent and constitutively present and thus are labeled as 

constitutive NOS (cNOS). NOS II (inducible NOS, iNOS) is not typically expressed in 

resting cells and produces NO only when induced by certain cytokines and microbial 

products or lipopolysaccharide.  Thus NOS II is also called inducible NOS. The inducible 

NOS form generates much larger amounts of  NO (1000 times fold than the other two 

isoforms) and its cellular production continues for many hours ( Ha et al ., 2008).  

           Nitric oxide has arole in angiogenesis process. The earliest stages of angiogenesis 

are defined by vasodilatation mediated by nitric oxide (NO) .Nitric oxide (NO) has been 

found to be involved in a number of different diseases, as well as inflammatory 

conditions that can ultimately lead to tissue injury (Bhowmick and Girotti, 2013).  

Negative Angiogenic Regulators: 

http://atlasgeneticsoncology.org/Genes/MMP2ID41396ch16q13.html
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1- Endostatin: 

Working in the Folkman laboratory, O‟Reilly isolated and purified an 

angiogenesis inhibitor from a murine hemangio endothelioma. This inhibitor, called 

endostatin is a 20–22-kDa C-terminal fragment of type XVIII collagen (multiplexin 1-

collagen XVIII, is a potent anticancer agent in animal models). It was purified directly 

from tumor cell-conditioned medium. Endostatin inhibits endothelial cell proliferation 

and migration, induces apoptosis and causes a G1 arrest of endothelial cells  (Ribatti, 

2009).The indirect effects on angiogenesis exerted by endostatin include inhibiting of 

MMP-2 activity, blocking the binding of VEGF165 and VEGF121 to VEGFR- 2, and 

stabilizing cell-cell and cell-matrix adhesions, preventing the loosening of these junctions 

required during angiogenesis (Kim et al., 2002). 

In addition, endostatin blocks bFGF-induced signal transduction. Endostatin 

blocks the effects of bFGF and VEGF, resulting in the inhibition of endothelial cell 

proliferation and migration. It also has inhibitory effects on MMPs -2, -9, and -13 and 

integrins located on the surface of endothelial cells (Nyberg et al., 2003). 

The lack of endostatin, and tumstatin as endogenous inhibitors of angiogenesis 

leads to an acceleration of tumor growth, while overproduction (1.6-fold) of endostatin 

leads to suppression of tumor growth (Ribatti, 2009). 

2- Tissue Inhibitor Metalloproteinase-1 (TIMP-1): 

Pavloff et al. (1992) affirmed that TIMP-1 is low-molecular weight protein 

(23,171KDa) expressed by chromosome number X; Location: Xp11.3-p11.23 and it is a 

secreted protein that bind to the active form of the MMPs, inhibiting enzymatic activity. 

The TIMPs include TIMP-1, TIMP-2, TIMP-3 and TIMP-4 (Pavloff et al., 1992). 

TIMP-1, a 30KDa glycosylated protein found predominantly in extracellular 

compartments, is involved in the regulation of a variety of developmental, remodeling 

and pathological process. TIMP-1 is a secreted protein that is found in plasma and other 
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body fluids. Six disulphide bonds maintain the protein's structure and define two 

domains, an N-terminal inhibitory domain and a c-terminal regulatory domain, the 

disulphide bonds are a hindrance to the production of properly folded, active recombinant 

TIMP-1 in bacterial system . The functions of TIMP-1 are: (1) inhibit certain members of 

a group of extracellular and cell surface enzymes known collectively as 

metalloproteinases and the adamalysin like disintegrin, (2) Additional activities of TIMP-

1 include potentiating the activity of erythroid precursors (Porter et al., 2004). 

The decreased expression of TIMP-1 is correlated with increased collagenase 

activity and metastatic potential in several murine mammary carcinoma cell lines and that 

over expression of TIMP-2 in melanoma cells markedly suppressed tumor growth and 

partially reduced metastasis formation. Visscher et al. (1994) reported that in breast 

cancer, over-expression of stromal TIMP-2 is significantly correlated with tumor 

recurrence . 

Angiostatic molecules: 

Long-term treatment is necessary to achieve angiostasis and it is necessary to 

identify and characterize angiostatic molecules showing low or no toxicity. Current 

dietary guidelines to combat chronic diseases including cancer, recommend increased 

intake of plant foods that are rich in antioxidants, including carotenoids and flavonoids 

(Mehmet et al., 2012). 

       Flavonoids constitute a large group of low molecular weight polyphenolic 

compounds, and represent substantial constituents of the non-energetic part of the human 

diet. They exist extensively in all parts of plants including fruits, vegetables, seeds, nuts, 

herbs, flowers, and bark. Together with carotenoids are recognized as the pigments 

responsible for the color of leaves, especially in autumn. Because of differences in their 

chemical structure, bioavailability, distribution and metabolism, different flavonoid 

compounds may have different effects on human health (Andreina et al., 2011). 
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         Dietary polyphenols are considered to induce cardiovascular protection, improve 

endothelial function, inhibit angiogenesis, and inhibit cell migration and proliferation in 

blood vessels (Leifert et al., 2008). 

Apigenin: 

 

Molecular structure of apigenin (Mariappan et al., 2012). 

        Among the numerous classes of flavonoids, the flavones derivatives apigenin  is 

characterized by the presence of three hydroxyl groups in positions 5, 7 and 4 (4, 5, 7-

trihydroxyflavone). Flavone derivatives serve as ingredients for biochemical and 

pharmacological products used as human dietary supplements (Mariappan et al., 2012). 

        Apigenin is widely distributed in the leaves and stems of dietary tropical vegetables 

and fruits such as bell pepper, broccoli, celery, Chinese cabbage, French peas, garlic, 

guava, leeks, onions, tomato, snake gourd and wolfberry leaves. It is also found in plant-

derived beverages such as tea and wine (Hwang et al., 2011).  

       Apigenin has gained much attention due to their health benefits and their ability to 

inhibit the development of different cancers (they are potent inhibitors of the proliferation 

of skin, prostate, colon, breast, and thyroid cancer cells (Shukla et al., 2009).  

       They also possess anti-inflammatory and antioxidant properties. Moreover, a recent 

study highlighted their ability to inhibit MMPs activity and COX-2 expression in UV-

irradiated dermal fibroblast and keratinocytes (Hwang et al., 2011). apigenin is 
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recognized as potential drug candidates to be used in the treatment of diseases such as 

cancer, atherosclerosis, cardiovascular and coronary heart diseases, as well as 

neurodegenerative diseases such as Parkinson‟s and Alzheimer‟s diseases, and other age-

related diseases (Mariappan et al., 2012). 

 

Selenium: 

       Selenium is an essential trace element existing in organic and inorganic chemical 

forms which have been shown to play an important role in maintenance of an optimal 

physiological state of mammalian cells. In addition, selenium has a recognized 

chemopreventive potential against various forms of environmental stress as well as 

against tumor development (Kralova et al., 2012). 

          Diet is the major source of Se and intake of this essential element depends on its 

concentration in food and amount of food consumed (Thiry et al., 2012).Adequate adult 

diet should have at least 40 μg/day of Se to support the maximum expression of Se 

enzymes and perhaps as much as 300 μg/day to reduce cancer risk (Combs, 2001). The 

Recommended Dietary Allowance (RDA) for Se for both men and woman is 55 μg /day 

(0.7μmol/day). This recommendation is based on the amount needed to maximize 

synthesis of the selenoprotein glutathione peroxidase (GPx), as assessed by the plateau in 

the activity of the plasma isoform of this enzyme. The Tolerable Upper Intake Level 

(UL) for adult is set at 400 μg/day (5.1 μmol/day) based on selenosis being the adverse 

effect (Thiry et al., 2012). 
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MATERIALS AND METHODS 

 

Materials: 

Experimental Animals: 

               Female outbreed albino mice weighing (20-30g) were obtained from the 

National Cancer Institute (NCI), Cairo University, Egypt. Animals were housed in plastic 

cages and maintained under standard conditions of temperature, humidity and a 12 h 

light/dark cycle along the experimental period. They were provided with a pellet 

concentrated diet containing all the necessary nutritive elements. Food and water ad 

libitum were available throughout the experimental periods. Mice were left to acclimatize 

for 1 week before starting the experimental period.  

 The animals were maintained and used in accordance with the animal ethics and 

the guide for the care and use of laboratory animals. The animal treatment protocol has 

been approved by the Bioethics Committee of the National Center for Radiation Research 

and Technology. 

Radiation Facilities: 

Irradiation was performed at the National Center for Radiation Research and 

Technology (NCRRT), Nasr city, Cairo, Egypt. The source of radiation was (
137

Cesium) 

gamma cell-40 which ensured a homogenous dose distribution all over the irradiation 

tray. Mice were placed in a specially designed well-ventilated acrylic container and 

whole body irradiated at 6.5Gy (Badr El-Din et al .,2004). A line of Ehrlich Ascites 

Carcinoma (EAC) cells was irradiated also at 6.5 Gy. The dose rate was 0.46 Gy/min 

during the experimental periods. 
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Treatments: 

Chemicals 

               Apigenin and sodium selenite were purchased from Sigma-Aldrich. Apigenin 

was dissolved in dimethyl sulphoxide (DIMSO) and given to mice by intraperitoneal 

(i.p.) injection of the maximal tolerated dose (50 mg/kg body weight) (Singh et al., 

2004), once every day for 14 days. Selenium was dissolved in 0.9% saline and given to 

mice by intraperitoneal (i.p.) injection of the maximal tolerated dose (5µg/mice) (Poirier 

et al., 1983), once every day for 14 days.  

Cancer cells inoculation 

               A cell line of Ehrlich ascite carcinoma (EAC) was used in the present study. 

The parent line was kindly supplied by the National Cancer Institute, Cairo University, 

Egypt. Tumor cells were maintained by weekly intraperitoneal transplantation of 2.5 x 

10
6
 cells. Solid tumors were produced by intramuscular inoculation in the right thigh of 

the lower limb of each mouse with 0.2 ml of EAC cells, which contained 2.5 x 10
6
 viable 

EAC cells. The growth rate of solid tumor in all experimental groups were measured   by 

Caliper .Measurement in all groups was started at the beginning of pulp  appearance in  

control   mice until the volume of tumor reach 1cm
3
in control group. The volume of solid 

tumor (mm³) was measured according to the following equation according to 

Papadopoulos et al. (1989): 

4/3π (A/2)²x (B/2) = 0.52A²B 

A: minor tumor axis     and   B: major tumor axis 
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.Methods: 

In vitro experiments 

Cell culture and viability (MTT cytotoxicity assay): 

Principle: 

           MTT cell proliferation and viability assay is a safe, sensitive in vitro assay for the 

measurement of cell proliferation or when metabolic events lead to apoptosis. It is based 

on the transformation and colorimetric quantification of MTT (3- (4, 5 –dimethylthiazol-

2yl)-2, 5-diphenyltetrazolium bromide). All electron transport systems reduce MTT and 

other tetrazolium salts and thereby form non-water-soluble violet formazan crystals 

within the cell. The amount of these crystals can be determined spectrophotochemically 

and serves as an estimation for the mitochondrial activity and hence the number of living 

cells in the sample (Freimoser et al., 1999).  

Reagents: 

1. MTT   stock solution, 5 mg/ml. 

2. Iso- Propanol 

3. HCl (0.1N) 

4. RPMI 1640 

 

Procedure: 

1. Irradiated EAC cells (6.5 Gy) and non irradiated cells were cultured with 5 µg / ml 

selenium and a series of apigenin concentrations (30, 40, 50, 60 and 80 µg/ml) and 

incubated for 24 hrs in 5% Co2 incubator. 

2. MTT stock solution (5 mg   MTT/ ml distilled water) was kept for no more than two 

weeks at 4°C. 
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3. To start the coloring reaction, stock solution was diluted to final concentration of 0.5 

mg MTT/ml. 

4. 300μl diluted MTT solution were added to each culture and    incubated in 5% Co2 

incubator for 4hrs. 

5. Cells pellet were obtained by centrifugation (15,000 Xg) for 5 min.                                                              

6. The media were removed. 

7. The iso-propanol /HCl mixture was prepared (2 ml of 0.1 N HCl in 23ml isopropanol) 

then, 500μL were added to each tube. 

8. The tubes were mixed very well by vortex to help in dissolving the formazan crystals 

and centrifuged at 15000 Xg for 5min. 

9. The supernatants were collected, and then the O.D was measured by 

spectrophotometer at 560 nm. 

10.  The O.D of Blank contains only iso-propanol/HCl mixture was measured and 

subtracted from all values. (Freimoser et al., 1999).   

      Control: EAC cells not incubated with Selenium & Apigenin. 

 

Calculation: 

     % viable cell = Sample Abs /Control Abs x 100. 
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In vivo Experiments 

I. Work design 

a. Animal Groups 

 

Mice were randomly categorized into 16 groups each of 6 mice as follows: 

Group (1): Control (C), mice neither treated nor irradiated but injected with the DIMSO 

Saline vehicle. 

Group (2): Ap, mice received apigenin i.p. injection (50 mg/kg b.wt/day) for 14 

consecutive days. 

Group (3): Se, mice received i.p. injection of selenium (5µg/mice) for 14 consecutive 

days. 

Group (4): Ap + Se, mice concurrently received apigenin (50mg/kg b. wt/day) and 

selenium (5µg/mice) for 14 consecutive days. 

Group (5): Irradiated (R), mice whole body gamma irradiated (6.5 Gy, acute dose).  

Group (6): Ap + R, mice received apigenin i.p. injection (50 mg/kg b. wt/day) for 14 

consecutive days. The whole body gamma (6.5 Gy acute dose) irradiation was carried out 

24 after last apigenin injection. 

Group (7): Se+ R, mice received i.p. injection of selenium (5µg/mice) for 14 successive 

days and subjected to gamma irradiation 24 after last selenium injected dose.  

Group (8): Api + Se+ R, mice concurrently received apigenin (50mg/kg b. wt/day) and 

selenium (5µg/mice) for 14 consecutive days and subjected to γ – irradiation at a dose 

level of 6.5 Gy 24 hour after the last injection time. 
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Group (9): E, mice bear solid Ehrlich tumor. 

Group (10): E+ Ap, mice bear solid Ehrlich tumor were received 14 successive Apigenin 

dose starting from the 15
th

 day after EAC inoculation. 

 Group (11): E +S, mice bear solid Ehrlich tumor were received 14 successive selenium 

dose (5µg/mice) starting from the 15
th

 day of EAC inoculation.   

Group (12): E+ Ap+ Se, mice bear solid Ehrlich tumor were Injected i.p. with apigenin 

and selenium as in group 13 in the day 15 after EAC inoculation 

Group (13): E+ R, mice bear solid Ehrlich tumor and subjected to 6.5 Gy, whole body γ-

irradiation on 29
th

 day after EAC inoculation.  .   

Group (14): E+ Ap+ R, mice bear solid Ehrlich Tumor were injected with apigenin and 

subjected to γ – irradiation at a dose level of 6.5 Gy 24 hour after  the last apigenin as in 

group 10 injection (match to the 29
th

 day from EAC inoculation). 

Group (15): E + Se + R, mice bear solid Ehrlich Tumor were injected with selenium  as 

in group 11and subjected to γ – irradiation at a dose level of 6.5 Gy 24 hour after  the last 

selenium injection . 

Group (16): E+ Ap + Se + R,  mice bear solid Ehrlich tumor were injected with  apigenin 

and selenium as in group 12  and  subjected to γ -irradiation at a dose level of 6.5 Gy 24 

hour after  the last  injection of  apigenin and selenium.  
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b. Samples preparations 

         Animals were fasted for 16 hours before each sampling. Samples were collected 

after on days 16 and 22 after tumor volume reached 1mm
3
. Animals were   sacrificed and 

the blood was collected from heart puncher and left for coagulation. The blood was 

centrifuged and the upper layer (serum) was taken. MMPs were measured in serum of 

each group. Portion of liver and solid tumor were dissected, weighed and homogenized in 

physiological saline (9g Na Cl /1000 ml distilled water).  

Portion of spleen was removed from animal after dissection and immediately putted at 

liquid nitrogen, then stored at – 80°C for RNA extraction and conventional PCR analysis, 

the remaining portion of spleen were used for splenocyte  isolation and  DNA 

fragmentation . 

c. Spleenocyte isolation 

1 Spleen was removed from animal immediately after dissection 

2 Any non-splinic tissue was detached from the spleen. 

3  Each spleen was placed into RPMI medium (complete media: 0.8 ml Na2Co3, 1 

ml streptomycin-penicillin, and 10 ml fetal calf serum for 100 ml media). 

4 The spleen was disaggregated. 

5 The spleenocytes were poured from strainer to remove any debris, and then 

centrifuged for 7 min at 600X g at room temperature. 

6 The supernatant was discarded. 

7 The pellet was flicked gently and resuspended in 10 ml RPMI   media (Rowland-

Jones and Mc-Michael, 2000).  

8 The spleenocyte count was measured by using hemocytometer. 

9 The spleenocytes count was adjusted to 10
7 
/ml. 

10  For DNA fragmentation the cells were preserved in PBS and kept in -20 until use.  
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II.  Measurements 

       a.  Molecular examinations 

1-Molecular Determination  of TNF-α  and TIMP-1 gene expression 

    RNA Isolation: 

Total RNA was extracted from spleen tissue using RNeasy mini kit from Qiagen. 

The improvement of RNA extraction and the increase of RNA purity were carried out by 

using Qia shredder column.  

RNA Extraction: 

 Principle: 

 RNeasy mini kit is a simple and efficient system for purification of total RNA 

from mammalian tissue, human blood cells, bacteria and yeast. The kit eliminates the 

need for tedious cesium chloride gradients, alcohol precipitation or toxic phenol-

chloroform extractions. RNA molecules longer than 200 nucleotides can be isolated with 

the RNeasy mini Purification Kit in minutes after the lysis step. The high-quality purified 

RNA can be used in a wide range of downstream applications including RT-PCR, RT-

qPCR, Northern blotting and other RNA-based analyses. 

Procedure: 

The following steps were performed according to the kit manual: 

1. 30 mg of spleen tissue were placed into suitably sized vessel with 600μl of RLT buffer 

for disruption and homogenization by peeds of tissue lyser.  The lysate were then 

pipetted directly into a Qia shredder. Spin column placed in a 2 ml collection tube, and 

centrifuged for 3 min at full speed. The supernatant were removed carefully by 

pipette, and transferred to new microcentrifuge tube. 
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2. One volume of 70% ethanol were added to the cleared lysate, and mixed immediately 

by pipette. 

3. 700 µl of the sample, including any precipitate that may have formed,was transferred 

to  an RNeasy spin column placed in a 2 ml collection tube . Close the lid  gently, and 

centrifuge for 15 s at 4000 x g (10,000 rpm). Discard the flow-through.' 

4. 700 µl RW1 Buffer was added  to the RNeasy spin column. Close the lid gently, and 

centrifuge for 15 s at 8000 x g (10,000 rpm) to wash the spin column 

membrane. Discard the flow-through. 

5. 500 µl RPE Buffer was added to the RNeasy spin column. Close the lid gently, and 

centrifuge for 15 s at 8000 x g (10,000 rpm) to wash the spin column 

membrane. Discard the flow-through. 

6. 500 µl RPE Buffer was added to the RNeasy spin column. Close the lid gently, and 

centrifuge for 2 minute  at 8000 x g (10,000 rpm) to wash the spin column 

membrane. Discard the flow-through. The long centrifugation dries the spin column 

membrane, ensuring that no ethanol is carried over during RNA elution. Residual 

ethanol may interfere with downstream reactions. 

7. The RNeasy spin column was placed in new 2 ml collection tube, the old collection tube 

was discarded with the flow-through. Close the lid gently, and centrifuge at full speed for 

1 min. 

8. The RNeasy spin column was then placed in new 1.5 ml collection tube (supplied). 30-

50 µl RNase free water were added directly to the spin column membrane. Close the lid 

gently, and centrifuge for 1 min at 8000 x g '10,000 rpm' to elute the RNA. 

9. The purified RNA used for downstream applications or store RNA at -20°C or -70°C 

until use.  
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cDNA Synthesis via Reverse Transcription 

Reverse transcription-polymerase chain reaction (RT-PCR) 

Principle: 

  RT-PCR is the most sensitive technique for mRNA detection and quantitation 

currently available. RT-PCR is a rapid and sensitive method for analyzing gene 

expression, for determining the presence or absence of transcripts, expression diagnostics 

because it gives researchers a mechanism to test whether any specific gene is turned on 

(active) or turned off (inactive) and for producing cDNA for cloning. The RNA strand is 

first reverse transcribed into its DNA complement or complementary DNA by The High-

Capacity cDNA Archive Kit, followed by amplification of the resulting DNA using 

polymerase chain reaction. 

Procedure: 

The components of the kit after thawing mix and briefly centrifuge.Store on ice. 

1. The following reagents were added into a sterile, nuclease-free tube on ice in the 

indicated order: 

Template RNA total RNA 0.1 ng - 5 µg 

Primer oligo (dT)18 primer 1µl 

Water, nuclease-free to 12 µl 

Total volume 12 µl 
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2. Note. If the RNA template is GC-rich or contains secondary structures, mixed gently, 

centrifuged briefly and incubate at 65°C for 5 min. Chill on ice, spin down and place 

the vial back on ice. 

3. the following components were added in the indicated order: 

5X Reaction Buffer 4 µl 

RiboLock RNase Inhibitor (20 u/µl) 1 µl 

10 mM dNTP Mix 2 µl 

Archive  M u-MLV Reverse Transcriptase (200 u/µl) 1 µl 

Total volume 20 µl 

  

4. The components were mixed gently and centrifuge. 

5. For oligo (dT) 18 or gene-specific primed cDNA synthesis, incubate for 60 min at 

42°C. For random hexamer primed synthesis, incubated for 5 min at 25°C 

followed by 60 min at 42°C. Note. For GC-rich RNA templates the reaction 

temperature can be increased up to 45°C. 

6.  The reaction was terminated by heating at 70°C for 5 min. The reverse transcription 

reaction product can be directly used in PCR applications or stored at -20°C for less 

than one week. For longer storage, -70°C is recommended. 
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 PCR amplification for mRNA of GAPDH, TNFα and TIMP-1 genes: 

PCR reagents: 

 Taq PCR Master mix Kit  from Qiagen company.  

 Primers: 

One set of primers were used for mRNA of TNFα and one set for the housekeeping gene 

GAPDH ( Qiu et al., 2007). And one set of primers of TIMP-1 (Furukawa et al ., 1998). 

Primers were obtained from Mid Land Company.Midland,Texasand TIMP-1 from Sigma 

company. Sequences for selected primers were: 

 For mRNA of GAPDH gene (housekeeping gene): 

Forward primer: 5' - GACCCCTTCATTGACCTCAAC-3'  

Reverse primer: 5' - CTTCTCCATGGTGGTGAAGA-3'  

Expected product size: 502 bp 

 For mRNA of TNF-α gene:  

Forward primer: 5'- ACGGCATGG ATCTCAAAGAC-3' 

Reverse primer: 5'- CGGACTCCGCAAAGTCTAAG-3' 

Expected product size: 324 bp 

 For mRNA of TIMP-1gene:  

Forward primer: 5'- CCT TTG CAT CTC TGG CAT CTG GCA-3' 

  Reverse primer: 5'- CCAACA GCC AGC ACT ATA GGT GTT-3' 

Expected product size: 437 bp 

 Template: cDNA reversed from spleen tissue RNA was used as the template. 

 



37 
 

X 35 cycles 

 

PCR Mixture: 

Preparation for PCR: 1.5 microliters of cDNA were used for amplification with 

1microliter from forward primer (10 pico mol)and  1microliter from 10 pico mole reverse 

primer with 12.5 microliters taq pcr master mix and 9 microliter water in a 25 microliter 

reaction. Samples were placed in the PCR machine. 

