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Abstract 
 

Effect of administration of some  antitumor   extracts on Ehrlich ascites 
carcinoma –bearing mice. 

 
WAFAA, GH. SHOUSHA1;  SALAH, A. GABR2;  ABEER, A. BAHNASSY3; HATEM, A. EL-
MEZAYEN1; NOURA, M. MESALAM2 
1Department of Chemistry, Faculty of Science, Helwan University 
2Department of Biological Applications, Nuclear Research Center, Atomic Energy Authority 
3Department of Pathology, National Center Institute, Cairo University 
 
   Cancer is considered one of the most common causes of morbidity and 
mortality worldwide. Many researches have been studied on the discovery of 
natural and synthetic compounds that can be used in the prevention and/or 
treatment of cancer. Many chemopreventive agents have been associated 
with antiproliferative and apoptotic effects on cancer cells because of their 
high antioxidant activity. 

The present study was undertaken to investigate the antioxidant and 
antitumor effects of three natural extracts including (propolis, green tea and 
Chlorella vulgaris) without or with radiation exposure in Ehrlich ascites 
carcinoma (EAC) - bearing female albino mice. The animals were randomly 
distributed into three major groups as follows:- Group A (control 
group).This group consists of 10 mice kept on normal standard rodent diet 
without any treatment and housed in two cages: mice of the first cage served 
as control for non tumor-bearing group and the second cage served as 
control for tumor-bearing group. Group B (Non tumor - bearing group).This 
group consists of 30 mice and used to study the effect of the vehicle 
solutions (gum acacia, DMSO), propolis, green tea, Chlorella vulgaris and 
gamma irradiation on normal mice. Mice of this group were equally 
distributed into six subgroups receiving gum acacia, DMSO, propolis, green 
tea and Chlorella vulgaris for two weeks and whole body gamma irradiated. 
Group C (Tumor – bearing group): This group consists of 160 mice 
randomly and equally distributed into 8 subgroups: Ehrlich ascites 
carcinoma(mice were inoculated with 2.5× 106 intra-peretoneally(i.p), 
Ehrlich ascites carcinoma and 2Gy irradiated, Ehrlich ascites carcinoma and 
propolis treated (150mg/kg b.w), Ehrlich ascites carcinoma, propolis treated 
and irradiated, Ehrlich ascites carcinoma and green tea treated (150mg/kg 
b.w), Ehrlich ascites carcinoma, green tea treated and irradiated, Ehrlich 
ascites carcinoma and Chlorella vulgaris treated (150mg/kg b.w) and 
Ehrlich ascites carcinoma, Chlorella vulgaris treated and irradiated. Plasma 
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and hepatic lipid peroxidation index thiobarbituric acid reactive substances 
(TBARS), superoxide dismutase (SOD) and glutathione (GSH) were 
assessed in RBCs and liver together with hepatic aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) and histopathological 
examination of liver sections. There was a decrease in activities of SOD and 
GSH as well as an increase in TBARS concentration in mice bearing EAC in 
addition to increase in hepatic activities of AST and ALT. The 
microscopical examination of liver sections of mice bearing EAC showed 
various histopathological alterations including vacuolar degeneration of 
hepatocytes with sporadic cell necrosis of hepatocytes having deeply 
pyknotic nuclei; congestion and dilatation of the portal blood vessel and 
central vein with brown pigment deposition were also observed associated 
with areas of hemorrhage. Antiproliferative and apoptotic effects of extracts 
were determined by detection of Ki-67, Fas and Fas-L proteins and DNA 
fragmentation in EAC respectively. Treatment of EAC-bearing mice by 
propolis, green tea and Chlorella vulgaris extracts was found to improve the 
adverse changes in the liver enzymes and histopathological changes in liver 
sections with an increase in antioxidants activities and reduction of lipid 
peroxidation as well as inhibition of proliferation and induction of apoptosis 
in EAC cells. 

 
     Therefore, we concluded that propolis, green tea and Chlorella vulgaris  
extracts supplementation with or without gamma irradiation have the ability 
to provide protective effects against EAC- induced biochemical and 
histopathological changes without harmful side effects. In addition, these 
extracts and/or gamma irradiation reduced proliferation and induced 
apoptosis in EAC cells. Propolis extract is more effective than Chlorella 
vulgaris extract as an antioxidant which in its turn is more effective than 
green tea extract. 
 
Key words: Ehrlich ascites carcinoma, Propolis, gamma irradiation, green 
tea, chlorella vulgaris extract, apoptosis, antioxidant. 
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Introduction and aim of the work  
 

 1 

Introduction 
 

Cancer is the abnormal and uncontrolled  growth of cells in our bodies 

that can lead to death. Cancer cells usually invade and destroy normal cells. 

These cells are born due to sort of imbalance in the body and by correcting 

this imbalance, the cancer may be treated. Free radicals are considered as 

one of the major cause for the conversion of normal cell to cancerous cells. 

Overproduction of free radical and reactive oxygen species (ROS) would 

assault on important biological molecules such as DNA, protein or lipid 

causing  many degenerative diseases, such as cancer, Alzheimer’s, arthritis 

and ischemic reperfusion (Suja et al., 2004).  

Cancer is caused by an imbalance in the rate of proliferation and 

apoptosis or cell death and the positive effect of anticancer therapy is taken 

into consideration when its ability to initiate apoptosis in cancer cells (Reed, 

2000). Apoptosis is a mode of celluler death based on a genetic mechanism 

that induces a series of cellular, morphological and biochemical alternations 

leading to cell suicide (Nagata, 1997). Apoptosis usually takes place at 

specific moment in normal embryonic development to allow the definitive 

form of tissues and in adult life to discard cells that no longer have a 

function or have an altered function (Vaux and Korsemyer, 1999). Cells 

undergo apoptosis through distinct pathways including fatty acid synthase 

(Fas) and Fas ligand (FasL) which results in the activation of the caspase-8, 

mitochondria-dependent pathway and the caspase-3-dependent pathway 

triggering the cytoplasmic release of pro-apoptotic mitochondrial proteins 

before leading to apoptosis (Eva et al .,  2003). When Fas receptor proteins 

are activated by binding to Fas-L, the activation of caspase 8 occurs, in turn; 

execute cell apoptotic death (Rao et al., 2004). 
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Ehrlich ascites carcinoma (EAC) is one of the experimental breast 

tumor derived from spontaneous mouse adenocarcinoma. Similar to other 

tumors developing in body cavities, EAC cells fill the peritoneal cavity by 

rapid division of cells, accumulation of a fluid named ascitic fluid and 

animal dies 17-18 days following EAC transplantation (Ulakoglu and 

Altun, 2004). The Ehrlich ascitic  tumor implantation induces per se a local 

inflammatory  reaction ,with  increasing vascular permeability which  results 

in an intense edema  formation, cellular  migration,  progressive  ascitic  

fluid  formation  which is essential  for  tumor  growth  since  it constitutes     

a direct   nutritional source   for   tumor   cells  (Bala et al., 2010 & Haldar 

et al., 2010). 

Current trends in the control and management of cancer tumors have 

been taking into consideration different types of treatments including 

chemotherapy, radiotherapy and / or surgical intervention. More evidence 

suggests that cancer-inducing oxidative damage might be prevented or 

limited by antioxidant. Antioxidant may mediate their effect by directly 

reacting with ROS, quenching them or chelating the catalytic metal ions 

(Sun et al., 2002). It has been shown that antioxidant rich diets can reduce 

oxidative damage to DNA, thus preventing a critical step in the onset of 

carcinogenesis and the impact of antioxidants on mutagenesis and 

carcinogenesis has been well established (Meyskens et al., 2005 & Zhang 

et al., 2008).  The target of much research has been focused on the discovery 

of natural and synthetic compounds that can be utilized for prevention and / 

or treatment of cancer (Pezzuto, 1997). 

Recently, a number of plants have been accepted as one of the main 

source of cancer chemoprevention drug discovery and development due to 
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their diverse pharmacological properties including cytotoxic and cancer 

chemo preventive effects (Gupta et al., 2004). 

Investigations for effective and non- toxic natural extracts with 

antitumors capability led to increasing and promoting our interest to study 

the effect of the highly antioxidant extracts such as ethanolic extract of 

propolis (EEP), green tea extract (GTE) and Chlorella vulgaris extract 

(CVE) on Ehrlich ascites carcinoma (EAC) – bearing mice and possibility of 

using them to ameliorate the biochemical changes induced by tumor their 

possible role in suppressing the tumor growth rate.  

Propolis (bee glue) is a resinous hive product collected by honey bees 

from many plant sources. Propolis usually contains a variety of different 

chemical compounds, including phenolic acids or their esters, flavonoids 

(flavones, flavanones, flavonols, dihydroflavonols and chalcones), terpenes, 

aromatic aldehydes and alcohols, fatty acids, stilbenes and β-steroids 

(Gardana et al., 2007). The ethanolic extract of propolis (EEP) has attracted 

an interest in the last decades because of its biological and pharmacological 

properties, such as immunomodulatory and anticancer effects (Krol et al., 

1996 & Gardana et al., 2007). Several mechanisms contribute to the overall 

cancer preventive and antitumor properties of propolis and its phenolic 

components. Several studies demonstrated that flavonoids, phenolic acids, as 

well as EEP can inhibit the cancer cells proliferation and tumor growth, 

induce cell-cycle arrest and apoptosis (Orsolic et al., 2006 &  Bufalo  et al.,  

2007). 

Green tea has been shown to possess cancer chemopreventive effects 

in a wide range of target tumors in rodents (Gupta et al., 2001). Over the 

last few decades, green tea has been subjected to many scientific and 

medical studies to determine the extent of its long-purported health benefits, 
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with some evidence suggesting that regular green tea drinkers have lower 

chances of heart disease and developing certain types of cancer (Gupta et al 

.,  2001).   The active ingredients in green tea extract are polyphenols in the 

form of flavonoids like catechins and epigallocatechin gallate (EGCG). 

Polyphenols are powerful antioxidants that appear to interfere with and 

reduce the spread of certain types of cancer cells. The antioxidant activity of 

EGCG in green tea extract is purportedly up to 100 times more powerful 

than that of vitamin C or E. Green tea also contains carotenoids, tocopherols, 

ascorbic acid (vitamin C), and minerals such as chromium, manganese, 

selenium or zinc. Green tea is a more potent antioxidant than black tea 

(Cabrera et al., 2006). 

         Chlorella vulgaris (CV) is a unicellular micro alga that is found 

growing ubiquitous in water reservoirs. Chlorella cells contain 55-67% 

proteins, 1-4% chlorophylls, 9-18% dietary fibers and large amounts of 

minerals and vitamins (Haperin et al., 2003). CV expresses various 

pharmacological effects both in animals and humans. CV has immune-

modulating and anti-cancer properties, (Singh et al., 1999, Justo et al., 2001 

& Tanaka et al., 2002). CV protects from the influence of radioactivity 

(Vacek, et al., 1990). 

Ionizing radiation is known to generate reactive oxygen species 

(ROS) in irradiated biological systems causing damage in tissues. 

 Antioxidants have been studied for their capacity to reduce the 

harmful effects of radiation exposure on normal tissues for at least 50 years 

ago(Okunieff et al., 2008). Antioxidants supplements may reduce treatment-

related adverse effects during radiation therapy by reducing oxidative 

damage to normal cells (Lawenda et al., 2008).  
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Aim of the Work: 
This work was aimed to study the antitumor and antioxidant  effects 

of  three natural products including ethanolic extract of propolis ( EEP),  

ethanolic  green tea extract (GTE)  and Chlorella vulgaris extract (CVE)  

and / or gamma irradiation exposure in  Ehrlich ascites carcinoma (EAC) – 

bearing female Swiss albino mice and the ability of these three natural 

extracts to ameliorate the antioxidant system,  improve the liver functions,  

histopathological alternations induced by the tumor, reduce proliferation and 

induce apoptosis in Ehrlich ascites carcinoma cells (EAC).  
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I. Review of literature  
 

              Cancer is one of the most common causes of death in the USA, 

exceeded only by heart disease. According to the American cancer society, 

about 569,490 Americans died due to cancer in 2010. The most common 

type in male is prostate carcinoma while in female the most common type is 

breast carcinoma (Jemal et al., 2010). It has been shown that cancer 

develops as a consequence of genetic aberrations in a way that overrides the 

checks and balances of the cell. However, many cancers cannot be related to 

specific genes, and some genes may interact in unpredictable ways with 

other genes or factors in the environment to cause cancer (Morgan, 2008). 

Factors that cause genetic changes leading to cancer     

I. Extrinsic factors:  

1.1 Diet:  

            Human ecological studies suggest that a number of dietary factors 

may have a role in the etiology of cancer of various sites. In western 

countries, people eat overly animal fats and not enough fresh fruits and 

vegetables which lead to an increase in the risk of colorectal cancer. Also 

foods which contain preservations, flavors and coloring agents increase the 

risk of certain types of cancer including colorectal adenoma (Sinha et al., 

2005). 

   1.2. Environment: 

        The environment contains many carcinogenig agents. Some of those 

carcinogens are natural like excessive exposure to sunlight and others are 

man –made like radiation, pollution and workplace hazards (Berrington de 

Gonzalez, 2009). Alcohol consumption, smoking, exposure to X – and 
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gamma rays appear to be the most frequent exogenic risk factors for the 

development of cancer (Seitz et al., 1998). Carcinogenic substances pass 

into target cells and also systematically leading to decreased cell metabolism 

and produce a relative immune deficiency (Carvalho,   1997).  

      1.3. Viruses:  

  It is estimated that viral infections contribute to 15 – 20% of all 

human cancers (Pagano et al., 2004).As obligatory intracellular parasites, 

viruses encode proteins that reprogram host celluler signaling pathways  

controling proliferation, differentiation, cell death, genomic integrity and 

recognition by the immune system (Johnston et al., 2007).  

            Viruses contribute to cancer by different ways. Some viruses 

can cause genetic changes in cells that make them more likely to become 

cancerous. The viral etiology has been confirmed in certain types of tumors 

such as cervical cancer and human papiloma virus (HPV), Hepato-celluler 

carcinoma (HCC) and Hepatitis B and C viruses as well as T cell leukemia 

in adults and the Human T cell leukemia virus (Di – Bisceglie et al., 2003).                            

II. Intrinsic factors : 

2.1. Age: 

               Cancer strikes people of all ages. However, old people are more 

likely to get cancer, even without family history of cancer. This could be 

attributed to prolonged exposure to carcinogens and the genetic damage in 

the cells. According to the National Cancer Institute (NCI), United state of 

Amirica (USA), 60 percent of the newly diagnosed malignancies are found 

in people over the age of 65 (Jemal et al., 2010). 
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      2.2. Genetic makeup: 

The development of the neoplasm is the result of accumulation of 

genetic alternation. Researchers found a relation between genetic alternation 

and the clinical and pathological characteristics of tumors (Kinzler- 

Kenneth et al., 2002). 

      2.3. The immune system: 

            The main function of the immune system is to monitor tissue 

homeostasis, to protect against invading or infectious pathogens and to 

eliminate damaged cells. There is a complex relationship between the 

immune cells and developing tumors. People who have problems in immune 

system are more susceptible to get some forms of cancer. This group include 

people who have had organ transplant, those who are on immunosuppressive 

therapy, and those who have AIDS or born with rare medical syndromes, 

which affect their immunity (Mellemkjaer et al., 2002).  

 Standard modalities of cancer treatment 

 I. Surgery:  

  It is the main modality of cancer treatment, which aims to remove 

the tumor either partially or completely. However, surgery may be done for 

exploration of a particular area to obtain a sample for the diagnosis of a 

suspicious mass (Eyre et al., 2001).  

II. Chemotherapy: 

The main principle of chemotherapy, which serves as a major 

treatment in cancer, is to prevent the growth and progression of tumor cells 

or to destroy them. Chemotherapy effect on tumor cells more than the 

normal cells of the patient (Mycek et al., 1998). Generally, the prevention of 

metabolic pathways involved in cell replication is aimed especially for 
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malignant cells. However, all used chemotherapeutic agents (drugs) not 

specific to cancer cells, i.e they do not affect the proliferated neoplastic cells 

only but also the normal cells. In addition if tumor metastasis occurs and 

surgical treatment is impossible, chemotherapy is used. It is also applied 

after surgical and radiation therapies to prevent micro-metastases.  

The most sensitive tumors to chemotherapy are the poorly 

differentiated ones and those with rapid growth rate (Mycek et al., 1998). 

Nonetheless, lots of cancer chemotherapeutics affect the normal cells of 

patients seriously (Mascarenhas, 1994). For example, some 

chemotherapeutic agents are hepatoxic, nephrotoxic, cardiotoxic, etc. This 

makes the identification of new agents for cancer therapy necessary (Soini et 

al., 1998). Studies on cancer therapy defined the ideal drug as being 

ineffective or minimally effective on normal cells (Gümüşhan, 2002) such 

as the case in the natural compounds (agents) (Suffiness and Pezzuto, 

1991).   Chemotherapy is considered the main treatment modality for many 

types of tumors either with or without surgery. This includes many solid and 

hematological malignancies. Chemotherapy can also be used before surgery   

(i.e neo – adjuvant therapy) to shrink a tumor so that it becomes easier to 

remove especially in large tumors or in those that are strongly attached to the 

surrounding tissues. It is also used after surgery (adjuvant therapy) to 

assume complete eradication of any cancerous cells left in the body after 

surgery. Some patient are treated by chemotherapy and radiotherapy same 

(chemo- radiotherapy) which in some tumors can be more effective than 

having either treatment separately. When cancer spreads to other organs, it 

may not be possible to cure it completely and in this case, the aim of 

chemotherapy may be just to slow the progression of the disease and to 

extend the period of good quality of life for as long as possible (palliative 
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therapy). Although chemotherapy is considered one of the effective tools in 

cancer therapy till now, it also induce hazardous effects on normal cells 

(Coffey et al., 2009).    

III. Radiotherapy  or Radiation therapy  (RT):   

 Radiotherapy is used to kill cancer cells and / or reduce the size of a 

primary or secondary tumor. The use of ionizing radiation to kill tumor cells 

is a common treatment in cancer. However, it is still associated with serious 

side effects and potential hazards due to the unwanted biological effects of 

irradiation, which are not confined to malignant tissues only but extend to 

adjacent healthy tissues. One of the major reasons for cellular injury after 

radiation exposure is the generation of free radicals and increased levels of 

lipid peroxides in tissues especially the cell membranes (Hospers et al.,   

1999). Many investigators have reported the inhibition of antioxidant 

systems in blood and tissues of mice and rats, accompanied by an increase in 

lipid peroxide products after irradiation exposure (Oliinyk  et al.,  2001)  as 

well as in irradiated mice bearing Ehrlich ascites carcinoma (Abu-Zeid et 

al., 2000a, b). The same effect was also reported in humans undergoing 

radiotherapy (Muravskaya et al., 1994). 

IV. Hormonal therapy:   

  It is the use of certain hormones, which are related to certain tumors 

in the treatment of cancer patients. Not all cancers respond well to hormonal 

therapy. Hormonal therapy is usually used for treating hormone dependant 

tumors such as breast, prostate and ovarian cancer, with a specific aim of 

slowing down or stopping the growth of the tumors (Kent et al., 2003).  
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V. Biological therapy:  

          This mainly includes monoclonal antibodies, gene therapy and 

vaccines. This type of therapy uses the body's immune system to fight 

cancer. The cells, antibodies, and organs of the immune system work to 

protect and defend the body against foreign invaders. Immune system might 

also be able to both determine the differences between healthy and cancer 

cells in the body, and to eliminate the cancer cells. The main 

immunotherapeutic drugs used are cytokines (proteins that activate the 

immune system). The most common cytokines used are interleukin – 2 (IL – 

2) and interferon –alpha (INF – α). Cytokines cause shrinkage of the tumor 

to less than half their original size in about 10% to 20% of patients. Recently 

denderetic stem cells and tumor vaccines have been mentioned as a novel 

and effective immunotherapeutic modalities (Restifo et al., 2008).  

VI. Photodynamic therapy (PDT): 

         Photodynamic therapy (PDT) is an established method for the 

treatment of neoplastic and non-neoplastic diseases. PDT is based on the use 

of photosensitizer- enhanced photochemical reactions leading to tumor 

destruction with high selectivity (Dougherty, 2002). The photosensitizers 

located in the targeted tissue can generate singlet oxygen when activated by 

light. The generated singlet oxygen is a highly reactive oxidant that has the 

ability to react with lipids and proteins, leading to selective local destruction 

of cells (Korbelik and Cecic, 2003). 

Ionizing Radiation 

Radiation is energy in the form of waves or particles. The energy 

associated with any radiation can be transferred to matter. This transfer of 

energy can remove electrons from the orbit of atoms leading to the 

formation of ions. The types of radiation capable of producing ions in matter 
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are collectively called “ionizing radiation” (Cooper et al., 2003). 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 (Jagetia et al., 2003). 

At the chemical level, a molecule (DNA, RNA, lipid and protein) in a 

biological system can be affected by radiation in two different ways. When 

an ionization track passes either directly through a molecule can drift to and 

interact chemically with the molecule. This phenomenon is called a direct 

radiation effect. On the other hand, since the largest fraction found in all 

biological system consists of water (e.g.70 – 80% of a typical cell), the most 

frequent initial radiation interactions will be with water molecules. When 

this occurs, ion radicals and free radicals are created. This is called indirect 

radiation effect (Scott and Guilmette, 2005). 

Formation of free Radicals and Reactive Oxygen Species  

A free radical is generally defined as a molecule or an atom with an 

unpaired electron. By virtue of their unpaired electron, free radicals tend to 

be unstable and highly reactive (Yoshikawa et al., 1997).  

Reactive oxygen species (ROS)  include oxygen radicals superoxide 

radicals (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 hydrogen peroxide (H2O2 ) 

(Wiseman and Halliwell, 1996).  

Reactive nitrogen species (RNS) include nitric oxide radical (NO•), 

ONOO−, nitrogen dioxide radical (NO2 •), other oxides of nitrogen and 
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products arising when NO• reacts with O2 • −, RO• and RO2 •. Oxygen is 

required for the generation of all ROS and RNS species. Under physiologic 

conditions, approximately 1% to 3% of the O2 consumed by the body is 

converted into superoxide and other ROS (Fridovich, 1999).                   

Radicals derived from oxygen represent the most important class of 

radical species generated in living systems. Molecular oxygen (dioxygen) 

has a unique electronic configuration and is itself a radical. The addition of 

one electron to dioxygen forms the superoxide anion radical, (O2
• −) (Miller 

et al., 1990).           

Superoxide anion, arising either through metabolic processes or 

following oxygen activation by physical irradiation, is considered the 

primary ROS, and can further interact with other molecules to generate 

“secondary” ROS, either directly or prevalently through enzyme- or metal-

catalyzed processes (Valko et al., 2005). 
 

 
Figure (1): Production of superoxide (Valko et al., 2007). 
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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 (Valko et al., 2004 & 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 approximately 10−9 second. Thus 

when produced in vivo, •OH reacts close to its site of formation. 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 (Pastor et 

al., 2000). 

Nitric oxide (NO) is an endogenous free radical species that produced 

from L-arginine by nitric oxide synthase (NOS), a family of ubiquitous 

enzymes. There are three main types of NOS isoforms. Both neuronal NOS 

(nNOS) and endothelial NOS (eNOS) are constitutively expressed, whereas 

inducible NOS (iNOS) is expressed in response to interferon (IFN)-γ, 

lipopolysaccharide (LPS), and a variety of pro-inflammatory cytokines 

(Mayer and Hemmens, 1997).  