PCR cycle conditions for mRNA of GAPDH gene:  

 

 

 

 

 

 

 

PCR cycle conditions for mRNA of TNF-α gene: 

 

 

 

 

 

 

1. Initial denaturation 95
0
C/10 min 

2. Denaturation 94
0
C/50 Sec 

3. Annealing 55
0
C/50  Sec                    

4. Extension 72
0
C/50  Sec 

5. Final extension            72
0
C/5 min 

1. Initial denaturation 95
0
C/10 min 

2. Denaturation   94
0
C/50 sec. 

3. Annealing 55
0
C/50 sec.                   

4. Extension 72
0
C/50 Sec. 

5. Final extension            72
0
C/10 min 

X 35 cycles 
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PCR cycle conditions for mRNA of TIMP-1gene:   

 

 

 

 

 

 

The amplified PCR products were analyzed by 2% agarose gel electrophoresis 

 Gel electrophoresis. 

Principle:  

 Agarose gel electrophoresis is the easiest and most popular way of separating and 

analyzing DNA.  DNA molecules are separated on the basis of charge by applying an 

electric field to the electrophoretic apparatus. Shorter molecules migrate more easily and 

move faster than longer molecules through the pores of the gel and this process is called 

sieving. The DNA can be visualized in the gel by the addition of ethidium bromide which 

binds strongly to DNA by intercalating between the bases and fluorescent meaning that it 

absorbs invisible UV light and transmits the energy as visible light (Sambrook and 

Russel, 2001). 

 

 

 

1. Initial denaturation 94
0
C/5min 

2. Denaturation 94
0
C/60 sec. 

3. Annealing 50
0
C/45 sec.                   

4. Extension 72
0
C/60 sec. 

5. Final extension            72
0
C/10 min 

X 30 cycles 
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Procedure: 

10x TAE buffer stock solution. 

Tris base                       48.4g 

Glacial acetic acid        11.4 ml 

Na 
+
 EDTA                    3.7g 

Distilled water             complete to 1000 ml 

1x TAE buffer 

10x TAE buffer stock solution         100 ml 

Distilled water       complete to 1000 ml 

 

For electrophrosis analysis, 2 % agarose gel was made in 1x TAE buffer (2 

gm/100 ml TAE) and 5 µl of ethidum bromide (10µg/ml) was added to 100 ml gel for 

DNA staining. Electrophoresis was done for 45 min at 85 V. PCR products were 

visualized by U.V. transilluminator (UVP.USA) at 324,437 and 502 bp for TNF-α,TIMP-

1 and GAPDH; respectively]. The relative size of PCR products was determined by 

comparison of the migration of a 100 bp DNA molecular weight ladder (Fermentase). 

Semiquantitation was performed using gel documentation system (BioDO, Analyser, 

Biometra, Gottingen, Germany). According to the amplification procedure, relative 

expression of each studied gene (R) was calculated according to the following formula: 

densitometrical units of each studied gene/densitometrical units of GAPDH.  GAPDH 

was amplified as house keeping gene to detect RNA integrity. 
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2- Determination of Matrix Metalloproteinases (MMPs) in serum        

Principles: 

Determination of MMP-2 and MMP-9 was carried out by polyacrylamide gel 

electrophoresis according to Birkedal-Hansen and Taylor (1982). 

MMP-2 and MMP-9 protein levels are quantitatively assessed by vertical slap SDS-

PAGE containing 1 mg/ml gelatine as a substrate for the enzymes. MMP-2 and MMP-9 

could be detected on the SDS gel as transparent bands, serum samples were used without 

being brought to boil. The gel system adaption was described by Davis (1964). 

Reagents: 

1- Acryalmide solution (30%): 

A weight of 29.2g acrylamide and 0.8g of N', N'-methylene-bis-acryamide was dissolved 

in distilled water and the total volume was completed to 100 ml. The solution was filtered 

and stored in a brown bottle at 4ºC. 

     2- Running buffer (0.025 M Tris base, 0.192 M glycine, 0.1% w/v SDS pH 8.8): 

A weight of 43.2g glycine, 9 g of Trisma base and 3g of sodium dodecyl sulphate were 

dissolved in 3 litres of distilled H2O. The buffer was stored at 4ºC. 

3- Separating gel buffer (1.5 M Tris-HCl, pH 8.8): 

A weight of 37g Trisma-HCl, 154g of Trisma- base and 4g of SDS were dissolved in 

distilled H2O. The pH of the solution was adjusted at 8.8 at room temperature then the 

volume was brought to 1 litre. The buffer was stored at 4ºC. 

4- Stacking gel buffer (0.5 M Tris-HCl, pH 6.8): 

A weight of 78.8g Trisma-HCl, 60g of Trisma-base and 4g of sodium dodecyl sulphate 

were dissolved in distilled water. The pH of solution was adjusted at 6.8 at room 
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temperature then the volume was brought to 1 litre. The buffer was stored at room 

temperature. 

5- Sodium dodecyl sulphate (10%) 

A weight of 10 g SDS was dissolved in 100ml of distilled water and then filtered. The 

solution was stored at room temperature. 

6- Ammonium persulfate (10%): 

A weight of 0.5g ammonium persulphate was dissolved in 5ml of distilled water. This 

reagent was made freshly every week and stored at 4ºC. 

7- Sample buffer (0.125 M Tris-HCl pH 6.8, 4% SDS, 20% glycerol): 

Volumes of 2.5ml reagent (4), 4ml of reagent (5), and 2ml of glycerol were mixed well. 

A few drops of 0.5% bromophenol blue was added, and then the solution was diluted to 

10ml with distilled H2O. The buffer was aliquoted and freezed. 

8- N, N, N', N' Tetramethyl Ethylene Diamine (TEMED) 

9-Bromophenol blue (0.5%): 

A weight of 0.5g bromophenol blue was dissolved in 100 ml distilled H2O. 

10- Washing buffer (50 mM Tris-HCl pH 7.5, 5 mM CaCl2, 6.6 M NaCl, 1 µM ZnCl2 

and 2.5% Triton X-100): 

Weights of 6.25g Trisma-HCl, 1.1g calcium chloride, 8.77g sodium chloride, 0.5g 

sodium azide (as a preservative) were dissolved in H2O. A volume of 25ml Triton X-100 

was added, the pH was adjusted at 7.5 then the volume was brought to 1 litre with 

distilled H2O and stored at 4°C in a dark bottle. 
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11-Reaction buffer (50 mM Tris-HCl pH 7.5, 5mM CaCl2, 6.6 M NaCl, 1µM ZnCl2 and 

1% Triton X-100): 

Weights of 6.25g Trisma-HCl, 1.1g calcium chloride, 8.77g sodium chloride, 0.5g 

sodium azide (as a preservative) were dissolved in H2O. A volume of 10ml Triton X-100 

was added, the pH was adjusted at 7.5 then the volume was brought to 1 litre with 

distilled H2O and stored at 4°C in dark bottle. 

12- Stain solution: 

Stock: A weight of 2g Coomassie Brilliant Blue R-250 was dissolved in a small amount 

of absolute methanol then diluted to 200 ml of distilled H2O. The solution was mixed 

well by a magnetic stirrer for 10 minutes then filtered. 

Working: (0.125% Coomassie Blue R-250, 30% methanol and 10% acetic acid). 

Volumes of 62.5ml stock stain solution, 250ml of methanol and 50ml of glacial 

acetic acid were mixed and the volume was brought to 500ml by adding distilled water. 

13- Destaining solution (I) (50% methanol, 10% acetic acid): 

Volumes of 500ml absolute methanol, 100ml of glacial acetic acid and 400ml of distilled 

water were mixed (prepared freshly). 

14- Destaining solution (II) (7% acetic acid, 5% methanol): 

Volumes of 50ml absolute methanol and 70ml of glacial acetic acid were mixed 

and diluted to 1 litre with distilled H2O (prepared freshly). 

15- Substrate: 

Gelatine (types B from Bovine) was used (Sigma Co., USA) 
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One mini gel was prepared as follows: 

I- The separating gel (10%) was prepared as specified in the table: 

3.33ml Stock acrylamide ( reagent1) 

2.50ml Separating buffer (reagent 3) 

0.10ml 10% SDS (reagent 5) 

4.08ml 4.08 H2O+0.01 g of gelatine (reagent 15) 

50µl 10% ammonium persulfate ( reagent 6) 

10µl TEMED ( reagent 8) 

II- The stacking gel (3.3%) was prepared as shown in the table: 

0.55ml Stock acrylamide ( reagent 1) 

1.25ml stacking buffer (reagent 4) 

0.10ml 10% SDS ( reagent 5) 

3.12ml Distilled water 

50µl 10% ammonium persulfate (reagent 6) 

10µl TEMED ( reagent 8) 
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1- Procedure: 

2- The glass plates were thoroughly cleaned and rinsed with water and ethanol then air 

dried. 

3- The slab gel apparatus (Biometra vertical mini gel, 8.6x7.7cm) was assembled 

ensuring a good seal. 

4- The SDS separating gel (10%) was prepared as shown previously and poured down 

the side of the gel plates to about 2.5cm from the top. The gel was overlayed with 

distilled H2O and left to polymerize for 1h until the gel interface can be seen as a 

sharp boundary. 

5- The water overlay was removed then the stacking gel (3.3%) was prepared as shown 

in the table and poured until the solution reaches the cutaway edge of the gel plate. 

6- The well-forming comb was placed into the gel and left to set. 

7- After polymerization (20min) the comb was carefully removed from the stacking gel, 

the gel surface was washed thoroughly with tank buffer to remove any air bubbles. 

8- The gel cassette was assembled in the electrophoresis tank which was filled with 

running buffer. 

9- A volume of cytosolic fractions of urinary epithelial cell (50µl) and tissue cell lysates 

(10µl) was mixed with 10µl of sample buffer in microfuge tubes. A volume of 5µl 

serum was mixed with 15µl of sample buffer. The samples were then loaded onto the 

gels without previous boiling. 

10- Electrophoresis was carried out under a constant current of 10mA until the samples 

passed the stacking gel and reached the separating gel then the current was raised to 

20mA for 3.5 hours (temperature kept at 37
o
C as maximum) using power supply 

(Hoefer Scientific Instruments 500 V, 400mA, 200W). 
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11- After electrophoresis, the gel was soaked at room temperature in washing buffer for 

30min, and then incubated overnight at 37
o
C in the reaction buffer in a shaker. 

12- At the end of incubation, the gel was immersed in the stain solution for 2 hours with 

continuous shaking. The gel was removed from the stain and immersed in destaining 

solution (I) for 5min only then in destaining solution (II) for 10 days. 

13- The gel was photographed using Kodak color film and the prints were developed and 

used for densitometry. 

The prints of the SDS-PAGE were scanned then densitometry analysis of clear 

bands was performed using Gel Pro Analyzer Version 3.1. 

MMP-2 (72.000Da) and MMP-9 (92.000Da) proteins can be defined on slap gel by 

their gelatinolytic enzyme activity, which appeared as transparent bands on the blue 

background and compared to standard human purified collagenase IV (Sigma Co., USA) 

and a protein marker (Sigma Co., USAconsisted of myosin (205kDa), aldolase (160kDa), 

phosphorylase-B (97kDa), albumin bovine (66kDa), ovalbumin of chicken egg (45kDa). 
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3-DNA fragmentation:  

 DNA fragmentation assay was performed according to Sellins and Cohen 

(1987) with modification. 

Reagents : 

1-Phosphate buffered saline (PBS); 

NaCl  (7.16 g), Na2HPO4  (2.17 g) and   KH2PO4 (0.1 g) were dissolved in 1000 ml  H2O  

then  pH were adjusted to 7.3. 

2- Triton Tris EDTA (TTE) lysis buffer; 

0.2 % TritonX-100 were dissolved in 10 mM Tris-HCl and  1mM EDTA and the pH 

were adjusted to 7.4. 

3- 5 M NaCl 

4-70% ethanol 

5-1% agarose  

6- Ethidium bromide 0.5 µg/ml. 

Procedure: 

1-The EAC cells were incubated with spleenocytes of control and  treated mice in ratio of 

1:1 in complete media for 24 hrs in 5% Co2 incubator. 

 2-Centrifugtion at 500Xg for 5 min, then the pellet was put in 1 ml PBS.These cells were 

kept at -80 °C for long time. 

3- Cells were collected by centrifugation 200Xg for 5 min. 
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4-The cell pellet was then treated with lysis buffer TTE (0.2 % TritonX-100 in 10 mM 

Tris-HCl, 1mM EDTA, pH 7.4). 

5- To separate fragmented DNA from intact chromatin, the samples were centrifuged at 

20,000 X g for 10 min. 

6- The pellets were separated from the supernatant and then protienase k were added and 

incubated for one hour at 37°C . 

7- The samples were centrifuged at 20.000X g for 5min. 

8- The pellets were separated from the supernatant and both    were treated with ice-cold 

5M NaCl to remove the histones from DNA. 

9-Genomic and apoptotic DNA were precipitated in ice-cold isopropanol overnight at -20 

°C .After centrifugation ,the pellet was rinsed by adding ice-cold 70% ethanol, and the 

DNA was dissolved in TE buffer and incubated at 37°C for   1-3 days. 

10-The DNA samples were heated at 65°C bath for 10 min and immediately loaded onto 

a 1%agarose gel containing ethidium bromide (0.5 μg /ml). 

 

 

 

 

 

 

 

 



48 
 

 

 

 

b. Biochemical assays 

1. Serum and Liver Nitric Oxide (NO) Concentration 

Principle: 

Nitric oxide (NO) level was determined following the procedure described by 

Miranda et al., (2001). Determination of nitric oxide is based on measurement of total 

nitrite levels which is the only stable end product of the autoxidation of NO in aqueous 

solution (formed by reaction of NO with superoxide or oxyhemoglobin) which provides a 

reliable and quantitative estimate of NO output in vivo. Vanadium (III) in dilute acid 

solution effects the quantitative reduction of nitrate to nitrite and/or nitric oxide, both of 

which are captured by Griess reagents. The Griess reaction entails formation of a 

chromophore from the diazotization of sulfanilamide by acidic nitrite followed by 

coupling with bicyclic amines such as N-1- (napthyl)-ethylenediamine which results in a 

measurable pink metabolite measured at 540 nm. 

Reagents: 

1. Sulfanilamide Solution (1%): 1gm of sulfanilamide was dissolved in 100 ml of 5% 

phosphoric acid. 

2. NED Solution (0.1%): 0.1gm of N-1-napthylethylene-diamine dihydrochloride was 

dissolved in 100 ml of dist. water. 

3.  Zinc sulfate: 1.5 g of zinc sulfate was dissolved in 100 ml of distilled water. 

4. Vanadium (III) chloride (VCl3): 400 mg of VCl3 were dissolved in 50 ml of 1 M HCl. 

5. Sodium nitrite solution: Different concentrations of NO2 from 0 to 100 μM. 
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Procedure: 

1. Deproteinization of samples: 100 μl of sample was mixed with 100 μl of Zinc sulfate 

and incubated for 10 min. 

2. After incubation the samples were centrifuged (10,000 rpm, 10 min at 4˚C) and the 

supernatant was used for determination of nitrite.  

3. Reduction of nitrate to nitrite: 100 μl of deproteinized samples supernatant mixed 

with 100 μl of VCl3. 

4. Total nitrite measurement: reduced samples were rapidly followedby addition of the 

Griess reagents, Sulfanilamide (50 μl) and NED (50 μl). 

5. Following 20 min incubation at 37˚C, absorbance was measured at 540 nm using a 

microplate reader system. 

6.  A standard curve was generated with known concentrations of nitrite using 

sodium nitrite, concentrations range from zero to 100 μmol/ l following the same 

procedure. 

Calculation: 

The NO concentration was given by reading the corresponding concentration of optical 

density for each sample from nitrite standard curve.

Standard curve of Nitrite (NO2). 
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2- Determination of  lipid peroxide (MDA) concentration 

Principle: 

Lipid peroxide content was determined by quantifying the thiobarbituric acid reactive 

substances (TBARS) in tissue homogenates according to the method described by 

Yoshioka et al. (1979). The method is based on measuring the intensity of pink color 

developed by the reaction of MDA and MDA-like substances with thiobarbituric acid 

(TBA) exhibiting an absorption maximum at 532nm. 

 

Reagents:   

1. Trichloroacetic acid (TCA) 20 % and 40% solutions: 

 A weight of 20 g of TCA was dissolved in distilled water and the 

volume was made up to 100 ml. 

In another bottle, an amount of 40 g of TCA were dissolved in 

distilled water and the volume was made up to 100 ml. 

2. Thiobarbituric acid (TBA) 0.67%:  

A weight of 0.67 g of TBA was dissolved in distilled water and the 

volume was made up to 100 ml (freshly prepared).       

3. Standard solution of malondialdehyde 10µM:  

A volume of 0.01 ml of 0.1M 1,1,3,3, tetraethoxypropane was 

dissolved in 100 ml distilled water.  
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Procedure: 

A volume of 0.5 ml of tissue homogenate was shaken with 2.5 ml of TCA solution (20 % 

in case of plasma and 40% in case of tissue). After centrifugation at 3000 r.p.m for 10 

minutes, 2 ml of the supernatant were transferred to another dry test tube and 1ml of TBA 

was added and the mixture was shaken and warmed for 30 minutes in a boiling water 

bath followed by rapid cooling. For the preparation of standard: a volume of 1.9 ml TCA 

solution; 1ml of TBA and 0.1 ml of standard solution were added in a dry test tube, 

shaken, and warmed for 30 minutes in a boiling water bath followed by rapid cooling.  

For the preparation of blank: in a dry test tube, 2 ml of TCA were added to 1ml of TBA 

solution shaken and warmed for 30 minutes in a boiling water bath followed by rapid 

cooling .                                       

Into all the tubes, a volume of 4 ml of n-butyl alcohol were added and shaken, the 

mixture was centrifuged at 3000 r.p.m for 10 min. 2 ml of the n-butyl alcohol resultant 

colored layer were transferred to the cuvette and the absorbance was measured at 532 nm.  

 

Calculation: 
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3-Determination of Glutathione Peroxidase Activity (GPx)  

Principle: 

Glutathione peroxidase (GPx) activity was assayed in tissue homogenate according to the 

method of Gross and Bracci (1967). The method relies on the following reaction: 

2 GSH + H2O2    GPx    →     GSSG + 2H2O 

The residual GSH concentration was calculated and the amount of GSH consumed per 

unit time is a measure of the catalytic activity of GPx. 

Reagent: 

1. 0.008M GSH: 24.6 mg of GSH were dissolved in distilled water and diluted to 10 ml 

with distilled water. 

2. 0.03M sodium azide: 19 mg of sodium azide were dissolved and diluted to 10ml with 

distilled water. 

3. 0.009M disodium EDTA: 33.5 mg of disodium EDTA were dissolved and diluted to 

10ml with distilled water. 

4. 0.0018M H2O2: 20.41μl of 30% H2O2 was diluted to 100 ml with distilled water. 

5. Precipitation solution: 1.67g glacial metaphosphoric acid, 0.2g of disodium or 

dipotassium EDTA and 30g of NaCl were dissolved in distilled water and the volume 

was made up to 100ml. 

6. Disodium phosphate solution: 42.5g of Disodium phosphate were dissolved in 1L of 

distilled water. 

7. 5.5`dithiobis-2-nitrobenzoic acid (DTNB): 40 mg of DTNB were dissolved in 100ml 

of Na citrate solution (1g/dl). 
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8. Stock standard of GSH: 100mg GSH were dissolved in water and the volume was 

made up to100 ml; the working standard was prepared by diluting 5ml of stock with 5ml 

distilled water. 

Procedure: 

1. In case of test samples, 0.5 ml of sample, 0.5 ml of GSH, 0.5 ml of sodium azide, 0.5 

ml of disodium EDTA and 3ml of distilled water were incubated at 37˚C for 10 min. 

2. In case of standard, sample and substrate were replaced by 0.5 ml working standard 

solution and 0.5ml distilled water, respectively. 

3. Blank tube contains 0.5 ml of water instead of 0.5ml of sample. 

4. The reaction was initiated by the addition of 1ml of H2O2. 

5. 3ml of precipitation solution was added to stop reaction after 10 min. 

6. All tubes were centrifuged, filtrated and 2ml of filtrate from each one was transferred 

to another tube. 8ml of disodium phosphate solution and 1ml of DTNB were added to 

filtrate. 

7. The optical density (O.D) was detected at 412 nm within 4 min against blank 

 

Calculation 

GSH Consumed/min/g wet tissue = 
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4-Determination of Superoxide Dismutase Activity (SOD) 

Principle: 

Superoxide dismutase activity is measured in tissue homogenate according to the 

method of (Minami and Yoshikawa, 1979). Superoxide dismutase (SOD) catalyzes the 

dismutation of the superoxide radical (O2
-
) into hydrogen peroxide (H2O2) and elemental 

oxygen (O2). 

       O2
-
 + 2H                             H2O2 + O2  

Superoxide ions, generated from auto-oxidation of pyrogallol, convert the nitro blue 

tetrazolium chloride (NBT) to NBT-diformazan which absorbs light at 550 nm. 

Superoxide dismutase reduces the superoxide ion concentration thereby lowering the rate 

of NBT-diformazan formation. The extent of reduction in the appearance of NBT-

diformazan is a measure of SOD activity present in samples. 

Reagents: 

1. NaCl solution 0.9%. 

2. (Ethanol: Chloroform) mixture (2: 1, v/v).  

3. Tris cacodylic buffer: prepared by dissolving 1g. sod.cacodylic acid (Sigma) 

and 0.1 g diethylene triamine penta acetic acid ( DPTA ) (Sigma) in 100 ml 

dist. water then, PH was adjusted to 8.2 using tris hydroxy methyl pentane. 

4. Triton X-100 16 %. 

5. NBT 0.98 mmol/L. 

6. Pyrogallol solution: (0.9 mmol). 

a. The stock solution: Pyrogallol powder 11.3 mg was dissolved in 10ml 1M 

HCl and stored at 4
o
C until use. The stock was stable for at least 3 months. 

b. The working solution:  The working solution was prepared freshly before use by 

diluting 1 ml of stock solution with 9 ml of dist. water. 

7. Stopper solution: Contain 2 M formic acid dissolved in 16% triton X-100. 

SOD 
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Procedure: 

1. In covered polyethylene tubes, the following reagents were applied to the samples: 

 Plasma or Tissue homogenate Blank 

Sample 0.1 ml _____ 

NaCl solution 0.4 ml _____ 

Dist. Water _____ 0.5 ml 

Ethanol, Chloroform    0.75 ml 0.75 ml 

2. Mixture was vigorously mixed then, centrifuged at 10000 r.p.m at 4
0
C for   60 minutes. 

3. The clear supernatant was transferred to other test tubes then, the following reagents 

were added. 

 

Supernatant 0.25 ml 0.25 ml 

Cacodylic buffer 0.5 ml 0.5 ml 

Triton 0.1 ml 0.1 ml 

NBT 0.1 ml 0.1 ml 
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4. The mixture was then incubated at 37
0
C for 5 minutes. 

5. 0.01 ml pyrogallol was applied and left 5 minutes then 0.3 ml stopper solution was 

added. 

6. Absorbance of both sample and blank were measured against buffer at λ 540 nm. 

 

Calculation: 

SOD activity was calculated as U/ml for blood. 

SOD activity (U/g tissue). 

        = (A blank -A sample)/ 0.5Ablank 

One unit (50% inhibitory level of the enzyme) corresponds to 7.47 µg/ml of reaction 

mixture of SOD. 
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5-Determination of Catalase (CAT) activity 

Principle: 

Catalase (CAT) activity was assayed in tissue homognate according to the method 

of Sinha, (1972). The dichromate/acetic acid reagent can be thought of as a stop bath for 

catalase activity. By addition of acetic acid to reaction medium, catalase activity 

destroyed and any hydrogen peroxide which hasn‟t been split by the catalase will react 

with the dichromate to give a blue precipitate of perchromic acid. This unstable 

precipitate was then decomposed by heating to give the green solution; this green color 

was measured photometerically at 570 nm. 

Reagent: 

 1. 5% of aqueous solution of potassium dichromate: 5 gm of potassium dichromate were 

dissolved in distilled water and the volume completed to 100 ml by distilled water. 

2. Phosphate buffer (0.1M – pH 7.0): 13.61 gm of potassium phosphate (KH2PO4) were 

dissolved in appropriate volume of distilled water then pH was adjusted to 7 using pH 

meter by addition of 0.1 N KOH drop wise and then the volume completed to 1L by 

distilled water. 

3. 0.2 M hydrogen peroxide: 5.66 ml of 30% H2O2 were completed to 250 ml by 0.1 M 

of phosphate buffer (pH 7.0). 

4. Glacial acetic acid 

 

 



58 
 

Procedure: 

1. 150 ml of glacial acetic acid was added slowly to 50 ml of 5% aqueous solution of 

potassium dichromate. 

2. Reaction mixture contained 5 ml of hydrogen peroxide solution (pH 7.0) and 1 ml of 

tissue homogenate sample, incubated for 15 min at Room Temperature. 

3. The reaction was stopped by addition of 2ml of dichromate/acetic acid  to the mixture 

and a blue color formed. 

4. Tubes were heated for 10 minutes in a boiling water bath to decompose the blue 

precipitate; this will leave a green solution of chromic acetate. 

5. Tubes then cooled at room temp., centrifuged for 10 minute and the absorbance of 

supernatant was measured at 570 nm. 

6. Blank tube contain all components without the sample which replaced by distilled 

Water. 

Calculation 

 CAT activity (μmol consumed H2O2/ min/ g tissue) = 

                              
      

   
               

 

 
  

 

 
 

 

Where, 

 AT= Absorbance of the test sample 

A B= Absorbance of the blank sample 

A St = Absorbance of Standard 

n = dilution factor ,   t = time of incubation 
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Statistical Analysis: 

            Statistical analysis of results including the mean, standard error (SE) and p values 

were performed using Statistical Package for Social Science (SPSS) version 15.0 for 

windows. All data are given as means ± SE. Data were analyzed statistically using one-

way analysis of variance (ANOVA) and correlation coefficient ( r ). Differences were 

considered significant at P ≤ 0.05; highly significant at P ≤ 0.01. 
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RESULTS 

 

Invitro 

 

MTT viability test 

  

               A significant EAC viability alteration was observed in the EAC cells 

incubated with different concentrations of Apigenin and Apigenin+ Selenium by  

MTT viability test. 

              Viable EAC cells incubated with RPMI complete media is considered as 

  +ve control (100% viability). 

            Apigenin and sodium selenite inhibit Ehrlich ascites carcinoma cells 

(EAC) growth in a dose and time dependent-manner. 

           Maximal inhibitory concentration values of Apigenin and sodium selenite 

are reached for approximately 80 µg/ml and 5µg respectively, after 24 h 

incubation. However, when the cells  are treated with 30 µg Apigenin and 5µg 

sodium selenite simultaneously, lead to a synergistic anti proliferative effect. 

Sodium selenite and Apigenin combination induced cell growth inhibition reached 

about (81%) 

 The radiation exposure of EAC cells treated with Apigenin (30µg)   and 

sodium selenite (5µg) showed dramatic cell growth inhibition 90%.  
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Table (1): Effect of different concentrations of sodium selenite, Apigenin and 

different Apigenin concentrations accompanied with 5 µg /ml 

sodium on the viability of EAC or irradiated EAC cells after 24 

hours incubation  
EAC cells Irradiated EAC cells 

Concentrations % of cell inhibition  

using MTT 

Concentrations % of cell inhibition  

using MTT 

Sodium selenite  

0 0 

1 20 

3 35 

5 63 

 Apigenin  Apigenin  

0 0 0 0 

30 8 30 37 

40 16 40 43 

50 24 50 46 

60 35 60 52 

80 46 80 58 

Apigenin with  5 µg /ml   sodium selenite Apigenin with  5 µg /ml   sodium selenite 

0 0 0 0 

30 81 30 90 

40 84 40 92 

50 87 50 94 

60 89 60 96 

80 92 80 98 
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Figure (2): Cell Viability at different Apigenin and/ or Selenium concentrations 
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In vivo 

 

1. m-RNA capacity  for TNF-α expression in  different animal groups 

  
 m-RNA is assessed by RT-PCR for endogenous TNF-α expression in RNA 

samples isolated from the spleen of different animal groups. The absolute mRNA 

quantity were determined, normalized to GAPDH; a housekeeping gene and 

reported as densitometrical unit. 

The experimental data for TNF-α gene expression in different mice groups 

is presented in Table (2) and illustrated by Fig (3, 8, 9, 10 and  11). 

The quantity of m-RNA of TNF-α gene expression in control group is 

ranged from 3.65 ± 0.9
 
to 3.75±0.80. The injection of Ap, Se or Ap+ Se to mice 

revealed no significant changes in the expression of TNF-α. 

 A significant induction of TNF-α expression (1086, 1580 and 2040 %, 

respectively; P<0.05at the 1
st
  experimental interval) was observed in samples 

isolated from the spleen of R , E or E+R mice groups  with substantial increases 

on  the 2
nd 

experimental interval ( 1667, 2173 and 2646 % respectively at P<0.05). 

The pretreatment with Ap, Se or Ap+ Se of mice bearing tumor according to the 

present protocol induced remarkable modulation in TNF-α gene expression 

compared to TNF-α gene expression in Ehrlich bearing mice however a minor 

effect was recorded on the 2
nd 

experimental interval. 

The m-RNA capacity for TNF-α gene expression was significantly reduced 

in mice treated with Ap, Se or Ap+ Se before exposure to gamma irradiation. 

Furthermore, the TNF-α expression down regulated in E+R mice group pretreated 

with Ap, Se or Ap + Se. 

The result obtained revealed that the administration of  Ap +Se induced 

more pronounced decrease in  TNF-α gene expression than Apigenin  or selenium 

alone. 
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 Table (2): m RNA assessment for TNF-α expression in different mice groups 

Animal groups Statistical Analysis 

Mean± SE 

(1
st
  

experimental 

interval) 

% Change Mean± SE 

(2
nd 

experimental inter 

Val) 

% Change 

C 3.75± 0.8
a

  3.65 ± 0.9
a

  

Ap 5 ± 1.4 
a

 33 7.25± 1.6 
a

 97 

Se 4.25 ±0.8 
a

 13 6.25  ± 0.8 
a

 71 

Ap+Se 6.25 ± 1.5 
a

 66 6.25  ± 1.6 
a

 71 

R 44.5  ± 1.7 
fg

 1086 64.5  ± 1.7 
j

 1667 

Ap+R 29 ±1.08
 c

 673 41.5 ± 2.7 
def

 1036 

Se+R 26.5  ±1.3 
c

 606 36.75 ±1.25
 d

 906 

Ap+Se+R 15.5 ± 1.9
 b

 331 25.5 ± 1.9
 c

 598 

E 63 ± 2.7 
j

 1580 83 ± 2.27 
l

 2173 

E+Ap 43.75± 1.4
efg

 1066 57.75 ± 1.1
hi

 1461 

E+ Se 47.25±1.25 
g

 1160 57.25  ± 1.25 
hi

 1468 

E+ Ap+Se 30.75  ±1.7
c

 720 40.75±1.75 
def

 1016 

E+R 80.25 ±2.7 
l

 2040 100.25 ± 2.7 
m

 2646 

E+Ap+R 55.25 ± 1.9
h

 1373 65.25  ± 1.9
 j

 1598 

E+ Se+R 61.2 ± 1.75
ij

 1533 71.25 ± 1.75
 k

 1852 

E+Ap+Se+R 38.5 ±2.5
de

 962 48 ± 1.6 
g

 1215 

LSD 11.75 

C: Control         R: Radiation           E: Ehrlich        Ap: Apigenin      Se: Selenium 

Each value represents Mean± SE of six observations. 

Values with dissimilar super script letters are considered significantly different at p <0.05. 

%: Percentage of change from the values of control mice. 
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Fig (3): Percent of change of TNF-α m-RNA expression in different animal groups 

The zero line represents the control values. 
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Fig (4): GAPDH m-RNA expression in different animal groups at the first 

experimental interval. Lane (1): GelPilot 50 bp Ladder, lane (2-9): are 

different mice groups from control to Ap+Se+R  as orderd in Table.  
 

 

              Fig(5): GAPDH m-RNA expression in different animal groups at the first 

experimental interval.Lane( 1): GelPilot 50 bp Ladder,lane (2-9):are groups from 

Ehrlich to E+Ap+Se+R as orderd in Table. 

 

 

 Fig(6): GAPDH m-RNA expression in different animal groups at the seconed 

experimental interval.Lane( 1): GelPilot 50 bp Ladder,lane (2-9):are groups 

from control to Ap+Se+R as orderd in Table.  .  
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                                Fig(7): GAPDH m-RNA expression in different animal groups at the seconed 

experimental interval.Lane ( 1): GelPilot 50 bp Ladder,lane (2-9):are groups from 

Ehrlich to E+Ap+Se+R as orderd in Table. 

 
 

 

 

Fig (8):TNF-α m-RNA expression in different animal groups at the first 

experimental interval. Lane ( 1): GelPilot 50 bp Ladder,lane (2-9):are groups 

from control to Ap+Se+R as orderd in Table..  
 

 

Figure (9): TNF-α m-RNA expression in different animal groups at the first 

experimental interval. Lane( 1): GelPilot 50 bp Ladder,lane (2-9):are groups from 

Ehrlich to E+Ap+Se+R as orderd in Table. 
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Fig (10): TNF-α m-RNA expression in different animal groups at the second 

experimental interval.Lane( 1): GelPilot 50 bp Ladder,lane (2-9):are groups 

from control to Ap+Se+R as orderd in Table.  .  

 

 

 

 

 

 

 

Figure (11): TNF-α m-RNA expression in different animal groups at the second 

experimental interval. Lane( 1): GelPilot 50 bp Ladder,lane (2-9):are groups 

from Ehrlich to E+Ap+Se+R as orderd in Table. 

 

 

 

 

 

 

 

 

 

 



 69 

2. Serum MMP-2 activity in different animal groups (U/mg protein) 

 

 The experimental data for MMP2 levels in different mice groups is 

presented in Table (3) and illustrated by Fig (12, 13, and 14). 

            The mean value of serum MMP2 concentration is ranged from 77.25±3.03
 

to 78.25±3.03
 
U/mg   protein. The injection of Ap, Se or Ap+ Se to mice revealed 

no significant changes in the concentration of serum MMP2. 

              A significant induction of MMP2 concentration (183 , 131 and 272%, 

respectively; P<0.05at the 1
st
  experimental interval) was observed in samples 

isolated from the serum  of R , E or E+R groups of mice with substantial increases 

at the  2
nd 

experimental interval ( 373 ,271 and 338 % respectively at P<0.05). 

            The pretreatment with Ap, Se or Ap+ Se of mice bearing tumor according 

to the present protocol induced remarkable modulation in MMP2 concentration as 

compared to MMP2 concentration in Ehrlich bearing mice however a minor effect 

was recorded on the 2
nd 

experimental interval 

             The concentration of MMP2 is significantly reduced in mice treated with 

Ap, Se or Ap+ Se before exposure to gamma irradiation. Furthermore, MMP2 

concentration  down regulated  in E+R mice group pretreated with Ap, Se or Ap + 

Se. the result obtained revealed that  Ap + Se combination showed more 

pronounced decrease in  serum MMP2  concentration  than Apigenin or selenium 

alone. 

 

 

 

 

 

 

 

 



 70 

Table ( 3):Serum MMP-2 activity  in different animal groups (U/mg protein) 

Animal 

groups 

Statistical Analysis 

Mean± SE 

(1
st
  experimental 

interval) 

% 

Change 

Mean± SE 

(2
nd 

experimental 

interval) 

% 

Change 

C 77.25±3.03
a

 

  

78.25±3.03
a

 

 
 

Ap 79.25±3.03
a

 

 

2 

 

75.25±3.037
a

 

 

-3 

 

Se 75.25±3
a

 

 

-2 

 

73.25±3.1
a

 

 

-6 

 

Ap+Se 79.25±3.04
a

 

 

2 

 

80.25±3.02
a 

 

2 

 

R 218.75±4.26
gh

 

 

183 

 

366±1.9
l

 

 

373 

 

Ap+R 158±1.90
e

 

 

105 

 

232±2.3
h

 

 

200 

 

Se+R 181.75±2.7
f

 

 

135 

 

260±3.1
ij

 

 

237 

 

Ap+Se+R 137.5±2.3
cd

 

 

77 

 

207.65±3.1
g

 

 

168 

 

E 178.6±2.7
f

 

 

131 

 

287.1±2.8
k

 

 

271 

 

E+Ap 124.75±2.3
bc

 

 

61 

 

175±2.3
f 

 

126 

 

E+ Se 145.5±2.1
de

 

 

88 

 

189.125±26.3
f

 

 

144 

 

E+ Ap+Se 110.25±2.1
b

 

 

42 

 

148.02±2.8
de

 

 

91 

 

E+R 287.5±2.78
k

 

 

272 

 

338±2.42
l

 

 

338 

 

E+Ap+R 232±2.3
h

 

 

201 

 

271.75±2.6
jk

 

 

251 

 

E+ Se+R 253±2.4
i

 

 

227 

 

285±2.02
k

 

 

270 

 

E+Ap+Se+R 185.865±2.9
f

 

 

140 

 

227.65±3.11
h

 

 

191 

 

LSD 
33 

C:Control         R:Radiation           E:Ehrlich        AP:Apigenin      Se:Selenium 

Each value represents Mean± SE of six observations. 

Values with dissimilar  super script letters are considerd significantly different  at p <0.05. 

%: Percentage of change from the values of control mice. 
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Fig (12): percent of change of MMP-2 activity in different animal groups. 

               The zero line represents the control values 
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Fig (13): Gelatin zymography for serum MMP-(2&9) in different animal groups at 

the first experimental interval.  Lane M:  Protein marker; Lane (1-16) are groups from 

control to E+Ap+Se+R as orderd in Table.  .  

           

            Fig (14): Gelatin zymography for serum MMP-(2&9) in different animal groups at    

the second experimental interval.  Lane M:  Protein marker; Lane (1-16) are groups 

from control to E+Ap+Se+R as orderd in Table.  .  
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3.  Serum MMP-9 activity  in different animal groups (U/mg protein) 

 

The experimental data for MMP9 levels  in different mice groups is 

presented inTable (4) and illustrated by Figure (13,14 and 15). 

             The mean value of serum MMP9 concentration is  ranged from 162.5±2.2 

to 163.5±2.2 U/mg   protein . The injection of Ap, Se or Ap+ Se to mice revealed 

no significant changes in the concentration of serum MMP9. 

              A significant induction of MMP9 concentration (201 ,92 and 127%, 

respectively; P<0.05at the 1
st
  experimental interval) was observed in samples 

isolated from the liver of R , E or E+R groups of mice with substantial increases at 

the 2
nd 

experimental interval ( 383 ,139and 280 % respectively at P<0.05). 

            The pretreatment with Ap, Se or Ap+ Se of mice bearing tumor according 

to the present protocol induced remarkable modulation in MMP9 concentration as 

compared to MMP9 concentration in Ehrlich bearing mice . however a minor 

effect was recorded on the 2
nd 

experimental interval. 

             The concentration of MMP9  is significantly reduced in mice treated with 

Ap, Se or Ap+ Se before exposure to gamma irradiation. Furthermore, MMP9 

concentration  down regulated  in E+R mice group pretreated with Ap, Se or Ap + 

Se. 

            The result obtained revealed that  Ap + Se combination showed obvious  

decrease in  serum MMP9 concentration  than Apigenin or selenium alone . 
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Table (4): Serum MMP-9 activity  in different animal groups (U/mg protein) 

Animal 

groups 

Statistical Analysis 

Mean± SE 

(1
st
  experimental 

interval) 

% 

Change 

Mean± SE 

(2
nd

experimental 

interval) 

% 

Change 

C 162.5±2.2
a

 

  

163.5±2.2
a

 

 
 

Ap 165.5±2.3
a

 

 

1.8 

 

160.5±2.1
a

 

 

-1.8 

 

Se 160.5±2.07
a

 

 

-1.2 

 

166.5±2.2
a

 

 

1.8 

 

Ap+Se 168.5±2.21
a

 

 

3 

 

170.5±2.2
a

 

 

4 

 

R 489±2.1
o

 

 

201 

 

712.5±3.2
q

 

 

338 

 

Ap+R 293±2.8
g

 

 

80 

 

437±2.99
m

 

 

169 

 

Se+R 336±2.8
i

 

 

106 

 

487±3.4
l

 

 

199 

 

Ap+Se+R 221±3.08
d

 

 

36 

 

389±5.5
k

 

 

139 

 

E 313±2.7
h

 

 

92 

 

389±2.19
k

 

 

139 

 

E+Ap 216±1.4
c

 

 

33 

 

318±2.8
o

 

 

95 

 

E+ Se 252±3.1
d

 

 

55 

 

328±2.7
i

 

 

101 

 

E+ Ap+Se 207±3.2
b

 

 

27 

 

278±2.6
f 

 

71 

 

E+R 369±2.05
j

 

 

127 

 

618±2.7
p

 

 

280 

 

E+Ap+R 267.6±3.1
e

 

 

64 

 

419±5.4
h

 

 

158 

 

E+ Se+R 317±2.8
h

 

 

95 

 

463.3±2.6
n

 

 

185 

 

E+Ap+Se+R 257±3.4
c

 

 

58 

 

397±3.13
k

 

 

144 

 

LSD 
44 

C:Control         R:Radiation           E:Ehrlich        AP:Apigenin      Se:Selenium 

Each value represents Mean± SE of six observations. 

Values with dissimilar  super script letters are considerd significantly different  at p <0.05. 

%: Percentage of change from the values of control mice. 
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Fig (15): percent of change of MMP-9 activity in different animal groups 

   The zero line represents the control values 
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4. m-RNA capacity  for TIMP-1 expression in  different animal group 

 

 

m-RNA is assessed by RT-PCR for endogenous TIMP-1 expression in 

RNA samples isolated from the spleen of different animal groups. The absolute 

mRNA quantity were determined, normalized to GAPDH; a housekeeping gene 

and reported as densitometrical  unit. 

The experimental data for TIMP-1 gene expression in different mice groups 

is presented in Table (5) and illustrated by Fig (16,17,18,19 and 20). 

          The quantity of m-RNA of TIMP-1gene expression in control group is 

ranged from 141.75 ±2.1 to 143.5 ±2.5. The injection of Ap, Se or Ap+ Se to mice 

revealed no significant changes in the TIMP-1 expression. 

A significant reduction of TIMP-1 expression (49-,63- ,77- %, respectively; 

P<0.05at the 1
st
  experimental interval) is observed in samples isolated from the 

spleen of R , E or E+R groups of mice with substantial decreases at the 2
nd 

experimental interval ( 63-,76-,55- % respectively at P<0.05). 

            The pretreatment with Ap, Se or Ap+ Se of mice bearing tumor according 

to the present protocol induced remarkable increase in TIMP-1 gene expression as 

compared to TIMP-1 gene expression in Ehrlich bearing mice. However a minor 

effect was recorded on the 2
nd 

experimental interval . 

               The m-RNA capacity for TIMP-1 gene expression was significantly 

increased in mice treated with Ap, Se or Ap+ Se before exposure to gamma 

irradiation. Furthermore, the TIMP-1 expression increased in E+R mice group 

pretreated with Ap, Se or Ap + Se. The administration of Ap + Se to E, R or E+R 

mice induced more pronounced  increases  in  TIMP-1 expression than apigenin or 

selenium alone. 
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   Table (5): m- RNA assessment for TIMP-1 expression in different mice groups 

Animal 

groups 

Statistical Analysis 

Mean± SE 

(1
st
  experimental 

interval) 

% 

Change 

Mean± SE 

(2
nd 

experimental 

interval) 

% 

Change 

C 143.5 ±2.5
k

 

 

- 

 

141.75 ±2.1
k

 

 

- 

 

Ap 142 ±1.7
k

 

 

-.1 

 

139.5±4.1
k

 

 

-.1 

 

Se 137.75 ±3.7
k

 

 

-4 

 

138.5 ±2.9
k 

 

-2 

 

Ap+Se 141.75 ±2.9
k

 

 

-1.2 

 

140.25 ±1.7 
k 

 

-0.9 

 

R 72.75±1.4
gh

 

 

-49 

 

52.75±`1.4
cde

 

 

-63 

 

Ap+R 91.5 ±1.7
i

 

 

-36 

 

75.25 ±2.4
h

 

 

-49 

 

Se+R 87.75 ±2.2
i

 

 

-38 

 

72 ±3.2 
gh 

 

-49 

 

Ap+Se+R 108 ±5.2
j

 

 

-24 

 

89.25 ±9.4
i

 

 

-36 

 

E 53.25±2.9
cde 

 

-63 

 

33.25±2.9
b

 

 

-76 

 

E+Ap 72.5 ±2.4
gh

 

 

-49 

 

64.25 ±1.8
fg

 

 

-54 

 

E+ Se 71.75 ±3.3
gh

 

 

-50 

 

60 ±1.7
ef

 

 

-57 

 

E+ Ap+Se 92.5 ±3.5
i

 

 

-35 

 

76.25 ±3.7
h

 

 

-46 

 

E+R 32 ±1.2
b

 

 

-77 

 

20.5±2.2
a

 

 

-55.1 

 

E+Ap+R 57.25 ±3.1
ef

 

 

-60 

 

47.25 ±3.1
cd

 

 

-66 

 

E+ Se+R 55.25 ±2.9
ef

 

 

-61 

 

44.5 ±2.5
c

 

 

-68 

 

E+Ap+Se+R 77.25 ±3.1
h

 

 

-46 

 

59.75 ±4.4
ef

 

 

-58 

 

LSD 

 

35.5 

 

C: Control         R: Radiation           E: Ehrlich        AP: Apigenin      Se: Selenium 

Each value represents Mean± S. E.  of  six observations. 

Values with dissimilar superscript letters are considered significantly different at   p <0.05. 

%: Percentage of change from the values of control mice. 
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    Fig (16): percent of change of TIMP-1 m-RNA expression in different animal groups . 

                    The zero line represents the control values 
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Fig (17): TIMP-1 m-RNA expression in different animal groups at the first 

experimental interval. Lane( 1): GelPilot 50 bp Ladder,lane (2-9):are groups from 

control to Ap+Se+R as orderd in Table. 

 

. 

 

 

 

 

 

 

Fig (18): TIMP-1 m-RNA expression in different animal groups at the first 

experimental interval.Lane( 1): GelPilot 50 bp Ladder,lane (2-9):are groups from 

Ehrlich to E+Ap+Se+R as orderd in Table. 

 

 . 
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 Fig (19): TIMP-1 m-RNA expression in different animal groups at the second 

experimental   interval. Lane( 1): GelPilot 50 bp Ladder,lane (2-9):are groups 

from control to Ap+Se+R as orderd in Table. 

 

 

 

 

 

 

 

            Fig (20): TIMP-1 m-RNA expression in different animal groups at the second 

experimental interval. Lane( 1): GelPilot 50 bp Ladder,lane (2-9):are groups from 

Ehrlich to E+Ap+Se+R as orderd in Table. 
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5. Liver nitric oxide  concentrations  in different animal groups 

(nmole/g tissue) 
 

The experimental data for liver NO activity in different mice groups is 

presented in Table (6) and illustrated by Fig (21). 

            The Mean value of liver NO concentration was ranged from  596 ± 7.2 to 

621 ± 50.07n mole/g tissue. The injection of Ap, Se or Ap+ Se to mice revealed no 

significant changes in the concentration of liver NO. 