 
                       NADPH      NADP+                  
L – Arginine                                L– Citrulline        
                                              NOS 

                            

                                  O2                         No.  
Figure (2): Nitric oxide biosynthesis by nitric oxide synthase. 

                                 (Groves and Wang, 2000) 
 



Review of Literature 

 15 

ROS and RNS are recognized to play 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,   

for example in defense against infectious agents and in the function of a 

number of cellular signaling systems. A 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 and nitrosative stress (Ridnour et al., 2005 &  Valko et al., 

2006). 

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. Free radicals generated from Ionizing radiations leading to lipid 

peroxidation, protein oxidation, base modification, DNA strand breaks and 

genomic instability leading to cell death (Somosy, 2000). 

 

Oxidative stress  

Oxidative stress is defined as a disturbance in the balance between 

antioxidants and pro-oxidants (free radicals and other reactive species) with 

increased levels of pro-oxidants leading to potential damage. This imbalance 

can induce a depletion of endogenous antioxidants, low dietary intake of 

antioxidants and/or increased formation of free radicals and other reactive 

species (Halliwell, 1997).  

In human tissues, a condition of oxidative stress can be revealed 

through searching for specific biomarkers of oxidative damage to lipids, 

proteins and nucleic acids. ROS attack to cellular membrane lipids generates 
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highly reactive aldehydes, such as 4-hydroxynonenal (HNE). Other markers 

of oxidative damage to lipids include malondialdehyde (MDA), lipid 

hydroperoxides and thiobarbituric acid reactive substances (TBARS). 

Oxidative attack on proteins results in the formation of protein carbonyls, 

often with loss of functions of the parent molecule. Protein carbonyls and 

protein nitration (resulting from peroxy nitrite attack) are common markers 

of oxidative damage to proteins. Regarding nucleic acids, guanine is the 

most susceptible base to oxidative attack. The levels of 8-hydroxy-guanine 

(8-OHG), or alternatively 8-hydroxy-2-deoxyguanosine (8-OHdG) are 

commonly used as  markers of oxidative DNA damage (Lovell and 

Markesbery, 2007).  

Lipid peroxidation 

Lipid peroxidation of biological membranes is an important field of 

investigation, since the cellular elements perform a decisive role in the 

functional organization of mammalian cells. Lipid peroxidation in tissue and 

in tissue fractions represents a degradative process. It is the consequence of 

the production and the propagation of free radical reactions primarily 

involving membrane polyunsaturated fatty acids. Lipid peroxidation has 

been implicated in the pathogenesis of numerous diseases including 

atherosclerosis, diabetes, cancer, and rheumatoid arthritis as well as in drug-

associated toxicity, post ischemic reoxygenation injury and aging (Saada 

and Azab, 2001). 

There is increasing evidence that aldehydes generated endogenously 

during the process of lipid peroxidation are involved in most of the patho-

physiological effects associated with oxidative stress in cells and tissues. 

Compared with free radicals, lipid peroxidation-derived aldehydes are stable 

and can diffuse within or even escape from the cell and attack targets far 
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from the site of the original free radical initiated event. Therefore, the 

aldehydes are not only the end products and remnants of lipid peroxidation 

processes but also they may be act as mediators for the primary free radicals 

that initiated lipid peroxidation (Esterbauer et al., 1991). 

Lipid peroxidation alters the fluidity of biological membranes and 

then causes cell degradation, affecting the biological defense mechanism. 

The product of lipid peroxidation, such as malanoldehyde (MDA), damages 

the enzyme system and DNA (Noda et al., 1993).  

Defense mechanisms against oxidative stress 

Exposure to free radicals from a variety of sources stimulate the 

organisms to develop a series of defense mechanisms. Defense mechanisms 

against free radical-induced oxidative stress involve preventative 

mechanisms, repair mechanisms, physical and antioxidant defenses 

(Cadenas, 1997). 

Antioxidant enzymes are part of the endogenous system available for 

the removal or detoxification of free radicals and their products formed by 

ionizing radiation. Enzymatic antioxidant defenses include superoxide 

dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT). Under 

normal conditions, there is a balance between both the activities and the 

intracellular levels of other antioxidants. This balance is essential for the 

survival of organisms and their health (Masella et al., 2005).  

Superoxide dismutase (SOD), is the first line of defense against 

oxygen-derived free radicals that catalyses the dismutation of superoxide 

anion (O2 • −) into H2O2. SODs are metal-containing proteins that catalyze 

the removal of superoxide, generating water peroxide as a final product of 

the dismutation. 
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                                                 (SOD) 
         2O2 • −     +   2H+                                   O2 + H2O2 
 
 

Three SOD isoforms have been identified, and they all are present in 

all eukaryotic cells. The copper-zinc SOD isoform is present in the 

cytoplasm, nucleus, and plasma. On the other hand, the manganese SOD 

isoform is primarily located in mitochondria (Deneke and Fanburg, 1989).  

It is known that the activity and expression of SOD in cancer cells 

differs from that in normal cells (Fridovich, 1997). A decrease in 

manganese-SOD was identified in primary pancreatic cancer cells (Cullen et 

al., 2003).  

Catalases (CAT) are heme-containing enzymes that convert hydrogen 

peroxide (H2O2) to water and O2, and they are largely localized in 

subcellular organelles such as peroxisomes. 

                                                                    (CAT) 

                                       2 H2O2                                 2 H2O + O2 
 

 

Mitochondria and the endoplasmic reticulum contain little CAT. Thus, 

intracellular H2O2 cannot be eliminated unless it diffuses to the peroxisomes 

(Halliwell and Gutteridge, 1999). 

Glutathione (L- γ-glutamyl-L- cysteinylglycine) is the principal 

tripeptide thiol involved in the antioxidant cellular defense (Ganesaratnam 

et al., 2004). The most two important structural features of GSH are γ -

glutamyl linkage and sulphydryl group (–SH). It is the thiol of cysteine 

residue that composes the active group (Kaplowitz et al., 1985). 
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Figure (3). Structure of GSH or γ –glutamyl- cysteinyl glycine. The N-

terminal glutamate and cysteine are linked by the γ -carboxyl group of 

glutamate (Kaplowitz, et al., 1985).  

 
Glutathione (GSH) is a tripeptide produced by the liver and is able to 

detoxify the lungs, RBCs, liver and the intestinal tract. It also removes a 

wide range of toxins including those produced by heavy metals, cigarette 

smoke, alcohol, radiation and cancer chemotherapy. GSH neutralizes oxygen 

molecules before they cause damage to cells. It is found in two forms: free 

or bound to proteins. Free form is mainly  present in its reduced form 

(GSH), which can be converted to the oxidized form (GSSG) during 

oxidative stress, and can be reverted to the reduced form by the action of the 

enzyme glutathione reductase (Ames et al., 1993).  

GSH can effectively scavenge free radicals and other reactive oxygen 

species (e.g., hydroxyl radical, lipid peroxyl radical, peroxynitrite, and 

H2O2). This action could be  directly and indirectly done through enzymatic 
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reactions. GSH is oxidized to form GSSG, which is then reduced to GSH by 

the NADPH-dependent glutathione reductase (Fang et al., 2002). 

 

 

Figure (4): Glutathione oxidation reduction (Redox) Cycle. 

(Adopted from Abdalla, 2011) 

Glutathione peroxidase (GPx) is a seleno-enzymes that remove H2O2 

by coupling its reduction with the oxidation of GSH. Glutathione peroxidase 

(GPx) can also reduce other peroxides, such as fatty acid hydroperoxides 

(Lei, 2002). 

                                                   (GPX) 

2GSH + H2O2                                                          GS–SG + 2H2O 

 

These enzymes are presented in the cytoplasm at millimolar 

concentrations and also present in the mitochondrial matrix. Most animal 
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tissues contain both CAT and GPx activity (Halliwell and Gutteridge, 

1999).     

Due to different roles of reactive oxygen species (ROS) in cell 

signaling and many human pathological processes, imbalance of GSH is 

observed in a wide range of pathologies, including cancer, 

neurodegenerative disorders, cystic fibrosis (CF), and aging (Hayes et al., 

2005). Maintaining proper GSH levels and oxidation state are important for 

cell function and their disruptions are observed in many human diseases. 

GSH deficiency leads to an increased susceptibility to oxidative stress and 

progression of many disease states (Hayes et al., 2005). On the other hand, 

elevated GSH levels increase antioxidant capacity and resistance to 

oxidative stress. This is observed in many types of cancer (Hayes et al., 

2005). 

The increase of ROS in cancer cells may be a part of the initiation and 

progression of cancer, such intrinsic oxidative stress is often viewed as an 

adverse event. However, as excessive levels of ROS stress can also be toxic 

to the cancer cells and cells are likely to be more vulnerable to damage by 

further ROS induced by exogenous drugs and make them more responsive to 

ROS producing cancer treatments. Therefore, changing ROS levels by GSH 

modulation is a way by which cancer cells could be selectively killed  

without causing significant toxicity to normal cells (Trachootham et al., 

2009). 

  Certain cancer cells under increased levels of ROS may acquire 

some cancerous measures such as proliferation and metastasis (Makiya, 

2008). 
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              Figure (5). Glutathione level can affect expected outcome  

(Abdalla,  2011). 

 

High level of GSH (left side) is needed for cellular functions, signal 

transduction and protection against certain carcinogens. However, it can 

slow down any effective cancer treatment that works by increasing 

intracellular ROS. Low GSH levels (right side) make cells more vulnerable 

to ROS attacks. Increased ROS activates intracellular oncogenic pathways or 

mutate a tumor suppressor gene pathway, which will activate a 

tumorigenesis process (Abdalla,  2011). 
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Cancer chemoprevention  

          An extremely promising strategy for cancer prevention today is 

chemoprevention, which is defined as the use of synthetic or natural agents 

(alone or in combination) to block the development of cancer in human 

beings. Plants, vegetables, herbs, and spices have been accepted currently as 

one of the main sources of cancer chemopreventive drug discovery and 

development (Abdullaev, 2001). An ideal chemopreventive agent is a 

naturally occurring agent that can induce apoptosis in cancer cell without 

much side effects (Surh, 1999). 
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The chosen extracts in this study: 

1. Propolis    

      Propolis is a complex resinous mixture produced by bee through the       

mixture of different plant excudates, bee waxes and salivary secretions   

(Cunha et al., 2004). The word propolis is derived from the Greek pro - 

which means in front or before or in defense and polis which means the city.  

 When the bee reap propolis, They mix the resinous substances collected 

from plants with the 13-glicosidase enzyme of their saliva, causing the 

hydrolysis of the glucosyle flavonoides originating flavonoides aglycones 

(Pereira et al., 2002).   The color of propolis varies from green to reddish 

brown depending on its botanical source. The most common being dark 

brown (Mayer, 1983). 

 

1.1. Chemical composition of propolis 

           The chemical composition of propolis is still insufficiently known. It 

is a resin being dark green or brown in color with a pleasant flavor. It can 

also have a bitter taste .When burnt; it exhibits a smell of aromatic resins 

(Nikolaev, 1978).   

  The chemical composition of propolis changes according to the 

geographical zones. Its color varies from yellowish green to dark brown 

depending on its source and age (Ghisalberti, 1979). It is like aromatic glue. 

It is hard and brittle when cold, but become soft and sticky when warm 

(Ivanov, 1980). 

 Propolis in nature is composed of 30%wax, 50%resins and vegetable 

balsam, 10% essential and aromatic oils, 5% pollen, and other substances 

(Burdock,   1998). These components are rich in biochemical conistituents 

such as amino acids, vitamins, bioflavonoides, amixture of polyphenols, 
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flavonoid glycones, chelating metal ions, phenolic acids and their esters, as 

well as caffeic acid phenyl esters (CAPE ) which has been repoted to induce 

apoptosis. It also contains phenolic aldehydes,  ketones, terpenes. CAPE is a 

biologically active ingredient of propolis with several biological properties 

including, antioxidant, anti-inflammatory, anti-viral, immuno-stimulatory, 

anti-angiogenic, anti-invasive, anti-metastatic and anti- carcinostatic 

characterestics (Liao et al., 1999). It was reported to inhibit lipooxygenase 

and suppress reactive oxygen species (ROS) in tissues (Ozguner et al., 

2005). Lee et al., (2003) clarified that CAPE increases the phosphorylation 

and expression of p53 and Bax, which can form heterodimer with Bcl-2 in 

mitochondrial membrane and accelerate apoptosis. 

 

1.2. Biological activity of propolis     

           Propolis extraction methods may influence its activity since different 

solvents solubilize and extract different compounds. The most common 

extracts used in biological assays are ethanolic in different concentrations 

followed by methanolic and water extracts (Cunha et al., 2004). 

 

           Propolis  has been reported to possess various biological activities 

such as antibacterial (Kartal et al., 2003),  anti-inflammatory (Strehl et al., 

1994), antiviral (Amoras et al.,  1994), hepatoprotective (Merino et al., 

1996 ), antioxidants( Kumazawa et al.,  2004)  and free radical scavenging 

effects (Ahn et al., 2004).  Stefano, 2002 showed that propolis  propolis 

cures diabetes mellitus.  

 



Review of Literature 

 26 

         It was mentioned that propolis doesn’t have any toxic effects to human 

or mammals unless very large quantities are administrated (Kaneeda and 

Nishina,   1994).   

 

           The constituents of the highest biological activity are flavonoides. 

These compounds are responsible for prevention of lipid peroxidation. The 

antioxidant effect of flavonoides found in propolis  arises from their ability 

to bind to free radicals. Their second effect is the inhibition of the activity of 

xanthine oxidase which is directly involved in the generation of superoxide 

radicals that play an important role in lipid perooxidation (Mari et al., 

2006). 

 

Dimov et al., (1991) suggested that propolis modulate the non specific 

immunity via macrophage activation which potentiate the immune system 

(Orsolic et al.,   2003).  

 

            Quercetin (as Flavonoides) is found in large amounts in fruits, 

vegetables, olive oil, tea and propolis. It shows the highest antioxidant 

potential and the greatest radio protective effects (Orsolic et al., 2007). 

Hegazi and Abd El Hady, (1997), showed that administration of Egyptian 

and Bulgarian propolis induce antibacterial activity in vivo and in vitro. 

They found that ethanolic extract of propolis has a week general effect on 

estimated parameters. Both types of propolis exerted an anabolic effect for 

protein synthesis by liver cells. 

 

 An antitumor effect of propolis has been demonstrated in several 

studies.  Matsuno et al., (1997) showed that propolis can inhibit the growth 
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of hepatocelluler carcinoma (HCC) cells and arrest the tumor cells at S 

phase. They  found that a water extract of propolis which showed 

antioxidant activity and was cytotoxic to HCC, Hela and human lung 

carcinoma (HLC -2) cells. They attributed the cytotoxicity of this compound 

to apoptotic like DNA fragmentation. 

 

               Aso et al., (2004) reported that the antitumor activity of propolis 

occurs through the induction of apoptosis via caspase  activity. Yi-Jia et al., 

(2007) showed that bee pollen induces cytotoxicity in prostste cancer (PC -

3) cells by triggering apoptosis as shown by flow-cytometric analysis and 

fluorescence microscopy. Caspase activity was enhanced after the cells were 

treated and a time-dependant decrease in the expression of anti apoptotic 

protein Bcl – 2. 
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2. Green tea  

              Beverage- grade tea is manufactured from the leaves and buds of 

the plant Camellia. sinensis and is commercially available in three forms: 

green, black and oolong tea (Katiyar and Elmets, 2001).  Of the total tea 

production, approximately 78% is consumed as black tea mainly in Western 

and some Asian countries, while 20% is consumed as green tea primarily in 

Asian countries. Approximately 2% is consumed in the form of oolong tea 

mostly in southeastern China (Katiyar and Elmets, 2001).  

The green tea is the most consumed beverage worldwide because of 

its favourite  aroma, flavor and health benefits (Hara, 2001). It is an 

important commercial crop that is grown in over than 30 countries and is 

consumed world wide primarily as a beverage made from the processed leaf 

(Moderno et al., 2009).   

 2.1. Manufacturing of tea  

                For green tea preparation, fresh tea leaves from the plant Camellia 

sinensis are steamed and dried to inactivate the polyphenoloxidase enzyme 

thereby maintaining polyphenols in monomeric forms. On the other hand, 

black tea is produced with extended fermentation of tea leaves resulting in 

the polymeric compounds thearubigins and theaflavins. Oolong tea is a 

partially fermented product and contains a mixture of monomeric 

polyphenols and higher molecular weight theaflavins (Graham, 1992).  

             During the manufacturing process of black tea catechin derivatives 

are oxidized, polymerized and converted into a less well defined group of 

compounds known as thearubigens.  Thearubigen fraction is a mixture of 

substances with a molecular weight distribution of 1000–40,000 and 

accounts for about 15% of the dry weight solids of black tea (Hara, 2001). 
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2.2. Chemical composition of tea 
                                           
               The chemical components of tea leaves include polyphenols 

(catechins and flavonoides), alkaloids (caffeine, theobromine, theophylline ), 

volatile oils, polysaccharides, amino acids, lipids, vitamins (e.g., vitamin C) 

and inorganic elements (e.g. aluminium, fluorine and manganese). It 

contains carotenoids, chlorophylls, minerals and trace elements (Moderno et 

al., 2009) as well as theanine and saponin. 

             The catechins present in green tea are commonly called polyphenols 

and are flavanols in nature. The major catechins found in green tea are: (-)-

epicatechin, (-)-epigallocatechin, (-)-epicatechin-3-gallate and (-)-

epigallocatechin-3- gallate (EGCG). The chemical structures of these 

catechins or polyphenols are shown below:  
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      Fig (6):  The chemical structures of catechins or polyphenols. 

(Katiyar et al., 2007) 
These polyphenols are antioxidant and anti-inflammatory in nature 

and have been shown to possess anticarcinogenic activity in several in vitro 

and in vivo systems (Baliga and Katiyar, 2006). Of these major 
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polyphenols, EGCG has been shown to be the major and the most effective 

chemopreventive agent (e.g, its use in skin photoprotective purposes) in 

several  disease models. EGCG is the most abundant catechin in green tea 

representing approximately 43% (Scholz and Bertram,   1995).  

            Other components that are present in green tea are caffeine (1–5%), 

fats (4–16%), amino acids, sterols, vitamins, minerals, flavor and aroma 

chemicals, proteins, terpenoids and others (Yanagida et al., 2006). 
 
2.3. Pharmacological activities of green tea  

        The health-promoting effects of regular green tea consumption are 

mainly attributed to its polyphenol content which represents 35% of the dry 

weight (Scholz and Bertram, 1995 & Yang and Landau, 2000). The 

ability of its polyphenolic catechins to scavenge reactive oxygen species 

contributes to its antioxidant properties (Yang, 1999). 

             Record and Dreosti, (1998) have shown that green tea can protect 

against UV- radiation-induced skin cancers in mice. Experimental studies 

have been conducted in vitro and in vivo models indicated that green tea 

polyphenols (GTPs) or EGCG prevents photo-carcinogenesis following 

several mechanisms involving multiple molecular targets.  
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Fig (7): Molecular targets of GTPs. (↑) Up-regulation; (↓) down-

regulation (Record and Dreosti,   1998). 

 

             Green tea and its constituent catechins are well known for their 

antioxidant properities, which aid in protection against a number of diseases 

associated with reactive oxygen species (ROS), such as cancer, 

cardiovascular and neurodegenerative diseases. Several epidemiological 

studies as well as studies in animal models have shown that green tea can 

protect against various cancers such as those of the skin, breast, prostate and 

lung (Mukhtar and Ahmad, 2000 & Yang et al., 2002). 

           In addition to the cancer chemopreventive properties, green tea and 

EGCG have been shown to be anti-angiogenic (Pfeffer et al., 2003) and anti 

mutagenic (Han, 1997). 

           Green tea has also shown to be hypocholesterolemic (Yang and 

Koo, 2000) and used to prevent the development of atherosclerotic plaques 

(Chyu et al., 2004). It also exerts an anti-diabetic effects in animal models 

of insulin resistance (Wu et al., 2004b) and it promotes energy expenditure 
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(Dulloo et al., 1999). Other health benefits attributed to green tea include 

antibacterial (Stapleton et al., 2004), anti-HIV (Nance and Shearer, 2003), 

anti-aging (Esposito et al., 2002) and anti inflammatory activity (Dona et 

al., 2003). 

2.4. Molecular mechanisms of green tea effects 

The cancer chemo preventive properties of green tea have been 

attributed to its inhibition of tumor cell proliferation and molecular pathways 

involved in the cell cycle, angiogenesis, invasion, and growth factor-related 

proliferation (Adhami et al., 2003). 

          Green tea also inhibits angiogenesis and tumor invasion by inhibiting 

metalloproteinases and the vascular endothelial growth factor receptor 

expression and signaling in tumor and endothelial cells, respectively (Waleh 

et al., 2005). 
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3. Chlorella vulgaris  

The Chlorella species are a unicellular green algae widely used in 

food supplements in many countries (Morris et al., 2008).  Chlorella 

vulgaris (CV) is a unicellular micro algae that is found growing ubiquitous 

in water reservoirs. It is one of the oldest organisms on the earth, its 

longevity being due to its sphere form and very stable cell wall.  

3.1. Chemical composition of chlorella vulgaris 

chlorella vulgaris cells contain 55-67% proteins, 1-4% chlorophylls, 

9-18% dietary fibers and large amounts of minerals and vitamins. It is 

marketed commercially as health supplement or incorporated in food such as 

cereals (Haperin et al., 2003). 

3.2. Pharmacological activities of chlorella vulgaris 

The nutritional value of Chlorella vulgaris was initially determined in 

1950’s - 60’s (Morita et al., 1999).   Chlorella vulgaris expresses various 

pharmacological effects both in animals and humans. CV has immune-

modulating and anti-cancer properties, (Tanaka et al., 2002). CV protected 

from the immunosuppressive action of stress and following gastric ulcer 

formation (Hasegawa et al., 2000). Feeding micro-algae to elderly people or 

animals protects from age dependent diseases, i.e. cardiac hypertension or 

hyper - lipidemia (Tanaka et al., 2002 & Tsuchida et al., 2003). Green 

algae have also been shown to detoxify rats and mice from some toxic 

compounds (e.g. insecticides, lead or dioxins) (Queiroz et al., 2003) or 

protect from the influence of radioactivity (Vacek, et al., 1990). 

           Chlorella vulgaris contains various pigments such as carotenoids and 

chlorophylls which were attributed to its biological properties including 

antioxidative, antilipidemic, antiatherosclerotic and antitumour activities 

(Cha et al., 2010). A recent study has shown that water extract of chlorella 
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inhibits growth of human hepatoma (Hep G2 cells) (Wu et al., 2005). It has 

also been shown to induce apoptosis and oxidative damage in hepatoma cell 

line (HepG2) (Md - Saad et al., 2006). 

Several reports demonstrated the protective effect of this algae against 

bacteria and virus infection (Dantas et al., 1999), tumors (Justo et al., 2001) 

and peptic ulcers (Tanaka et al.,   1997). Moreover, a recent study has 

shown that CVE had protective effects against CCl4 – induced 

hepatotoxicity in mice (Kim et al., 2009).  