           A significant induction of NO concentration (97, 65 and 103 %, 

respectively; P<0.05at the 1
st
  experimental interval) is observed in samples 

isolated from the liver of R , E or E+R groups of mice with substantial increases at 

the 2
nd 

experimental interval ( 109 ,95 and 133 % respectively at P<0.05). 

           The pretreatment with Ap, Se or Ap+ Se of mice bearing tumor according 

to the present protocol induced remarkable modulation in NO concentration as 

compared to NO concentration in Ehrlich bearing mice . however a minor effect 

was recorded on the 2
nd 

experimental interval. 

           The concentration of NO  was significantly reduced in mice treated with 

Ap, Se or Ap+ Se before exposure to gamma irradiation. Furthermore, NO 

concentration  down regulated  in E+R mice group pretreated with Ap, Se or Ap + 

Se. the result obtained revealed that  Ap + Se combination showed more obvious 

decrease in  liver NO concentration  than Apigenin or selenium alone . 
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Table (6): Liver nitric oxide  concentrations  in different animal groups 

Animal 

groups 

Statistical Analysis 

Mean± SE 

(1
st
 

experimental 

interval) 

% Change Mean± SE 

(2
nd 

experimental 

interval) 

% Change 

C  
596.± 7.2a 

 

 

621 ± 50.07a 

 

 

Ap 630± .72a 
 

5 
 

580± 24.01a 

 
-6 

 

Se 592 ±22.86a 
 

-0.6 
 

625 ± 32.27a 

 
0.6 

 

Ap+Se 620±24.83a 
 

4 
 

628.25 ± 17.88a 

 
1.1 

 

R 1175 ± 3.29h 
 

97 
 

1305 ± 66.14i 

 
109 

 

Ap+R 899 ±23.1cde 
 

50 
 

1057 ± 34.13g 

 
70 

 

Se+R 1030 ±20.0fg 
 

72 
 

1170 ± 58.65h 

 
88 

 

Ap+Se+R 831 ± 6.2bc 
  

39 
 

975 ± 32.27defg 

 
57 

 

E 983± .40efg 
 

65 
 

1212 ± 55.43h 

 
95 

 

E+Ap 863 ± .2bcde 
 

44 
 

960 ± 40.15defg 

 
54 

 

E+ Se 883 ±20.bcde 
 

48 
 

980.5 ± 12.78efg 

 
57 

 

E+ Ap+Se 767 ±8.463b 
 

28 
 

862 ± 20.51
bcde 

 
38 

 

E+R 1212.2±2.91h 
 

103 
 

1451 ± 20.45i 

 
133 

 

E+Ap+R 831± 1.77bc 
 

39 
 

897 ± 20.14cde 

 
44 

 

E+ Se+R 912 ± 27cdef 
 

53 
 

971.25 ± 15.93defg 

 
56 

 

E+Ap+Se+R 792±25.8bc 
 

32 
 

840 ± 9.43defg 

 
35 

 

LSD 171 

C:Control         R:Radiation           E:Ehrlich        AP:Apigenin      Se:Selenium 

Each value represents Mean± SE of six observations 

Values with dissimilar super script letters are considerd significantly different  at p <0.05. 

%: Percentage of change from the values of control mice. 
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Fig (21): percent of change of NO concentrations in liver tissue in different animal groups  

                       The zero line represents the control values 
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6. Tumor nitric oxide  concentrations  in different animal groups(nmole/g 

tissue) 

 

The experimental data for tumor NO concentration in different mice groups 

is  presented in Table (7) and illustrated by Fig (22). 

              NO concentration  was increased  in  2
nd 

experimental interval when 

compared with its corresponding activity in 1
st
  experimental interval. 

      Adminstration of  Apigenin, Selenium or Apigenin+Selenium induced  

significant increase  in tumor NO concentration  in  1
st
   and 2

ed 
experimental 

interval as compared to Ehrlich group. The increase was more pronounced in 2
nd

 

experimental interval. 

          Whole body gamma irradiation to mice bearing tumor induced high increase  

In tumor  NO concentration. This increase was more evident on  2
nd

 experimental 

interval. 

          Treatment with Apigenin, Selenium or Apigenin +Selenium before 

irradiation of mice bearing Ehrlich induced  significant increase in tumor  NO 

concentration   when compared to its corresponding value in  E +R mice .the result 

obtained revealed that  Ap + Se showed obvious increase in tumor NO 

concentration  than Apigenin or selenium alone . 
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Table ( 7): Tumor nitric oxide  concentrations  in different animal groups 

Animal groups 

Statistical Analysis 

Mean± SE 

(1
st
  experimental 

interval) 

% 

Change 

Mean± SE 

(2
nd 

experimental 

interval) 

% 

Change 

E 
265.5±3.9

a
 

 
- 

269.5 ±5.1
a

 

 
- 

E+ Ap 
295.6 ± 4.5

abcde
 

 

11 

 

310 ± 24.3
bde

 

 

16 

 

E+ Se 
268.7 ±4.2

ab
 

 

1 

 

282.5 ±3.2
abc

 

 

61 

 

E+ Ap+Se 
293.9 ±5.6

abcd
 

 

10 

 

324.1 ±12.5
cdef

 

 

22 

 

E+R 
326.8±5.6

def
 

 

23 

 

337.4 ±6.6
efg

 

 

27 

 

E+ Ap+R 
355.5±11.27

abcd
 

 

33 

 

372.8 ± 10.6
g

 

 

40 

 

E+ Se+R 
290.4 ± 25.3

abcd
 

 

9 

 

337.5 ±7.2
efg

 

 

27 

 

E+ Ap+Se+R 
356.2 ±21.7

fg
 

 

34 

 

392.7±3.1
h

 

 

48 

 

LSD 
44.7 

 

R:Radiation           E:Ehrlich        AP:Apigenin      Se:Selenium 

Each value represents Mean± SE of six observations. 

Values with dissimilar  super script letters are considerd significantly different at p <0.05. 

%: Percentage of change from the values of Ehrlich bearing mice. 
 

 

 



 86 

 

Fig (22):percent of change of NO concentrations in tumor  tissue in different animal groups. 

                 The zero line represents the Ehrlich values. 
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7.Tumor size  

 

 The volume of solid tumor in the right thigh of mice was measured 

four times starting after pulp appearance in control EAC mice.The data 

obtained has been presented in Table ( 8) and illustrated by Fig(23). 

Figure shows the effect of Apigenin, Selenium, Gamma irradiation and 

their combination on the growth of solid Ehrlich carcinoma during 22 day 

post tumor formation.  A consecutive treatment of the animals with  

Apigenin , selenium or their combination for 14 day  starting after the tumor 

volume reached 1 mm
3
 (14 day after tumor inoculation)  caused a marked 

suppression of tumor growth at days 6, 13, 26 and 22 from the day of tumor 

volume  reaching 1 mm
3 
.  

        Whole body Gamma irradiation of mice bearing a tumor and treated 

with apigenin and / or selenium for 14 days shows a marked reduction in 

tumor volume at 16 days, and a further significant suppression at 22 days, 

compared to that in the non treated mice bearing Ehrlich.  

      The (E +AP + Se +R) mice reveal the most reduced tumor volume as 

compared with other groups.  
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Table ( 8): Effect of Ap, Se, Ap+ Se and/or R on tumor volume 

Animal 

groups 

Tumor volume (mm3) 

6 days after 

tumor 

formation 

13 day after 

tumor 

formation  

16 day after tumor 

formation(1
st
 

experimental 

interval) 

36 day after tumor 

injection(2
nd

 

experimental 

interval) 

E 
916±52

a 

 

1592±45
d

 1900±45
e 

 

2066 ± 68
f 

 

E+R 
 

 901± 19
h 

 

1397±51
d 

 

Ap+ E 
470±62

b 

 

859±48
a

 1532±38
d 

 

1852±20
g 

 

Ap+E+R 
 

 812±14
b 

 

1208±41
a 

 

S+E 
365 ±  25

b 

 

657±42
a

 1285± 10
d 

 

1723±24
g 

 

Se+E+R 
 

 737±24b 

 

1112±51a 

 

Ap+Se+E 
260 ±0 .5

c 

 

546±34
b

 1125±47
a 

 

1501±31
d 

 

Ap+Se+E+R 
 

 663±11
i 

 

928±29
j 

 

 
C:Control         R:Radiation           E:Ehrlich        AP:Apigenin      Se:Selenium 

Each value represents Mean± SE of six observations 

Values with dissimilar  super script letters are considerd significantly different  

 at p <0.05 
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 Fig (23): Values of tumor volume in different animal groups . 
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8. Liver Thiobarbituric Acid Reactive Substances (TBARS) levels  in 

different animal groups ( nmol/g wet tissue ) 

 

The experimental data for liver TBARS levels  in different mice groups is 

presented in Table (9) and illustrated by Fig (24).             

 The mean value of liver TBARS concentration in control mice was ranged 

from 117.75±9.8 to 119.5±6.7 nmole/g wet tissue. The injection of Ap, Se or Ap+ 

Se to mice revealed no significant changes in the concentration of liver TBARS. 

 A significant induction of TBARS concentration (93 , 130 and 183 %, 

respectively; P<0.05at the 1
st
  experimental interval) was observed in samples 

isolated from the liver of R , E or E+R groups of mice with substantial increases at 

2
nd 

experimental interval ( 125 ,153 and 199 % respectively at P<0.05). 

            The pretreatment of mice bearing tumor with Ap, Se or Ap+ Se according 

to the present protocol induced remarkable modulation in TBARS concentration 

however a minor effect was recorded on the 2
nd 

experimental interval. The 

concentration of TBARS was significantly reduced in mice treated with Ap, Se or 

Ap+ Se before exposure to gamma irradiation. Furthermore, TBARS 

concentration was down regulated in E+R mice group pretreated with Ap, Se or 

Ap + Se. 

The result obtained revealed that Ap + Se exert more obvious decrease in 

liver TBARS concentration than Apigenin or selenium alone. 
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Table (9): liver Thiobarbituric Acid Reactive Substances (TBARS) levels ( n 

mol/g wet tissue ) 

        

Animal 

groups 

Statistical Analysis 

Mean± SE 

(1
st
  experimental 

interval) 

% 

Change 

Mean± SE 

(2
nd 

experimental 

interval) 

% 

Change 

C 117.75±9.8
a

 

 
- 

119.5±6.7
a

 

 
- 

Ap 115.7±9.8
a

 

 

-1.7 

 

118.75±2.174281
a

 

 

-0.8 

 

Se 118.7±9.8
a

 

 

0.8 

 

117.2±6.3
a

 

 

-1.6 

 

Ap+Se 119.7±9.8
a 

 

1.7 

 

120.3±5.3
a

 

 

0.8 

 

R 227.3±6.1
bcde

 

 

93 

 

269.0±14.1
ef

 

 

125 

 

Ap+R 166.1±3.4
a

 

 

41 

 

201.5±4.5
bc

 

 

68 

 

Se+R 194±12.1
b

 

 

64 

 

217.4±13.3
bcd

 

 

81 

 

Ap+Se+R 199.6±11.3
bc

 

 

69 

 

248.7±5.6
cde

 

 

108 

 

E 271.8±6.1
ef

 

 

130 

 

303±22.2
ifg

 

 

153 

 

E+Ap 219.8±21.7
bcd

 

 

86 

 

238±12.1
bcde

 

 

99 

 

E+ Se 236.4±1.72
bcde

 

 

100 

 

275.2±3.8
ef

 

 

130 

 

E+ Ap+Se 252.6±5.2
de

 

 

114 

 

313.7±30.2
fgh

 

 

162 

 

E+R 333.4±12.1
gh

 

 

183 

 

357±17.3
h

 

 

199 

 

E+Ap+R 227.2±35.8
bcde

 

 

92.9 

 

211.6±16.0
bcd

 

 

77 

 

E+ Se+R 272.1±16.4
ef

 

 

131 

 

326.5±17.5
gh

 

 

173 

 

E+Ap+Se+R 239.5±13.9
bcde

 

 

103 

 

251.9±18.1
de

 

 

110 

 

LSD 76 

C:Control         R:Radiation           E:Ehrlich        AP:Apigenin      Se:Selenium 

  Each value represents Mean± SE of six observations 

Values with dissimilar  super script letters are considerd significantly different  at p <0.05. 

%: Percentage of change from the values of control mice. 
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Fig (24): percent of change of TBARS concentrations in liver tissue in different animal groups  

The zero line represents the control values. 
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9. Tumor Thiobarbituric Acid Reactive Substances(TBARS) levels in 

different animal groups ( n mol/g wet tissue ) 

 

The experimental data for tumor TBARS levels  in different mice groups is  

presented in Table (10) and illustrated by Fig (25). 

         TBARS concentration was increased on 2
nd 

experimental interval when 

compared with its corresponding activity in 1
st
 experimental interval. 

        Adminstration of  Apigenin, Selenium or Apigenin+Selenium induced  

significant increase  in tumor TBARS concentration  in  1
st
   and 2

nd 
experimental 

interval as compared to Ehrlich group. The increase was more pronounced in 2
nd

 

experimental interval. 

          Whole body gamma irradiation to mice bearing tumor produce more 

noticeable increase of TBARS concentration in tumor tissue. This increase was 

more evident on 2
nd experimental interval. 

          Treatment with Apigenin, Selenium or  Apigenin +Selenium before 

irradiation of mice bearing Ehrlich induced  significant increase in tumor  TBARS 

concentration   when compared to its corresponding value in  E +R mice.  

The Ap + Se mice have a most tumor TBARS level increment   compared 

to Apigenin or selenium alone. 
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Table (10): Tumor Thiobarbituric Acid Reactive Substances (TBARS) levels( 

n mol/g wet tissue ) 

 

Animal groups 

Statistical Analysis 

Mean± SE 

(1
st
  experimental 

interval) 

% 

Change 

Mean± SE 

(2
nd 

experimental 

interval) 

% 

Change 

E 
71.7±5.4

a
 

 
- 

82.4±3.006
ab

 

 
- 

E+ Ap 
120.8±7.5

cd
 

 

68 

 

141.7±2.7
df

 

 

71 

 

E+ Se 
88.9±4.06

ab
 

 

23 

 

122.9±2.6
cd

 

 

49 

 

E+ Ap+Se 
107±14.1

bc
 

 

49 

 

155.3±7.9
efg

 

 

88 

 

E+R 
129.4±5.8

cde
 

 

80 

 

166.1±12.8
fg

 

 

101 

 

E+ Ap+R 
174.9±16.3

g
 

 

143 

 

248.7±10.1
i
 

 

201 

 

E+ Se+R 
144.1±4.8

def
 

 

100 

 

213.1±9.3
h
 

 

158 

 

E+ Ap+Se+R 
249.9±4.1

i
 

 

248 

 

264.4±8.3
i 

 

220 

 

LSD 35.22 

R:Radiation           E:Ehrlich        AP:Apigenin      Se:Selenium 
Each value represents Mean± SE of six observations 
Values with different  super script letters are considerd significantly different  at p <0.05 

%: Percentage of change from the values of Ehrlich bearing mice. 
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Fig (25): percent of change of TBARS concentrations in tumor  tissue in different animal groups  

The zero line represents the Ehrlich values. 
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10. liver Glutathione Peroxidase activity  in different animal groups 

(µmol/min/g wet tissue) 

 
         The experimental data for liver GPX activity in different mice groups 

is  presented in Table (11) and illustrated by Fig(26). 

             The Mean value of liver GPX activity was ranged from 1.5±0.07to 1.56 ± 

.01 µ mol/min/g wet tissue .The injection of Ap, Se or Ap+ Se to mice revealed no 

significant changes in the concentration of liver GPX. 

                A significant reduction of GPX activity (-27 , -13 and -49%, 

respectively; P<0.05at the 1
st
  experimental interval) was observed in samples 

isolated from the liver of R , E or E+R groups of mice with substantial reduction at 

2
nd

 experimental interval ( -33 ,-17 and -55% respectively at P<0.05). 

                 The pretreatment with Ap, Se or Ap+ Se of mice bearing tumor 

according to the present protocol induced remarkable increase in GPX activity 

compared to GPX activity in Ehrlich bearing mice . however a minor effect was 

recorded on the 2
nd 

experimental interval. 

                  The GPX activity was significantly increased in mice treated with Ap, 

Se or Ap+ Se before exposure to gamma irradiation. Furthermore, GPX activity 

was up regulated  in E+R mice group pretreated with Ap, Se or Ap + Se. the result 

obtained revealed that  Ap + Se combination showed higher increase in  liver GPX 

activity than Apigenin or selenium alone . 
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Table (11): liver Glutathione Peroxidase activity in different animal groups 

(µmol/min/g wet tissue) 

Animal groups 

Statistical Analysis 

Mean± SE 

(1
st
  experimental interval) 

% Change 
Mean± SE 

(2
nd 

experimental interval) 
% Change 

C 1.5 6± .01
m

 

 
- 

1.5±0.07
m

 

  

Ap 1.5±0.01
m

 

 

-2 

 

1.5±0.01
m

 

 

1 

 

Se 1.5±0.03
m

 

 

1.28 

 

1.54±0.014
m

 

 

2 

 

Ap+Se 1.6±0.05
m

 

 

5 

 

1.65±0.045
m

 

 

10 

 

R 1.1±0.003
f

 

 

-27 

 

1±0.01
d

 

 

-33 

 

Ap+R 1.3±0.02
ij

 

 

-16 

 

1.2±0.02
g

 

 

-20 

 

Se+R 1.4±0.004
k

 

 

-8 

 

1.3±0.02
ij

 

 

-13 

 

Ap+Se+R 1.45±0.01
kl

 

 

-7 

 

1.22±0.02
gh

 

 

-18 

 

E 1.3 ±0.01
j

 

 

-13 

 

1.2±0.01
ghi

 

 

-17 

 

E+Ap 1.4±0.01
k

 

 

-7 

 

1.2±0.004
hi

 

 

-15 

 

E+ Se 1.5±0.008
m

 

 

0.3 

 

1.3±0.006
j

 

 

-9 

 

E+ Ap+Se 1.51±0.006
lm

 

 

-3 

 

1.4±0.011
k

 

 

-3 

 

E+R 0.7±0.01
b

 

 

-49 

 

0.67±0.01
a

 

 

-55 

 

E+Ap+R 1.01±0.03
de

 

 

-35 

 

0.9±0.01
c

 

 

-37 

 

E+ Se+R 1.2±0.04
9hi

 

 

-19 

 

1.07±0.049
ef

 

 

-28 

 

E+Ap+Se+R 1.1±0.008
f

 

 

-29 

 

0.79±0.06
b

 

 

-47 

 

LSD 
0.11 

C: Control         R: Radiation           E:Ehrlich        AP:Apigenin      Se:Selenium 

Each value represents Mean± SE of six observations.  

Values with dissimilar super script letters are considerd significantly different at p <0.05. 

%: Percentage of change from the values of control mice. 
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      Fig (26): percent of change of GPX activity in liver tissue in different animal groups  

          The zero line represents the control values. 
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11. Tumor Glutathione Peroxidase activity  in different animal 

groups(µmol/min/g wet tissue) 

 

The experimental data for tumor GPX activity in different mice groups is  

presented in table (12) and illustrated by figure (27). 

            GPX activity was increased  in  2
nd 

experimental interval when compared 

with its corresponding activity in 1
st
  experimental interval. 

           Adminstration of  Apigenin, Selenium or Apigenin+Selenium 

induced significant decrease in tumor GSH-PX activity in1
st
  and 2

nd 
experimental 

interval as compared to Ehrlich group. The decrease was more pronounced in 2
nd

 

experimental interval.. 

          Whole body gamma irradiation to mice bearing tumor induced a decline in 

Tumor  GPX activity . This decline was more evident on 2
ed

 experimental interval. 

         Treatment with Apigenin, Selenium or  Apigenin +Selenium before 

irradiation of mice bearing Ehrlich induced  significant decrease in tumor GPX 

activity when compared to its corresponding value in  E +R mice . 

        The result obtained revealed that  Ap + Se showed more pronounced decrease 

in tumor GPX activity than Apigenin or selenium alone . 
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Table (12): Tumor Glutathione Peroxidase activity  in different animal 

groups(Mmol/min/g wet tissue). 

Animal groups 

Statistical Analysis 

Mean± SE 

(1
st
  experimental 

interval) 

% 

Change 

Mean± SE 

(2
nd 

experimental 

interval) 

% 

Change 

E 
0.805±0.06

g
 

 
- 

1.2±0.09
h

 

 
- 

E+ Ap 
0.39±0.049

c
 

 

-50 

 

0.66±0.05
ef

 

 

-45 

 

E+ Se 
0.75±0.016

fg
 

 

-5 

 

0.8±0.01
g

 

 

-31 

 

E+ Ap+Se 
0.41±0.0474

c
 

 

-49 

 

0.53±0.01
d

 

 

-56 

 

E+R 
0.57±0.03

de
 

 

-28 

 

0.38±0.02
c

 

 

-68 

 

E+ Ap+R 
0.25±0.015

ab
 

 

-68 

 

0.18±0.006
a

 

 

-84 

 

E+ Se+R 
0.40±0.02

c
 

 

-50 

 

0.33±0.02
bc

 

 

-72 

 

E+ Ap+Se+R 
0.21±0.01

a
 

 

-74 

 

0.15±0.015
a

 

 

-87 

 

LSD 0.1375 

 R: Radiation           E: Ehrlich        AP: Apigenin      Se: Selenium 
Each value represents Mean± SE of six observations.  
Values with dissimilar super script letters are considerd significantly different   at p <0.05. 

%: Percentage of change from the values of Ehrlich bearing mice. 
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.  
Fig (27): percent of change of GPX activity in tumor  tissue in different animal groups . 

The zero line represents the Ehrlich values. 
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12. liver Super oxide Dismutase (SOD) activity  in different animal 

groups(U/g tissue)  

 

   The experimental data for liver SOD activity in different mice groups is 

presented in table (13) and illustrated by figure (28). 

             The Mean value of liver SOD activity was ranged from  8.4±0.14 to 

8.5±0.19 U/g tissue. The injection of Ap, Se or Ap+ Se to mice revealed no 

significant changes in the concentration of liver SOD. 

                A significant reduction of SOD activity (-56,-45 and -55%, respectively; 

P<0.05at the 1
st
  experimental interval) was observed in samples isolated from the 

liver of R , E or E+R groups of mice with substantial reduction at 2
nd 

experimental 

interval ( -67 ,-50 and -59% respectively at P<0.05). 

                 The pretreatment with Ap, Se or Ap+ Se of mice bearing tumor 

according to the present protocol induced remarkable increase in SOD activity as 

compared to SOD activity in Ehrlich bearing mice.  however a minor effect was 

recorded on the 2
nd 

experimental interval. 

                  The SOD activity was significantly increased in mice treated with Ap, 

Se or Ap+ Se before exposure to gamma irradiation. Furthermore, SOD activity up 

regulated  in E+R mice group pretreated with Ap, Se or Ap + Se.the result 

obtained revealed that  Ap + Se combination showed higher increase in  liver SOD 

activity  than Apigenin or selenium alone . 
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Table (13): liver Super oxide Dismutase (SOD) activity  in different animal 

groups (U/g tissue)  

Animal groups 

Statistical Analysis 

Mean± SE 

(1
st
  experimental interval) 

% Change 
Mean± SE 

(2
nd 

experimental interval) 
% Change 

C 8.5±0.19k 
 

- 
8.4±0.14k 

 
- 

Ap 8.4±0.14k 

 
-.3 

 

8.7±0..149k 

 
3 

 

Se 8.4±0.2k 

 
-0.8 

 

7.2±0.48k 

 
-14 

 

Ap+Se 8.07±0.14k 

 
-5 

 

7.3±0.09k 

 
-12 

 

R 3.6±0.09b 

 
-56 

 

2.7±0.15a 

 
-67 

 

Ap+R 6.05±0.35fg 

 
-29 

 

3.7±0.18b 

 
-55 

 

Se+R 5.4±0.31ef 

 
-35 

 

3.5±0.17b 

 
-57 

 

Ap+Se+R 6.9±0.18gh 

 
-18. 