Chlorella vulgaris extract exerts its chemo-preventive effect by 

modulating the antioxidants status and lipid peroxidation during naphthalene 

intoxication (Vijayavel et al., 2007). CV exhibited a bioprotective effects 

especially in fibroblast cells obtained from young donor but were more 

bioremediative for cells obtained from old donor as indicated by DNA 

damage, telomere shortening and reduction in telomerase activity (Makpol 

et al., 2009). 

Glycoproteins derived from CV exhibited antitumor (Kuniaki et al., 

1998) and immunomodulatory effects (Takashi et al., 2000). Sulaiman et 

al., (2006) showed that CV has a chemopreventive effect on liver cancer 

induced by ethionine in rats. 
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  Cell death   

         Several types of cell death have been described: apoptosis, cell death 

associated with autophagy, necrosis or oncosis,  mitotic catastrophe, anoikis, 

excitotoxicity, Wallerian degeneration, and cornification of the skin 

(Krysko et al.,  2008).  

I. Apoptosis: 

            Apoptosis is a form of programmed cell death (PCD) characterized 

by morphological changes in cells executed by cysteine-aspartate proteases 

(caspases) and regulated by the Bcl-2 family of proteins which are involved 

in the signal transduction pathways (Hanson et al., 2008). 

 

 
 
 

                   Figure (8):  Apoptosis – the programmed death of a cell. 

(Raff, 1998). 
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          Apoptosis  is an intracellular suicide program in which the individual 

cells are destroyed while the integrity of the surrounding tissue is preserved. 

Deregulation of apoptosis is considered as an important reason for 

tumorgenesis (wyllie, 1997). 

Apoptosis could be divided into: 

1. Physiological apoptosis:  

This occurs during embryogenesis, organogenesis or tissue 

homeostasis such as loss of dead cells from the surface layers of the skin. It 

also occurs in cellular response to injury, i.e the death of immune cells (B 

and T lymphocytes) after cytokines depletion (wyllie, 1997).   

2. Pathological apoptosis: 

  Apoptosis plays an important role in several pathological conditions.  

Excessive or inappropriate apoptosis is implicated in immunodeficiency 

diseases e.g, Aquired immunodeficiency syndrome (AIDS), Alzheimer 

disease, Parkinson disease and others (Tatton and Olanow, 1997). 

However, failure of the cells to die appropriately contributes to 

carcinogenesis (Lowe and Lin, 2000) through down regulation of apoptosis 

inducers such as p53 (Bennett, 1999) or through excessive induction of 

survival signals such as p13k or both (Dong et al., 1999). 

Morphological changes of apoptosis 

        Apoptosis passes through the following steps: 

 a) The precondensation phase which is a biochemical rather than 

morphological stage.  

b)   The condensation phase where there is a chromatin condensation and 

cell shrinkage. 
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 c) The fragmentation phase which is characterized by the formation of 

membrane bound apoptotic bodies, containing cytoplasmic  organanelles and 

chromatin. 

 d) The phagocytosis and degradation phase which takes about 3 hours and 

during which histocytes and viable tissue cells phagocytose the apoptotic 

bodies (El – Bolkiny et al., 2005). 

Biochemical changes of apoptosis 

These include Protein cleavage by a family of proteases called 

caspases which may also activate DNAase to break the nuclear DNA 

(Kumar et al., 2005). 

Pathways of apoptosis 

              Apoptosis can be triggered in a cell either through the extrinsic 

pathway or the intrinsic pathway. The extrinsic pathway is initiated through 

the stimulation of transmembrane death receptors, (the Fas receptors) which 

are located on the cell membrane. In contrast, the intrinsic pathway is 

initiated through the release of signal factors by mitochondria within the 

cell. 

Ø The Extrinsic Pathway: 

In the extrinsic pathway, signal molecules known as ligands, bind to 

transmembrane death receptors on the target cell to induce apoptosis. For 

example, the immune system’s natural killer (NK) cells possess the Fas 

ligand (FasL) on their surface (Csipo et al., 1998). Binding of the Fatty acid 

synthase ligand (FasL) to Fatty acid synthase (Fas) receptors (death 

receptor) on the target cell will trigger multiple receptors to aggregate 

together on the surface of this target cell. The aggregation of these receptors 

recruits an adaptor protein known as Fas-associated death domain protein 

(FADD) on the cytoplasmic side of the receptors. FADD then recruits 



Review of Literature 

 39 

caspase-8, an initiator protein, to form the death-inducing signal complex 

(DISC). This activates caspase-8 which directly activates caspase-3, an 

effector protein, to initiate degradation of the cell. The activated form of the 

enzyme, caspase 8 is an initiator caspase, which initiates apoptosis by 

cleaving other downstream or executioner caspases (Karp, 2008). 

Ø The Intrinsic Pathway:  

                    This pathway is triggered by cellular stress, specifically 

mitochondrial stress caused by factors such as DNA damage and heat shock 

(Adrain et al., 2002). Upon receiving the stress signal, the pro - apoptotic 

proteins in the cytoplasm (BAX and BID) bind to the outer membrane of the 

mitochondria to signal the release of the internal content. However, the 

signal of BAX and BID is not enough to trigger a full release. BAK, another 

pro - apoptotic protein that resides within the mitochondria, is also needed to 

fully promote the release of cytochrome c and the intra - membrane content 

from the mitochondria (Hague and Paraskeva, 2004). Following its release, 

cytochrome c forms a complex in the cytoplasm with adenosine triphosphate 

(ATP), an energy molecule, and Apoptosis protease factor (Apaf-1), an 

enzyme. The formed complex will activate caspase-9, an initiator protein. In 

return, the activated caspase-9 works together with the complex of 

cytochrome c, Adenosine triphosphate (ATP) and Apaf-1 to form an 

apoptosome, which in turn activates caspase-3, the effector protein that 

initiates degradation. Besides the release of cytochrome c from the intra 

membranous  space. The intramembranous contents released also contain an 

apoptosis inducing factor (AIF) to facilitates DNA fragmentation, and Smac 

/Diablo proteins to inhibit the inhibitor of apoptosis (IAP) (Kroemer et al.,  

2007). 
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Figure (9):  The intrinsic and extrinsic pathways leading to apoptosis 
(Wong, 2011). 
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Methods of detection of apoptosis 

Ø Light microscopy:  

         Apoptotic cells appear dense and shrunken. They can be calculated by 

dividing the number of apoptotic cells by the total number of the cells in the 

field (El-Bolkiny et al., 2005). 

Ø Electron microscopy:  

           Apoptosis is characterized initially by loss of cell junctions, 

microvilli, and the formation of surface blebs. Later, membrane bound 

apoptotic bodies could be observed (El-Bolkiny et al., 2005). 

Ø Electrophoretic DNA ladder: 

      In apoptosis, the endonucleases cleaves DNA at specific sites. This leads 

to DNA fragments whose molecular sizes are multiples of 180 base pairs 

when the DNA of such cells is subjected to gel electrophoresis (nucleosomal 

ladder) (El-Bolkiny et al., 2005).     

Ø Immunostaining:  

         Many pro-apoptotic and anti-apoptotic agents could be detected by 

immunohistochemistry (IHC) including members of the BCL -2 family 

proteins ( BCL-2 , BAX , BAD ) or FAS, FAS- L (El-Bolkiny et al ., 2005).  

Ø Flow cytometric  methods:  

The cell traversing through the focus of a laser beam in a flow 

cytometer scatters the laser light. Analysis of the scattered light provides 

information about the cell size and structure (Darzynkiewicz et al., 1992). 

The intensity of light scattered at a forward direction correlates with 

cell size. The intensity of scattered light measured at a right angle to the 

laser beam (side scatter), on the other hand, correlates with granularity, 

refractiveness and the presence of intracellular structures that can reflect the 

light. The cell’s ability to scatter light is changed during cell death, 
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reflecting the morphological changes such as cell swelling or shrinkage, 

breakage of plasma membrane, chromatin condensation, nuclear 

fragmentation and shedding of apoptotic bodies (Darzynkiewicz et al., 

1992). 

  II. Autophagy:  

      Cells undergoing death associated with autophagy are characterized by 

the presence of double membrane autophagic vacuoles. Autophagy is 

foremost a survival mechanism that is activated in cells subjected to nutrient 

or obligate a growth factor deprivation. When cellular stress continues, cell 

death may continue by autophagy alone, or else it often becomes associated 

with features of apoptotic or necrotic cell death (Maiuri et al., 2007).  

 III. Necrosis:  

    Necrosis is characterized by rapid cytoplasmic swelling and is 

therefore also often referred to as oncosis. It culminates in rupture of the 

plasma membrane and organelle breakdown (Majno and Joris, 1995). 

Necrosis has long been described as a consequence of extreme 

physicochemical stress, such as heat, osmotic shock, mechanical stress, 

freezing, thawing and high concentration of hydrogen peroxide.  
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Table (1):   Differences between apoptosis and necrosis (Wyllie, 1980). 

Apoptosis  Necrosis 

Physiological or pathological 

Genetically controlled 

 

Late loss of membrane integrity  

Cell shrinkage  

 

Condensation of nuclear content  

No inflammatory reaction  

Always pathological  

Caused by overwhelming noxious 

stimuli  

Early loss of membrane integrity  

Generalized cell and nucleus 

swelling  

Nuclear chromatin disintegration  

Inflammatory reaction  

 
 

 
 

Figure (10): Hallmarks of the apoptotic and necrotic cell death 

processes. (Van Cruchten, 2002). 
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 Apoptosis includes cellular shrinking, chromatin condensation and 

margination at the nuclear periphery with the eventual formation of 

membrane-bound apoptotic bodies that contain organelles, cytosol and 

nuclear fragments and are phagocytosed without triggering inflammatory 

processes. The necrotic cell swells, becomes leaky and finally is disrupted 

and releases its contents into the surrounding tissue resulting in 

inflammation. Modified from (Van Cruchten, 2002). 

Proliferation of cells 

Cell proliferation produces two cells from one, and it requires cell 

growth followed by cell division. Uncontrolled cell proliferation is a 

hallmark of cancer. The cell cycle is divided into four stages, G1, S, G2, and 

M. Cells may also exit the cycle into a non-dividing quiescent state (G0) 

from which they can either re-enter the cell cycle or differentiate into a 

committed cell. The frequency with which cells enter the cycle varies with 

the cell type, for example, lymph nodal follicular centroblasts have a high 

frequency of cycling, whereas mature neurons do not divide. In cancer cells, 

a great range of cell turnover rate is observed, thus high-grade malignancies 

have more cells in cycle at a particular time than do low-grade tumors. 

Measurement of cell proliferation in the target sites is possible using certain 

biomarkers such as 5-bromo-2′-deoxyuridine incorporation (BrdU), 

thymidine labeling index, proliferating cell nuclear antigen (PCNA), 

argyrophilic nucleolar organizer regions (AgNOR), ornithine decarboxylase 

(ODC) activity, Ki-67 and polyamine levels (Morse and Stoner, 1993).  

The proliferating cell marker (Ki-67) is a non histone protein of 395 

kDa expressed in cells being in the late phase G1, phases S, G2, and M of 

the cell cycle, but not present in G0 and the early G1 phases ( Brown and 

Gatter, 2002). Therefore, Ki-67 distinguishes between proliferating cells 
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and quiescent cells (Gerdes et el., 1984). Assessment of Ki-67 expression 

represents an easy, reproducible way to determine the proliferation fraction 

of cancer cells. Ki-67 expression is a molecular marker of tumor 

proliferation and its over-expression has been linked to a poorer prognosis in 

various cancers (Gil-Rendo et al., 2009). 

Cell cycle phases  

1) S Phase (synthetic). It is the phase in which the chromosomes are 

replicated. 

2) M Phase (mitotic). Is the segregation of one of the two sister chromatids 

to each daughter cell. This can be subdivided into prophase, anaphase, 

metaphase and telophase. Cell constituents are also divided. These two 

phases are separated by the ‘gap’ phases, G1 and G2. 

3) G1 Phase (first gap). This phase is a post-mitotic but pre-synthetic period, 

during which the cell becomes committed to cell cycle progression. Cells 

can also leave the cell cycle during this phase and enter G0. 

4) G2 Phase (second gap).  This phase is a post-synthetic but pre-mitotic 

period during which cells can repair errors in the replicated DNA prior to 

cell division. 

                                              

 

        Figure (11): Schematic representation of the cell cycle. Outer ring (I): 

Interphase, M: Mitosis. Inner ring (M): Mitosis, (G1): Gap 1, (G2): Gap 2, 

(S): Synthesis.  (G0): Gap 0/Resting. (Cooper,   2000).  
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Molecular control of the cell cycle 

There are three main groups of regulatory proteins which control the 

cell cycle. These are cyclins, cyclin-dependent kinases (CDKs), and CDK 

inhibitors (CDKIs).  

1) Cyclins:  

The cyclins are the activators of CDKs.  Their concentrations oscillate 

in a cyclical manner as the cell cycle progresses (Evans et al., 1983). There 

are currently 15 members of the cyclin family (cyclin A-T), although the 

functions of some of them have not yet been resolved. The cyclins have a 

conserved 100 amino acid region known as the cyclin box (Lees and 

Harlow, 1993) and some have a conserved destruction box near their N-

terminus, which is involved in their degradation. The cyclin expression level 

is rate-limiting for CDK activity and the amount of a cyclin present is 

controlled, both at the transcriptional level and degradation, via the ubiquitin 

proteasome system (Murray, 1995). 

2) Cyclin Dependent Kinases (CDKs): 

Currently, there are nine recognised members of this family (CDK1-

9), all of which phosphorylate other proteins and allow the cell cycle to 

progress (Ekholm and Reed, 2000). The CDKs are entirely reliant upon the 

presence of a cyclin partner for their activity, e.g. cyclin E/CDK2. CDKs are 

activated only when their cyclin partner reaches a critical concentration. 

Conversely, they are deactivated when the cyclin concentration decreases. 

Some CDKs may be activated by more than one cyclin (for example, CDK2 

can be activated by cyclin D2, cyclin E and cyclin A, depending upon the 

phase of the cell cycle). Therefore, the activity of CDK2, for example, is  

maintained through several phases of the cell cycle. The CDKs show 75% 

sequence homology but possess unique cyclin-binding sites. To become 
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fully activated, the CDKs also require the phosphorylation and 

dephosphorylation of certain amino acid residues. This is performed by the 

CDK-activating kinase complex (CAK), which is composed of a CDK, 

CDK7, and a cyclin, namely cyclin H (Fisher and Morgan, 1994). 

3) Cyclin-dependent Kinase Inhibitors (CDKIs):  

In order to prevent perpetual cell reproduction, the activation of CDKs 

by their partner cyclins is itself controlled by the CDKIs (Chellappan et al., 

1998). The CDKIs control the transition of the cell cycle from one phase to 

another i.e. they act at cell cycle checkpoints. CDKIs can block the activity 

of the CDKs, retaining the cell in a particular phase of the cell cycle, until 

conditions become favourable for cell proliferation to continue or that a cell 

is directed towards apoptosis. 

The cell cycle and cancer 

Tumors usually originate in adult tissues, within which many cells are 

quiescent, i.e. in G0. However, tumor cells undergo uncontrolled 

proliferation and must therefore be able to bypass quiescence. Cells undergo 

a period of mitogen dependence before they can enter the cell cycle. This 

transition in G1 is known as the restriction point ‘R’ which described as 

START. Once past this point, the cells are committed to enter the cell cycle. 

It is postulated that the loss of regulation of ‘R’ is critical in cancer (Sage et 

al., 2000). Loosening of control of ‘R’ resulting from mutations in the 

regulators of G1, for example, will allow cells to enter the cycle in the 

absence of sufficient mitogenic signalling and lead to cell proliferation. The 

cyclins and cyclin-dependent kinases (CDKs) are frequently mutated in 

human cancers (Easton et al., 1998).  
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II. Materials and Methods 
A -   Experimental animals 
     A total number of 200 female Swiss albino mice weighing 20–22 g 

were used in the study. They were obtained from the animal house of the 

National Cancer Institute, Cairo University, Egypt. The mice were housed 

in poly acrylic cages with dimension of 38cm × 23cm × 10 cm (5–20 

animals / cage). Mice were maintained under standard environmental 

conditions with 12 h light /12 h dark cycle. They were supplied with 

standard diet and water ad libitum. The mice were acclimatized to 

laboratory conditions for 7 days before commencement of the 

experiment.  

B - Preparation of antitumor extracts 

     1 – Ethanolic extract of propolis:   

Propolis was obtained from Mamlakit Elnahl Company, Anshas, 

Sharkia Governorate, Egypt. The dried propolis was mixed with 70% 

ethanol (1g: 10ml W /v) at room temperature for 48 h. The extract was 

filtered, evaporated and dried under vacuum. Each sample was extracted 

in duplicate with the same volume of ethanol and the residue was stored 

at 4ºC until use (Gabr et al., 2009). The ethanolic extract of propolis was 

emulsified in 1% gum acacia in distilled water before treatment.  

2 – Ethanolic green tea extract ( Li et al., 2008): 

Pure green tea (TWININGS OF LONDON blended and packed by 

ABF twinings beverages, Shanghai), was obtained from the local market. 

The dried green tea (40g) was mixed with ethanol and left for 48 h (2 × 

400ml). The extract was filtered and concentrated to dryness under 

reduced pressure. Ethanolic extract of green tea was suspended in 

dimethyle sulfoxid (DMSO) just before treatment. 
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3 - Chlorella vulgaris extract (CVE): 

CVE was prepared in algal lab, Botany department, Faculty of 

science, Zagazig University, Zagazig, Egypt. The extract was obtained 

suspended in dimethyl sulfoxid (DMSO) in a concentration of 1400mg / 

10 ml DMSO. 

 

β-carotene in algal samples was extracted by procedures described 

by Herrero-Martinez et al., (2006). Briefly, the algal cells were washed 

with deionized water and cut into small pieces. One gram was blended 

with 8g anhydrous sodium carbonate and mixed with a mechanical 

blender. The mixture was transferred into a centrifuge tube, added with 

20 mL tetrahydrofuran (THF) and mixed for 2 min under cold water. The 

mixture was centrifuge at 5000g for 5 min and the supernatant was 

collected. Extraction was performed by adding 15 mL dichloromethane 

(DCM) and 15 mL of 10% w/v NaCl into the supernatant and shaken for 

2 min. The extraction was repeated twice, organic layer was collected and 

evaporated under nitrogen steam. The residue was kept at -20ºC, 

reconstituted with 5 mL DCM and diluted (1/40-fold) with DCM prior 

UV measurements. 

 

C - Acute toxicity study (Hassan and Abdel-Gawad, 2010) 
 

The acute oral toxicity of the chosen extracts (propolis, green tea 

and Chlorella vulgaris), was conducted on 10 animals per group. The 

chosen extracts were administrated with graded doses of 50, 100 and 150 

mg/kg body weight under the same environmental conditions. After 

administration of the chosen extracts, the mice were observed for toxic 

effects after 24h of treatment. The toxicological effects were observed in 

terms of mortality and expressed as lethal dose 50 (LD50). The LD50 value 
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of the extracts was calculated using the method of maximum likelihood. 

All extracts were devoid of any toxicity in mice when given the selected 

different doses for each extract by oral route.  

 

 D -Gamma irradiation of animals (Bhoslea et al., 2005): 
 

Whole body gamma irradiation of animals at a single dose of 2Gy 

was performed using a Canadian Cesium - 137 (137Cs) gamma cell– 40 at 

the National Center for Radiation Research and Technology (NCRRT), 

Egyptian atomic energy authority, Nasr City, Cairo, Egypt. The source of 

radiation was ensured a homogenous dose distribution all over the 

irradiation tray. 

 E- Transplantation of tumors 
 

 The parent line of Ehrlich ascites carcinoma cells was obtained 

from the National Cancer Institute (NCI), Cairo University, Egypt. 

Ehrlich ascites carcinoma cells were maintained in vivo in female Swiss 

albino mice by intra-peritoneal (i.p) transplantation of 2.5×106 cells per 

mouse every 10 days. Ascitic fluid was drawn out from Ehrlich ascites 

carcinoma tumor bearing mice at 7–8 days of tumor bearing cells. Each 

animal received 0.2 ml of tumor cell suspension containing 2.5×106 

tumor cells intraperitoneally. Ehrlich ascites carcinoma cells were 

collected from donor female Swiss albino mice of 18 – 20 g body weight 

and suspended in sterile saline (0.9% Nacl, Almotaheda pharma). A fixed 

number of viable cells (usually 2.5×106 cells/mice) were implanted in 

the peritoneal cavity of each recipient mouse (Salem et al., 2011). Every 

0.5 ml of Ehrlich ascites carcinoma was withdrawn by a sterile disposable 

syringe, diluted with 4.5ml of normal saline (0.9%Nacl) and 0.2ml of 

diluted EAC was injected i.p in each recipient mouse. The tumor cells 
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were allowed to multiply within the peritoneal cavity (Hanafy, 2009 & 

Abou Zaid et al., 2011).  

 
  Experimental design    

 After one week of the adaptation period, mice were randomly distributed 

into three major groups as follows: - 

 Group A:  

This group consists of 10 mice were kept on normal standard diet 

without any treatment and housed in two cages, mice of the first cage 

served as control for non tumor-bearing group and the second cage served 

as control for tumor-bearing group. 

 

 Group B: (Non tumor - bearing group). 

This group consists of 30 mice which were used to study the effect 

of the vehicle solutions (DMSO or gum acacia), chosen extracts 

(propolis, green tea and Chlorella vulgaris) and gamma irradiation on 

normal mice. The mice of this group were equally distributed between 

different subgroups (n = 5) as follows:  

Subgroup 1(DMSO group):  

Mice received orally 1% dimethyle sulfoxide (DMSO) in distilled 

water for two weeks. 

Subgroup 2 (gum acacia group):  

Mice received orally 1% gum acacia dissolved in distilled water for 

two weeks.  

Subgroup 3 (EEP): 

Mice received orally the ethanolic extract of propolis (150 mg / kg 

b.w) for two weeks. 
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Subgroup 4(GTE):  

 Mice received orally the ethanolic extract of green tea (150mg / kg 

b.w) for two weeks. 

Subgroup 5 (CVE):  

Mice received orally the Chlorella vulgaris extract (150mg /kg 

b.w) for two weeks.  

Subgroup 6 (R): 

Mice were exposed to whole body gamma irradiation at a single 

dose of 2Gy.  

 Group C (Tumor – bearing group):   

This group consists of 160 mice which were used to study the 

effects of the chosen extracts and / or gamma irradiation on Ehrlich 

ascites carcinoma - bearing mice. The mice of this group were equally 

distributed between different subgroups (n = 20) as follows:  

Subgroup 1 (EAC):  

 Mice of this group were inoculated with Ehrlich ascites carcinoma 

without any treatment. 

Subgroup 2 (EAC+R):  

Fourty eight hours before samples collections, Ehrlich ascites 

carcinoma– bearing mice were exposed to whole body gamma irradiation 

at a single dose of 2Gy.  