 

4.2±0.12j 

 
-50 

 

E 4.6±0.05cd 

 
-45 

 

4.1±0.17cd 

 
-50 

 

E+Ap 7.1±0.35ij 

 
-16 

 

5.3±0.05def 

 
-36 

 

E+ Se 7.1±0.1hij 

 
-16 

 

5.1±0.19de 

 
-39 

 

E+ Ap+Se 7.6±0.14ij 

 
-10 

 

5.7±0.52efg 

 
-31 

 

E+R 3.8±0.12b 

 
-55 

 

3.4±0.36ab 

 
-59 

 

E+Ap+R 6.8±0.2hij 

 
-19 

 

5.9±0.16efg 

 
-29 

 

E+ Se+R 6.4±0.05ghi 

 
-24 

 

5.1±0.4de 

 
-38 

 

E+Ap+Se+R 7.5±0.23j 

 
-11 

 

6.5±0.28ghi 

 
-22 

 

LSD 
1.1350 

 

C:Control         R:Radiation           E:Ehrlich        AP:Apigenin      Se:Selenium 

Each value represents Mean± SE of six observations. 

Values with dissimilar  super script letters are considerd significantly different at p <0.05. 

%: Percentage of change from the values of control mice. 

 

 

 



 104 

 

 

 

 

 
Fig (28): percent of change of SOD activity in liver  tissue in different animal groups . 

The zero line represents the control values. 
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13. Tumor Super oxide Dismutase  activity  in different animal groups (U/g 

tissue)  

  

 The experimental data for tumor SOD activity in different mice groups is  

presented in Table (14) and illustrated by Fig (29). 

          SOD activity was increased in 2
nd 

experimental interval when compared 

with its corresponding activity in 1
st
 experimental interval. 

            Adminstration of  Apigenin, Selenium or Apigenin+Selenium 

induced  significant decrease in tumor SOD activity in  1
st
   and 2

nd 
experimental 

interval as compared to Ehrlich group. The decrease was more pronounced in 2
nd

 

experimental interval. 

            Whole body gamma irradiation to mice bearing tumor  induced a decline in 

Tumor SOD activity . This decline was more evident in  2
nd experimental interval. 

           

          Treatment with Apigenin, Selenium or  Apigenin +Selenium before 

irradiation of mice bearing Ehrlich induced  significant decrease in tumor  SOD 

activity when compared to its corresponding value in  E +R mice . 

the result obtained revealed that  Ap + Se showed more pronounced  decrease in 

tumor SOD activity  than Apigenin or selenium alone . 

 

 

 

 

 

 

 



 106 

Table (14):Tumor Super oxide Dismutase  activity  in different animal groups 

(U/g tissue)   

Animal groups 

Statistical Analysis 

Mean± SE 

(1
st
  experimental 

interval) 

% 

Change 

Mean± SE 

(2
nd 

experimental 

interval) 

% 

Change 

E 
5.8±0.1gh 

 
- 

6.1±0.5h 
 

- 

E+ Ap 
5.2±0.3fg 

 
-9 

 
5.9±0.1gh 

 
-2 

 

E+ Se 
5.9±0.1gh 

 
2 

 
6.4±0.3h 

 
4.5 

 

E+ Ap+Se 
4.8±0.14ef 

 
-17 

 
3.9±0.04cd 

 
-34 

 

E+R 
4.9±0.1ef 

 
-15 

 
3.7±0.1bc 

 
-39 

 

E+ Ap+R 
4.2±0.1cde 

 
-27 

 
3.1±0.1b 

 
-48 

 

E+ Se+R 
4.4±0.1de 

 
-23 

 
3.2±0.1b 

 
-47 

 

E+ Ap+Se+R 
3.8±0.2bcd 

 
-34 

 
1.74±0.13a 

 
-71 

 

LSD 
0.93 

 

  R:Radiation           E:Ehrlich        AP:Apigenin      Se:Selenium 
Each value represents Mean± SE of six observations. 
Values with dissimilar  super script letters are considerd significantly different  at p <0.05. 

%: Percentage of change from the values of Ehrlich bearing mice. 
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  Fig (29): percent of change of SODactivity in tumor tissue in different 

               animal groups .    

          The zero line represents the control values. 
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14. liver catalase activity  in different animal groups (μmoles consumed H2O2 

/min/g tissue) 
 

         The experimental data for liver  CAT  activity in different mice groups 

is  presented in Table (15) and illustrated by Fig (30). 

                   The Mean value of liver CAT activity  was ranged from 243±1.8 to 

251.8±0.9   μmoles consumed  H2O2 /min /g tissue. The injection of Ap, Se or 

Ap+ Se to mice revealed no significant changes in the concentration of liver CAT. 

                   A significant reduction of CAT activity (-27 , -19 and -42%, 

respectively; P<0.05at the 1
st
  experimental interval) was observed in samples 

isolated from the liver of R , E or E+R groups of mice with substantial reduction at 

the 2
nd 

experimental interval ( -36 ,-30 and -53% respectively at P<0.05).  

                 The pretreatment with Ap, Se or Ap+ Se of mice bearing tumor 

according to the present protocol induced remarkable increase in CAT activity as 

compared to CAT activity in Ehrlich bearing mice . however a minor effect was 

recorded on the 2
nd 

experimental interval. 

                  The CAT activity was significantly increased in mice treated with Ap, 

Se or Ap+ Se before exposure to gamma irradiation. Furthermore, CAT activity 

was  up regulated  in E+R mice group pretreated with Ap, Se or Ap + Se. the 

result obtained revealed that  Ap + Se combination showed higher increase in  

liver CAT activity than Apigenin or selenium alone . 
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Table(15): liver catalase activity in different animal groups (μmoles 

consumed H2O2 /min/g tissue)  

Animal 

groups 

Statistical Analysis 

Mean± SE 

(1
st
  experimental 

interval) 

% 

Change 

Mean± SE 

(2
nd 

experimental 

interval) 

% 

Change 

C 251±0.9o 
 

 
243±1.8o 

 
 

Ap 254±4.9o 
 

0.9 
 

249±3.9o 
 

2 
 

Se 245±1.5o 
 

-3 
 

244±1.8o 
 

0.3 
 

Ap+Se 251±3.5o 
 

-0.2 
 

248±4.09o 
 

2 
 

R 181±5.9fgh 
 

-27 
 

154±9.4cd 
 

-36 
 

Ap+R 209±3.6jkl 
 

-17 
 

184±2.1ghi 
 

-24 
 

Se+R 204±3.3jkl 
 

-19 
 

175±4.06efg 
 

-28 
 

Ap+Se+R 214±4.02klm 
 

-15 
 

199±2.2ijk 
 

-18 
 

E 204±4.6jkl 
 

-19 
 

169±4.08ef 
 

-30 
 

E+Ap 235±2.1n 
 

-6 
 

194±2.8hij 
 

-20 
 

E+ Se 225±2.7mn 
 

-10 
 

185±3.2ghi 
 

-24 
 

E+ Ap+Se 237±2.9no 
 

-6 
 

203±6.04jk 
 

-16 
 

E+R 145±1.9bc 
 

-42 
 

112±9.2a 
 

-53 
 

E+Ap+R 208±12.1jkl 
 

-17 
 

150±5.8c 
 

-38 
 

E+ Se+R 165±4.1de 
 

-34 
 

132±8.1b 
 

-46 
 

E+Ap+Se+R 218±8.7lm 
 

-13 
 

166±2.4de 
 

-31 
 

LSD 
14.6 

C:Control         R:Radiation           E:Ehrlich        AP:Apigenin      Se:Selenium 

Each value represents Mean± SE of six observations 

Values with dissimilar  super script letters are considerd significantly different  at p <0.05 

%: Percentage of change from the values of control mice. 
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Fig (30): percent of change of CAT activity in liver tissue in different animal groups 

        The zero line represents the control values. 
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15. Tumor Catalase  activity  in different animal groups (μmoles consumed H2O2 /min/g 

tissue) 

 

  The experimental data for tumor CAT activity in different mice groups is  

presented in Table (16) and illustrated by Fig (31). 

            CAT activity was increased in 2
ed 

experimental interval when compared 

with its corresponding activity in 1
st
 experimental interval. 

              Adminstration of  Apigenin, Selenium or Apigenin+Selenium induced  

significant decrease in tumor CAT activity in  1
st
   and 2

nd 
experimental interval as 

compared to Ehrlich group. The decrease was more pronounced in 2
nd

 

experimental interval. 

          Whole body gamma irradiation to mice bearing tumor  induced a decline in 

Tumor CAT activity. This decline was more evident on  2
nd experimental interval. 

          Treatment with Apigenin, Selenium or  Apigenin +Selenium   

before irradiation of mice bearing Ehrlich induced  significant decrease in tumor  

 CAT activity when compared to its corresponding value in  E +R mice . 

the result obtained revealed that  Ap + Se showed pronounced decrease in tumor 

CAT activity than Apigenin or selenium alone . 
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Table(16): Tumor Catalase  activity  in different animal groups (μmoles 

consumed  H2O2 /min/g tissue) 

Animal groups 

Statistical Analysis 

Mean± SE 

(1
st
  experimental 

interval) 

% 

Change 

Mean± SE 

(2
nd 

experimental 

interval) 

% 

Change 

E 
131.1±11.5f 

 
- 

138.2±10.3f 
 

- 

E+ Ap 
98.3±4.7c 

 
-25 

 
119.3±6.6def 

 
-13 

 

E+ Se 
110±3.6cde 

 
-15 

 
128.7±4.8ef 

 
-6 

 

E+ Ap+Se 
90.2±1.7c 

 
-31 

 
107.5±7.3cd 

 
-22 

 

E+R 
66.3±4.5b 

 
-49 

 
45.8±5.9ab 

 
-66 

 

E+ Ap+R 
51.6±3.5ab 

 
-60 

 
35±8.02a 

 
-74 

 

E+ Se+R 
56.8±2.1b 

 
-56 

 
46.2±4.8b 

 
-66 

 

E+ Ap+Se+R 
46.5±3.1ab 

 
-64. 

 
33.1±5.1a 

 
-76 

 

LSD 20.7 
 R: Radiation           E: Ehrlich        AP: Apigenin      Se: Selenium 

Each value represents Mean± SE of six observations  

Values with dissimilar super script letters are considerd significantly different  at p <0.05 

%: Percentage of change from the values of Ehrlich bearing mice. 
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Fig (31): percent of change of CAT activity in tumor tissue in different animal groups 

The zero line represents the control values. 
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DNA fragmentation. 16 

 

 

              DNA fragmentation was determined by gel electrophoresis for cells 

incubated with spleenocytes isolated from different tested groups for 24hrs. 

             Fig (32&33) shows that, γ irradiation induced significant DNA 

fragmentation. While control sample and AP, Se and AP +Se samples show 

physiological apoptotic   DNA fragmentation. 

            Pretreatment with AP, Se and AP +Se before radiation showed lesser  

DNA fragments compared to irradiated group. 

           The electrophoresis pattern of DNA isolated from mice bearing EAC cells   

(+ ve control) displayed absence of fragmentation. 

            The administration of Apigenin, Selenium & Apigenin +Selenium to  mice 

bearing Ehrlih groups markedly cause  DNA fragmentation .  

        Administration of Apigenin, Selenium & Apigenin +Selenium to   irradiated 

mice bearing Ehrlih groups displayed higher DNA fragments release. The 

fragmentation was more obvious on the second experimental interval . 
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           Fig (32): ):  DNA fragmentation electrophoretic pattern 

           M  is the marker lane 50 bp Ladder,lane (1-8):are groups from control  to Ap+Se+R 

          (9-16):are groups from Ehrlich to  E+Ap+Se+R at the first experimental interval as                 

orderd in Table. 

 
              Fig (33):  DNA fragmentation electrophoretic pattern 

             M  is the marker lane 50 bp Ladder,lane (1-8):are groups from control  to Ap+Se+R (9-      

16):are groups from Ehrlich to  E+Ap+Se+R at the second experimental interval as     

orderd in Table 
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17. Correlation coefficient computed on the 1st  & 2nd experimental intervals 

Table (17): Statistical significant correlation coefficient (r) between variables on 1st experimental interval 

*: Significance at probability level P≤0.05, **: Significance at probability level P≤0.01, ER: irradiated ehrlich group, AP: Apigenin , Se: Selenium 

 

Var Group 
TV 

SOD 
CAT TIMP-1 NO MMP2 MMP9 TNF-α TIMP-1 

T.V ER       0.98*   

APSeER  0.99-**        

SOD SeER     -0.96*     

APSeER 0.99-**         

CAT SeER        0.95-*  

TBARS APSeER       0.96*   

NO SeER  -0.96*        

MMP2 APER         0.98-* 

SeER         0.97-* 

MMP9 ER 0.98*         

APER         0.99**- 

SeER         0.98-* 

APSER    0.96*     0.97-* 

TNF-α SER   -0.95*       

APSeER      0.97*    

TIMP-1 APER      0.98-* 0.99**   

SeER      0.97-* 0.98*   

APSeER       0.97*   



 
 

Table (18): Statistical significant correlation coefficient (r) between variables on the the 2
ed

 experimental interval 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 1

1
7

 

Var Group T.V SOD CAT GPX TBARS NO MMP2 MMP9 TNF-α TIMP-1 

T.V ER       0.95* 0.97*   

APER       0.96* 0.95*  0.97*- 

SeER          0.95*- 

APSeER         0.98*  

SOD APER       0.98*- 0.99**-  0.99** 

SeER 0.97*   -0.97*    0.98*-  0.97* 

CAT ER     -.96*  0.98*- 0.96*-   

SeER -.96*          

TBARS ER   0.96*-    0.95*    

APSeER       0.97* 0.97*  0.98*- 

NO    ER         0.96*  

SeER         0.99**  

MMP2 ER 0.95*  0.98-*        

APER 0.96* 0.98-*        0.99**- 

APSeER     0.97*     0.99**- 

MMP9 ER 0.97*  0.98*-        

APER 0.95* 0.99-**        0.99**- 

SeER  0.98-*  0.99**-      0.95*- 

APSeER          0.99**- 

TNF-α ER      0.96*    0.96*- 

SeER      0.99**     

APSeER 0.98*          

TIMP-1 ER           

APER 0.97-* 

 

0.99**     0.99**- 0.99**-   

SeER 0.95-* 0.97*      0.95*-   

APSeER     0.98*  0.99**-    

*: Significance at probability level P≤0.05, **: Significance at probability level P≤0.01,  ER: irradiated ehrlich group, AP: Apigenin , Se: 

Selenium 
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Discussion 

          The metastatic spread of tumor cells is responsible for the majority of 

cancer deaths, and with few exceptions, all cancers can metastasize. Clinical 

findings have long suggested that by providing a pathway for tumor cell 

dissemination so tumor associated neovascularization (angiogenesis) is a key 

component of metastatic spread. Targeting tumor vasculature has a strong 

biological rationale in radiation therapy, and preclinical studies consistently 

show an increase in radiosensitization with combined treatment (Senan and 

Smit, 2007).  Angiogenesis, the growth of new blood vessels from an existing 

vasculature, is a critical process in the formation of solid tumor growth beyond 

1–2 mm in diameter. The Angiogenic process is a balance between stimulatory 

and inhibitory switch allowing the tumor to induce the formation of 

microvessels from the surrounding host vasculature (Mehmet et al., 2012).  

          The experimental data reveals that the significant increases (P<0.05) in 

spleen TNF-α expression, serum MMPs (2and 9) activities and liver NO 

concentration (the angiogenic activators acting as stimulatory switch for the 

new vascular formation) was associated with decreases in TIMP-1 

concentration ( an inhibitory switch) in spleen  of  irradiated mice, mice 

bearing tumors and irradiated  mice bearing tumors when compared with their 

values in normal control mice. The imbalance between angiogenic activators 

and inhibitors was observed on the 1
st
 experimental interval with substantial 

alteration on the 2
ed

 interval (Tables2,3,4,5,6 and Fig 3,12, 15, 16,21). The 

Data obtained showed a positive correlation between spleen TNFα and liver 

NO (r=0.96, P≤0.05). Whereas, a negative correlation was observed between 

TNFα and TIMP-1 (r=0.96 , P≤0.05) in irradiated Ehrlich bearing mice  in the 

2
ed

 experimental interval  (Table 18). 
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            The increase in TNF-α gene expression could be interpreted in the view 

of its role in neovascularization process. TNF-α is a pleiotropic, 

proinflammatory cytokine produced by activated monocytes and macrophages 

(Kim et al., 2009).  Altered levels of proinflammatory and proangiogenic 

factors are observed in various forms of cancer, TNF α expression was related 

to differentiation, invasiveness, and angiogenesis of various tumors (Feng et 

al., 2011). Interaction of cancer cells with endothelial cells is a pivotal step in 

both tumor angiogenesis and metastatic dissemination. Recently, Mortensen et 

al. (2004) have observed spontaneous fusion between cancer cells and 

endothelial cells in vitro and in vivo, which provide a novel type of tumor–

endothelial cell interaction and may strongly modulate the biological behavior 

of tumors (Mortensen et al., 2004). TNF-α is a major inflammatory mediator 

that induces multiple changes in Endothelial cell (EC) gene expression 

including induction of adhesion molecules, integrins, and matrix 

metalloproteinases (MMPs) (Song et al., 2012). It acts as autocrine growth 

factors for tumor angiogenesis. These cytokines could be prometastatic or 

proangiogenic and their deregulated expression directly correlates with the 

metastatic potential of several human carcinomas (Yhee et al., 2012). The 

increased expression level of TNF- α after gamma irradiation could be due to 

the activation of signal transduction that control cellular stress responses which 

initiate inflammatory reaction by the increased expression of the 

proinflammatory factor TNF- α. Ito et al., (2001) reported that, the TNF-α 

production of each murine microglial cell irradiated with 10 and 20 Gy  gamma 

rays were 30 and 100 times higher than the basal level, respectively (Ito et al., 

2001). The cell line expressed the inflammatory factors TNF-α, COX-2, IL-6, 

and IL-18 that largely regulated by the induction and/or activation of 

transcription factors such as NF-kB, which play a crucial role in radiation-

mediated inflammatory responses (Azab et al., 2011). 
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              The significant increase in MMP2 and MMP9 activities in EAC 

bearing mice could be attributed to TNF- α over expression.  TNF-α stimulates 

MMP-2 and MMP-9 activities in human corneal epithelial cells via the 

activation of focal adhesion kinase (FAK)/ extracellular regulated protein 

kinase (ERK) signaling (Yang et al., 2012). The matrix metalloproteinases 

(MMPs) are a family of enzymes involved in many physiological processes 

involving matrix remodeling, and appear to be essential in angiogenesis, tumor 

cell invasion and metastasis. MMPs are considered to be primarily responsible 

for extracellular matrix (ECM) degradation. These enzymes are zinc-dependent 

and secreted in inactive proenzymatic forms that require activation. MMP-2 

and 9 (gelatinases A and B) were found to be over-expressed in many invasive 

tumor cells. Several experiments have confirmed the key role of these enzymes 

in angiogenesis (kumar and Kuttan, 2011).      

             The increase in MMP-2 and MMP-9 was associated with significant 

decrease inTIMP-1 expression.  MMP activation generally inhibited by natural 

inhibitors, tissue inhibitors of metalloproteinases  (TIMPs). TIMP-1 decreases 

migration of endothelial cells and also inhibits capillary tubule formation in 

vitro and angiogenesis in vivo (Nahid et al., 2010). The exposure to IR can 

increase the motility and invasiveness of cancer cells (Vala et al., 2010). It 

could be postulated that, migration, invasiveness, and angiogenic ability of 

cancer cells were enhanced after radiation exposure through an increase in 

MMP2 and MMP9 activities and decrease in expression of TIMP1 (Table 3,4,5 

and Fig 12,15,16). So, the results obtained assume the influence of IR exposure 

in early carcinogenesis promotion where the activated MMPs may be involved 

in tumor growth, neovascularisation and dissemination, suggesting an increased 

risk of metastasis of the survivor cells. These findings are consistent with 

clinical observations of  breast cancer metastases raised in bone, lung and brain 

tissues after radiotherapy (Cordón et al., 2012). Increased levels of MMP-2 

and MMP-9 have been described in irradiated cancer and stromal cells, and this 

relationship has been confirmed in various cancers, e.g., in the vocal folds 

(Saltman et al., 2010). Also, glioma cells have shown over expression of 
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MMP-2 and decreased TIMP-2 after clinical IR doses, MMP-9 was also 

increased in meningiomas after irradiation (Martinou et al., 2011). An 

imbalance between MMP-2 and TIMP-2 levels and higher mRNA expression 

of   MMP-2, MMP-9, and lower TIMP-1 expression was observed in irradiated 

rat brains than in controls (Lee et al., 2012).  

            Further, the significant increase (P‹0.05) in liver NO concentration of  

irradiated mice, EAC bearing mice and irradiated EAC bearing mice during the 

two  time points of the experiment as well as the increased in  tumor NO 

concentration in 2
ed 

experimental interval might be due to TNF-α over 

expression. It has been demonstrated that TNF-α is a mediator of NO synthesis 

(Liu et al., 2010). The earliest stages of angiogenesis are defined by 

vasodilatation mediated by nitric oxide (NO) and an increased vascular 

permeability of pre-existing capillaries or post-capillary venules in response to 

VEGF which over  expressed by TNF α (kumar and Kuttan, 2011). NO is 

produced from L-arginine by a family of NO synthase (NOS) isoenzymes. The 

inducible form of nitric oxide synthase was expressed mainly through TNF- α 

activated pathways (Azab et al., 2011).  It is not expressed in resting cells and 

produces NO only when induced by certain cytokines and microbial products 

or lipopolysaccharide.  

                 The increased NO production by gamma irradiation observed in the 

present study could be due to DNA damage by the direct effect of absorbed 

energy of gamma rays. The gamma radiation activate Poly ADP-ribose 

polymerase (PARP) that induced nuclear factor kappaB (NF-kB) resulting in 

increased the inducible nitric oxide expression (iNOS) and NO production 

(Taysi et al., 2003). 

             The experimental data shows enlargement in tumor volume concurrent 

with angiogenic activators augmentation (Table 8 and Fig 23). It could be 

mention that the plenty of angiogenic activators might promote the tumor 

growth ability. The neovasculaturization enhances the ability of the tumor to 
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grow as well as increases its invasiveness and metastatic ability (Xu et al., 

2002).  

The present study targets the enhancement of tumor cell radio sensitivity 

via inhibiting the angiogenic process. Apigenin as a natural compound, belongs 

to flavonoid was examined for its antiangiogenic efficiency with or without 

selenium, antioxidant. The administration of apigenin and /or selenium to 

irradiated mice , mice bearing tumor and irradiated mice bearing tumor induced 

remarkable improvement in the level of angiogenic activators (TNF-α, MMP2,  

MMP9, NO)when compared with their values in the correspondence groups ( 

Table 2,3,4,6 and  Fig 3,12,15.21). negative correlation was obtained in the 

first experimental interval  between TIMP-1 and each of MMP2 (r=0.98-, 

P≤0.05) and MMP9 (r=0.99-, P≤0.01) in irradiated Ehrlich bearing tumor 

treated with apigenin or selenium (Table 17).In Apigenin and Selenium -

irradiated Ehrlich group a Positive correlation was obtained between MMP2 

and TNF- α (r=0.97, P≤0.05) . negative correlation was obtained between 

MMP9 and TIMP-1 (r=0.97-, P≤0.05) in the first experimental interval(Table 

17).In irradiated Ehrlich bearing tumor treated with apigenin a negative  

correlation was recorded between TIMP and each of MMP2 (r= 0.99-, P≤0.01), 

MMP9 (r= 0.99-, P≤0.01) and  tumor volume (r=0.97-, P≤0.05) in the second 

experimental interval (Table 18). In irradiated Ehrlich bearing tumor treated 

with selenium there is a positive correlation between NO and TNF-α (r= 0.99, 

P≤0.01). Negative correlation was observed between MMP9 and each of GPX 

(r= 0.99-, P≤0.01) and TIMP (r=0.95-, P≤0.05) in the second experimental 

interval (Table 18). In apigenin and selenium -irradiated Ehrlich group positive  

correlation was observed between TNF-α and tumor volume  (r= 0.98, P≤0.05) 

.A negative correlation was observed between TIMP-1  and each of TBARS 

(r= 0.98, P≤0.05) and MMP2 (r= 0.99, P≤0.01) in the second experimental 

interval (Table 18). A positive correlation was observed between TBARS and 

each of MMP2 (r= 0.97, P≤0.05) , MMP9 (r= 0.97, P≤0.05) in apigenin and 

selenium -irradiated Ehrlich group in the second experimental interval (Table 

18). 
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 The pre-treatment with apigenin significantly mitigated serum TNF- α 

levels in EAC mice. The modulation of the TNF-α alter VEGF signaling 

pathway by targeting specific signaling molecules (Kim et al., 2009). Apigenin 

blocked the secretion of IL-8, inhibit COX-2 and iNOS expression in 

stimulated mouse macrophages and suppresses inflammatory responses 

through inactivation of NF-kappa B. It  attenuates neutrophil and lymphocyte 

adhesion to endothelial cells and adhesion of monocytes to human umbilical 

vein endothelial cells HUVECs, by regulating the expression of  intracellular 

adhesion molecule ICAM and vascular cell adhesion molecule VCAM which 

leads suppression of angiogenesis (Bisht et al ., 2010). In addition, apigenin 

could inhibit protein levels of tumor metastasis-related proteins in oral 

squamous cell carcinoma such as MMP-2 and MMP9 therefore; inhibition of 

the invasion mediated by MMP-2 and MMP9 should reduce cancer metastasis.  

It showed an anti angiogenesis effect that was dependent on decreased activity 

of migration and down-regulation of VEGF and MMP-2, 9 and up regulation of 

TIMP release (Kim et al., 2011). Apigenin inhibits UVA-induced expression 

of MMP-1 and depression of TIMP in immortalized human keratinocytes cells 

a response that may be mediated by the inhibition of the Ca
2+

dependent 

MAPKs signaling (Hwang et al., 2011). It has been shown to be a strong UVA 

filter. It is possible that these sunscreen potential of apigenin may be involved 

in controlling the activity of MMPs (Choquenet et al., 2009). Further, apigenin 

was observed to have some inhibitory effects on iNOS enzyme activity. It 

strongly inhibited expression of iNOS responsible for NO production (Sang et 

al., 2008) and alleviate hypoxia, decrease nitric oxide production and increase 

the effect of radiation therapy (Ruud et al., 2007). 

           Additionally, selenium could exert an antiangoenic action 

through plenty of antiangiogenic factors over the angiogenic activators as 

observed in the results obtained (Tables 2,3,4,5,6 and Fig 3,12,15,16,21). It was 

reported that, Se inhibits the angiogenesis of hepato- carcinoma, by down 

regulating the expression of tumor necrosis factor alpha, VEGF and 

interactions with the factors VEGF, TNF-α, NO and NOS to delay the 
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development of hepatocarcinoma in rats (Liu et al., 2010). Also, Se 

supplementation significantly decrease TNFα in psoriasis patients treated with 

Narrowband ultraviolet B (NB-UVB).UVB irradiation is a potent stimulus of 

TNFα production and secretion by human keratinocytes in vitro. The selenium 

compounds prevent in vitro the release of UVB-induced proinflammatory 

cytokines (interleukin-6, interleukin-8, and TNFα) by inhibition of mRNA for 

these cytokines in human keratinocytes. The pre incubation of murine 

keratinocytes for 24 h with sodium selenite results in inhibition of UVB-

induced interleukin-10 expression in these cells. Selenium is a micronutrient 

essential for the immune system and can also modulate UVB-induced reactions 

(Serwin et al., 2006). Also, sodium selenite lead to inhibition of tumor necrosis 

factor alpha in Human umbilical vein endothelial cells  and in turn lead to 

suppression of MMP2 &MMP9 activity with dramatic increase in TIMP 

expression (Zhang et al., 2002). It is worth to mention that, supplementation 

protect healthy tissues and reduce the side effects of radiation treatment during 

prostate cancer radiotherapy by decreasing the expression of MMP2&9 and 

increasing the expression of their inhibitor (TIMP) (Chen et al., 2011). The 

high levels of selenite can induce apoptosis and sensitize prostate cancer cells 

to radiation (Husbeck a et al ., 2005).  

likewise, the increases in tumor volume in mice bearing EAC and in 

irradiated mice bearing EAC  are associated with the acceleration in  lipid 

peroxidation  activity represented by high MDA content in liver and in tumor 

tissue as well as significant depletion in liver antioxidant enzymes (GPx , SOD 

andCAT)activities(Tables9,10,11,12,13,14,15,16andFig 4,25,26,27,28,29,30,31 

). positive correlation was observed between tumor volume and MMP9 (r=0.98 

P≤0.05) in irradiated Ehrlich bearing mice in the first experimental interval 

(Table 17).The Data obtained showed positive correlation between  tumor 

volumes and each of serum MMP2 and MMP9  (r= 0.95, P≤0.05 and r=0.97, 

P≤0.05). in addition liver TBARS is positively correlated to serum MMP2 (r= 

0.95, P≤0.05). Whereas, a negative correlation between CAT and each of 
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TBARS (r= 0.96- in liver, P≤0.05), MMP2 (r= 0.98-, P≤0.05) and MMP9 

(r=0.96-, P≤0.05) are observed in the 2
ed

 experimental interval (Table  18  ).  

 The tumor development might be responsible for the liver antioxidant 

depletion and also the increased concentration of lipid peroxidation products. 

Khanna et al., (2005) reported that, the tumor grow up can cause antioxidant 

disturbances and acceleration of lipid peroxidation process in vital organs of 

the tumor host (Khanna et al., 2005). A reduction in GPx along with the 

decrease in SOD and CAT activity was observed in the liver of tumor-bearing 

mice (Manoharan et al., 2006). Further, the generation of lipid peroxide and 

its appearance in the mouse liver after irradiation could result from inactivation 

of scavenger enzyme activities by irradiation-induced production of ROS or 

could be initiated by indirect mechanisms that have escaped the antioxidant 

capacity of these organs. Lipid peroxidation apparently can be initiated by 

hydrogen abstraction from lipid molecules by lipid radiolysis products. This 

leads to permeability changes due to secondary alterations of membrane 

proteins, polysaccharides, and other sequelae. It was also reported that the level 

of increase in LPx after irradiation is in proportion to radiation dose and 

elapsed time (Badr El-Din, 2004). CAT, the most abundant in the liver is 

responsible for the decomposition of H2O2 to oxygen and water. SOD reduce 

superoxide anion (O2
• −

) into H2O2. The glutathione peroxidase (GPx) removes 

H2O2 by coupling its reduction with the oxidation of GSH. Glutathione 

peroxidase (GPx) can also neutralize other peroxides, such as fatty acid 

hydroperoxides (Badr El-Din, 2004). The decrease in GPx which plays an 

important role in metabolizing lipid peroxides in the liver is potentially 

ascribable to inactivation by the increase in ROS or lipid peroxide formations.  

The loss of mitochondria in tumor host could be responsible for the decrease in 

total SOD activity in liver tissues of the tumor host (Sahu et al., 1977). when 

the oxidative damage is extreme as a result of tumor growth and/or irradiation, 

ROS scavenging enzymes such as SOD , GPX and catalase are degraded which 

in turn lead to increase in free radical which cause oxidative stress. Free radical 
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and oxidative stress in turn increase the expression of TNF - α which 

responsible for the successive steps in the angiogenesis process leading to 

continuous tumor growth.  

           Supplementary, the electrophoresis pattern of DNA isolated from 

spleenocytes of mice bearing EAC cells (+ve control) displayed absence of 

DNA fragments (Fig 23,33). The disappearance of DNA fragments bands in 

mice bearing tumor samples postulate loss of apoptosis evident by the tumor 

development. Some types of cancers are characterized by defects in
 
apoptosis 

leading to immortal clones of cells (Ghobrial et al., 2005).  Contrary, the 

electrophoresis pattern of DNA isolated from irradiated mice and from 

irradiated mice bearing EAC cells displayed DNA fragmentation (Fig 32 &33). 

An increase in the DNA damage after γ irradiation may be due to an excessive 

generation of vasoconstrictors like reactive oxygen species, which in turn, can 

be caused by increased amounts of ROS (Azab et al., 2011). Gamma-radiation 

(3 Gy) exposure increased the levels of reactive oxygen species (ROS), % 

apoptotic cells and decreased the mitochondrial membrane potential in human 

peripheral blood lymphocytes; HPBL (Begum et al., 2012). Exposure of 

mammalian cells to IR induces several types of damage to DNA, including 

double and single-strand breaks, base and sugar damage, as well as DNA–DNA 

and DNA–protein cross-links. In addition, during radiotherapy, ionizing 

irradiation interact with biological systems and induce excessive oxygen free 

radicals or reactive oxygen species (ROS), which attack various cellular 

components including DNA, proteins and membrane lipids, thereby leading to 

significant cellular damage (Begum et al., 2012). 
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             In conclusion of the above discussed results, the increased activity of 

angiogenic factors at the same time a few factors, anti-angiogenesis refers to 

the growth of the tumor which is shown by the development in the size of the 

tumor and also the emergence of the fragmentation of DNA through the bands 

style electrophoresis of DNA extracted from cells of the spleen of tumor-

bearing mice (Fig 32& 33 ).  

           Significant regression in tumor volume accompanied with noticeable 

increase in TIMP1 (angiogenic inhibitor) as well as appearance of fragmented 

DNA pattern were observed (Tables 8,5 and Figs 23, 16,32,33) in  groups  of  

mice treated with apigenin and/or  selenium (mice bearing tumor, irradiated 

mice and irradiated mice bearing tumor),also the in vitro results demonstrate 

the anti prolefrative effect of apigenin and or selenium (table 1 and Fig 2).  

A negative correlation was obtained  between SOD and NO (r=0.96-, 

P≤0.05).also negative correlation was obtained between CAT and TNF-α 

(r=0.95-, P≤0.05) in irradiated Ehrlich bearing tumor treated with selenium. in 

apigenin and selenium -irradiated Ehrlich group a positive correlation was 

obtained between TBARS and MMP9 (r=0.96, P≤0.05) . Negative correlation 

was obtained between SOD in liver and Tumor volume (r=-0.99-, P≤0.01) in 

the first experimental interval (Table 17).  

In the second experimental interval computed data showed positive 

correlation between tumor volume and each of MMP2 (r= 0.96, P≤0.05), 

MMP9 (r= 0.95, P≤0.05) . SOD positively correlate to TIMP-1(r= 0.99, P≤0.01) 

in irradiated Ehrlich bearing tumor treated with apigenin (Table 18). In 

irradiated Ehrlich bearing tumor treated with selenium a positive correlation 

was observed between SOD and  each of  TIMP (r= 0.97, P≤0.05) and 

GPX(r=0.97, P≤0.01). whereas, a  negative  correlation was observed between 

SOD and each of tumor volume  (r= 0.97-, P≤0.05),  MMP9 (r= 0.98-, 

P≤0.05) .Also there is a negative correlation between tumor volume  and each 

of CAT (r= 0.96, P≤0.05) and TIMP (r = 0.95- , P≤0.05)in the second 
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experimental interval. A negative correlation was observed between SOD and 

each of MMP2 (r= 0.98, P≤0.05), MMP9 (r=0.99, P≤0.01) (Table 18). 

          These results could be attributed to the antiangiogenic and proapoptotic 

action of apigenin and selenium. Apigenin inhibited the tumor growth and 

induced apoptotic machinery through suppression of VEGF induced 

angiogenesis (Silvan and Manoharan., 2012). It exhibited anti-proliferative 

and pro-apoptotic effects on pancreatic adeno carcinoma cells in vitro and in 

mice xenograft in vivo (Jonathan et al., 2012). In addition, it inhibits 

hepatoma cell growth both in vitro and in vivo, which is coupled with induction 

of G2/M arrest and causes significant apoptosis (Caia et al., 2011). Apigenin 

can transiently normalize vasculature within tumors to improve oxygen 

delivery, alleviate hypoxia, and increase the effect of radiation therapy (Ruud 

et al., 2007). What is more, apigenin could protect against genomic instability 

induced by IR through several mechanisms including free radical scavenging, 

increased expression of endogenous enzymes, stabilization of the DNA double 

helix into a formless susceptible to damage and reduction of ROS levels by the 

induction of hypoxia. These effects of flavonoids are completely dependent on 

their structure, especially the number and position of hydroxyl groups and the 

C2 =C3 double bond. Because flavonoids have a unique structure, these 

bioactive molecules have great potential as lead compounds for the design of 

new, more active compounds for ROS scavenging and DNA intercalation 

(Hosseinimehr, 2010).  

              In addition to, apigenin and/ or selenium action opposite to 

neovascularization, the scalable process of tumor growth and the increased 

tumor sensitivity to radiation as stated previously, they have a preserving effect 

on normal cells shows through improvement in the level of anti-oxidants and 

decreased MDA concentration in the liver of tumor-bearing mice, mice 

exposed to radiation, as well as tumor-bearing mice exposed to radiation (Table 

8, 9,10,11,12,13,14,15&16)  and Fig( 23,24,25,26,27,28,29,30&31).  
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               The increase in the level of antioxidant parameters after the 

administration of apigenin may be due to the direct reaction of apigenin with 

ROS and keeping the natural antioxidant capacity.  Noorizi et al., (1988) stated 

that, the free radical scavenging property of apigenin might be attributed to the 

number of OH groups possessed in 4′, 5 and 7
th

 position of its structure. The 

antioxidant potency may be attributed to the double bond between carbon 

atoms two and three of the C ring.  The 4 and 5 OH groups with 4 oxo function 

in A and C rings are giving maximum radical scavenging potency to apigenin 

(Fig  34).   

               Apigenin exerts antioxidant property in free radical scavenging 

systems and protects human peripheral blood lymphocytes HPBL from 3 Gy 

radiation-induced oxidative damage by decreasing intracellular expression of 

TNF α, decrease ROS levels, preventing apoptotic cell death, inhibiting 

radiation-induced DNA damage and increasing the antioxidant status (Begum 

et al ., 2012). It is able to quench the lipid peroxidation  (LPx) chain and is 

capable to shield the membrane from free radicals caused injuries (Silvan et al 

., 2011). The reduction in N/L (neutrophil to lymphocyte) ratio of irradiated 

mice receiving apigenin after irradiation assumed the amelioration take place in 

lumphocyte suppression. These unique capabilities make it highly valuable 

because most known radiation protectors show protective effects only when 

given before radiation exposure, limiting their use in unexpected situations 

such as a radiological attack and/or a nuclear accident. The plasma 

concentration of apigenin reached its maximum at 2 hr after ingestion. This 

observation indicates that the bioavailability of apigenin persists for a fairly 

long period of time after treatment. Hence, this distinctive pharmacokinetic 

profile makes apigenin an excellent radioprotector/mitigator because apigenin 

will remain available in the system to protect exposed individuals (Rithidech 

et al., 2012).   

 



130 
 

 

                

 

             Fig (34): Molecular structure of apigenin (Mariappan et al., 2012). 

 

              Pretreatment with apigenin increases the activities of SOD, CAT and 

GPx in γ-irradiated lymphocytes. Apigenin modulates gamma radiation-

induced oxidative damages in human peripheral blood lymphocytes. This 

indicates antioxidant sparing potential of apigenin. Overall, the protective 

effect of apigenin against radiation-induced cellular damage may be due to its 

antioxidative activity (Begum et al ., 2012). 

               What is more, Se exerts an extra protection to healthy tissue by 

reducing side effects of radiation. It is a component of antioxidant defenses 

either as agent able to scavenge free radicals, or as a component of a family 

selenoenzymes. It incorporates into the first identified selenoprotein; 

glutathione peroxidase (GPx). Members of the GPx family are effective in 

catalyzing the reduction of hydrogen peroxide (H2O2) and lipid peroxides. The 

Se-dependent GPx provided a plausible mechanism for cancer prevention. The 

GPx activity was maximized in tissues of animals fed normal amounts of Se 

and was not elevated as dietary Se was increased 10-fold at higher levels 

necessary to achieve chemoprevention. The Se supplements exerted their 

chemopreventive effect in a manner unrelated to the saturated levels of GPx  

(Jayaprakash and Marshall , 2011). Sub toxic pro-oxidative effect of these 
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selenium compounds may be the mechanism by which selenium induces cell 

growth inhibition and apoptosis (Spallholz et al., 2004). The pretreatment with 

Selenium increases the activities of SOD, CAT and GPx and decrease LPX in γ 

irradiated prostate cancer cells.  Selenite was found to enhance the response of 

LAPC-4 and androgen-independent DU 145 prostate cancer cells to γ 

irradiation. The finding that selenite can sensitize prostate cancer cells to 

radiation therapy is significant because the inherent radioresistance of prostate 

tumors is a major reason for failure to control local disease with radiation 

therapy (Husbecka et al., 2005).  Sodium selenite causes cytotoxicity and 

apoptotic mediated cell death through DNA and mitochondrial membrane 

potential damage. The cell death (both apoptosis and necrosis) is positively 

associated with the production of ROS, which can be generated within the 

mitochondria and can damage mitochondrial components. Mitochondrial 

membrane potential damage is a nearly sign and also a very sensitive marker of 

cytotoxicity (Selvaraj et al., 2013). Moreover, Se suppresses cancer cell 

growth and induces mitochondrial apoptosis via calcium and calcium 

dependent generation of reactive oxygen species (ROSs) (Wang et al., 2005).  

In conclusion, apigenin and/or selenium could inhibit tumor growth, 

upgrade the radio sensitivity of cancer cells and improve the therapeutic 

condition of cancer through controlling of the angiogenic process, maintenance 

of antioxidant system in healthy tissues as well as increasing possibilities of 

ROS generation inside the solid tumor.  
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SUMMARY 

                The understanding of the fundamental role of angiogenesis and 

metastasis in cancer growth has led to tremendous interest in research 

regarding its regulatory mechanisms and clinical implications in the 

management of cancer. The present study was conducted to evaluate the 

influence of the angiogenic regulators modification on the tumor growth and 

the cell sensitivity to ionizing radiation targeting the improvement of cancer 

therapeutic protocols.  

 Accordingly, the antiangiogenic activity of apigenin and selenium was 

tested in vitro as well as in vivo.   EAC viability alteration was observed in the 

EAC cells incubated with different concentrations of Apigenin and or Selenium 

by MTT viability test in vitro, a line of Ehrlich Ascites Carcinoma (EAC) cells 

was irradiated at 7 Gy . the action of Apigenin and or Selenium was examined 

in vivo in mice bearing Ehrlich cells and or irradiated mice bearing Ehrlich 

cells (a model of solid carcinoma tumor). Solid tumors were produced by 

intramuscular inoculation in the right thigh of the lower limb of each mouse 

with 0.2 ml of EAC cells. The growth rate of solid tumor in all experimental 

groups was measured  by Caliper. Mice whole body irradiated with 6.5 Gy, The 

dose rate was 0.46 Gy/min . 

   The levels of angiogenic activators were measured such as the 

expression of TNFα  in spleen, serum MMP-2 &9 zymography and nitric oxide 

in liver and tumor tissue . also  the expression of spleen TIMP-1 the angiogenic 

inhibitor was  obtained. as well as the liver and tumor  lipid peroxidation 

,antioxidant markers (GPx , SOD and CAT) and DNA fragmentation in 

splenocytes  were estimated to monitor efficacy of apigenin and selenium in 

cancer treatment strategy. All parameters were determined as a time course on 

days 16 and 22 after tumor volume reached 1mm
3
. 
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            The results obtained were statistically analyzed and can be 

summarized as follows: 

1- Maximal inhibitory concentration values of Apigenin and sodium 

selenite were reached for approximately 80 µg/ml and 5µg  respectively, 

after 24 h incubation. However, when we treat the cells with 30 µg 

Apigenin and 5µg sodium selenite simultaneously, we observed a 

synergistic anti proliferative effect. sodium selenite and Apigenin 

combination induced cell growth inhibition reached about (81%) .The 

radiation exposure of EAC cells  treated with Apigenin (30µg) and 

sodium selenite  (5µg ) showed dramatic cell growth inhibition  90% . 

2- A significant induction of TNF-α expression (1086, 1580 and 2040 %, 

respectively; P<0.05at the 1
st
  experimental interval) was observed in 

samples isolated from the spleen of R , E or E+R mice groups  with 

substantial increases on  the 2
ed 

experimental interval ( 1667, 2173 and 

2646 % respectively at P<0.05).The pretreatment with Ap, Se or Ap+ Se 

of mice bearing tumor and irradiated mice bearing tumor induced 

remarkable modulation in TNF-α gene expression compared to TNF-α 

gene expression in Ehrlich bearing mice or irradiated however a minor 

effect was recorded on the 2
nd 

experimental interval.  

3- Significant induction of MMP2 concentration (183 , 131 and 272%, 

respectively; P<0.05at the 1
st
  experimental interval) was observed in 

samples isolated from the serum  of R , E or E+R groups of mice with 

substantial increases at the  2
nd 

experimental interval ( 373 ,271 and 338 

% respectively at P<0.05).The pretreatment with Ap, Se or Ap+ Se of 

mice bearing tumor and irradiated mice bearing tumor induced 

remarkable modulation in MMP2 concentration as compared to MMP2  

concentration in Ehrlich bearing mice or irradiated however a minor 

effect was recorded on the 2
nd 

experimental interval. 
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4- Significant induction of MMP9 concentration (201 ,92 and 127%, 

respectively; P<0.05at the 1
st
  experimental interval) was observed in 

samples isolated from the serum of R , E or E+R groups of mice with 

substantial increases at the 2
nd 

experimental interval ( 383 ,139and 280 

% respectively at P<0.05).The concentration of MMP9  was 

significantly reduced in mice treated with Ap, Se or Ap+ Se before 

exposure to gamma irradiation. Furthermore, MMP9 concentration  

down regulated  in E+R mice group pretreated with Ap, Se or Ap + 

Se.the result obtained revealed that  Ap + Se combination showed 

obvious  decrease in  serum MMP9 concentration  than Apigenin or 

selenium alone . 

5- Significant reduction of TIMP-1 expression (49-,63- ,77- %, 

respectively; P<0.05at the 1
st
  experimental interval) was observed in 

samples isolated from the spleen of R , E or E+R groups of mice with 

substantial decreases at the 2
nd 

experimental interval ( 63-,76-,55- % 

respectively at P<0.05).The pretreatment with Ap, Se or Ap+ Se of mice 

bearing tumor and irradiated mice bearing tumor induced remarkable 

increase in TIMP-1 gene expression as compared to TIMP-1 gene 

expression in Ehrlich bearing mice. However a minor effect was 

recorded on the 2
nd 

experimental interval . 