Subgroup 3 ( EAC+EEP):  

 Ehrlich ascites carcinoma - bearing mice which were treated   with 

ethanolic extract of propolis dissolved in gum acacia (150mg/ kg b.w) 

orally for 7 successive days before and 7 successive days after tumor 

inoculation.                                
Subgroup 4 ( EAC+EEP+R):   

Ehrlich ascites carcinoma - bearing mice were treated with 

ethanolic extract of propolis emulsified in gum acacia (150mg/kg b. w) 
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orally for 7 successive days before and 7 successive days after tumor 

inoculation followed by exposure to gamma irradiation (2Gy) 48h before 

samples collections.                                        

Subgroup 5 (EAC+GTE): 

 Ehrlich ascites carcinoma - bearing mice were treated with 

ethanolic  extract of green tea  suspended in DMSO (150mg /kg  b.w) 

orally for 7 successive days before and 7 successive days after tumor 

inoculation.                           

Subgroup 6 (EAC+GTE+R):  

 Ehrlich ascites carcinoma- bearing mice which were treated with 

ethanolic extract of green tea emulsified in DMSO (150mg/ kg  b.w) 

orally for 7 successive days before and 7 successive days after tumor 

inoculation followed by exposure to gamma irradiation (2Gy) 48h before 

samples collection.     

Subgroup 7 (EAC+CVE): 

 Ehrlich ascites carcinoma- bearing mice were treated with 

Chlorella vulgaris extract in DMSO (150mg/kg b.w) orally for 7 

successive days before and 7 successive days after tumor inoculation.   

Subgroup 8 (EAC+CVE+R):  

Ehrlich ascites carcinoma-bearing mice were treated with Chlorella 

vulgaris extract dissolved in DMSO (150mg/kg b.w) orally for 7 

successive days before and 7 successive days after tumor inoculation and 

followed by  exposure to gamma irradiation (2Gy for 48h before samples 

collections).                                        

Collection of samples:  

 At the end of the experiment and after 48 h of irradiation, blood 

samples from each mouse were collected from the eyes by sino-orbital 

puncture of mice using micro-capillary tubes according to Riley, (1960) 

& Sorg and Buckner, (1964). Blood samples were withdrawn in clean 
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and dry test tubes containing ethylene diamine tetra acetic acid (EDTA), 

and were then centrifuged at 3000 rpm for 15 minutes. The supernatant 

plasma was separated and stored deep frozen at -20°C until assayed.  The 

remnants (the packed RBCs) were stored in deep freezer at -20°C until 

assayed. The ascitic fluid was collected from the peritoneal cavity on an 

anticoagulant (Heparin 500IU/ ml) in graduated falcon tubes. Phosphate 

buffered saline (PBS) was added to each tube and putted in -80°C for 

immunohistochemical (IHC) and moleculer studies. Animals were 

dissected and the liver tissues were directly removed, then one part of the 

liver samples was homogenized in 0.9% NaCl (1g of liver was added to 

10ml of 0.9% NaCl i.e 1:10 W/V) using Teflon mortar and the 

homogenates were stored at –20°C until assayed. Another part of the liver 

was embedded in 10% formalin for histopathological examination.  

 

Estimation of plasma and liver Thiobarbituric acid reactive 
substances (TBARS) levels 
 
Principles: 
 
Lipid peroxidation marker (TBARS levels) in plasma and liver tissues 

was estimated according to Yoshioka et al., (1979). The method is based 

on the determination of malondialdehyde (MDA), an end product of lipid 

peroxidation, which can react with thiobarbituric acid to yield a pink 

colored complex exhibiting maximum absorption at 532nm. 

Reagents: 
 
1) Sample preparation: Blood (plasma), in case of liver: 10% (w/v) liver 

tissue i.e 1 gm of liver tissue was homogenized in 10 ml saline 0.9% 

NaCl. 

2) Trichloroacetic acid (TCA) 20%: 20g of TCA were dissolved in 

distilled water and the volume was adjusted to100ml. 
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3) Thiobarbituric acid (TBA) 0.67%: 0.67g of TBA was dissolved in 

distilled water and the volume was adjusted to 100ml. 

4) Standard solution of malondialdehyde (MDA): 0.01ml of 0.1M 

malondialdehyde –bis –diaceta (1, 1, 3, 3, tetra-ethoxypropane) was 

adjusted to 100ml with distilled water. 

Procedures: 
 
1. In 10 ml centrifuge tube, 0.5ml of the sample was shaken with 2.5ml 

of TCA. 

2. After shaking, 1 ml of TBA was added. 

3. Incubation was done for 30 minutes in a boiling water bath followed by 

rapid cooling.  

4. The standard was prepared by adding 1.9ml of TCA, 1ml of TBA and 

0.1ml of standard solution. The blank was prepared by mixing 2ml of 

TCA with 1ml of TBA. 

5. To all tubes, 4ml of n-butyl alcohol were added, and after shaking, the 

tubes were centrifuged at 3000 rpm for 10 minutes. The n-butanol layer 

was transferred to the cuvette and the optical density (OD) was measured 

at 532nm. 

Calculations: 

Lipid peroxidation content was calculated as mmole/L in plasma or 

mmole/g wet tissue homogenate according to the following equation: 

Lipid peroxidation content = 

 

    O.D of test                                                                                  1 

                                 × Concentration of standard    ×         

  O.D of Standard                                                                        dilution 
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Estimation of red blood corpuscles (RBCs) and liver Superoxide 

dismutase (SOD) Activities 

Principle: 
 

The SOD activity was assayed according to Minaml et al., (1979). 

In the assay superoxide ions (O2
•-), generated by pyrogallol, convert NBT 

to NBT-diformazan which absorbs light at 560 nm. SOD reduces the 

superoxide ion concentration and thereby lowers the rate of NBT-

diformazan formation. The extent of reduction in the appearance of NBT-

diformazan is a measure of SOD activity present in an experimental 

sample.   

Reagents: 

1. Sample preparation : blood ( packed RBCs), in case of liver : tissue 

homogenate was 10 % w/v (1g  of liver tissue was  homogenized in 10 

ml saline 0.9 % NaCl using Teflon mortar  homogenizer. 

1. Ethanol and chloroform (2:1 v/v) for removal of haemoglobin.   

2. Cacodylic  buffer: 20 gm of sodium cacodylic buffer and 5 mM of 

diethylene diamine  penta acetic acid (DPTA) were dissolved in 2 

L distilled water. The PH of buffer was adjusted to 8.2 by adding 

Tris hydroxyl methyle amino methane using PH meter then the 

volume was completed to 100 ml distilled water. 

3. Nitroblue tetrazolium (NBT): 0.0801gm of Nitro –Blue tetrazolium 

dissolved in distilled water and the volume adjusted to 100 ml. 

4. Triton 16 %:16 ml Triton x-100 was completed to 100 ml with 

distilled water. 

5. Pyrogallol: 0.011 gm Pyrogallol was dissolved in 10 ml 1 N HCl 

and beaing used as a stock solution .1 ml of the stock solution was 

then completed to 10 ml with distilled water for being used in the 

assay. 
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6. Stopper solution: 16 ml Triton x- 100 was added to 8.2 ml of 

formic acid, the volume was completed to 100 ml by distilled 

water. 

    Procedures:  

                                              Test                      Blank   

Sample                                       0.1 ml                      ---------- 

Distilled water                           0.9 ml                       0.5 ml  

Ethanol: Chloroform                 0.75 ml                     0.5 ml  

    2       :     1  
 
Cooling centrifugation was done at 10.000r.p.m for 60 minutes. 

The supernatant was separated and the following reagents were mixed: 

                                                 Test                          Blank       

Supernatant                               0.5 ml                         -------              

cacodylic buffer                         0.5 ml                         0.5 ml  

Triton                                        0.1 ml                         0.1 ml 

 

Tubes were incubated at 37ºC for 5 minutes then the following reagents 

were added and the absorbance was measured at 540nm: 

 

                                                 Test                             Blank 

Pyrogallol                                 10µl                            10 µl 

Stopper solution                      0.3 ml                          0.3 ml  
Calculations: 

Superoxide dismutase (SOD) activity was calculated either as unit / 

ml for blood   or unit/g wet tissue for homogenate. One unit of SOD is 

defined as the amount of enzyme that causes 50% inhibition of the auto- 

oxidation of pyrogallol under assay conditions. One unit (50% inhibitory 
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level of the enzyme) corresponds to 7.47µg/ ml of the reaction mixture of 

the enzyme.  

                                                                     O.D of blank – O.D of Test  

Superoxide dismutase (SOD) activity =                                              

                                                                            ½ O.D of blank                                    

SOD activity was expressed as Unit/ml for blood and Unit/g for tissue.  

 

                                                   O.D of blank – O.D of Test  

Superoxide dismutase activity =                                                        × 7.47    

                                                           ½ O.D of control                                                

SOD activity was expressed as µg/ml for blood and µg/g for tissue.  

 
Estimation of red blood corpuscles (RBCs) and liver Reduced 

Glutathione (GSH) contents 

Principles: 

Reduced glutathione (GSH) was determined as previously 

described by Beutler, (1963). The disulfide chromogen 5.5- dithiobis-2-

nitrobenzoic acid (DTNB) is readily reduced by SH groups like that 

present in reduced glutathione, to an intensely yellow color. The 

absorbance of the reduced chromogen is measured at 412 nm. This is 

directly proportional to GSH concentration in the sample. 
Reagents: 

 1) Sample preparation: liver tissue 10% (w/v) i.e 1g of liver tissue 

dissolved in 10 ml saline 0.9% NaCl.  

2) Precipitation solution: mixture of 1.67g of meta phosphoric acid,          

0.2 g EDTA disodium salt and 30g NaCl were dissolved in 100ml of 

distilled water.  

3) Disodium phosphate solution: 42.5g of disodium phosphate were 

dissolved in 1L of distilled water. PH was adjusted by HCl diluted with 
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water (1:1). 4.25g of Na2Hpo4 were dissolved in 50 ml distilled water. 

The PH was adjusted by HCl, complete the final volume to 100 ml by 

distilled water. 

 4) 5.5- dithiobis-2-nitrobenzoic acid (DTNB): 40mg of DTNB were 

dissolved in 100ml of 1% Sodium citrate (1g/L).  

Procedures: 

1) 0.2ml of each sample was mixed with 1.8ml of distilled water and 3ml 

of precipitation reagent. 

2) This mixture was shaked well in a vortex mixer then centrifuged at 

3000r.p.m for 20 minutes. 

3) To 2ml of filtrate, 8ml of phosphate solution and 1ml of DTNB reagent 

were added and read at 412 nm.  

Calculations: 

GSH content was calculated as (mg/dl for blood or mg/g wet tissue) 

according to the following equation:-  

  

                                   O.D. T             307       5                

GSH content= E ×                       ×            ×        × 11 × 100  

                                    13.6                2          2 

                                    

       E         : Constant correction factor  

  O. D. T    : optical density of test   

   13.6        : coefficient factor of GSH   

307        :   M. Wt of GSH  

5/2, 11/2     : dilution factors   
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Estimation of liver enzymes activities 
 
Ø Estimation of liver aspartate aminotransferase (AST) activity  

 
Aspartate aminotransferase (AST) activity was assayed by the 

colorimetric method using available commercial kit (Biodiognostic, 

Egypt) according to the method described by Reitman and Frankel, 

(1957).  

 
Principle: Colorimetric determination of GOT (AST) activity according 

to the following reactions: 

 
                                                    GOT 
Aspartate + α-Ketoglutarate                       oxaloacetate + glutamate. 
 
The ketoacid oxaloacetate formed is measured in its derivative form, 

 2, 4 – dinitrophenylehydrazone.  

 

Reagents: 
 

Reagent 1: (GOT Buffer substrate): 
 

Phosphate buffer, PH 7.5                                         100mmol / L 

Aspartate                                                                 100mmol/L 

α-Ketoglutarate                                                          2mmol/L 

 

Reagent 2 (Color reagent): 
2,4 – dinitrophenylehydrazine                                        1mmol / L  
  
 
Standard: 
      Standard pyruvate                                                     2mmol / L  
 
Sodium hydroxide                                                           0.4N 
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Procedures: 
 

1. 0.5 ml of reagent 1(Phosphate buffer, PH 7.5, Aspartate and α-

Ketoglutarate)  was added to clean and dry test tube and incubated 

at 37 º c for 5 min. 

2. 0.1 ml of liver homogenate was added to reagent 1, mixed and 

incubated at 37 ºc for exactly 60 min. 

3. 0.5 ml of reagent 2 (2,4– dinitrophenylehydrazine) was added, 

mixed and standed for 20 min at room temperature. 

4. 5.0 ml of 0.4 N NaOH were added,  mixed and left for 5 min.    

      5. Absorbance was measured for each sample at 505 nm (490 – 520) 

against distilled water using cuvettes 1cm light path.  

Calculations:  
 
The number of Units /ml of AST of samples were calculated using the 
standard curve.  
 
 
Standard curve: 
The following reagents were pipetted into test tubes  
Tube No  
 

    1     2     3     4     5 

  D. water  
  Reagent 1 
  Pyruvate 
 
 Color  reagent  

0.1 
0.5 
----- 
 
0.5 

0.1 
0.45 
0.05 
 
0.5 

0.1 
0.4 
0.1 
 
0.5 

0.1 
0.35 
0.15 
 
0.5 

0.1 
0.30 
0.2 
 
0.5 

 
Tubes were mixed and let stand for 20 min. at room temperature then 
NaOH  0.5N    5 5 5 5 5 
 
Tubes were mixed and absorbance was measured as for test at 505 nm.  
Table (2): AST activities and the corresponding absorbance  

Activity of AST (Units / ml )  
 

0 22 55 95 150  

Abs at 505  
 

0.38 0.50 0.6 0.74 0.89 
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Fig (12): Standard curve of AST 
 

Ø Estimation of liver Alanine  aminotransferase (ALT) activity 
 

Alanine aminotransferase (ALT) activity was assayed by the 

colorimetric method using available commercial kit (Biodiognostic, 

Egypt) according to the method described by Reitman and Frankel, 

(1957). 

Principles: 
 
Colorimetric determination of GPT (ALT) activity was done according to 

the following reactions: 

                                                   GPT 
Alanine +  α-Ketoglutarate                         pyruvate  +  glutamate. 
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The keto acid pyruvate formed is measured in its derivative form, 2, 4 – 

dinitrophenylehydrazone.  

 

Reagents: 
 
Reagent 1 (GPT Buffer substrate): 

Phosphate buffer, PH 7.5                                        100mmol / L 

Alanine                                                                    200mmol/L 

α-Ketoglutarate                                                        2mmol/L 

Reagent 2 (Color reagent):  

2, 4 – dinitrophenylehydrazine                                      1mmol / L  
  
Standard: 
      Standard pyruvate                                                      2mmol / L  
 
  Sodium hydroxide                                                          0.4N 
 
Procedures:  
 

1. 0.5 ml of reagent 1(Phosphate buffer, PH 7.5, Alanine and α-

Ketoglutarate) was added to clean and dry test tube and incubated 

at 37 º c for 5 min. 

2. 0.1 ml of liver homogenate was added to reagent 1, mixed and 

incubated at 37 ºc for exactly 60 min. 

3. 0.5 ml of reagent 2 (2, 4 – dinitrophenylehydrazine)                                     

was added, mixed and standed for 20 min at room temperature. 

4. 5.0 ml of 0.4 N NaOH were added,  mixed and left for 5 min.    

      5. Absorbance was measured for each sample at 505 nm (490 – 520) 

against distilled water using cuvettes 1cm light path.  

Calculations:  
The number of Units / ml of ALT of samples were calculated using the 

standard curve.  
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Standard curve: 
The following reagents were pipetted into test tubes.  
 
Tube No  
 

    1     2     3     4     5 

  D. water  
  Reagent 1 
  Pyruvate  
 
  Color reagent   
 

0.1 
0.5 
----- 
 
0.5 

0.1 
0.45 
0.05 
 
0.5 

0.1 
0.4 
0.1 
 
0.5 

0.1 
0.35 
0.15 
 
0.5 

0.1 
0.30 
0.2 
 
0.5 

 
Tubes were mixed. Let stand for 20 min at room temperature then 
NaOH  0.5N    5 5 5 5 5 
 
Tubes were mixed   and absorbance was measured as for test at 505 nm.  
Table (3):  ALT activities (x-axis) and the corresponding absorbance 

 (y- axis). 

Activity of ALT (Units / ml )  
 

0 25 50 83 126  

Abs at 505  
 

0.50 0.67 0.79 0.93 1.06 
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 Fig (13):  Standard curve of ALT 
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Calculation of survival parameters  

The animals were observed for their mortality daily until the end of 

the experiment. The mortality was monitored by recording the mean 

survival time (MST) and the percentage increase in life span (%ILS) 

according to Sur and Ganguly, (1994) as follows:  

                Day of first death + Day of last death  

MST =                                                                            

                                          2 

                        MST of treated group                                                         

  %ILS =                                                   - 1    ×   100 

                         MST of control group 

 

     The time was denoted by the number of days. 

The measurement of body weight and tumor (ascitic fluid) volume 
 
Body weight:  

The body weight of mice in each group was measured in gram (g) 

just before tumor inoculation and at the end of the experiment. (Abu 

Osman et al., 2011). 

Tumor (ascitic fluid) volume (Dolai et al., 2012): 

The mice bearing EAC were dissected and the ascitic fluid was 

collected from the peritoneal cavity. The volume of the collected ascitic 

fluid in ml was measured by taking it in a graduated centrifuge tube.  

Histopathological examination of liver tissues  

Tissue specimens collected from the liver of tested mice were fixed 

in 10% neutral buffered formalin, and then the samples were routinely 

processed through: dehydration in ascending concentrations of ethanol, 

clearance in xylene and embedding in paraffin, From each paraffin block, 
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4 µm thick sections were cut onto slides and stained by hematoxylin and 

eosin as previously described by Bancroft and Steven, (1996).  

                                           
Immunohistochemical staining 

Detection of apoptotic proteins fatty acid synthase (Fas) and fatty 

acid synthase ligand (Fas-L) and estimation of the proliferation 

marker (Ki-67):  
 
1. Primary Antibodies: 

The antibodies used in this study were Fas (CD95) Mouse 

monoclonal antibody for Fas (1:50 pre diluted), Cat. #Ms-1098-S0, 

Neomarkers, Fremont,   CA, USA, NCL – Fas-L Mouse monoclonal 

antibody for Fas-l, ready to use, NOVOCASTRA, United Kingdom and 

Ki67 (rabbit polyclonal antibody, Neomarkers, Fremont, CA, USA, RB-

9043-P0, dilution 1:300 in PBS).  

 

2. Ultravision Detection System: 

 The anti-polyvalent, HRP/DAB (TP-015-HD) was used. It 

included the following reagents; all were supplied from [Invitrogen]: 

 

− Ultra V block.                                                        TA-015-UB 

− Hydrogen peroxide block.                                      TA-015-HP 

− Biotinylated goat anti-polyvalent.                          TP-015-PN 

− Streptavidin peroxidase.                                         TS-015-HR 

− Di-amino benzidene (DAB) plus chromogen.             TA-015-HCX 

− Di-amino benzidene (DAB) plus substrate.                 TA-001-HSX  

Phosphate buffered saline (PBS) was supplied by the manufacture as 

powder consisted of the following reagents: 

− 7.8 gm sodium chloride. 

− 1.5 gm potassium dihydrogen orthophosphate. 
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− 200 mg potassium phosphate monobasic.  

It was prepared by adding to 1liter of distilled water and 3 ml 

sodium hydroxide standard from 7.2 to 7.6 to adjust the pH. 

B. Principles of the procedure 

This Ultravision detection system detects a specific antibody to an 

antigen in tissue sections. The specific antibody is located by a biotin – 

conjugated secondary antibody. This step is followed by the addition of a 

streptavidin – enzyme conjugate that binds to the biotin present on the 

secondary antibody. The specific antibody, secondary antibody and 

streptavidin enzyme complex is then visualized with an appropriate 

substrate chromogen.  

 

C.  Immunohistochemical Procedures (Modified from Ioachim et al., 

2005). 

1. The paraffin blocks were cut into 5μm thick sections and placed 

on positive charged glass slides (Fisher) for better adhesion 

between the tissue sections and the slides. 

2. Slides were incubated at 56ºC overnight, de-parraffinized in 

xylene, and placed for 10 minutes in room temperature.  

3. The excess liquid was drained and the slides were then 

transferred to Coplin jars containing concentrations of ethanol 

(100%, 90% then 70%).  

4. Slides were immersed in distilled water for one minute, 

followed by PBS (2 changes), 5 minutes each.  

5. Slides were immersed in 3% H2O2 for 5 minutes, followed by 

washing in PBS PH 7.2 for 5 minutes.  

6. Ultra V block was applied and incubated for 5 minutes at room 

temperature to block non specific background staining. 

7.  Slides were washed in PBS PH 7.2 for 5 minutes.  
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8. The antibody (ki-67 or Fas or Fas-L) was applied to cover the 

tissue sections and the slides were kept in 37°C for overnight. 

9. Slides were then immersed in PBS for 10-15 minutes.  

10.  The slides were completely covered with biotinylated goat anti-

polyvalent (secondary antibody), ready to use, for 10 minutes at 

room temperature, immersed in PBS for 5 minutes and then 

completely covered with streptavidin peroxidase for 10 minutes, 

at room temperature.  

11.  Slides were then immersed 2 times in PBS 5 minutes each, the 

chromogen was prepared by adding 1-2 drops (40μl) DAB plus 

chromogen to 1 ml of DAB plus substrate, mixed by swirling. 

12.  Tissues were completely covered with the chromogen for 10 

minutes, at room temperature, rinsed with distilled water and 

the excess fluid was blotted around the tissues with filter paper. 

13.  Tissue sections were counterstained with Mayer's     

hematoxylin, ready to use, for 5 minutes, followed by rinsing of 

slides with tap water, for 10 minutes. 

14.  Dehydration of sections in ascending concentrations of ethyl 

alcohol (70%, 90% and 100%) 10 minutes each was done. 

15.  The slides were immersed in xylene, mounted and covered with 

cover slips. 

Immunohistochemical Evaluation  

The immunostained sections of EAC were examined using light 

microscope to assess the prevalence of positive cases and location of 

immunostaining within the cells. Immunohistochemical expression of 

Ki67 showed positive nuclear immunostaining (brown staining) in the 

EAC. Meanwhile, Immunohistochemical expression of Fas and Fa-L 
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showed positive immunostaining (brown staining) in the cytoplasm of the 

EAC. 

Positive control: 

 In order to specify the Ki-67 antibody, Positive control was Breast 

carcinoma and lymph node. While Hepatocelluler Carcinoma (HCC) was 

used to specify FAS and FAS-L.  
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DNA ladder assay 
 

1. DNA isolation from Ehrlich ascites carcinoma (EAC) cells 
(Modified from Lawal et al., 2012): 
 

DNA from EAC cells that collected from treated and untreated 

animals was used for DNA fragmentation assay and was isolated as 

follows: 

1. Cells were washed twice in 800μL of PBS and pelleted. 

2. Pelleted cells were lysed in an equal volume of lysis buffer (8.3g 

ammonium chloride, 1g potassium bicarbonate and 0.372g EDTA 

in 1L dist.H2O) with mixing for 10minutes.  

3. The lysate was centrifuged at 3000rpm for 10 minutes. 

4. The supernatant was then removed and second, third steps were 

repeated 3times. 

5. 300μL of phenol were added, mixed then centrifuged at 14000 

rpm/10 minutes. 

6. In another tube, the upper layer (aqueous phase) was removed.    

7. The aqueous phase was then extracted with 300μL of PCIAA 

(Phenol – chloroform – Isoamyl alcohol solution, 25:24:1). 

8. The mixture was then centrifuged at 3000rpm for 10mins and 

the upper layer decanted off in another tube. 

9. 300μL of (chloroform – Isoamyl alcohol, 24: 1) were added, mixed 

and centrifuged. 

10. The upper layer was then removed in another tube and precipitated 

with 2 volume of ice cold ethanol and 1/10 volume of sodium 

acetate at - 200C overnight. 

11. The supernatant was removed and 1ml of 70% ethanol was added 

to the pellet, mixed and centrifuged. 
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12. The supernatant was removed and 50μL or 100μL of storage buffer 

was added. 

2. DNA fragmentation assay on 2% agarose gel (Modified from 

Lawal et al., 2012): 

Chemicals: 

Agarose: It used to prepare the running gel. 

Ethidium bromide: It is a fluorescent dye used for staining of running 

gel. One gram of ethidium bromide was dissolved in 100ml distilled 

water using a magnetic stirrer to ensure complete dissolution. 5µl 

ethidium bromide was added per 100ml gel solution. The concentrated 

solution should be handled carefully. 

Tris Acetate EDTA buffer (TAE) 50X: The buffer was stored at room 

temperature. The working solution 1X TAE was prepared by using 20 ml 

of the stock solution completed to 1 L deionized water prior to use. It was 

used for the preparation and running of the gel.  

Steps of gel electrophoresis: 

1. 2 gm agarose was dissolved in 100 ml of 1X TAE to get a 2% 

agarose gel. The gel was cooked in a microwave for 3 min, left to 

cool at 60   C and then stained by 5µl ethidium bromide, then 

casted in a gel electrophoresis tray and the comb was added to the 

beginning of the gel. 

2. The gel was left to solidify and the comb was removed leaving the 

created wells. The wells were loaded with 10µl of isolated DNA 

and a suitable DNA marker. 

3. The gel was run in 1X TAE buffer with constant voltage 100Vfor 

45 minutes. 

4. The gel was then examined under the ultraviolet lamp to visualize 

the DNA ladder and the bands. 

 



 Materials and methods 

   
72

Statistical analysis 

          The results are expressed as mean ± S.E.M. Data were analyzed by 

one–way analysis of variance (ANOVA) using Costat computer program,  

followed by Duncan’s Multiple Range Tests (DMRT)  for determining 

the statistical significant differences between means of different groups 

(Duncan , 1955). The significant difference was set at P ≤ 0.05. 
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III. Results 
Cancer is the uncontrolled growth and spread of abnormal cells, 

associated with dysregulation of apoptosis, a programmed cell death. Most 

of the current anti-cancer drugs are derived from plant sources, which act 

through different pathways converging ultimately into activation of 

apoptosis in cancer cells leading to cell cytotoxicity. Cancer is the second 

leading cause of death all over the world (Madhusudan and Middleton, 

2005). According to World health organization, more than 10 millions new 

cases of cancer are diagnosed every year and the statistical trends indicate 

that this number would double by 2020 (Mignogna et al., 2004).  

Based upon acute toxicity studies, propolis, green tea and chlorella 

vulgaris exracts at a dose of 150 mg/kg b. w were optimized to administrate 

orally into female Swiss albino mice.  

Tables (4, 5) and figures (14, 15) represent plasma and liver 

thiobarbituric acid reactive substances (TBARS) in normal mice and Ehrlich 

ascites carcinoma (EAC) - bearing mice treated with: 

Ø Gamma irradiation (R). 

Ø Ethanolic extract of propolis alone (EEP) or combined with 

gamma irradiation (EEP+R). 

Ø  green tea extract alone (GTE) or combined with gamma 

irradiation (GTE+R). 

Ø Chlorella vulgaris extract alone (CVE) or combined with 

gamma irradiation (CVE+R).  

Thiobarbituric acid reactive substances (TBARS) level was 

significantly increased in plasma of untreated and irradiated Ehrlich ascites 

carcinoma (EAC) – bearing mice by 70.56% and 48.43% respectively when 
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compared to that of normal mice. On the other hand, the levels of TBARS in 

EAC - bearing mice treated with  ethanolic extract of propolis alone (EEP) 

or combined with gamma irradiation (EEP+R) and chlorella vulgaris extract 

alone (CVE) or combined with gamma irradiation (CVE+R) were increased 

by 16.88%, 34.67%, 37.45% and 32.71% respectively in comparison with 

that of normal control mice (NC). Meanwhile, plasma TBARS levels were 

significantly decreased in EAC-bearing mice treated with EEP by 31.47% 

and decreased in EAC-bearing mice treated with EEP+R, CVE and CVE+R 

by 21.04%, 19.41% and 22.19% respectively in comparison with untreated 

EAC-bearing mice. Treatment of EAC- bearing mice with ethanolic green 

tea extract alone (GTE) or combined with gamma irradiation (GTE+R) 

induced a significant increase of plasma TBARS by 66.73% and 58.47% 

respectively compared to normal control mice  and a decrease by 2.25% and 

7.09% respectively as compared to untreated EAC-bearing ones.  

The recorded liver TBARS level of EAC-bearing mice was increased 

by 14.08% when compared to that of normal control. Treatment of EAC-

bearing mice with gamma irradiation increased liver TBARS level by 7.75% 

when compared to that of normal mice and decreased by 5.55% when 

compared to that of EAC-bearing ones. Liver TBARS in EAC-bearing mice 

treated with EEP and GTE+R induced a significant decrease by 22.03% and 

23.47% respectively compared to that of normal mice and 31.65% and 

32.92% respectively compared to that of EAC-bearing group. Liver TBARS 

levels of EAC-bearing mice treated with EEP+R, GTE and CVE+R revealed 

a reduction by 6.29%, 6.5% and 0.17% respectively compared to that of 

normal control mice and 17.84%, 18.04% and 12.49% respectively 

compared to that of untreated EAC-bearing group  
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 Treatment of EAC-bearing mice with CVE caused an increase in 

liver TBARS by 4.18% compared to that of normal control mice and a 

decrease by 8.67% in comparison with that of untreated EAC-bearing group.  

Table (4): Plasma thiobarbituric acid reactive sustances (TBARS) of normal 

and different groups of Ehrlich ascites carcinoma – bearing female Swiss 

albino mice.  

 
 %change 
(compared to 
untreated EAC-
bearing mice) 

  %change 
(compared to 
normal control) 

TBARS 
(mM/L) 

     Parameter 
                     

Group 

 -41.37 ------------- 19.84  ± 1.89c Normal 
control 

----------- 70.56 33.84  ±  1.67a EAC 

-12.97 48.43 
 

29.45  ±2.87ab EAC + R 

-31.47 16.88 
 

23.19  ± 3.47bc EAC+EEP 

-21.04 34.67 
 

26.72  ± 1.09abc EAC+EEP+R 

-2.25 66.73 
 

33.08 ± 2.65a EAC+GTE 

-7.09 58.47 
 

31.44  ± 2.11ab EAC+GTE+R 

-19.41 37.45 
 

27.27 ±  3.80abc EAC+CVE 

-22.19 32.71 
 

26.33  ± 3.63abc EAC+CVE+R 

 

      Data are expressed as Mean ± S.E.M. 
        a,b,c values bearing the same superscript in the same column are not significant. 
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Table (5): Liver thiobarbituric acid reactive sustances (TBARS) of normal 

and different groups of Ehrlich ascites carcinoma – bearing female Swiss 

albino mice.  

 
 

    %change 
(compared to 

untreated EAC-
bearing mice) 

   %change 
(compared to 
normal control) 

TBARS (mM/g) 
 

       Parameter 
                     

Group 

-12.34 ----------- 166.84 ± 5.28a 
 

Normal control 

----------- 14.08 190.33 ± 3.15 a EAC 

-5.55 7.75 
 

179.77 ± 2.14 a EAC + R 

-31.65 -22.03 
 

130.09 ± 8.79b 
 

EAC    +EEP 

-17.84 -6.29 
 

156.34 ± 4.99ab EAC +EEP +R 

-18.04 -6.50 
 

155.99 ± 8.79ab EAC+GTE 

-32.92 -23.47 
 

127.68  ± 2.81b 
 

EAC+GTE+R 

-8.67 4.18 
 

173.83  ± 6.63a EAC+CVE 

-12.49 
 

-0.17 
 

166.56  ± 3.61 a EAC+CVE+R 

 
Data are expressed as Mean ± S.E.M. 
a,b values bearing the same superscript in the same column are not significant. 
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Figure (14): Plasma thiobarbituric acid reactive sustances (TBARS) of 

normal and different groups of Ehrlich ascites carcinoma – bearing female 

Swiss albino mice.  
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Figure (15): liver thiobarbituric acid reactive sustances (TBARS) of normal 

and different groups of Ehrlich ascites carcinoma – bearing female Swiss 

albino mice. 

 



Results  

 78 

As shown in tables (6, 7) and figures (16, 17), Superoxide dismutase 

(SOD) activities in red blood corpuscles (RBCs) and in liver homogenates of 

EAC-bearing group were significantly decreased by 65.64% and 67.72% 

respectively when compared with that of normal control group. SOD 

activities in RBCs and liver of irradiated mice bearing EAC were 

significantly decreased by 59.32% and 67.19% respectively compared to 

those of normal controls. 

Treatment of EAC-bearing group with EEP, EEP+R, GTE, GET+R 

and CVE decreased red blood corpuscles SOD significantly by 36.51%, 

30.87%, 37.45%, 41.07% and 35.70% respectively compared to that of 

normal controls. Mean while, CVE+R decreased SOD in RBCs by 19.87% 

compared to that of normal mice. 

EAC-bearing mice treated with EEP, EEP+R, GTE,GTE+R, CVE and 

CVE+ R showed a significant increase in SOD activities in RBCs by 

84.77%, 101.17%, 82.03%, 71.48%, 87.11% and 133.20% respectively 

compared to that of EAC- bearing group. Also, liver SOD activities were 

significantly increased in EAC- bearing mice treated with R, EEP, EEP+R, 

GTE,GTE+R, CVE and CVE+ R by 1.63, 122.76%, 139.02%, 188.62%, 

143.09%, 154.47%, 95.12% respectively compared to that of EAC- bearing 

group. Meanwhile, liver SOD activities of Ehrlich ascites carcinoma – 

bearing mice treated with EEP, EEP+R and CVE+R were significantly 

decreased by 28.08%, 22.83% and 37.01% respectively compared to normal 

mice. The recorded decrease in liver SOD activities of Ehrlich ascites 

carcinoma – bearing mice treated with GTE, GTE+R and CVE was 6.82%, 

21.52% and 17.85% respectively when compared to that of normal control 

mice.  
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Table (6): Superoxide dismutase (SOD) in red blood corpuscles of normal 

and different groups of Ehrlich ascites carcinoma - bearing female Swiss 

albino mice.  
 

%change 
 (compared to 
untreated 
EAC-bearing 
mice) 

 % change 
(compared to 
normal 
control) 
 

SOD  
(µg/ ml) 

       Parameter 
 
                       

Group 

191.01 ------------ 7.45 ± 0.42a 

 
Normal control 

----------- -65.64 2.56 ±  0.30d 

 
EAC 

18.36 -59.32 
 

3.03 ±  0.27cd EAC + R 

84.77 -36.51 
 

4.73 ±  0.29b EAC    +EEP 

101.17 -30.87 
 

5.15 ± 0.37b EAC +EEP +R 

82.03 -37.45 
 

4.66 ± 0.28b EAC+GTE 

71.48 -41.07 
 

4.39 ± 0.62bc EAC+GTE+R 

87.11 -35.70 
 

4.79 ±  0.84b EAC+CVE 

133.20 -19.87 
 

5.97 ± 0.89ab EAC+CVE+R 

 
Data are expressed as Mean ± S.E.M.  
a,b,c,d values bearing the same superscript in the same column are not significant.   
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Table (7): Liver superoxide dismutase (SOD) of normal and different 

groups of Ehrlich ascites carcinoma - bearing female Swiss albino mice.  
 

%change 
(compared to 
EAC-bearing 
group) 

% change 
(compared to 
normal control 
group) 

 SOD 
(µg / g) 

      Parameter 
 
                       

Group 
209.75 ----------- 3.81 ± 0.29a 

 
Normal 
control 

----------- -67.72 1.23 ± 0.08d 
 

EAC 

1.63 -67.19 
 

1.25 ± 0.7d 
 

EAC + R 

122.76 -28.08 
 

2.74 ± 0.17bc 
 

EAC    +EEP 

139.02 -22.83 
 

2.94 ± 0.24bc 
 

EAC +EEP 
+R 

188.62 -6.82 
 

3.55 ± 0.51ab 
 

EAC+GTE 

143.09 -21.52 
 

2.99  ±0.34abc 
 

EAC+GTE+R 

154.47 -17.85 
 

3.13 ± 0.09abc 
 

EAC+CVE 

95.12 -37.01 
 

2.40 ± 0.25c 

 
EAC+CVE+R 

 
    Data are expressed as Mean ± S.E.M.  
     a,b,c,d values bearing the same superscript in the same column are not significant.  
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Figure (16): Superoxide dismutase (SOD) in red blood corpuscles of normal 

and different groups of Ehrlich ascites carcinoma - bearing female Swiss 

albino mice. 
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Figure (17): Liver Superoxide dismutase (SOD) of normal and different 

groups of Ehrlich ascites carcinoma - bearing female Swiss albino mice.  
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 As shown in tables (8, 9) and figures (18, 19), glutathione (GSH) 

content showed a significant decrease in RBCs and liver of EAC- bearing 

group by 62.64% and 19.89% respectively compared with that of  the 

normal mice. Treatment of EAC - bearing group with gamma irradiation, 

GTE, and CVE induced a reduction in GSH content in RBCs by 23.81%, 

1.83% and 8.79% compared to that of the normal mice. While, GSH 

contents in RBCS of EAC-bearing mice treated with EEP, EEP+R, GTE+R 

and CVE+R showed an increase by 5.13%, 8.42%, 3.29% and 4.03% in 

comparison with that of NC. 

The reduction in liver GSH contents of EAC-bearing mice treated 

with gamma irradiation, EEP, EEP+R, GTE, GTE+R, CVE and CVE+R  

were 16.32%, 14.37%, 12.50%, 20.80, 17.16%, 12.13% and 8.95% 

respectively compared to that of NC.  

Liver GSH contents were increased in EAC – bearing groups treated 

with gamma irradiation, EEP, EEP+R, GTE+R, CVE and CVE+R by 4.06%, 

6.49%, 8.82%, 3.02%, 9.28% and 1.62% respectively compared to that of 

untreated EAC-bearing group. While EAC- bearing mice treated with GTE 

showed a decrease in liver GSH content by 1.51% compared to that of 

untreated EAC-bearing group.  

Treatment of EAC – bearing mice with R, EEP, EEP+R, GTE, 

GTE+R, CVE and CVE+R induced a significant increase in GSH contents 

by 103.92%, 181.37%, 190.19%, 162.75%, 176.47%, 144.12% and 178.43% 

respectively compared to that of normal mice.    
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Table (8): Glutathione (GSH) in red blood corpuscles of normal and 

different groups of Ehrlich ascites carcinoma - bearing female Swiss albino 

mice.   
 

 %change 
(compared to 
EAC-bearing 
group) 

  %change 
(compared to 
normal control 
group) 

GSH  
(mg / dl) 

 

          Parameter 
                

Group 

167.64 ----------- 2.73 ± 0.22a Normal control 

--------- -62.64 
 

1.02  ±  0.22b EAC 

103.92 -23.81 
 

2.08 ±  0.06a EAC + R 

181.37 5.13 
 

2.87 ±  0.17a EAC    +EEP 

190.19 8.42 
 

2.96 ± 0.11a EAC +EEP +R 

162.75 -1.83 
 

2.68  ± 0.07a EAC+GTE 

176.47 3.29 
 

2.82 ± 0.17a EAC+GTE+R 

144.12 -8.79 
 

2.49 ±  0.89a EAC+CVE 

178.43 4.03 
 

2.84 ± 0.21a EAC+CVE+R 

 
Data are expressed as Mean ± S.E.M.  
a,b values bearing the same superscript in the same column are not significant.  
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Table (9): Liver glutathione (GSH) of normal and different groups of 

Ehrlich ascites carcinoma - bearing female Swiss albino mice.   

 
 

%change 
(compared to 
EAC-bearing 

group) 

  %change 
(compared to 
normal control 
group) 

GSH 
(mg / g) 

 
 

         Parameter 
                

Group 

24.36 ---------- 10.72  ± 0.71a 
 

Normal control 

---------- -19.89 8.62 ± 0.26b 
 

EAC 

          4.06        -16.32 
 

8.97  ± 0.22b 
 

EAC + R 

6.49 -14.37 
 

9.18  ± 0.91ab 
 

EAC    +EEP 

8.82 -12.50 
 

9.38  ± 0.32ab 
 

EAC +EEP +R 

-1.51 -20.80 
 

8.49 ± 0.54b 
 

EAC+GTE 

3.02 -17.16 
 

8.88 ±0.17b 
 

EAC+GTE+R 

9.28 -12.13 
 

9.42 ± 0.48ab 
 

EAC+CVE 

1.62 -8.95 
 

9.76 ±0.38ab 

 
EAC+CVE+R 

 
Data are expressed as Mean ± S.E.M.  
a,b values bearing the same superscript in the same column are not significant.  
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Figure (18): Glutathione (GSH) in red blood corpuscles of normal and 

different groups of Ehrlich ascites carcinoma - bearing female Swiss albino 

mice.   
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Figure (19): Liver glutathione (GSH) of normal and different groups of 

Ehrlich ascites carcinoma - bearing female Swiss albino mice. 
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Tables (10, 11) and figures (20, 21) represent Liver aspartate amino 

transferase (AST) and alanine amino transferase (ALT) in normal mice, 

untreated EAC-bearing mice, Ehrlich ascites carcinoma bearing - mice 

treated with gamma irradiation (EAC+R), ethanolic extract of propolis alone 

(EEP) or combined with gamma irradiation (EEP+R), green tea extract alone 

(GTE) or combined with gamma irradiation (GTE+R), Chlorella vulgaris 

extract alone (CVE) or combined with gamma irradiation (CVE+R). 

Liver aspartate aminotransferase (AST) and alanine aminotransferase 

(ALT) activities were significantly increased in EAC-bearing mice by 

43.75% and 120.52% respectively compared to normal ones. Treatment of 

EAC- bearing mice with gamma irradiation induced a significant increase in 

both AST and ALT by 58.33% and 113.92% respectively compared with 

those of normal control. AST activities were significantly increased in EAC- 

bearing mice treated with EEP+R, GTE, GTE+R, CVE and CVE+R by 

30.56%, 32.64%, 39.58, 104.17% and 34.72% compared to normal mice. 

While, liver AST activity in EAC-bearing group treated with EEP increased 

by 13.19% compared to normal control. Treatment of EAC-bearing mice 

with EEP, EEP+R, GTE, GTE+R, CVE and CVE+R decreased AST 

activities by 21.26%, 9.18%, 7.73%, 2.89, 13.53% and 6.28% respectively 

compared with that of untreated EAC-bearing group. 

There was no change in liver ALT activity of EAC- bearing group 

treated with gamma irradiation compared to untreated EAC - bearing mice. 

Liver ALT activities in EAC- bearing mice treated with EEP, EEP+R, GTE, 

CVE and CVE+R were significantly decreased by 29.13%, 32.76%, 17.82%, 

36.21% and 23.56% compared to that of untreated EAC-bearing mice. While 

liver ALT activity in EAC- bearing mice treated with GTE +R decreased by 

9.19% compared with that of untreated EAC-bearing group. Treatment of 
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EAC – bearing mice with EEP, EEP+R, GTE, GTE+R, CVE and CVE+R 

caused a significant increase in liver ALT activity by 55.69%, 48.10%, 

81.01%,100%,40.51% and 68.35% respectively compared with that of 

normal ones. 

Table (10): Liver aspartate aminotransferase (AST) of normal and different 

groups of Ehrlich ascites carcinoma – bearing female Swiss albino mice. 
 

 

  Data are expressed as Mean ± S.E.M. 

  a,b,c,d values bearing the same superscript in the same column are not significant.   

 %change 
(compared to 
EAC-bearing 
group) 

 %change 
(compared to 
normal control 
group) 

Liver AST  
(Units / ml ) 

 

      Parameter 
                      

Group 

-30.43 -------- 28.80  ± 1.89d 

 
Normal control 

---------- 43.75 
 

41.40 ±  2.23ab EAC 

10.15 58.33 
 

45.60 ±  2.11a EAC + R 

-21.26 13.19 
 

32.60 ±  1.21cd EAC    +EEP 

-9.18 30.56 
 

37.60 ± 1.91bc EAC +EEP +R 

-7.73 32.64 
 

38.20 ± 2.35bc EAC+GTE 

-2.89 39.58 
 

40.20  ± 2.08ab EAC+GTE+R 

-13.53 104.17 
 

35.80 ±  1.24bc EAC+CVE 

-6.28 34.72 
 

38.80 ± 2.58bc EAC+CVE+R 
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Table (11): Liver alanine aminotransferase (ALT) of normal  and different 

groups of Ehrlich ascites carcinoma – bearing female Swiss albino mice. 
 

 

    Data are expressed as Mean ± S.E.M.  
     a,b,c,d,e values bearing the same superscript in the same column are not significant.  

 
 

%change 
(compared to 
EAC-bearing 

group) 

  %change 
(compared to 
normal 
control 
group) 

Liver ALT 
(Units / ml ) 

 
 

      Parameter 
                      

Group 

-54.59 ---------- 15.80± 1.07e 

 
Normal control 

--------- 120.52 34.80± 1.49a 
 

EAC 

-2.87 113.92 
 

33.80 ± 1.53a 
 

EAC + R 

-29.13 55.69 
 

24.60 ± 1.99cd 
 

EAC    +EEP 

-32.76 48.10 
 

23.40 ± 1.36d 
 

EAC +EEP +R 

-17.82 81.01 
 

28.60 ± 1.50bc 
 

EAC+GTE 

-9.19 100 
 

31.60 ± 1.50ab 
 

EAC+GTE+R 

-36.21 40.51 
 

22.20 ± 1.62d 
 

EAC+CVE 

-23.56 68.35 
 

26.60 ± 1.72cd 

 
EAC+CVE+R 
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Figure (20): Liver aspartate aminotransferase (AST) of normal and different 

groups of Ehrlich ascites carcinoma – bearing female Swiss albino mice. 
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Figure (21): Liver alanine aminotransferase (ALT) of normal and different 

groups of Ehrlich ascites carcinoma – bearing female Swiss albino mice. 
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As shown in table (12) and figures (22, 23), no changes were detected 

in TBARS levels of normal mice treated with dimethyle sulfoxide (DMSO) 

or gum acacia as a vehicle agents as compared with that of normal control 

mice in both plasma and liver. In normal mice treated with EEP, GTE, CVE, 

TBARS levels in plasma and liver were not affected compared to normal 

control mice. Exposure of normal mice to gamma irradiation increased 

plasma TBARS level by 40.02% as compared to that of normal ones. 

Table (12): Plasma and liver thiobarbituric acid reactive substances 

(TBARS) of normal and different groups of non tumor- bearing female 

Swiss albino mice. 
 