 

6- Significant induction of NO concentration (97, 65 and 103 %, 

respectively; P<0.05at the 1
st
 experimental interval) was observed in 

samples isolated from the liver of R , E or E+R groups of mice with 

substantial increases at the 2
nd 

experimental interval ( 109 ,95 and 133 % 

respectively at P<0.05).The concentration of NO  was significantly 

reduced in mice treated with Ap, Se or Ap+ Se before exposure to 

gamma irradiation. Furthermore, NO concentration  down regulated  in 

E+R mice group pretreated with Ap, Se or Ap + Se. the result obtained 

revealed that  Ap + Se combination showed more obvious decrease in  

liver NO concentration  than Apigenin or selenium alone .Whole body 
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gamma irradiation to mice bearing tumor  induced high increase  of  NO 

concentration in tumor tissue  . This increase  was more evident on  2
nd

 

experimental interval. Treatment with Apigenin and or Selenium before 

irradiation of mice bearing Ehrlich induced  significant increase of  NO 

concentration in tumor tissue  when compared to its corresponding value 

in  E +R mice .the result obtained revealed that  Ap + Se showed 

obvious increase of  NO concentration in tumor tissue  than Apigenin or 

selenium alone . 

7- Whole body Gamma irradiation of mice bearing a tumor and treated 

with apigenin and / or selenium for 14 days shows a marked reduction 

in tumor volume at 16 days, and a further significant suppression at 22 

days, compared to that in the non treated mice bearing Ehrlich. the (E 

+AP + Se +R) mice reveal the most reduced tumor volume as compared 

with other groups.  

 

8- Significant induction of TBARS concentration (93 , 130 and 183 %, 

respectively; P<0.05at the 1
st
  experimental interval) was observed in 

samples isolated from the liver of R , E or E+R groups of mice with 

substantial increases at 2
nd 

experimental interval ( 125 ,153 and 199 % 

respectively at P<0.05).The concentration of TBARS was significantly 

reduced in mice treated with Ap, Se or Ap+ Se before exposure to 

gamma irradiation. Furthermore, TBARS concentration was down 

regulated in E+R mice group pretreated with Ap, Se or Ap + Se.Whole 

body gamma irradiation to mice bearing tumor produce more noticeable 

increase of TBARS concentration in tumor tissue. This increase was 

more evident on 2
nd

 experimental interval.Treatment with Apigenin, 

Selenium or  Apigenin +Selenium before irradiation of mice bearing 

Ehrlich induced  significant increase of TBARS concentration in tumor 

tissue when compared to its corresponding value in  E +R mice.The Ap 

+ Se mice have a most tumor TBARS level increment   compared to 

Apigenin or selenium alone. 
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9- Significant reduction of GPX activity (-27 , -13 and -49%, respectively; 

P<0.05at the 1
st
  experimental interval) was observed in samples 

isolated from the liver of R , E or E+R groups of mice with substantial 

reduction at 2
nd

 experimental interval ( -33 ,-17 and -55% respectively at 

P<0.05). The GPX activity was significantly increased in mice treated 

with Ap, Se or Ap+ Se before exposure to gamma irradiation. 

Furthermore, GPX activity was up regulated  in E+R mice group 

pretreated with Ap, Se or Ap + Se. the result obtained revealed that  Ap 

+ Se combination showed higher increase in  liver GPX activity than 

Apigenin or selenium alone . Whole body gamma irradiation to mice 

bearing tumor  induced a decline in  GPX activity in Tumor tissue . This 

decline was more evident on  2
nd

 experimental interval. Treatment with 

Apigenin, Selenium or  Apigenin +Selenium  before irradiation of mice 

bearing Ehrlich induced  significant decrease in GPX activity in Tumor 

tissue when compared to its corresponding value in  E +R mice . the 

result obtained revealed that  Ap + Se showed more pronounced 

decrease in tumor GPX activity than Apigenin or selenium alone . 

10-  Significant reduction of SOD activity (-56 , -45 and -55%, respectively; 

P<0.05at the 1
st
  experimental interval) was observed in samples 

isolated from the liver of R , E or E+R groups of mice with substantial 

reduction at 2
nd 

experimental interval ( -67 ,-50 and -59% respectively at 

P<0.05).The SOD activity was significantly increased in mice treated 

with Ap, Se or Ap+ Se before exposure to gamma irradiation. 

Furthermore, SOD activity up regulated  in E+R mice group pretreated 

with Ap, Se or Ap + Se.the result obtained revealed that  Ap + Se 

combination showed higher increase in  liver SOD activity  than 

Apigenin or selenium alone .Whole body gamma irradiation to mice 

bearing tumor  induced a decline in SOD activity in tumor tissue. This 

decline was more evident on  2
nd

 experimental interval. Treatment with 

Apigenin, Selenium or  Apigenin +Selenium before irradiation of mice 
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bearing Ehrlich induced  significant decrease in SOD activity in tumor 

tissue  when compared to its corresponding value in  E +R mice .the 

result obtained revealed that  Ap + Se showed more pronounced  

decrease in tumor SOD activity  than Apigenin or selenium alone . 

11- Significant reduction of CAT activity (-27 , -19 and -42%, respectively; 

P<0.05at the 1
st
  experimental interval) was observed in samples 

isolated from the liver of R , E or E+R groups of mice with substantial 

reduction at the 2
nd 

experimental interval ( -36 ,-30 and -53% 

respectively at P<0.05). The CAT activity was significantly increased in 

mice treated with Ap, Se or Ap+ Se before exposure to gamma 

irradiation. Furthermore, CAT activity was  up regulated  in E+R mice 

group pretreated with Ap, Se or Ap + Se. the result obtained revealed 

that  Ap + Se combination showed higher increase in  liver CAT activity 

than Apigenin or selenium alone .Whole body gamma irradiation to 

mice bearing tumor  induced a decline in CAT activity in tumor tissue . 

This decline was more evident on  2
nd

 experimental interval. Treatment 

with Apigenin, Selenium or  Apigenin +Selenium before irradiation of 

mice bearing Ehrlich induced  significant decrease in  CAT activity in 

tumor tissue when compared to its corresponding value in  E +R mice . 

12- DNA fragmentation test was obtained as an apoptotic marker. EAC 

group showed no fragmentation due to the decrease of apoptosis in 

cancer. DNA fragmentation in all other treated mice was occurred. 
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             Conclusively, apigenin and selenium were found to sensitize tumor 

cells to ionizing radiation due to their antiangiogenic, antioxidant and anti-

inflammatory properties. Apigenin and selenium might induce their action 

through decreasing ROS generation and   mediated the regulation of TNF-α 

gene expression by inhibiting NF-κB activation. Further, their action  might be 

due to the decreasing  the activity of extracellular matrix degrading enzymes 

MMP-2, 9,  levels of  nitric oxide concentrations, increasing the gene 

expression of TIMP-1 and inducing apoptotic DNA fragmentation. Apigenin 

and selenium could be suggested as a candidate radioprotector and 

antiangiogenic assembly during cancer therapy.    
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 الملخص



اُاّزشبساى٘سًٍشرجػثَْ٘شجنٍِٔاالٗػئاىذٍ٘ئاىذقيقٔاىذاخيئ.ٕزٓاالٗػئاىذٍ٘ئ

اىَْبػئىيخيئا رضيواىفعالد.ٍَٖٔالٍذاداالمغديِٗاىَ٘اداىغزائئٗاىخاليب اّٖب ٗىغشؼبّئمَب

اىذٍ٘ئفَّٚ٘اىغشؼبُٗاّزش ىذٗساالٗػئ ادٙرىلاىّٚزيدٔ ثَسبٗىخبسٓ االثسبساىؼيَئ إزَبً

ذساعخاىٗرٖذفٍْغرن٘يِٕزٓاالٗػئاىذٍ٘ئم٘عيئىيزسنٌفٚاّزشبساالٗساًاىغشؼبّئٗػالخٖب.

اىٚ اىغشؼبُىالشؼبعاىسبىيخ  َّ٘االٗػئػيَّٚ٘اى٘سًٗزغبعيخ ربثيشاىؼ٘اٍواىزٚرْظٌ  رقييٌ

زذاىَؤيِ. ٗخذ ٍثوٗقذ اىفالفيْ٘يذاد اىٚ رْزَٚ اىزٚ اىَ٘اد اُ ٍِيثب اىَغزخيص االثيديْيِ

يَنِثشاػٌاىقَرٗثؼطاىز٘اثو،اىجبثّ٘ح،اىشبٙ،ىجشرقبه،ااىجصو،اىجقذّٗظ،اىفبمٖٔ,اىخعشٗاد

زن٘يِاالٗػئاىذٍ٘ئفٚاىْغيحاىغشؼبّٚ.ىٍعبدىٖبدٗساُينُ٘

اىذساعٔاىسبىئثزقيٗرٖ ىزن٘يِاالٗػئاىذٍ٘ئاالثيديْيِمربثيشيٌزٌ بزذاىؼ٘اٍواىَعبدٓ

اٍغ/ خبسخيبٗاىغيييْيً٘ اىغشؼبّئ ايشىخ ػيٚخاليب MTT assayٗثبعزخذاً اىفئشاُػيٚداخييب

 ايشىخاىغشؼبّئ ىخاليب ىالشؼبعاىدبٍٚٗاىسبٍئ مييب ايشىخٗاىَؼشظٔ ىخاليب اىسبٍئ مزىلاىفئشاُ

.ٍؼشظٔٗاىغيش

يٍ٘بززٚٗصوزدٌاى٘س14ًرٌزقِاىفئشاُثخاليبايشىخفٚاىفخزااليَِٗرشمذاىفئشاُىَذح

1mm.ٍيي1ٚاىٚ
3

 ٗصٍُِيٚخشاًاثيديْيِىنوٗازذميي٘خشاًي50ٍػالجاىفئشاُةثٌثذا

ىنوفبسىَذح5ٗاىغيييْيً٘ةmg/kg body weight 50اىدغٌ ٗرٌيًٍ٘ززبثؼيِ.14ٍينشٗخشاً

اىفئشاُخالهفزشريَِٕٗباىيً٘بدٗرٌرششيرٍدَ٘ػ.(خشا6.5ٙرؼشيطاىفئشاُىالشؼبعاىدبٍٚ)

1mm.ٍيي1ٚٗص٘هزدٌاى٘سًاىٚثؼذ22ٗاىي16ً٘
3



جيشاىزؼٍؼذهاىؼ٘اٍواىَْشؽٔىزن٘يِاالٗػئاىذٍ٘ئٍثوقيبطٍغزدٌاى٘سًثبىنبىيجشٗرٌقيبط

 )٢،٩فٚاىؽسبهٗرسييوثشٗريْبداىذػبٍخاىفيضيخ(TNFα)اى٘سٍٚاىفباىْنشصٓىَؼبٍواىديْٚ

(MMP2,9فٍٚصواىذًٗرشميضامغيذاىْيزشيل(NO)ًقيبطثالظبفٔاىٚفٚاىنجذّٗغيحاى٘س

طاىثي٘ثشثزي٘سكزَ ٍغ اىَزفبػيخ اىَ٘اد ٍغز٘ٙػِؼشيققيبطLPxاىزبمغذاىف٘قٚىيذٍُٕ٘ؼذه

(TBARS)ًّٗغيحاى٘س رؼييِفٚاىنجذ ٗرٌ . اىذٍ٘ئٍثوازذ ىزن٘يِاالٗػئ اىؼ٘اٍواىَعبدٓ

 ىَثجػ اىديْٚ اىزؼجيش ـقيبط اىْغيدٚ اىفيضٙ اىجشٗريِ (.TIMP-1)1إّضيٌ قيبطٗ. دالالدرٌ

 ٍثو االمغذٓ  اىغ٘ثشأمغيذ ضيٌٗاّ  (GPX)ثيشٗمغيذيض ُاىدي٘ربثي٘إّضيٌ ّشبغٍعبداد

رٌرقذيشردضأاىسَطاىْ٘ٗٙدّب.فٚاىنجذّٗغيحاى٘سً.ٗ(CAT)مزبىيض إّضيٌٗ(SOD)ديغَي٘ريض

 







 ة

 

:یلىالى ما   إحصائیا تحلیلھا علیھا بعد الحصول تم التى النتائج وخلصت            

اىخاليباىغشؼبّئ.ٗاَُّ٘ادٙاىٚرثجيػٍينشٗخشاًعيييْي5ً٘ثيديْيٍِٗينشٗخشاًا80اُ -1

 ثْغجخ اىغشؼبّئ اىخاليب َّ٘ ربصسٙفٍْٚغ ربثيش ىٌٖ اىغيييْيً٘ .ٗاُ%81االثيديْيٍِغ

اىخاليب َّ٘ ٍْغ قذ ٗاىغيييْيً٘ االثيديْيِ ٍِ ثخييػ اىَؼبىدٔ اىغشؼبّئ رؼشيطاىخاليب

 %.90اىغشؼبّئثْغجخ

يٍ٘ب14بىدٔثبالثيديْيٍِغاٗاىغيييْيً٘ىَذحاُاىزشؼيغاىدبٍٚىيفئشاُاىسبٍئىي٘سًٗاىَؼ -2

ٍغاعزَشاسفٚرثجيػ.اىفزشٓاالٗىٍِٚاىزدشثٔقذادٙاىٚرقييوٍؼْ٘ٙفٚزدٌاى٘سًفٚ

.ثبىَقبسّخثَدَ٘ػخااليشىيخاىعبثؽخفٚاىفزشٓاىثبّئٍِاىزدشثٔزدٌاى٘سًٗرقييو

ىَؼبٍو-3  اىديْٚ اىزؼجيش ثْغجخاىاىْنشصٓاُ ٍؼْ٘ئ صيبدٓ اصداد قذ اىؽسبه فٚ  اىفب ٘سٍٚ

فٚاىفزشٓػيٚاىز٘اىR , E and E+Rٚبٍيغاىفئشاٍُد فٚ % 2040 , 1580 ,1086

 ,1667ثْغجخفٚاىؽسبه(TNFα)ىيزدشثٔ.ٍغاعزَشاساصديبداىزؼجيشاىديْٚهاالٗىٚ

اىثبّئٍِاىزدشثٔ.ٗقذادٙػالجزشٓػيٚاىز٘اىٚىٖزٓاىَدبٍيغفٚاىف  % 2646 , 2173

ىالشؼ ٗاىَؼشظٔ ىي٘سً اىسبٍئ اىفئشاُ اٗ ىي٘سً اىسبٍئ اٗاىفئشاُ ٍغ ثبالثيديْيِ بع

اىغيييْيً٘ ه اىديْٚ اىزؼجيش فٚ اّخفبضٍيس٘ؾ TNFαاىٚ اىؽسبه ثبىْغتفٚ  ٍقبسّخ

فياىفئشاُاىسبٍئىي٘سًاٗاىسبٍئىي٘سًٗاىَؼشظٔى اىَقبثيخ رشيشاىٚٗاىْزبئحالشؼبع.

اال ربثيشاُ ىٌٖ اىغيييْيً٘ ٍغ ٗاثيديْيِ رقييو فٚ ىَؼبٍواىزؼجيشظر  اىْنشصٓاىديْٚ

ػِاالثيديْيِثَفشدٓاٗاىغيييْيً٘ثَفشدٓ.اى٘سٍٚاىفب

 فٍٚصواىذًقذاصدادصيبدٍٓؼْ٘ئثْغجخMMP2 ٢ثشٗريِاىذػبٍخاىفيضيخاُّشبغ -4

183, 131 and 272%            ٍٚدبٍيغاىفئشاُف R , E and E+R ٓػيٚاىز٘اىٚفٚاىفزش 

 and 271, 373 ثْغجخ٢ثشٗريِاىذػبٍخاىفيضيخّشبغاالٗىٚىيزدشثٔ.ٍغاعزَشاساصديبد              

ػالجاىفئشاُاىسبٍئدٙا ىزدشثٔ.ٗقذػيٚاىز٘اىٚىٖزٓاىَدبٍيغفٚاىفزشٓاىثبّئٍِا            % 338

 اىٚاّخفبض ٍغاٗاىغيييْيً٘ىي٘سًاٗاىفئشاُاىسبٍئىي٘سًٗاىَؼشظٔىالشؼبعثبالثيديْيِ              

اىسبٍئ اُفياىفئش اىَقبثيخ ثبىْغتٍقبسّخ٢MMP2ثشٗريِاىذػبٍخاىفيضيخّشبغٍيس٘ؾفٚ           

االثيديْيٍِغاىغيييْيً٘ىٌٖاىٚاُاىْزبئحرشيشٗىي٘سًاٗاىسبٍئىي٘سًٗاىَؼشظٔىالشؼبع.            

            اٗربثيش ّشبغ رقييو فٚ اىذػبٍخظر ثشٗريِ اMMP2ٗاىفيضئ ثَفشدٓ االثيديْيِ ػِ

 .اىغيييْيً٘ثَفشدٓ           





 







 ج

 

فٍٚصواىذًقذاصدادصيبدٍٓؼْ٘ئثْغجخ (MMP9)9ثشٗريِاىذػبٍخاىفيضيخاُّشبغ-5

201 ,92 and 127%ٚاىفئشاٍُدَ٘ػبد فR , E and E+Rٓػيٚاىز٘اىٚفٚاىفزش

 338,139,280 ثْغجخ 9يضيخثشٗريِاىذػبٍخاىفّشبغاالٗىٚىيزدشثٔ.ٍغاعزَشاساصديبد

ػالجاىفئشاُاىسبٍئىي٘سًاٗفزشٓاىثبّئٍِاىزدشثٔ.ٗقذادٙفٚاى ػيٚاىز٘اىٚىٖزٓاىَدبٍيغ

ٍغاٗاىغيييْيً٘اىٚاّخفبضٍيس٘ؾفٚاىفئشاُاىسبٍئىي٘سًٗاىَؼشظٔىالشؼبعثبالثيديْيِ

فياىفئشاُاىسبٍئىي٘سًاٗ اىَقبثيخ تٍقبسّخثبىْغ((9MMP9ثشٗريِاىذػبٍخاىفيضيخّشبغ

ىالشؼبع. ٗاىَؼشظٔ ىي٘سً اىْزبئحاٗظسذاُاىسبٍئ ربثيشٗ ىٌٖ اىغيييْيً٘ االثيديْيٍِغ

ػِاالثيديْيِثَفشدٓاٗاىغيييْيً٘(MMP9)9ثشٗريِاىذػبٍخاىفيضيخفٚرقييوّشبغامجش

ثَفشدٓ.

اىْيزشيلٗ-6 رشميضامغيذ ف NOقذاصداد ٍؼْ٘ئثْغجخّٚغيحاىنجذ  and 65 , 97صيبدٓ

ػيٚاىز٘اىٚفٚاىفزشٓاالٗىٚىيزدشثٔ.ٍغR , E and E+Rٍدبٍيغاىفئشاُ فٚ% 103

ػيٚ % and 133 95, 109ثْغجخفّٚغيحاىنجذ NOرشميضامغيذاىْيزشيلاعزَشاساصديبد

اىزدشثٔ. ٍِ اىثبّئ اىفزشٓ فٚ اىَدبٍيغ ىٖزٓ اٗاىز٘اىٚ ىي٘سً اىسبٍئ اىفئشاُ ادٙػالج ٗقذ

اىٚاّخفبضٍيس٘ؾ/اىفئشاُاىسبٍئىي٘سًٗاىَؼشظٔىالشؼبعثبالثيديْيٍِغ اٗاىغيييْيً٘

فياىفئشاُاىسبٍئىي٘سً اىَقبثيخ ٍقبسّخثبىْغتفّٚغيحاىنجذ NOرشميضامغيذاىْيزشيلفٚ

ئحاٗظسذاُاالثيديْيٍِغاىغيييْيً٘ىٌٖربثيشاٗاىسبٍئىي٘سًٗاىَؼشظٔىالشؼبع.ٗاىْزب

اٗاىغيييْيً٘فّٚغيحاىنجذ NOفٚرقييورشميضامغيذاىْيزشيلامجش ػِاالثيديْيِثَفشدٓ

ثَفشدٓ.

ادٙاىٚصيبدٍٓؼْ٘ئفٚرشميضامغيذاىْيزشيلفٚىيفئشاُاىسبٍئىي٘سًٗاُاىزشؼيغاىدبٍٚ

اىثب اىفزشٓ فٚ اى٘سً اّٗغيح ٍغ ثبالثيديْيِ اىؼالج ٍْٖب.ٗاُ االٗىٚ اىفزشٓ ػِ ىيزدشثٔ ّئ

ادٙاىٚصيبدٍٓؼْ٘ئفٚرشميضامغيذاىغيييْيً٘ىيفئشاُاىسبٍئىي٘سًقجواىزشؼيغاىدبٍٚىٖب

اىْيزشيلفّٚغيحاى٘سًثبىَقبسّخثبىقيٌاىَقبثئفٚاىفئشاُاىسبٍئىي٘سًٗاىَؼشظٔىالشؼبع

.ٗا اٗظسذاىدبٍٚ امجشىىْزبئح قذسح ٗخ٘د اىغييْيً٘ ٍغ امغيذػيٚالثيديْيِ رشميض صيبدٓ

 اىْيزشيلفّٚغيحاى٘سًػِاالثيديْيِثَفشدٓاٗاىغيييْيً٘ثَفشدٓ.

فقذاسرفغٍؼْ٘يبفٚاىنجذ(TBARS)زَطاىثي٘ثشثزي٘سك ٍغ اىَزفبػيخ رشميضاىَ٘اداٍب-7

ػيٚاىز٘اىٚفٚاىفزشR , E and E+Rٓبٍيغاىفئشاٍُد فٚ% and 183 130 , 93ثْغجخ

 اعزَشاس ٍغ االسرفبعاالٗىٚىيزدشثٔ. ٕزا فٚػيٚاىز٘اىٚ and 199% 153, 125ثْغجخ

ىي٘سً اىسبٍئ اىفئشاُ اٗ ىي٘سً اىسبٍئ اىفئشاُ ػالج ادٙ اىزدشثٔ.ٗقذ ٍِ اىثبّئ اىفزشٓ

اّخفبضٍيس٘ؾ اىٚ اىغيييْيً٘ اٗ ٍغ ثبالثيديْيِ ىالشؼبع ٗاىَؼشظٔ فٚ  اىَ٘ادرشميض

ثبىْغتفّٚغيحاىنجذزَطاىثي٘ثشثزي٘سك ٍغ اىَزفبػيخ فياىفئشاُاىسبٍئ اىَقبثيخ ٍقبسّخ

ىالشؼبع ٗاىَؼشظٔ ىي٘سً اىسبٍئ اٗ ىىي٘سً افعيئ ٗخ٘د ٍغ اىغيييْيً٘. ٍغ فٚالثيديْيِ



 د

 

ػِاالثيديْيِثَفشدٓاٗفّٚغيحاىنجذزَطاىثي٘ثشثزي٘سك ٍغ اىَزفبػيخ اىَ٘ادرقييورشميض

اىغيييْيً٘ثَفشدٓ.

ا رشؼيغ ىي٘سًػْذ اىسبٍئ فٚرشميضزذثذىفئشاُ ٍؼْ٘ئ زَط ٍغ اىَزفبػيخ اىَ٘ادصيبدٓ

اىثي٘ثشثزي٘سك ىيزدشثٔ اىثبّئ اىفزشٓ فٚ اى٘سً ٍِفّٚغيح االٗىٚ.امثش اىؼالج اىفزشٓ ٗاُ

صيبدٓ اىٚ ادٙ ىٖب اىدبٍٚ اىزشؼيغ قجو ىي٘سً اىسبٍئ ىيفئشاُ اىغيييْيً٘ اٗ ٍغ ثبالثيديْيِ

 فٚرشميض ثبىقيٌفّٚغيحزَطاىثي٘ثشثزي٘سك ٍغ اىَزفبػيخ اىَ٘ادٍؼْ٘ئ ثبىَقبسّخ اى٘سً

ىالشؼبعاىدبٍٚ ٗاىَؼشظٔ ىي٘سً اىسبٍئ فٚاىفئشاُ ٗخ٘دٗاىْزبئحاٗظسذ.فقػ اىَقبثئ

فٚزَطاىثي٘ثشثزي٘سك ٍغ اىَزفبػيخ اىَ٘ادصيبدٓرشميضفٍٚغاىغييْيً٘افعيئىالثيديْيِ

ّغيحاى٘سًػِاالثيديْيِثَفشدٓاٗاىغيييْيً٘ثَفشدٓ.