 
Data are expressed as Mean ± S.E.M.  
  a values bearing the same superscript in the same column are not significant.  
 

%change 
(compared 
to normal 
control) 

Liver  TBARS 
(mM/g) 

%change 
(compared 
to normal 
control) 

Plasma  
TBARS 
(mM/L) 

      parameter    
                     

Group 

--------- 165.95 ± 4.73a 
 

---------- 19.19 ± 1.74a Normal 
control 

-3.98 159.34 ± 8.46a 
 

5.21 20.19 ±  1.31a DMSO 

-5.02 157.62 ± 7.93a 
 

5.47 20.24 ±  1.35a Gum acacia 

-7.28 153.84 ± 13.09a 
 

22.88 23.58 ±  4.19a EEP 

-16.07 139.32 ± 10.74a 
 

6.98 20.53 ± 3.74a GTE 

-2.89 161.14 ± 9.66a 
 

16.94 22.44 ± 1.31a CVE 

-4.03 159.27 ± 4.62a 40.02 26.87 ± 2.89a R 
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Figure (22): Plasma thiobarbituric acid reactive substances (TBARS) of 

normal and different groups of non tumor- bearing female Swiss albino 

mice. 
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Figure (23): Liver thiobarbituric acid reactive substances (TBARS) of 

normal and different groups of non tumor- bearing female Swiss albino 

mice. 
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 As shown in table (13) and figures (24 and 25), there were no change 

in SOD activities of RBCs and liver in normal mice treated with vehicle 

agents. EEP, GTE caused an increase in SOD activities in RBCs by 5.72% 

and 2.33% respectively compared to normal control. While, treatment of 

normal mice with CVE caused a decrease in SOD activity in RBCs by 

17.63% compared to normal mice.  Meanwhile, EEP, GTE caused a 

decrease in liver SOD activities by 2.41% and 13.94% respectively 

compared to normal ones. Exposure of normal mice to whole body gamma 

irradiation caused a significant reduction in the activities of SOD in RBCs 

and liver by 35.74% and  42.12% respectively compared to normal control. 
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Table (13): Superoxide dismutase in red blood corpuscles and liver of 

normal and different groups of non tumor - bearing female Swiss albino 

mice. 

 

 

Data are expressed as Mean ± S.E.M. 

 a,b values bearing the same superscript in the same column are not significant.   
 

% change 
(compared 
to normal 
control 
group) 

 

Liver  SOD 
 (µg/ g) 

%change 
(compared 
to normal 
control 
group) 

SOD in  red 
blood 
corpuscles       
  (µg/ ml) 

       Parameter 
                 
 
 

Group 

-------- 3.73 ±0.31ab 
 

--------- 8.17 ± 0.58a Normal control 

9.65 4.09 ± 0.42a 
 

-18.97 6.62 ±  0.87ab DMSO 

7.51 4.01 ± 0.48a 
 

-14.44 6.99 ±  0.76ab Gum acacia 

-2.41 3.64 ±0.21ab 
 

5.75 8.64 ±0.59a EEP 

-13.94 3.21 ±0.29ab 
 

2.33 8.36 ± 0.91a GTE 

12.33 4.19 ± 0.49a 
 

-17.63 6.73 ± 0.67ab CVE 

-42.12 2.58 ± 0.31b -35.74 5.25 ± 0.41b R 
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Figure (24): Superoxide dismutase in red blood corpuscles of normal and 

different groups of non tumor - bearing female Swiss albino mice. 
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Figure (25): Liver Superoxide dismutase of normal and different groups of 

non tumor - bearing female Swiss albino mice. 
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Table (14) and figures (26, 27) represent glutathione  (GSH) in red 

blood corpuscles (RBCs) and liver of normal mice, normal mice treated with 

dimethyle sulfoxide (DMSO), gum acacia, ethanolic extract of propolis 

(EEP), green tea extract (GTE), Chlorella vulgaris extract (GTE) and 

gamma irradiation (R). 

 No changes were found in glutathione in RBCs and liver of normal 

mice treated with vehicle agents (DMSO or gum acacia) as compared to 

normal control. Treatment of normal mice with EEP and CVE caused a 

reduction in GSH content in RBCs by 11.07% and liver GSH by 3.22%, 

10.99% respectively when compared to normal control. On the other hand, 

GSH contents of RBCs and liver of normal mice treated with GTE were 

increased by 2.42% and 5.09% respectively in comparison with those of 

normal ones. 

Exposure of normal mice to gamma irradiation induced a significant 

decrease in both RBCs and liver GSH contents by 36.68% and 25.20% 

respectively  as compared with  those of normal control.  
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Table (14): Glutathione (GSH) in red blood corpuscles and liver of normal 

and different groups of non tumor - bearing female Swiss albino mice. 

 

 
Data are expressed as Mean ± S.E.M. 
a, b values bearing the same superscript in the same column are not significant. 

 %change 
(compared 
to normal 
control) 

Liver GSH     
 (mg/g) 

 %change 
(compared 
to normal 
control) 

GSH in   
red blood 
corpuscles  
(mg/dl) 
 

 

       Parameter 
 
 

Group    

--------- 11.19 ± 1.14a 
 

--------- 2.89 ± 0.15a Normal 
control 

4.02 11.64 ± 1.14a 
 

1.73 2.94  ±  0.36a DMSO 

-2.50 10.91 ±0.64ab 
 

-4.49 2.76  ± 0.25ab Gum acacia 

-3.22 10.83 ±0.63ab 
 

-11.07 2.57 ±0.32ab EEP 

5.09 11.76  ±1.02a 
 

2.42 2.96 ± 0.35a GTE 

-10.99 9.96 ± 0.22ab 
 

-11.07 2.57  ± 0.42ab CVE 

-25.20 8.37  ± 0.59b 
 

-36.68 1.83 ± 0.11b R 
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Figure (26): Glutathione (GSH) in red blood corpuscles of normal and 

different groups of non tumor - bearing female Swiss albino mice. 
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Figure (27): Liver Glutathione of normal and different groups of non tumor 

- bearing female Swiss albino mice. 
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As shown in table (15) and figures (28, 29), there was no variations in 

the activities of liver AST and ALT in normal mice treated with vehicle 

agents (DMSO or gum acacia) as compared to normal control. Treatment of 

normal mice with EEP and CVE caused a decrease in liver AST activity by 

4.03% and 10.07% respectively and a decrease in ALT activity by 10.59% 

and 18.82% respectively as compared with those of normal mice. The 

recorded decrease in AST activity in mice treated with GTE was 3.36% and 

increase in ALT activity was 9.41% compared to normal control. While, the 

activity of AST was increased and the activity of ALT was significantly 

increased in normal mice exposed to whole body gamma irradiation by 

20.13% and 37.65% respectively when compared with those of normal mice. 
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Table (15): Liver aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) of normal and different groups of non tumor - 

bearing female Swiss albino mice. 

 

 
 
Data are expressed as Mean ± S.E.M.  
a,b,c,d values bearing the same superscript in the same column are not significant.  
 

 

%change 
(compared 
to normal 
control) 

   Liver  ALT 
(Units/ ml) 

 

%change 
(compared 
to normal 
control) 

  Liver AST 
(Units/ ml) 

                                                      
         parameter 

  
 
 

Group 
---------- 17.00 ± 1.61bcd 

 
--------- 29.80 ±3.46ab Normal control 

18.82 20.20 ± 1.79ab 
 

-6.04 28.00 ± 1.52b DMSO 

14.12 19.40 ± 1.02abc 
 

0.67 30.00 ±1.84ab Gum acacia 

-10.59 15.20 ± 1.86cd 
 

-4.03 28.60 ±2.40ab EEP 

9.41 18.60 ± 1.21bc 
 

-3.36 28.80 ±2.87ab GTE 

-18.82 13.80 ± 0.80d 
 

-10.07 26.80 ± 1.56b CVE 

37.65 23.40 ± 1.29a 
 

20.13 35.80 ± 1.71a R 
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Figure (28): Liver aspartate aminotransferase (AST) of normal and different 

groups of non tumor - bearing female Swiss albino mice. 
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Figure (29): Liver alanine aminotransferase (ALT) of normal and different 

groups of non tumor - bearing female Swiss albino mice. 
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Antiproliferative activities of EEP, GTE and CVE with or without 

whole body gamma irradiation  against EAC - bearing mice were assessed 

by the mean survival time (MST) and percentage increase of life span 

(%ILS). The results are shown in Table (16). The mean duration of survival 

was 14.5 days in untreated EAC control group. While, mean duration of 

survival and percentage increase in life span in irradiated EAC-0bearing 

group were 17 days and 17.24%. EAC – bearing mice received propolis, 

green tea and chlorella vulgaris alone or combined with gamma irradiation 

exposure exhibited an increase in MST and %ILS than irradiated EAC – 

bearing mice. The mean duration of survival was 23 days and the percent 

survival was 59.17% in EAC – bearing mice treated with EEP compared to 

22days and 51.72% in EAC – bearing mice administrated EEP+R. The mean 

durations of survival and percentages of increased life span of mice bearing 

EAC treated with GTE, GTE+R, CVE and CVE+R were 23.5 days, 62.07%; 

24days, 65.5%; 25days, 72.4% and 25.5days and 75.86 respectively. 

Treatment of mice bearing EAC with propolis, green tea and chlorella 

vulgaris extracts with or without gamma irradiation exposurerevealed T/C% 

higher than 125%.  
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Table (16): Mean survival time (MST), percentage increase in life span 

(%ILS) and Mean survival time of treated mice / Mean survival time of 

control mice (T/C %) of different groups of Ehrlich ascites carcinoma – 

bearing female Swiss albino mice. 
 

Mean 
survival 
time of 

treated mice 
/ Mean 
survival 
time of 

control mice  
(T/C %)  

percentage 
increase in 
life span 
(%ILS) 

Mean 
survival 

time (MST) 

Range of 
survival 

Parameter          
 
 
 
 

Group  

------- 
 

------- 14. 50 7 – 22 EAC 

117.25 
 

17.24 17.00 9 – 25 EAC + R 

159.17 
 

59.17 23.00 18 – 28 EAC + EEP 

151.72 
 

51.72 22.00 18 – 26 EAC + EEP + 
R 

162.07 
 

62.07 23.50 19 – 28 EAC+GTE 
 

165.50 
 

65.5 24.00 19 – 29 EAC+GTE+R 

172.40 
 

72.4 25.00 20 – 30 EAC+CVE 

175.86 
 

75.86 25.50 22 – 29 EAC+CVE+R 
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As shown in table (17) and figure (30), Body weight of mice bearing 

EAC was significantly increased by 25.93% when compared to that of 

normal control ones. Exposure of EAC- bearing mice to gamma irradiation 

induced a significant increase in body weight  when compared to that of 

normal control ones. EAC-bearing group treated with EEP showed a 

decrease in body weight by 1.85% when compared to that of normal control 

ones and a significant decrease by 22.06% in comparison with that of EAC - 

bearing mice. Treatment of EAC-bearing group treated with EEP+R and 

CVE+R caused an increase in body weight by 7.41% and 9.26% 

respectively compared to that of normal control and a significant decrease in 

body weight by 14.71% and 13.24% respectively in comparison with that of 

untreated EAC-bearing group. Treatment of EAC-bearing group with GTE, 

GTE+R and CVE significantly induced an increase in body weight and the 

recorded increase were 20.37%, 16.66% and 24.07% respectively compared 

to that of normal control ones and decreased body weight by 4.41%, 7.35% 

and 1.47% respectively compared to that of untreated EAC-bearing group. 

 As shown in table (18) and figure (31), tumor volume (volume of 

ascitic fluid) in irradiated EAC-bearing group was decreased by 10.59% 

when compared to that of untreated EAC-bearing mice. Meanwhile, 

treatment of EAC-bearing group with EEP, EEP+R, GTE, GTE+R, CVE 

and CVE+R induced a significant decrease in the volume of ascitic fluid by 

41.18%, 61.18%, 44.00%, 49.17%, 28.71% and 20.34% respectively in 

comparison with that of untreated EAC-bearing ones. 
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Table (17): Body weight of normal and different groups of Ehrlich ascites 

carcinoma – bearing female Swiss albino mice.  
 

  %change 
(compared to 
EAC-bearing 
group) 

   %change 
(compared to 
normal control 
group) 

Body weight 
(g) 

          Parameter 
 
                  

Group 
-20.59 --------- 21.60 ± 0.23d 

 
Normal control 

-------   25.93 27.20 ± 0.61a 

 
EAC 

-1.47 24.07 
 

26.80 ± 0.46ab EAC + R 

-22.06 -1.85 
 

21.20 ±  0.46d EAC  + EEP 

-14.71 7.41 
 

      23.20 ± 0.46cd EAC +EEP +R 

-4.41 20.37 
 

26.00 ±0.63abc EAC+GTE 

-7.35 16.66 
 

25.20 ± 0.46abc EAC+GTE+R 

-1.47 24.07 
 

26.80 ±  0.46ab EAC+CVE 

-13.24 9.26 
 

23.60 ± 0.59bcd EAC+CVE+R 

 
Data are expressed as Mean ± S.E.M.  
a,b,c,d values bearing the same superscript in the same column are not significant..   
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Table (18): Tumor volume (Volume of ascitic fluid) of different groups of 

Ehrlich ascites carcinoma – bearing mice. 
 

        %change 
 (compared to normal     
control group) 

Volume of ascitic 
fluid (tumor volume) 

  (ml) 
 

 

 
                    Parameter 

 
Group 

---------- 8.50 ± 0.32a 
 

EAC 

-10.59 7.60 ± 0.23ab 
 

EAC + R 

-41.18 5.00 ± 0.08de 
 

EAC    +EEP 

-61.18 3.30 ± 0.19f 
 

EAC +EEP +R 

-44.00 4.76 ± 0.26de 
 

EAC+GTE 

-49.17 4.32 ± 0.15ef 
 

EAC+GTE+R 

-28.71 6.06 ± 0.14cd 
 

EAC+CVE 

-20.34 6.78 ± 0.23bc 

 
EAC+CVE+R 

 
Data are expressed as Mean ± S.E.M.  
a,b,c,d,e,f values bearing the same superscript in the same column are not significant.  
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Figure (30): Body weight of normal and different groups of Ehrlich ascites 

carcinoma – bearing female Swiss albino mice. 
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Figure (31): Tumor volume (volume of ascitic fluid) of different groups of 

Ehrlich ascites carcinoma – bearing female Swiss albino mice. 
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Histopathological findings:  

Figures (32, 33, 34, 35, 36a, b and 37a, b) show a normal hepatic 

architecture with no specific histopathological lesions. Liver sections from 

normal control mice, normal mice treated with EEP, GTE, CVE or vehicle 

agents (DMSO or gum acacia) show normal histological structure of the 

hepatic lobules. However, in normal irradiated mice, minimal 

histipathological changes were found including mild kupffer cell activation 

(figure 38a), hepatocytomegally (m) (figure 38b) and focal mononuclear cell 

aggregation (m) (figure 38c). 

Liver sections of mice bearing Ehrlich ascites carcinoma (EAC) 

showed various histopathological alternations including, vacuolization of 

hepatocellular cytoplasm, sporadic cell necrosis of individual hepatocytes 

with deeply pyknotic nuclei (arrow), congestion of central vein(C) 

associated with brown pigment deposition(arrow) and  area of hemorrhage 

(h)  as shown in figure ( 39a,  b , c  and d ) respectively.  

Liver sections of EAC - bearing mice exposed to whole body gamma 

irradiation revealed various and severe histopathological lesions including 

portal congestion (C) as shown in figure (40a) and  increased number of 

aneuploid hepatocytes as well as the necrotic foci than those were observed 

in liver sections of  normal irradiated mice  as shown in figure (40b). 

The histopathological alternations that was developed in both EAC - 

bearing and irradiated mice were diminished in all the remained treated 

groups since in EAC – bearing mice, treated with EEP, lesions were 

recorded including apoptosis and mild Kupffer cell activation figure (41a) 

and mild vacuolization of hepatocelluler cytoplasm figure (41b). Liver 

sections in EAC -  bearing mice treated with EEP+R appeared in normal 

histological arrangement pattern with very few mononuclear cells infiltrating 
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the hepatic sinosoids figure (42a) and  sporadic cell necrosis of individual 

hepatocytes with mild vacuolization of hepatocellular as shown in figure 

(42b). In mice bearing EAC treated with GTE,   the liver sections appeared 

in normal histological pattern with small foci of mononuclear cell 

aggregation (m) associated with vacuolization of hepatocellular cytoplasm  

as observed in figure (43).  

The microscopical examination of liver sections of EAC- bearing 

mice treated with GTE combined with gamma irradiation exposure revealed 

slight central vein congestion with mild Kupffer cell activation associated 

with vacuolization of centrilobuler hepatocytes figure (44a), apoptosis with 

decreased number of abnormal hepatocytes figure (44b). 

Liver sections of mice bearing EAC, treated with CVE showing 

normal histological structure of hepatic lobule with mild mononuclear cell 

infiltration as shown in figure (45) with no significant hepatic lesions were 

detected. In  figure (46a, b), liver sections of mice bearing EAC, treated with 

CVE +R showing hypertrophy of centrilobular hepatocytes (arrow) with 

cytomegalic(m) and aneuploid hepatocyte and necrosis of individual 

hepatocytes. 
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Figure (32, 33, 34, and 35): photomicrographs of liver sections of normal 
control mice, mice treated with propolis, green tea and Chlorella vulgaris 
respectively showing normal histological structure of hepatic lobule (H&E 
400X). 

 

 

Figure (36a, b): photomicrographs of liver sections of normal mice treated 
with gum acacia showing normal histological structure of hepatic lobule 

(H&E 400X). 
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Figure (37a, b): Liver of Mice treated with DMSO showing normal 
histological structure of hepatic lobule (H&E 200,400X).  

 

 
 

Figure (38): photomicrographs of liver sections of normal irradiated mice 
showing (a) mild kupffer cell activation, (b) hepatocytomegally (m), (c) 
focal mononuclear cell aggregation (m) and few apoptotic cells (H&E 
200X).  
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Figure (39): photomicrographs of liver sections of Ehrlich ascites carcinoma 
– bearing mice showing: (a) cytoplasmic vacuoles, (b) spotty 
necrosis/apoptosis of individual hepatocytes with pyknotic nuclei (arrow), 
(c) central venous congestion (C) associated with brown pigment deposition 
(arrow) and (d) area of hemorrhage (h) (H&E 400X).  

 
 
 
Figure (40): photomicrographs of liver sections of Ehrlich ascites carcinoma 
– bearing mice and irradiated showing: (a) severe portal congestion (C) and 
(b) increased number of aneuploid hepatocytes (H&E 400X).  
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Figure (41): photomicrographs of liver section of mice bearing Ehrlich 
ascites carcinoma, treated with propolis extract showing: (a) apoptosis (ap) 
and (b) mild cytoplasmic vacuolization (arrow) (H&E 400X).  

 
 

Figure (42): photomicrographs of liver sections of mice bearing Ehrlich 
ascites carcinoma, treated with propolis extract and irradiation showing: (a) 
normal histological arrangement pattern of hepatocytes with few 
mononuclear cells infiltrating the hepatic sinusoids and (b) sporadic cell 
necrosis of individual hepatocytes with mild vacuolization of hepatocellular 
cytoplasm (H&E 400X).  
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Figure (43): photomicrographs of liver sections of mice bearing Ehrlich 
ascites carcinoma, treated with green tea extract showing small foci of 
mononuclear cells aggregation (m) associated with vacuolization of 
hepatocellular cytoplasm (H&E 400X).  

 

 
 

Figure (44): photomicrographs of liver sections of mice bearing Ehrlich 
ascites carcinoma treated with green tea extract and irradiation showing: (a) 
congestion of central vein (C), associated with cytoplasmic vacuolization of 
hepatocytes (arrow) and (b) apoptosis of individual hepatocytes (ap) (H&E 
400X).  
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Figure (45): photomicrographs of liver of mice bearing Ehrlich ascites 
carcinoma, treated with Chlorella vulgaris extract showing normal 
histological structure of hepatic lobule with mild mononuclear cell 
infiltration (H&E 400X). 

 

 

 

Figure (46): photomicrographs of liver sections of mice bearing Ehrlich 
ascites carcinoma, treated with chlorella vulgaris extract and irradiation 
showing: (a) hypertrophy of centrilobular hepatocytes (arrow) with 
cytomegalic (m) and (b) necrosis of individual hepatocytes (H&E 400X). 
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Immunohistochemistry results: 

Figure 47 shows the expression of the proliferation marker (Ki-67) 

and the two apoptotic markers fatty acid synthase (Fas) and fatty acid 

synthase ligand (Fas-L). In EAC from untreated mice, there was neither 

cytoplasmic nor membranous expression for the apoptotic markers; Fas and 

Fas-L (figure 47a, b) with moderate (++) nuclear expression of Ki-67 (figure 

47c). In the group of mice exposed to whole body gamma irradiation there 

was a moderate (++) cytoplasmic expression for Fas (figure 48a). However, 

the low cell yield and loss of cytoplasm as a consequence of irradiation 

hinder proper evaluation (figure 48b) with minimal or low (+) nuclear 

immunostaining for Ki-67 (figure 48c) 

Treatment of mice bearing EAC with EEP induced marked (+++) 

cytoplasmic/membranous expression for Fas and Fas-L (figure 49a, b) with 

low (+) or no nuclear expression for Ki-67 as shown in figure (49c). 

Meanwhile, treatment with EEP+R showing few intact cells expressing 

cytoplasmic Fas and the rest of cells were destroyed by irradiation 

(figure50a), Marked (+++) cytoplasmic expression for Fas-L (figure50b)  

and no expression for ki-67 (figure50c).  

In EAC from mice treated with GTE, a moderate (++) cytoplasmic 

expression for Fas (figure51, 1a) and marked (+++) cytoplasmic expression 

for both Fas and Fas-L (figure51, 2a, b) with low (+) nuclear expression for 

ki-67 as observed in (figure 51c). 

Figure (52) represent Immunohistochemical analysis of EAC samples 

from mice treated with GTE+R showing marked (+++) cytoplasmic 

expression for Fas (figure 52a) and moderate (++) cytoplasmic expression 

for Fas-L in the viable cells ((figure 52b). The rest of cells showed loss of 

cell membrane as a consequence of irradiation and consequently no Fas or 
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Fas-L protein expression could be observed with and mild (+) nuclear 

expression for Ki-67 (figure52 c).  

Immunostaining (I.S) of EAC from mice treated with CVE showed 

high (+++) cytoplasmic expression for Fas (figure 53a), marked (+++) 

cytoplasmic expression for Fas-L (figure 53a)  and no nuclear expression for 

Ki-67 as shown in (figure 53c). While, I.S of EAC from mice treated with 

CVE+ R showed moderate (++) cytoplasmic expression for Fas with loss of 

cytoplasm due to irradiation (figure 54a), marked (+++) cytoplasmic 

expression for Fas-L (figure 54b) and low (+) nuclear expression for Ki-67 

in intact cells and the rest of the cells were destroyed by irradiation (figure 

54c). 
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Figure (47): Immunohistochemical analysis of EAC samples showing: (a) 
no cytoplasmic expression for Fas. (b) no cytoplasmic expression for Fas-L. 
(c) moderate (++) nuclear expression for Ki-67. (H&E 200X). 
 
 

 
 

Figure (48): Immunohistochemical analysis of EAC samples of irradiated 
mice showing: (a) moderate (++) cytoplasmic expression for Fas and cell 
yield was low due to irradiation. (b) loss of cytoplasm as a consequence of 
irradiation. (c) low (+) nuclear expression for Ki-67 (H&E 400X). 
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Figure (49): Immunohistochemical analysis of EAC samples of mice treated 
with propolis extract showing: (a) marked (+++) cytoplasmic expression for 
Fas. (b) marked (+++) cytoplasmic expression for Fas-L (1c) and (2c) low 
(+) nuclear expression for Ki-67. (H&E 400X). 

 

 
 
Figure (50): Immunohistochemical analysis of EAC samples of mice treated 
with propolis extract and irradiation showing: (a) few intact cells showing 
cytoplasmic Fas expression and the rest of cells were destroyed by 
irradiation. (b) marked (+++) cytoplasmic expression for Fas-L. (c) no 
expression for ki-67. (H&E 400X). 
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Figure (51): Immunohistochemical analysis of EAC samples of mice treated 
with green tea extract showing: (1a) moderate (++) cytoplasmic expression 
for Fas-L. (2a) Marked (+++) cytoplasmic expression for Fas-L. (b) marked 
(+++) cytoplasmic expression for Fas-L. (c) low (+) nuclear expression for 
Ki-67. (H&E 400X). 
 

 
Figure (52): Immunohistochemical analysis of EAC samples of mice treated 
with green tea extract and irradiation showing: (a) marked (+++) 
cytoplasmic expression for Fas. (b) moderate (++) cytoplasmic expression 
for Fas-L in the healthy cells. The rest of cells show loss of cell membrane 
as aconsequence of irradiation. (c) mild (+) nuclear expression for Ki-67. 
(H& E 400X). 
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Figure (53): Immunohistochemical analysis of EAC samples of mice treated 
with Chlorella vulgaris showing: (a) high (+++) cytoplasmic expression for 
Fas (H&E 200X). (b) marked (+++) cytoplasmic expression for Fas-L (H&E 
200X). (c) no nuclear expression for Ki-67. (H&E 400X). 
 

 
Figure (54): Immunohistochemical analysis of EAC samples of mice treated 
with Chlorella vulgaris and irradiation showing: (a) moderate (++) 
cytoplasmic expression for Fas with loss of cytoplasm due to irradiation.   
(b) marked (+++) cytoplasmic expression for Fas-L. (c) low (+) nuclear 
expression for Ki-67 in intact cells and the rest of the cells were destroyed 
by irradiation. (H&E 200X). 
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As shown in figure (55), DNA fragmentation was evident in agarose 

gel electrophoresis of DNA extracted from EAC cells of different groups of 

EAC- bearing female Swiss albino mice. Gamma irradiation, EEP (with 

gamma irradiation), GTE (with gamma irradiation) and CVE (with gamma 

irradiation exposure) induced DNA fragmentation comparable to their 

effects without gamma irradiation exposure.  The DNA from untreated EAC 

was found to be more intact.  

 

 
 

Fig (55): Ethanolic extract of propolis (EEP), green tea extract (GTE) and 
Chlorella vulgaris extract (CVE) with gamma irradiation induced DNA 
fragmentation in Ehrlich ascites carcinoma comparable to their effect 
without gamma irradiation. 
 Keys: NC: Normal control, G3: Propolis with irradiation, G4: Propolis 
without irradiation, G1: Green tea with irradiation, G2: Green tea without 
irradiation, G5: Chlorella vulgaris with irradiation, G6: Chlorella vulgaris 
without irradiation, G7: Irradiated Ehrlich ascites carcinoma and G8: 
Untreated Ehrlich ascites carcinoma. 
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IV. Discussion 
 

 Ehrlich ascites carcinoma (EAC) is a transplantable, poorly 

differentiated malignant tumor and one of the experimental breast tumor 

derived from spontaneous mouse adeno -carcinoma. Similar to other tumors 

developing in body cavities, EAC cells fill the peritoneal cavity by rapid 

division of cells, accumulation of a fluid named ascitic fluid and animal dies 

17-18 days following EAC transplantation (Ulakoglu and Altun, 2004). 

Ehrlich ascites carcinoma (EAC) is a rapidly growing carcinoma with 

very aggressive behavior and is able to grow in almost all strains of mice. 

EAC is used as ascites or a solid form due to these purposes, if the ascites 

fluid contains the tumor cells that injected intraperitoneally (i.p), the ascites 

form is obtained, but if it is injected subcutaneously (s.c), a solid form is 

obtained (Zeybek, 1996 & Okay, 1998). 

In ascitic form, it has been used as a transplantable murine tumor 

model to investigate the antitumor effect of several natural and synthetic 

chemical substances (Segurd et al., 2000).  Inoculation of EAC cells 

resulted in appearance of the ascitic fluid. The ascitic fluid is the direct 

nutritional source of the tumor cells (Gupta et al., 2004). So, a rapid 

increase in ascitic fluid with tumor growth would be a mean to meet the 

nutritional requirenements of growing tumor cells (Bhattacharya and 

Halder, 2012). This hypothesis was evident in the present study, since 

inoculation of EAC cells into mice caused a significant increase in the body 

weight of the EAC – bearing mice. Such increase was due to accumulation 

of the ascitic fluid volume in the peritoneal cavity (Altun and Ozalpan,   

2004).  



Discussion  

 123 

The accumulation of ascitic fluid in peritoneal cavity was either due to 

(1) a reduced lymphatic recovery system which is associated with the 

obstruction of the lymphatic by the tumor cells, (2) angiogenesis which 

detected in ascites tumor bearing peritoneal wall and (3) microvessels 

hyperpermeability of the peritoneal cavity (Funasaka et al., 2002). 

Tumor volume, body weight, mean survival time (MST) and 

percentage increase in life span (%ILS) were observed to assess the 

antiproliferative effect of natural product (Bhattacharya and Halder, 

2012). Mean survival time (MST) and percentage increase in life span 

(%ILS) was  reduced with increasing body weight, volume of tumor (ascitic 

fluid) in untreated EAC- bearing mice, which may be attributed to a higher 

mitosis and fewer cell dying which could be attributed to the decreased rate 

of the natural cell death mechanisms that occur in the tumor (Cabrales,  

2001). 

It has been reported that 25% increase in life span of EAC bearing 

animal is considered to be indicative of significant antitumor activity 

(Andreani and Galatulas, 1983). It can therefore be inferred that               

significantly enhanced the life span of EAC – bearing mice which may be 

due to prevention of tumor progression indicating its antitumorgenic 

potential.  

By National Cancer Institute (NCI) criteria, percent of mean survival 

time of treated group/ mean survival time of control group (T/C%) 

exceeding 125% and increased life span percentages (ILS %) exceeding 

25% indicate that the drug has a significant antitumor activity (Plowman et 

al., 1995). 
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The in vivo antitumor activity was evaluated against EAC using mean 

survival time (MST) and increased life span percentages (%ILS) (Abu 

Osman et al., 2011).Treatment of EAC-bearing mice with ethanolic extract 

of propolis (EEP) revealed increasing of mean survival time (MST) and 

increased percentage increase in life span (%ILS) with a reduction in body 

weight and volume of ascitic fluid. This could be due to interference of 

propolis with the growth of EAC cells directly during early phases of 

treatment leading to a considerable elimination of these cells (Orsolic et al., 

2005) and improvement of cellular immune response (Ma et al., 2011) and 

antioxidant system (Miguel et al., 2010 & Badr et al., 2012).  Banskota et 

al., (2002) showed that propolis reduced the viability and volume of EAC 

cells implanted in mice and increased the survival time of tumor bearing 

animals.  

Treatment of EAC – bearing mice with GTE alone or combined with 

gamma irradiation increased MST, %ILS and decreased tumor volume and 

body weight. Li et al., (2002) found that administration of green tea as the 

sole source of drinking fluid reduced the tumor volume.  

 CVE administered orally to EAC-bearing mice decreased tumor 

volume, body weight, increased survival time and life span of mice. This 

prolongation was due to enhancing phagocyte production and quality (Justo 

et al., 2001). 

The prolongation of the animal life span was being considered as a 

reliable criterion for the depiction of efficacy of an anticancer agent (Haldar 

et al., 2010b).  It has been reported that the increase of life span of tumor 

bearing mice by reduction of nutritional fluid volume and seization of the 
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tumor growth is a positive result and corroborates the antitumor effect of 

methanol extract of Anthocephalus cadamba (Dolai et al., 2012).  

Many plants and animals extracts have showed various biological 

activities like immunopotentiating and antitumor activities (El – Khawaga 

et al., 2003).  

Several studies suggest that EAC induced oxidative stress in mice 

(Gupta et al., 2004a, b). Oxidative stress as a result of over production of 

reactive oxygen species (ROS) has been implicated in the pathogenesis of a 

number of human diseases including cancer (Halliwell and Gutteridge, 

1999). ROS are involved in all steps of cancer from initiation to malignant 

conversion. This is true for all kinds of cancers (Hanimolgu et al., 2007). 

ROS which formed in cancer tissues result in lipid peroxidation and 

subsequent increase in malondialdehyde (MDA) and other TBARS levels 

which lead to degradation of cellular macromolecules (Yashikawa et al., 

1983).  Oxidative stress contributes to normal tissue damage during tumor 

therapy with radiation (Hospers et al., 1999).   

Radiotherapy uses ionizing radiation to produce malignant cell death 

through free radical formation. In addition, radiation exposure may cause 

disruption of normal cell membranes as a result of direct interaction of 

radiation with cellular membranes or through action of free radicals 

produced by radiation exposure. One approach to prevent, reduce or repair 

radiotherapy – induced injury to normal tissue is by treatment with potent 

antioxidant (Zhou et al., 2001).  

        In the present study, deleterious changes in antioxidant status in EAC – 

bearing mice. This was proved by the significant increase in lipid 

peroxidation represented in thiobarbituric acid reactive substances (TBARS) 

levels, the significant decrease in superoxide dismutase (SOD) activities and 
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the reduction in glutathione (GSH) contents as compared with that of normal 

control mice. These results are in agreement with the recent study of Halder 

et al, (2010a) who found that the MDA levels were significantly increased, 

the level of GSH was significantly depleted and SOD activity was reduced 

in the EAC -bearing animals as compared with the normal control animals.      

          A number of studies have indicated that tumor growth can cause 

antioxidant disturbances and acceleration in lipid peroxidation (LPx) of vital 

organs of tumor host (Abu – Zeid  et al.,  2000a, b,   Winger et al., 2001  &   

Gonene et al., 2001 ). The lipid peroxidation involves oxidative conversion 

of polyunsaturated fatty acids to products such as malondialdehyde (MDA), 

which is usually measured as (TBARS), or lipid peroxides (Okatani et al., 

2003). TBARS (the end product of lipid peroxidation), a biomarker of 

oxidative stress, were reported to be higher in cancer tissues than in non – 

diseased organ (Yagi, 1999).  TBARS were increased in EAC – bearing 

mice (Dolai et al., 2012).  

A marked increase in TBARS levels in tumor free mice was affected 

by free radical production induced by exposure to single whole body gamma 

irradiation of 2Gy. Exposure to ionizing radiation is characterized by 

production of reactive oxygen species (ROS) associated with an increase in 

lipid peroxidation and decrease in activity of body antioxidant enzymes with 

possible damage of cellular membrane (Azab and Nada, 2004). This 

increase seems to be due to inactivation of scavenger enzyme activities by 

irradiation - induced production of ROS.  It was reported that the level of 

increase in lipid peroxidation (LPx) after irradiation is occured in proportion 

to radiation dose and elapsed time (Badr El - Din, 2004 & Hewala et al., 

2009). Many investigators have reported the inhibition of antioxidant 

systems in blood and tissues of mice and rats, accompanied by an increase in 
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lipid peroxide products after irradiation exposure (Devi and Ganasoundari,  

1999 &   Oliinyk  et al.,  2001)  and in irradiated mice bearing Ehrlich 

ascites carcinoma (Abu-Zeid et al.,   2000a, b).  

A marked increase in the concentration of TBARS in EAC - bearing 

mice indicated enhanced lipid peroxidation, leading to tissue injury and 

failure of endogenous antioxidant defense mechanism to prevent over 

production of ROS (Bhattacharya and Halder, 2012).  

Overproduction of free radicals and reactive oxygen species (ROS) 

would assault on important biological molecules such as DNA,  protein or 

lipid leading to many degenerative diseases, such as cancer, Alzheimer’s, 

arthritis and ischemic reperfusion (Suja et al., 2004). More evidence 

suggests that the potentially cancer-inducing oxidative damage might be 

prevented or limited by antioxidant. Antioxidant may mediate their effect by 

direct reaction with ROS, quenching them or chelating the catalytic metal 

ions (Sun et al., 2002). It has been shown that antioxidant rich diets can 

reduce oxidative damage to DNA, thus preventing a critical step in the onset 

of carcinogenesis and the impact of antioxidants on mutagenesis and 

carcinogenesis has been studied (Meyskens et al., 2005 & Zhang et al., 

2008). 

        Increased levels of lipid peroxidation products play a role in the early 

phases of tumor growth (Rice – Evans and Burdon, 1993). Moreover, 

several studies have indicated that tumor growth can cause antioxidant 

disturbances and acceleration in lipid peroxidation in vital organs of the 

tumor host (Padmavathi et al., 2006). 
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        Superoxide dismutase (SOD) is the only enzyme that disrupts 

superoxide radicals and is presented in all cells with high amounts in 

erythrocytes (Beutler and Gelbart, 1985). It protects the cells against 

superoxide and hydrogen peroxide mediated lipid peroxidation. The 

malignant cells of different cancer types exhibit heterogeneity in the levels 

of oxidative stress associated with various expressive levels of SOD and 

other antioxidant enzymes (Padmavathi et al., 2006). Superoxide dismutase 

(SOD) and catalase are involved in the clearance of superoxide and 

hydrogen peroxide radicals (Oberly, 2002).   

       In the present study, SOD activity was decreased in erythrocytes and 

liver homogenate in EAC – bearing mice when compared with the normal 

control animals. It may be due to the increase in circulating lipid peroxide. 

This can result in accumulation of superoxide anions, a highly diffusible and 

potent oxidizing radical capable of traversing membranes causing 

deleterious effects at sites far from the tumors (Oberley and Buettner, 

1979). It has been established that SOD activity is inhibited in cancer 

(Oberly and Oberly, 1997). The lowering activity of SOD as a result of 

tumor growth was reported (Haldar et al., 2010b, Dolai et al., 2012 & 

Nahar et al., 2012). The decrease in hepatic SOD activity was also reported 

in EAC bearing mice (Gupta et al., 2004, Halder et al., 2010a, & 

Bhattacharya and Halder, 2012).     

The same results were also observed in plasma, liver and lung of 

Ehrlich carcinoma - bearing mice (Abu – Zeid et al., 2000b).  It was 

mentioned that SOD activity plays an important role in the antitumor effect 

of radiation therapy and active - oxygen forming anticancer agents.  

However, when oxidative damage is extreme as a result of tumor growth and 
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/ or irradiation, ROS scavenging enzymes such as SOD were declined 

(Hesegawa et al., 1992). 

The results of the present study showed that exposure of normal mice 

and Ehrlich ascites ceracinoma - bearing mice to gamma irradiation led to a 

decrease in SOD activity in RBCs and liver homogenate. It has been 

reported that SOD activity degraded as a result of radiation exposure 

(Hesegawa et al., 1992 & Ueda et al., 1993).  

It has been reported that decrease in SOD activity in EAC – bearing 

mice may be due to loss of Mn +2   containing SOD activity in EAC cells and 

loss of mitochondria, leading to a decrease in total SOD activity in the liver 

(Rushmore and Picket, 1993). Recently, Bhattacharya and Halder, 

(2012) showed that the hepatic SOD activity was decreased in EAC - 

bearing mice.  

Glutathione (GSH) is an important non – protein thiol agent plays an 

important role in the endogenous non – enzymatic antioxidant system (Arias 

and jakoby, 1979). Glutathione, a potent inhibitor of neoplastic process. It 

is found in a high concentration in the liver and is known to have a key 

function in the protective process.  Excessive production of free radicals 

resulted in oxidative stress which leads to damage of macromolecules for 

example, lipid peroxidation in vivo (Sinclair et al., 1990). GSH directly acts 

as a free radical scavenger by donating a hydrogen atom and thereby 

neutralizing the hydroxyle radical. It also reduces peroxides and maintains 

protein thiols in the reduced stats (Sies, 1986). 

 In the present study, glutathione content in erythrocyte decreased in 

EAC- bearing mice compared to the normal control mice. These results are 

in harmony with that of Haldar et al., 2010 & Bhattacharya and Haldar, 

(2012) who found that GSH content was decreased in EAC – bearing mice. 
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The depletion in GSH content was found to be associated with impaired 

immune response and an increased risk of malignancy (Gimunder and 

droge, 1991). 

       Recently, Bhattacharya and Halder, (2012) reported that 

depletion of GSH content may be due to reduction in the substrate available 

for GSH synthesis or degradation of GSH by oxidative stress in EAC–

bearing animals. The level of GSH was depleted in EAC - bearing mice 

which is probably due to its utilization by the excessive amount of free 

radicals (Dolai et al., 2012). The relationship between cancer growth, GSH 

content and antioxidant system has also been studied (Navarro et al., 1999).    

The results of the present study showed that RBCs and liver GSH 

levels were reduced in normal mice and EAC - bearing mice after exposure 

to gamma irradiation.  It was postulated that depletion in GSH content after 

irradiation is due not only to oxidation of sulfhydryl (-SH) group but also to 

the diminished activity of glutathione reductase (GR) (Sarker et al., 

1998).In addition, there is a close correlation between depletion of GSH and 

antioxidant enzymes and the increase in LPx (Devi and Ganasoundari, 

1993) which may be due to their utilization in large amount to combat the 

radiation - induced free-radical damage. As glutathione is a major non-

enzymatic antioxidant, reduced glutathione (GSH) participates in the cellular 

system of defense against oxidative damage directly as a free radical 

scavenger or indirectly by repairing initial damage to macromolecules and 

could maintain protein and non-protein SH group in reduced form (Scibior 

et al., 2008). 
 

Bee propolis is one of the most extracts acts as a potential curative 

agent. Many researches found that propolis has anti-tumor, anti-bacterial and 
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immuno - stimulating activities (El-Khawaga et al., 2003, padmavathi et 

al., 2006 & Gabr et al., 2009). 

      In the present study, it has been observed that treatment with propolis       

extract with or without gamma irradiation may counteract the effects 

induced by oxidative stress in EAC – bearing mice when compared with 

normal control animals. Propolis with or without gamma irradiation resulted 

in inhibition of the lipid peroxides concentration measured as 

malondialdehyde (MDA). A marked increase in SOD activity and 

erythrocyte GSH levels in EAC – bearing mice was observed. These results 

are confirmed by the previous findings that reported the importance of 

propolis as an antioxidant agent (padmavathi et al., 2006), who reported 

that propolis extract increase the free radical scavenging activity through its 

effect on GSH level and SOD activity. Therapeutic activities of propolis 

mainly depend on the presence of flavonoids. Flavonoids exhibit a wide 

range of biological effects including free radical scavenging and antioxidant 

activities (Hanasaki et al., 1994). 

 El-Khawaga et al., (2003) have also reported that propolis enhances 

the level of GSH and GST in cancer – bearing mice. These findings of 

elevated GSH levels by propolis suggest the association between GSH and 

detoxification of free radicals. propolis exerts antioxidant effects by 

reducing the concentration of lipid hydroperoxide and some of its 

compounds act as hydrophilic antioxidant that increase tissue concentration 

of vitamins  (Sun et al., 2000). 

Major conistituents of propolis are flavonoids, organic acids,  phenols, 

various enzymes ,vitamins and minerals.  Flavonoids – aglycones such as 

galangin, chrysin, naringenin and quercetin were identified in ethanolic 

extract of propolis as well as phenolic acid (Benkovic et al., 2008). 
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Quercetin has shown the highest antioxidant potential of all flavonoids  

(Benkovic et al., 2008). They reported that the antioxidant activity of 

Quercetin is based on direct free radical scavenging ability, or stabilizing the 

reactive oxygen species (ROS) by reacting with the reactive compounds of 

the radicals.  

        Green tea (Camellia sinensis) contain high levels of polyphenols  

including, catechin, epicatechin, gallocatechin,  epigallocatechin,  

epicatechin gallate and gallocatechin gallate (Zaveri, 2006).  

 Results of the present study showed that administration of green tea 

extract to EAC – bearing mice with or without gamma irradiation has 

improved oxidative stress in mice when compared with EAC – bearing mice 

group. Green tea reversed the elevation of lipid peroxidation in plasma and 

liver of EAC – bearing mice which may be attributed to epicatechins 

(antioxidant present in green tea) that scavenge a wide range of free radicals 

including the most active hydroxyle radicals which may initiate lipid 

peroxidation. As it prevents the loss of lipophilic antioxidant α- tocopherols 

by reparing the tocopheryl radicals and protecting the hydrophilic 

antioxidant ascorbate.  Therefore, it may decrease the concentration of lipid 

free radicals (Skrzydlewska et al., 2002). Moreover, it chelates metal ions 

especially iron and copper, which in turn inhibits the generation of hydroxyl 

radicals and degradation of lipid hydro peroxides (Azram et al., 2004).  

  In addition, green tea resulted in a marked increase in SOD activity 

and GSH level in RBCs and liver of normal and EAC – bearing mice.  These 

results are confirmed by the previous findings that reported the importance 

of green tea as an antioxidant agent. It inhibits lipid peroxidation and 

enhances the activity of anti-oxidant enzymes such as SOD (Hamden et al., 

2009).    
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          Most of these effects have been attributed to the antioxidant and free 

radical – scavenging properties of tea, particularly to its high contents of 

polyphenolic compounds (Yang, 2006). Green tea and its conistituents 

catechins are well known for their antioxidant properties which led to 

incorporation of green tea among several natural products evaluated as a 

treatment for a number of diseases associated with generation of reactive 

oxygen species (ROS) such as cancer (Zaveri, 2006).   Navarro – peran et 

al., (2008) reported that epigallocatechin gallate (EGCG) has a beneficial 

effect not only in the prevention but also in the treatment of cancer. 

 The effect of epigallocatechin-3- gallate (EGCG) and green tea 

catechins on biochemical and biological reactions can be classified into two 

groups: inhibitory and enhancing activities. Specifically, inhibitory activities 

were observed in reaction with protein kinase, lipid peroxidation, 

angiogenesis, free radical formation and lipooxygenase (Kuzuhara et al., 

2008). 

Chlorella vulgaris (CV) is a unicellular green microalgae that has 

been widely used for centuries as a complete food rich in nutrients, such as 

carbohydrate, protein, vitamins and minerals. It is marketed commercially as 

health supplement (Haperin et al., 2003). In an animal study, CV has been 

shown to have anti-atherogenic, anticholesterolemic, anti-inflammatory, and 

antitumor effects (Hasegawa et al., 2000). 
 

Biochemically, chlorella contains many dietary antioxidants such as 

lutein, α-carotene, ß - carotene, ascorbic acid and α - tocopherol (Shibata et 

al., 2001). Chlorella vulgaris extract (CVE) for clinical use is a glycoprotein 

containing protein, carbohydrates, and other nutrients (Noda et al., 1996).   