 

(فٚاىؽسبهقذTIMP-1)1إّضيٌاىجشٗريِاىفيضٙاىْغيدٚـاىزؼجيشاىديْٚىَثجػاُثيَْبٗخذ-     8

 ػيٚاىز٘اىٚ)R , E and E+Rٍدبٍيغاىفئشاُ) فٚ,% -77, -63,-49قوٍؼْ٘يبثْغجخ          

ثْغجخ(TIMP-1)يْٚهاىفزشٓاالٗىٚىيزدشثٔ.ٍغاعزَشاساىْقصفٚاىزؼجيشاىد فٚ           

     ٗقذادٙػالجػيٚاىز٘اىٚىٖزٓاىَدبٍيغفٚاىفزشٓاىثبّئٍِاىزدشثٔ. %  -55,-76,-63

اىفئشاُاىسبٍئىي٘سًاٗاىفئشاُاىسبٍئىي٘سًٗاىَؼشظٔىالشؼبعثبالثيديْيٍِغاٗاىغيييْيً٘           

فياىفئشاُاىسبٍئ اىَقبثيخ ٍقبسّخثبىْغتTIMP-1اىٚاسرفبعٍيس٘ؾفٚاىزؼجيشاىديْٚه 

 ىي٘سًاٗاىسبٍئىي٘سًٗاىَؼشظٔىالشؼبع.ٗاىْزبئحاٗظسذاُاالثيديْيٍِغاىغيييْيً٘ىٌٖ 

 ػِاالثيديْي1ِجشٗريِاىفيضٙاىْغيدٚـإّضيٌاىاىديْٚىَثجػاىزؼجيشفٚصيبدحاٗظر ربثيش          

اىغيييْيً٘ثَفشدٓ.ثَفشدٓاٗ           

 13- , 27-  ثْغجخقذقوٍؼْ٘يبفٚاىنجذ(GPX)ثيشٗمغيذيض اىدي٘ربثيُ٘ اُّشبغإّضيٌ-9

and -49%ٍٚدبٍيغاىفئشاُ فR , E and E+R.ٔػيٚاىز٘اىٚفٚاىفزشٓاالٗىٚىيزدشث

 ثْغجخاىنجذّغيحفٚ(GPX)ثيشٗمغيذيض اىدي٘ربثيُ٘ إّضيٌاىْقصفّٚشبغاسٍغاعزَش

-33 ,-17 and -55% ػيٚاىز٘اىٚىٖزٓاىَدبٍيغفٚاىفزشٓاىثبّئٍِاىزدشثٔ.ٗقذادٙػالج

اىفئشاُاىسبٍئىي٘سًاٗاىفئشاُاىسبٍئىي٘سًٗاىَؼشظٔىالشؼبعثبالثيديْيٍِغاٗاىغيييْيً٘

ٍقبسّخّغيحاىنجذفٚ(GPX)ثيشٗمغيذيضاىدي٘ربثيُ٘ إّضيٌّشبغٍيس٘ؾفٚسرفبعىٚاا

اىْزبئح اىَقبثيخ ثبىْغت ٗ ىالشؼبع. ٗاىَؼشظٔ ىي٘سً اىسبٍئ اٗ ىي٘سً اىسبٍئ اىفئشاُ في

 فٚ ٗاظر ربثيش ىٌٖ اىغيييْيً٘ ٍغ االثيديْيِ اٗظسذاُ صيبدح  اىدي٘ربثيُ٘ إّضيٌّشبغ

ػِاالثيديْيِثَفشدٓاٗاىغيييْيً٘ثَفشدٓ.فّٚغيحاىنجذ(GPX)غيذيضثيشٗم

 اىدبٍٚ اىزشؼيغ ىي٘سًٗاُ اىسبٍئ ىيفئشاُ اىٚ رقييوادٙ  اىدي٘ربثيُ٘ إّضيٌّشبغ

فّٚغيحاى٘سًفٚاىفزشٓاىثبّئىيزدشثٔػِاىفزشٓاالٗىٚرقييوٍؼْ٘ٙ(GPX)ثيشٗمغيذيض

يْيٍِغاٗاىغيييْيً٘ىيفئشاُاىسبٍئىي٘سًقجواىزشؼيغاىدبٍٚىٖبادٍْٖٙب.ٗاُاىؼالجثبالثيد



ٓ 

 

 اىٚ   رقييو ٍؼْ٘ٙ(GPX)ثيشٗمغيذيض اىدي٘ربثيُ٘ إّضيٌّشبغ اى٘سًرقييو ّغيح فٚ

.ٗاىْزبئح اىدبٍٚ ىالشؼبع ٗاىَؼشظٔ ىي٘سً اىسبٍئ اىفئشاُ فٚ اىَقبثئ ثبىقيٌ ثبىَقبسّخ

ٍغ االثيديْيِ اُ اٗظسذ اىٚ ادٙ اىغييْيً٘ ٗاظر رقييو فٚ  اىدي٘ربثيُ٘ إّضيٌّشبغ

فّٚغيحاى٘سًػِاالثيديْيِثَفشدٓاٗاىغيييْيً٘ثَفشدٓ.(GPX)ثيشٗمغيذيض



 45- , 56-ثْغجخقذقوٍؼْ٘يبفٚاىنجذ(SOD)ديغَي٘ريض اىغ٘ثشأمغيذ إّضيٌ اُّشبغ-10

and -55%ٚاىفئشاٍُدَ٘ػبد فR , E and E+R االٗىٚ اىفزشٓ فٚ اىز٘اىٚ ػيٚ

فّٚغيحاىنجذ(SOD)ديغَي٘ريض اىغ٘ثشأمغيذ إّضيٌىيزدشثٔ.ٍغاعزَشاساىْقصفّٚشبغ

ػيٚاىز٘اىٚىٖزٓاىَدبٍيغفٚاىفزشٓاىثبّئٍِاىزدشثٔ.ٗقذادٙ and -59% 50-, 67-ثْغجخ

ىي٘س اىفئشاُاىسبٍئ اٗ ىي٘سً اٗػالجاىفئشاُاىسبٍئ ىالشؼبعثبالثيديْيٍِغ ٗاىَؼشظٔ ً

ّشبغ ٍيس٘ؾفٚ اىٚاسرفبع (SOD)ديغَي٘ريض اىغ٘ثشأمغيذ إّضيٌاىغيييْيً٘ ّغيحفٚ

فياىفئشاُاىسبٍئىي٘سًاٗاىسبٍئىي٘سًٗاىَؼشظٔىالشؼبع.ٗ اىَقبثيخ ٍقبسّخثبىْغتاىنجذ

 اىغ٘ثشأمغيذ إّضيٌّشبغبثيشٗاظرفٚصيبدحاىْزبئحاٗظسذاُاالثيديْيٍِغاىغيييْيً٘ىٌٖر

.ػِاالثيديْيِثَفشدٓاٗاىغيييْيً٘ثَفشدٓفّٚغيحاىنجذ(SOD)ديغَي٘ريض

 اىدبٍٚ اىزشؼيغ ىي٘سً.ٗاُ اىسبٍئ رقييوىيفئشاُ اىٚ  اىغ٘ثشأمغيذّشبغادٙ

اىفزشٓٓاٗظرٍِثص٘سفّٚغيحاى٘سًفٚاىفزشٓاىثبّئىيزدشثٍٔؼْ٘يب(SOD)ديغَي٘ريض

اىٚاىؼالجثبالثيديْيٍِغاٗاىغيييْيً٘ىيفئشاُاىسبٍئىي٘سًقجواىزشؼيغاىدبٍٚٗادٙاالٗىٚ.

ّرقييو (SOD)ديغَي٘ريض اىغ٘ثشأمغيذ إّضيٌشبغ ثبىقيٌٍؼْ٘يب ثبىَقبسّخ اى٘سً ّغيح فٚ

الثيديْيٍِغغٗخ٘دافعيئىٍاىَقبثئفٚاىفئشاُاىسبٍئىي٘سًٗاىَؼشظٔىالشؼبعاىدبٍٚ.

فّٚغيحاى٘سًػِاالثيديْيِ(SOD)ديغَي٘ريض اىغ٘ثشأمغيذ إّضيٌّشبغورقييفٚاىغييْيً٘

ثَفشدٓاٗاىغيييْيً٘ثَفشدٓ.

 فand -42%ٚ 19- , 27-ثْغجخقذقوٍؼْ٘يبفٚاىنجذ(CAT)مزبىيض إّضيٌ اُّشبغ-11

ػيٚاىز٘اىٚفٚاىفزشٓاالٗىٚىيزدشثٔ.ٍغاعزَشاساىْقصR , E and E+Rٍدبٍيغاىفئشاُ

(CAT)مزبىيضفّٚشبغ فّٚغيحاىنجذ ػيٚاىز٘اىٚىٖزٓ and -53% 30-, 36-ثْغجخ

ٗقذادٙػالجاىفئشاُاىسبٍئىي٘سًاٗاىفئشاُاىسبٍئاىَدبٍيغفٚاىفزشٓاىثبّئٍِاىزدشثٔ.

 إّضيٌيديْيٍِغاٗاىغيييْيً٘اىٚاسرفبعٍيس٘ؾفّٚشبغىي٘سًٗاىَؼشظٔىالشؼبعثبالث

(CAT)مزبىيض  اىنجذفٚ ثبىْغتّغيح اىسبٍئ اىَقبثيخ ٍقبسّخ اٗ ىي٘سً اىسبٍئ اىفئشاُ في

ىي٘سًٗاىَؼشظٔىالشؼبع.ٗاىْزبئحاٗظسذاُاالثيديْيٍِغاىغيييْيً٘ىٌٖربثيشٗاظرفٚ

 ثَفشدٓ.فّٚغيحاىنجذ(CAT)مزبىيض إّضيٌّشبغصيبدح اىغيييْيً٘ اٗ ػِاالثيديْيِثَفشدٓ

ىيفئشاُاىسبٍئىي٘سًٗاُاىزشؼيغاىدبٍٚ رقييو(CAT)مزبىيض إّضيٌّشبغادٙاىٚرقييو

فّٚغيحاى٘سًفٚاىفزشٓاىثبّئىيزدشثٔػِاىفزشٓاالٗىٍْٖٚب.ٗاُاىؼالجثبالثيديْيٍِؼْ٘ٙ
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 إّضيٌّشبغىيفئشاُاىسبٍئىي٘سًقجواىزشؼيغاىدبٍٚىٖبادٙاىٚرقييوٍغاٗاىغيييْيً٘

فّٚغيحاى٘سًثبىَقبسّخثبىقيٌاىَقبثئفٚاىفئشاُاىسبٍئىي٘سًرقييوٍؼْ٘ٙ(CAT)مزبىيض

رقييو اىٚ ادٙ اىغييْيً٘ ٍغ االثيديْيِ اُ اٗظسذ .ٗاىْزبئح اىدبٍٚ ىالشؼبع ٗاىَؼشظٔ

فّٚغيحاى٘سًػِاالثيديْيِثَفشدٓاٗاىغيييْيً٘(CAT) مزبىيض إّضيٌشبغّٗاظرفٚ

.ثَفشدٓ

 

اٍُدَ٘ػخايشىيخاىعبثؽخالٗخذدّباىسَطاىْ٘ٗٙاىشيج٘صٙػْذدساعخردضئخٗ-12

.الخشٙاىفئشاُارظٖشاىزدضيئبدث٘ظ٘ذفٚيظٖشفيٖباٙردضئخثيَْب



 اُ ، مبعزْزبج ثبالاىفئشاُزقِ اىجشيزّ٘ٚ اىزد٘يف رؼبظٌفٚ اىٚ يؤدٙ ٗاىغييْيً٘ ثيديْيِ

 خاليب خ٘اصٌٖايشىخزغبعيخ اىٚ رىل ٗيؼضٙ ىالشؼبع اىصيت اى٘سً داخو اىغشؼبّيخ

ىالىزٖبة. ٗاىَعبدٓ  ىالمغذٓ اىَعبدٓ ىزن٘يِاالٗػئاىذٍ٘يخ، ٗيسذساالثيديْيِاىَعبدٓ

ػَييخاّزبجاىَشزقبداالمغديْئاىْشؽٔٗرْظيٌاىزؼجيشٗاىغييْيًٕ٘زااالثشٍِخالهرقييو

.NF-κBػِؼشيقرثجيػاىَغبساىْشػىوTNF-α اىفباىْنشصٓاى٘سٍٍٚؼبٍواىديْٚه

اىذػبٍٔثشٗريْبدامثشٍِرىلاالثيديْيِٗاىغيييْيً٘يَنِاُيؼَي٘اٍِخالهرقييورشميض

اّضيٌاىجشٗريِاىفيضٙزشيل،صيبدحاىزؼجيشاىديْٚىَثجػ،رشميضامغيذاىْيMMP-2, 9 اىفيضئ

 1TIMP-1-اىْغيدٚ  اىغشؼبّئ ىيخيئ اىَجشٍح اىَ٘د ٗازذاس يظٖش خالهاىزٙ ٍِ

رشميجٍٔعبدٓىزن٘يِاالثيديْيِٗاىغيييْيً٘ٗثزىليَنِاػزجبس.اىسَطاىْ٘ٗٙدّبردضيئبد

اثْبءاىؼالجاالشؼبػٚ.االٍْٔىيخاليباىؽجيؼئاالٗػئاىذٍ٘ئٗفّٚفظاى٘قذرضيذاىسذٗد



 المستخلص

ٕ٘حقييٌ  حبثيش اىؼ٘اٍو اىخٚ حْظٌ َّ٘ االٗػئ ػيٚ َّ٘ اى٘سً ٗحسبسيت  اىسشؼبُ  ٕزٓ اىذساسٔ اىٖذف ٍِ           

ٗاىسيييْيً٘ ػيٚ خاليب ايشىخ اىسشؼبّئ خبسخيب ببسخخذاً ا ٍغ / خقييٌ حبثيش  االبيديْيِب اىذساسٔ ٗٗحٖخٌ  ىالشؼبع اىَؤيِ.

MTT assay  ٚحٌ حقِ  . ٗ قذ ٗاىَؼشظٔ ىالشؼبع ٗاىغيش ٍؼشظت اىفئشاُ اىحبٍئ ىخاليب ايشىخ اىسشؼبّئ  ٗداخييب ػي

ٍييٚ  4يٍ٘ب حخٚ ٗصو حدٌ اى٘سً اىٚ  41اىفئشاُ  بخاليب ايشىخ اىسشؼبّئ فٚ اىفخز االيَِ ٗقذ حشمج اىفئشاُ ىَذة 

.1mm
3

 خشاٙ ٍِ االشؼبع اىدبٍٚ.  6.5ٗ حٌ حؼشيط اىفئشاُ اىٚ  

1mm.ٍييٚ  4ٍِ ٗص٘ه حدٌ اى٘سً اىٚ   22ٗاىيً٘  41اىفئشاُ خاله فخشحيِ َٕٗب اىيً٘  بثٍدَ٘ػ ٗششحج         
3

 

فٚ  (TNFα)اى٘سٍٚ اىفب  اىْنشصٓٗحٌ قيبط  ٍؼذه اىؼ٘اٍو اىَْشؽٔ ىخن٘يِ االٗػئ اىذٍ٘ئ ٍثو اىخؼبيش اىديْٚ  ىَؼبٍو 

فٚ اىنبذ  (NO)فٚ ٍصو اىذً ٗحشميض امسيذ اىْيخشيل MMP2,9) )  ٩، ٢اىؽحبه ٗ ححييو بشٗحيْبث اىذػبٍت اىفيضيت 

 حَط اىثي٘بشبخي٘سك ٍغ اىَخفبػيت اىَ٘اد بقيبط  ٍسخ٘ٙ LPx يذُٕ٘اىف٘قٚ ى بمسذاىخٗحٌ قيبط ٍؼذه  ّٗسيح  اى٘سً

(TBARS) ًش اىديْٚ بؼط اىؼ٘اٍو اىَعبدٓ ىخن٘يِ االٗػئ اىذٍ٘ئ ٍثو قيبط اىخؼبي قيسج . ٗ  فٚ اىنبذ ّٗسيح اى٘س

 إّضيٌ ّشبغ.ٗحٌ قيبط ايعب دالالث ٍعبداث االمسذٓ ٍثو   (.TIMP-1) 4إّضيٌ اىبشٗحيِ اىفيضٙ اىْسيدٚ ـىَثبػ 

فٚ اىنبذ ّٗسيح    (GPX)اىدي٘حبثيُ٘ بيشٗمسيذيض إّضيٌ ٗ (CAT)مخبىيض إّضيٌ ٗ (SOD)ديسَي٘حيض اىس٘بشأمسيذ

 حٌ حقذيش حدضأ اىحَط اىْ٘ٗٙ دّب. اى٘سً .ٗ

ٗقذ ٗخذّب اُ االبيديْيِ ٗاىسيييْيً٘ يقيو ٍِ ٍؼذه اّقسبً ٗحعبػف اىخاليب اىسشؼبّئ مَب اُ ىٌٖ حبثيش قبحو ىٖزٓ           

اىخاليب . مَب ى٘حظ ايعب اُ اىؼالج ببالبيديْيِ ٗاىسيييْيً٘ ىٔ حبثيش ٍؼْ٘ٙ فٚ حقييو اىؼ٘اٍو اىَْشؽٔ ىخن٘يِ االٗػئ 

 )  ٩، ٢ٗ بشٗحيْبث اىذػبٍت اىفيضيت  (TNFα)اى٘سٍٚ اىفب  اىْنشصٓيْٚ ىَؼبٍو اىذٍ٘ئ ٍثو حقييو اىخؼبيش اىد

(MMP2,9 ٗامسيذ اىْيخشيل(NO)  اىخبمسذ اىف٘قٚ ىيذُٕ٘ ٗحقييوLPx.  مَب اُ االبيديْيِ ٗاىسييْيً٘  ادٙ اىٚ صيبدة

حدضئت اىحَط اىْ٘ٗٙ دّب.مَب اُ ( ٗفٚ TIMP-1) 4إّضيٌ اىبشٗحيِ اىفيضٙ اىْسيدٚ ـٍؼْ٘ئ فٚ اىخؼبيش اىديْٚ ىَثبػ 

اسخْخبج اُ   ٗ يَنِ.(SOD,CAT,GPX)االبيديْيِ ٗاىسيييْيً٘ ىٌٖ حبثيش ٗاظح فٚ ححسيِ دالالث ٍعبداث االمسذٓ 

ٗيظٖش  حسبسيت اىخاليب اىسشؼبّئ ىالشؼبع اىَؤيِ صيبدةٙ إىٚ يَنِ اُ يؤداىسيييْيً٘ ٗ االبيديْيِ  ٍِٙ  اىخآصس اىخبثيش 

ٗححسيِ فٚ  ٍؼذه اىَ٘ث اىَبشٍح ىيخاليب اىسشؼبّئ  صيبدة ببإلظبفت إىٚ اّخشبس اى٘سً  يتاحخَبى حقييو ه خالِ رىل ٍ

 .ىيخاليب اىؽبيؼيت ٍَب يحسِ اىظشٗف اىؼالخيت ىيَشض مفبءة ٍعبداث االمسذٓ

 



 

 

 انعٕايم انًضبدِ نخكٕيٍ االٔعيّ

 انغشطبَيّ  يتانذيٕيّ يًكُٓب ححغيٍ حغبعيت انخه

 نالشعبع انًؤيٍ

 

 
 انًبجغخيش سعبنت

 بيٕنٕجيب انغشطبٌ انجضيئيّ في

 

 

 يٍ يقذيت

 

 

 َشييٍ يحًذ عيذ احًذ بذس انبقشٖ
 2000بصيق, انضقجبيعت  -كهيت انعهٕو ٔ انكيًيبء بكبنٕسيٕط انعهٕو قغى انكًيبء انحيٕيت

 

 

 

 ححج إششاف

 

 خبنذ شعببٌ يحًٕد عضةكخٕسا.د. د
 -انًشكض انقٕيٗ نبحٕد ٔحكُٕنٕجيب االشعبع -يّبيٕنٕجيب االشعبعبحٕد انقغى انكيًيبء انحيٕيت,   اعخبر

 .ْيئت  انطبقّ انزسيّ
 

 

 

 حُفٗ شادن معاويها.د. 
  - ب انجضيئيتقغى انبيٕنٕجي-ٔ انبيٕنٕجيب انجضيئيّ اعخبر انكيًيبء انحيٕيت

 انخكُٕنٕجيب انحيٕيّ يعٓذ بحٕد انُٓذعّ انٕساثيّ ٔ

 يذيُت انغبداث جبيعت  –

 

 

 

 

 

 

 

 

 

 

 



 

 انعٕايم انًضبدِ نخكٕيٍ االٔعيّ 

 انغشطبَيّ  يّانذيٕيّ يًكُٓب ححغيٍ حغبعيت انخه

 نالشعبع انًؤيٍ

 

 

 
 انًبجغخيش سعبنت

 بيٕنٕجيب انغشطبٌ انجضيئيّ في

 

 

 يٍ يقذيت

 

 

 َشييٍ يحًذ عيذ احًذ بذس انبقشٖ
 2000انضقبصيق, جبيعت  -كهيت انعهٕو ٔ انكيًيبء بكبنٕسيٕط انعهٕو قغى انكًيبء انحيٕيت

 

 
 انحكى تنجُ

 

 
 ....................................................................................................فبحٍ صْشاٌ يحًذدكخٕسة, 

 اعخبر انكيًيبء انحيٕيت, سئيظ قغى انكيًيبء, كهيت انعهٕو جبيعت انضقبصيق

 

 .......................................................................................................انعضيضعبذ  يصطفٗعًيش ,دكخٕس

 .ْيئت  انطبقّ انزسيّ -ظبئش انًشعّانًشكض االقهيًٗ نهُ, االشعبعيّ انكيًيبء انحيٕيت اعخبر

 

 .......................................................................................................خبنذ شعببٌ يحًٕد عضة ,دكخٕس

 .انطبقّ انزسيّ  ْيئت -انًشكض انقٕيٗ نبحٕد ٔحكُٕنٕجيب االشعبع -قغى بيٕنٕجيب االشعبعاعخبر انكيًيبء انحيٕيت, 

 

 ..........................................................................................................معاويه حنفىشادن  ,دكخٕسة
 جيب انحيٕيّانخكُٕنٕ يعٓذ بحٕد انُٓذعّ انٕساثيّ ٔ - قغى انبيٕنٕجيب انجضيئيت-ٔ انبيٕنٕجيب انجضيئيّاعخبر انكيًيبء انحيٕيت

 يذيُت انغبداث جبيعت  –

 

 

 

 /     /        انخبسيخ                                                                          



 
 يعٓذ بحٕد انُٓذعت انٕ ساثيت ٔ انخكُٕنٕجيب انحيٕيت ببنغبداث

 انجضيئيت يبقغى انبيٕنٕج                  

  

 
 يم انًضبدِ نخكٕيٍ االٔعيّ انعٕا

 انغشطبَيّ  يّانذيٕيّ يًكُٓب ححغيٍ حغبعيت انخه

 نالشعبع انًؤيٍ

 

 

 

 
 سعبنت يقذيت يٍ

 

 َشييٍ يحًذ عيذ احًذ بذس انبقشٖ
 2000انضقبصيق, جبيعت  -كهيت انعهٕو ٔ انكيًيبء بكبنٕسيٕط انعهٕو قغى انكًيبء انحيٕيت

 

 

 دسجّ عهٗ نهحصٕلكجضء يخًى 

 

 خيشانًبجغ

 
 في

 بيٕنٕجيب انغشطبٌ انجضيئيّ 

 

 

 انجضيئيت انبيٕنٕجيب قغى

 انحيٕيت انخكُٕنٕجيب انٕساثيت ٔ انُٓذعت بحٕد يعٓذ

 انغبداث يذيُت  جبيعت
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