Previous studies have proved that CVE ameliorates physiological health 



Discussion  

 134 

problems, such as modulates hypertension, antioxidative function, immune 

defense mechanism, and antitumor activity (Wu et al., 2005 & Rodriguez-

Garcia and Guil- Guerrero, 2008). 

Results of the present investigation showed that treatment of mice 

bearing   Ehrlich ascites carcinoma with Chlorella vulgaris extract alone or 

combined with gamma irradiation inhibited oxidative stress caused by EAC. 

Chlorella vulgaris extract reversed the elevation of lipid peroxidation in 

plasma and liver of EAC – bearing mice which may be attributed to various 

antioxidants, such as carotenoids and chlorophylls.  CV has also been 

reported to possess anti-oxidative and antitumor properties in vitro 

(Guzman et al., 2001). Because of its phenolic antioxidants, lipophilic or 

hydrophilic compounds, chlorella is commonly used as a health supplement 

(Hasegawa et al., 2005 & Park et al., 2005). These results are in agreement 

with Amin, (2008) who found that the level of MDA was increased in 

cancer-bearing animals. On the contrary, reduced level of MDA was 

observed in chlorella-fed animals denoting chlorella vulgaris as a potent 

free-radical-scavenger. 

Administration of chlorella vulgaris has also influenced the activities 

of the antioxidant enzymes involved in scavenging the oxygen free radicals, 

which initiate lipid peroxidation. These antioxidant enzymes protect tissues 

from oxidative injury by lowering lipid peroxidation. Increased level of 

superoxide radicals in tumor cells decreases the antioxidant activity when 

compared to normal cells (Gupta et al., 2004). SOD levels were decreased 

in EAC- bearing mice and these results are in a harmony with Gupta et al., 

(2004),   who found that SOD activities were decreased in the cancer-

bearing animals. 
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The activity of SOD was significantly increased in the EAC mice 

treated with chlorella vulgaris. The elevated levels of SOD were 

significantly high in the CV treated mice. SOD is also known to act as an 

anti-carcinogen inhibitor during initiation and promotion/transformation 

stages of carcinogenesis (Samy et al., 2006). Vijayavel et al., (2007) 

suggested that Chlorella vulgaris extract exerts its chemo-preventive effect 

by modulating the antioxidants status and lipid peroxidation during 

naphthalene intoxication. This is due to the free radical scavenging activity 

of the extract. 

The non-enzymatic antioxidant systems are the second line of defense 

against free radical damage. GSH is an important non-protein cellular thiol 

that is essential for cell proliferation. GSH is involved in scavenging the 

electrophilic moieties involved in the cancer initiation. Decreased levels of 

GSH were observed in the present study in EAC bearing mice. GSH serves 

as a marker for evaluation of oxidative stress and it acts as an antioxidant at 

both extra cellular and intracellular levels (Bhuvaneswari et al., 2001). 

Chlorella vulgaris increased the GSH levels, which suggest their antioxidant 

property. These results were in agreement with Amin, (2008). Chlorella 

vulgaris extract has been shown to increase GSH levels by delaying its 

consumption and therefore strengthening its antioxidant activity (Noctor et 

al., 1998). 

Hepatocytes are severely damaged in the animals with EAC cells 

(Ramadori et al., 1983). This can lead to an increase in the levels of alanine 

aminotransferase (ALT) and aspartate aminotransferase (AST) in the serum 

of EAC-bearing mice (Pizzuti and Salvatori, 1993). Reduced level of these 

hepatic enzymes in serum is one of the indications of the antitumour 

potential (Chakraborty et al., 2006 & Sundaram et al., 2012). Dolai et al., 
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(2012) reported that EAC control group exhibited raised activities of liver 

enzymes such as SGOT, SGPT.  

Results of the present study demonstrated that the liver activities of 

AST and ALT were increased in EAC – bearing mice as compared with that 

of normal mice. It was found that EAC led to some liver dysfunction. These 

results are in harmony with results of Halder et al., (2010a). The elevation 

of liver enzymes is an index of impaired liver functions due to cancer as 

observed in EAC group. It was found that Ehrlich carcinoma induced a rise 

in MDA level which was associated with impaired hepatic function, as 

evidenced by increased serum activities of AST and ALT. The level of liver 

enzymes increased in serum of EAC – bearing mice indicating general 

toxicity (Mansour and Anis, 2010). Dolai et al., (2012) found that EAC 

mice exhibited raised activities of liver enzymes such as SGOT, SGPT, due 

to hepatocellular damages. 

These results were supported by the results of histopathological 

examination of liver tissues, since liver section of EAC bearing mice showed 

various histopathological alternations including increased number of 

necrotic hepatocytes with deeply pyknotic nuclei, congestion associated with 

brown pigment deposition and thickening of wall on the central vein by 

increased collagen content.  It was also reported that presence of tumors in 

the human body or in experimental animals is known to affect many 

functions of the vital organs especially the liver, even when the site of the 

tumor doesn’t interfere directly with organ functions (Deways, 1982).  

      Liver and kidney toxicity induced during tumor growth may be due to 

the excessive production of ROS that leads to oxidative damage (Pal et al., 

2005)  and cytokines ( TNF – α and IL – 6 )  produced   by tumor growth  

(Lin and Karin,  2007). 
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       Borges et al., (2006) observed that oxidative damage represented as 

increased lipid peroxidation and inhibition of GSH content, catalase and 

SOD activity, led to liver and kidney dysfunction.   

Treatment of EAC – bearing mice with propolis per se or in 

combination with gamma irradiation produced a significant decrease in the 

levels of AST and ALT compared to EAC group.  The reduction in the 

activities of  AST and ALT by propolis support the hepatoprotective effect 

of propolis through its stimulating effects on the antioxidative defense 

system as well as its scavenging and / or antioxidant properties (Ogyturk et 

al., 2005 & Gabr et al., 2009). 

Histopathological examinations of liver tissues of EAC - bearing mice 

treated with ethanolic extract of propolis alone, recorded few lesions 

including apoptosis and mild Kupffer cell activation, mild vacuolization of 

hepatocelluler cytoplasm or etanolic extract of propolis combined with 

gamma irradiation showed that liver sections was appeared in normal 

histological arrangement pattern with very few mononuclear infiltrating the 

hepatic sinosoids and decreased number of necrotic hepatocytes. It has been 

reported that propolis has a marked hepatorenal protective potential because 

of its composition of minerals and flavonoides (Bhadauria et al., 2007).  

Treatment of EAC–bearing mice with green tea alone or in 

combination with gamma irradiation improved the activities of AST and 

ALT as compared with EAC group. Frei and Higdon, (2003) &  

Mohammed et al., (2011) found that the reduction of the serum activities of 

AST and ALT by green tea indicates the ability of green tea for stabilizing 

plasma membrane as well as repair of hepatic tissue damages caused by 

oxidative stress. This effect is agreeable with the commonly accepted view 
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in which serum activities of transaminases returned to normal with the 

healing of hepatic parenchyma and regeneration of hepatocytes.  

 Histopathological examinations of liver tissues of these groups 

showed the liver sections appeared in normal histological pattern with small 

foci of mononuclear cell aggregation and revealed slight central vein 

congestion with mild Kupffer cell activation associated with vacuolization of 

centrilobuler hepatocytes, apoptosis with decreased number of abnormal 

hepatocytes respectively. Sai et al., (1998) found that the benefit of green tea 

intake to lessen 2- nitropropane hepatotoxicity in rats was suggested to be 

due to the antioxidative properties of green tea preparations.  It has been 

found that   sub chronic oral administration of green tea has no effect on the 

liver biomarkers and the histology of the liver of Wistar rats (Avwioro et al., 

2010).  This study was confirmed by previous experiments of green tea on 

hepatic cells (Li et al., 2004). 

 
 Green tea contains enzymes, proteins, and carbohydrates such as 

cellulose, pectins, glucose, fructose, and sucrose and amino acids such as 

theanine, glutamic acid, tryptophan, glycine, serine, aspartic acid, tyrosine, 

valine, leucine, threonine, arginine, and lysine. It also contains minerals and 

trace elements such as calcium, magnesium, chromium, manganese, iron, 

copper, zinc, molybdenum, selenium, sodium, phosphorus, cobalt, strontium, 

nickel, potassium, fluorine, and aluminum, trace amounts of lipids and 

sterols were also found. It has been shown that green tea contains volatile 

oils, antioxidant vitamins like (B, C, E and folic acid); tannins and amino 

acid (theanine) which is a major amino acid present in green tea. 

Additionally, polyphenols may also act indirectly as antioxidants through: 

(a) inhibition of the redox-sensitive transcription factors, the antioxidative 
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activity of green tea catechins is related to its ability for chelating redox-

active transition metal ions like iron, copper and prevents their participation. 

(b)inhibition of "pro-oxidant" enzymes, such as inducible nitric oxide 

synthase, lipoxygenases, cyclooxygenases and xanthine oxidase 

(Mohammed et al., 2011).  

An increased consumption of green tea may reduce the risk of liver 

disease (Jin et al., 2008). The amelioration of liver enzymes activity by 

green tea may be due to the antioxidant properties of green tea (Valcic et al., 

1999).  This was supported by previous reports which demonstrated that 

green tea protects liver from toxicity–induced Ehrlich carcinoma (Hewala et 

al., 2009).                                                    

It was mentioned that green tea polyphenols (GTPs) prevents oxygen 

free radical–induced liver injury through inhibition of inducible nitric acid 

synthase, tumor necrosis factor alpha (TNF – α) expression and inhibits 

carcinogen or toxic – induced liver oxidative DNA damage (Cai et al., 

2002).  Green tea is unique in having multi – functions and is being non – 

toxic. This uniquenss makes it possible for green tea catechins to induce 

preventive activity of various organs in human (Kuzuhara et al., 2008). It 

has been found that administration of GTE significantly decreased the 

activities of aminotransferases indicating improvement and protection of 

liver tissues (Hewala et al.,   2009). 

Treatment of EAC–bearing mice with Chlorella vulgaris extract alone 

or in combination with gamma irradiation improved the activities of liver 

AST and ALT as compared with EAC group. These results were supported 

by histopathological examination of liver tissues since treatment with CVE 

alone or combined with gamma irradiation showing normal histological 

structure of hepatic lobule with mild mononuclear cell infiltration and 
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hypertrophy of centrilobular hepatocytes with cytomegalic, necrosis of 

individual hepatocytes respectively.  Li et al., (2013) found that CVE 

produced a protective action on CCl4-induced acute hepatic injury in mice 

through inducing the GSH levels, antioxidant enzyme activities and free 

radical scavenging effect. They suggest that CVE may be an effective 

hepatoprotective agent and viable candidate for treating hepatic disorders 

and other oxidative stress-related diseases. 

In normal mice, treatment with ethanolic extract of propolis (EEP), 

green tea extract (GTE), Chlorella vulgaris extract (CVE), dimethyle 

sulfoxide (DMSO) and gum acacia as a vehicle agents,  the liver sections 

appeared as in normal control mice, in normal histological pattern with no 

histopathological lesions. While in normal irradiated mice, mild 

histipathological lesions were observed as mild Kupffer cell activation, 

increased number of diploid and cytomegallic hepatocytes with 

Karyomegally  and small foci of mononuclear cell aggregation were 

observed due to deleterious effects caused by exposure of mice to gamma 

irradiation (Kamat et al., 2000). 

Cancer is caused by an imbalance in the rate of proliferation and 

apoptosis or cell death. EAC cells grow in two phases. These two phases are: 

a proliferating phase, in which the number of cells increases exponentially, 

and a plateau phase followed by a resting phase, in which a number of cells 

stay almost constant (Song et al., 1993). It has been reported that following 

the intra-peritoneal (i.p) transplantation  of 3 x 106 EAC cells,   the number 

of cells increased exponentially in the 9th day and they were transmitted 

from the exponential phase to the plateau phase starting from the 9th and 

10th day (Altun, 1996). In another study, the proliferating rate of EAC cells 

was characterized in 4 phases. These phases are: a logarithmic phase for 4 or 
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5 days, a plateau phase, in which the number of cells stayed practically 

constant on the 5th to 13th day, a transitory proliferating phase on the 13th to 

15th day and a second plateau phase on the 15th to 18th day (Ozaslan et al., 

2011). 

 Apoptosis is a form of programed cell death characterized by 

morphological changes in cells executed by cysteine-aspartate proteases 

(caspases) and regulated by the Bcl-2 family of proteins involved in the 

signal transduction pathways (Hanson et al., 2008). Cells undergo apoptosis 

through distinct pathways including fatty acid synthase (Fas) and fatty acid 

synthase ligand (Fas-L) which results in the activation of the caspase-8, 

mitochondria-dependent pathway and the caspase-3-dependent pathway 

triggering the cytoplasmic release of pro-apoptotic mitochondrial proteins 

before leading to apoptosis (Eva et al.,  2003). 

 

 Morphological changes including membrane blebbing, cytoplasmic 

condensation, formation of apoptotic bodies, DNA fragmentation, alteration 

in membrane symmetry, activation of cascade of caspases and loss of 

mitochondrial membrane potential (Kang et al., 2007). The induction of 

apoptosis is known to be an efficient strategy for cancer therapy (Yusof et 

al., 2010). It has been found that administration of naturally occurring 

compounds with antitumor activities tigger the apoptotic death of cancer 

cells (Piazza et al., 1995).  There are several natural products that have been 

shown to induce apoptosis in EAT cells in vivo and in vitro (Prabhakar et 

al., 2006 & Taskins et al., 2009). Since tumor growth is closely related to 

increased proliferation, a compound that inhibits proliferation and induces 

apoptosis is expected to have chemopreventive effect on tumors. 
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Immunostaining (I.S) of apoptotic proteins (Fas and Fas-L) and 

proliferation marker (Ki-67) for EAC from control mice showing no 

cytoplasmic expression for both Fas and Fas-L and moderate (++) nuclear 

expression for Ki-67 indicating the EAC tumors have high proliferation rate 

(Ozaslan et al., 2011) .While, I.S of Fas, Fas-L and Ki-67 of EAC from 

mice exposed to whole body gamma irradiation showing moderate (++) 

cytoplasmic expression for Fas and cell yield was low due to irradiation, loss 

of cytoplasm as a consequence of irradiation and low (+) nuclear expression 

for Ki-67. This was due to the fact that gamma irradiation induced apoptosis 

(Adrain et al., 2002). 

Treatment of EAC-bearing mice with propolis extract alone or 

combined with gamma irradiation induced marked (+++) cytoplasmic 

expression for Fas and Fas-L and low (+) or no nuclear expression for Ki-67. 

Gamma irradiation exposure showing few intact cells expressing 

cytoplasmic Fas and the rest of cells were destroyed by irradiation and no 

expression for ki-67. Administration of propolis extract with or without 

gamma  irradiation inhibited the growth of tumor cells and induced 

morphological changes typical of apoptosis. DNA fragmentation assay 

shows that the EEP with gamma irradiation exposure induced ladder-like 

DNA fragmentation which is characteristic of DNA damage. Most 

anticancer drugs of plant origin or synthetic have been known to cause DNA 

damage or suppress its replication, not necessarily killing the cells directly 

but inducing apoptosis (Lawal et al., 2012). 

 During apoptosis, a specific nuclease (now known as caspase-

activated DNase or CAD and pre-existed in living cells as an inactive 

complex) cuts the genomic DNA between nucleosomes and generates DNA 

fragments (Nagata, 2000). The lengths of fragments vary by multiples of 
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180-200 base pair (bp). When resolved using agarose gel electrophoresis, 

these DNA fragments appear as a nucleosomal ladder, a widely recognized 

hallmark of apoptosis (Matalova and Panova, 2002).   

 El –Khawaga et al., (2003) found that the administration of propolis 

before the inoculation of EAC leads to arresting of the tumor cells in the S-

phase cell cycle preventing the proliferation of tumor cells and interferes 

with the proliferated cells leading to inhibiting the proliferation and the 

growth of tumor cells, in addition to the induction of apoptosis process in 

EAC. Sawicka et al., (2012) found that propolis and its compounds, CAPE 

or chrysin induce apoptosis pathways in cancer cells. The cancer protective 

effect of propolis and related flavonoids have been attributed to a variety of 

mechanisms including free radical scavenging 

 (Chen et al., 2004), modification of enzymes responsible for the processes 

of detoxification and immunomodulation or induction of apoptosis and / or 

necrosis (Aso et al., 2004).   

In EAC from mice treated with green tea extract, I.S results showing 

moderate (++) cytoplasmic expression for Fas, marked (+++) cytoplasmic 

expression for both   Fas and Fas-L and low (+) nuclear expression for ki-67. 

Immunohistochemical analysis of EAC samples from mice treated with 

green tea extract and irradiated showing marked (+++) cytoplasmic 

expression for Fas, moderate (++) cytoplasmic expression for Fas-L in the 

healthy cells. The rest of cells show loss of cell membrane as a consequence 

of irradiation and mild (+) nuclear expression for Ki-67. DNA fragmentation 

assay shows that the ethanolic extract of green tea with gamma irradiation 

exposure induced ladder-like DNA fragmentation. Khan and Mukhtar, 

(2008) showed that induction of apoptosis and cell cycle arrest is one of the 

pathways related to cancer chemoprevention by green tea polyphenols 
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(GTPs). GTPs revealed anti-proliferative and apoptosis inducing activity 

against human preomyelocytic leukemia (HL-60) cells through the down 

regulation of Bcl-2 and activation of caspase-3 (Han et al., 2009). Steele et 

al., (2000) reported a strong evidence of antimutagenic, antiproliferative and 

antineoplastic activities for an aqueous extract of green tea. The cancer 

chemopreventive properties of green tea have been attributed to its inhibition 

of tumor cell proliferation and molecular pathways involved in the cell 

cycle, angiogenesis, invasion, and growth factor-related proliferation 

(Adhami et al., 2003). It has been found that epigallocatechine - 3 – gallate 

(EGCG) treatment resulted in G1 growth arrest, inhibition of cyclin-

dependent kinases (cdks) and induction of cdk inhibitors p21 and p27 in 

breast and prostate cancer cells (Gupta et al., 2004). Tea polyphenols lower 

duplication rates of cancer cells and inhibit the growth of cancer and 

increase apoptosis (Weisburger, 2003). The   ethanolic  extract of green tea 

inhibited the proliferation of human cervical adenocarcinoma cell (HeLa)  

and possessed a significantly higher antitumor activity than the aqueous 

extract. Moreover, the ethanolic extract could significantly inhibit the 

growth of lung carcinoma A549 and hepatoma cell line (HepG2) (Li et al., 

2008).  

Immunostaining (I.S) results of Fas, Fas-L and Ki-67 of EAC from 

mice treated with Chlorella vulgaris extract showing high (+++) 

cytoplasmic expression for Fas, marked (+++) cytoplasmic expression for 

Fas-L and no nuclear expression for Ki-67. while,  I.S results of Fas, Fas-L 

and Ki-67 of EAC from mice treated with Chlorella vulgaris extract in 

combination with gamma irradiation exposure showing moderate (++) 

cytoplasmic expression for Fas with loss of cytoplasm due to irradiation, 

marked (+++) cytoplasmic expression for Fas-L and low (+) nuclear 
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expression for Ki-67 in intact cells and the rest of the cells were destroyed 

by irradiation. DNA fragmentation assay shows that the Chlorella vulgaris 

extract of with exposure to gamma irradiation induced ladder-like DNA 

fragmentation. Chlorella vulgaris has been shown to inhibit cell 

proliferation and to induce apoptosis in liver cancer-induced rats as well as 

in hepatoma cell line (HepG2) (Sulaiman et al., 2006).  

The antiproliferative activity of carotenoids separated from marine 

freshwater Chlorella vulgaris has been evaluated (Cha et al., 2008). CV had 

definite chemopreventive effect by inducing apoptosis via decreasing the 

expression of Bcl-2 and increasing the expression of caspase-8 in 

hepatocarcinogenesis-induced rats (Azamai et al., 2009).  

 
From the results obtained it could be concluded that, in normal and 

Ehrlich ascites carcinoma (EAC) – bearing mice exposed to single gamma 

irradiation to whole body, an increase in lipid peroxidation, a decrease in 

antioxidant status and damaged hepatocytes were observed. Treatment of  

EAC- bearing mice with propolis, green tea and Chlorella vulgaris extracts 

without gamma irradiation exposure resulted in reduction in lipid 

peroxidation, improvement in antioxidant status and the damage to the 

hepatocytes. Propolis and Chlorella vulgaris extracts are more effective than 

green tea extract. Meanwhile, treatment of EAC- bearing mice with propolis, 

green tea and Chlorella vulgaris extracts and / or gamma irradiation reduced 

the proliferation and induced apoptosis in EAC cells.   
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V.  Summary and Conclusion 
 
 

Cancer is one of the major causes of death all over the world.  

According to World health organization, more than 10 million new cases of 

cancer are diagnosed every year, and the statistical trends indicate that this 

number would double by 2020. Cancer is the uncontrolled growth and 

spread of abnormal cells, associated with dysregulation of apoptosis, a 

programmed cell death. Most of the anti-cancer drugs are derived from plant 

sources, which act through different pathways aiming to activation of 

apoptosis in cancer cells.  

 The treatment of cancer involves Surgery, Chemotherapy,   Radiation 

therapy, Hormonal therapy and Biological therapy. Thus, efforts have been 

made to identify both natural and synthetic anticancers and antioxidants.  In 

particular, after the recommendations of the World Health Organization that 

investigations of antitumor and antioxidants  agents from medicinal plants of 

interest has arisen in plant sources such as vegetables, fruits, and medicinal 

plants for use as more effective and safe anticancer and antioxidant agents. 

 This work was aimed to study the effects of three natural extracts 

including (propolis, green tea and Chlorella vulgaris) in Ehrlich ascites 

carcinoma - bearing female albino mice as an experimental model of cancer 

and mechanisms of antioxidant and anticancer effects of these three extracts.    

In the current study, mice were divided into the following three main 

groups as follows:  

1) Group 1(Normal control group): This group consists of 10 mice 

were kept on normal standard diet without any treatment and housed in two 
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cages, mice of the first cage served as control for non tumor-bearing group 

and the second cage served as control for tumor-bearing group. 

 

         2) Group 2 (Non tumor - bearing group): This group consists of 30 

mice which were used to study the effect of the vehicle solutions (dimethyle 

sulfoxide (DMSO) or gum acacia), chosen extracts (propolis, green tea and 

Chlorella vulgaris) and gamma irradiation on normal mice. Mice of this 

group were equally distributed between different subgroups (n = 5) as 

follows:  

Subgroup 1(DMSO group): Mice received orally 1% dimethyle sulfoxide 

(DMSO) for two weeks. 

Subgroup 2 (gum acacia group): Mice received orally 1% gum acacia for 

two weeks. 

Subgroup 3 (EEP): Mice received orally ethanolic extract of propolis (150 

mg / kg b.w) for two weeks.  

Subgroup 4 (GTE): Mice received orally ethanolic extract of green tea (150 

mg / kg b.w) for two weeks.  

Subgroup 5 (CVE): Mice received orally Chlorella vulgaris extract (150 mg 

/ kg b.w) for two weeks.  

Subgroup 6 (R): Mice were exposed to whole body gamma irradiation at a 

single dose of (2Gy). 

 

3) Group 3 (Tumor – bearing group):   

This group consists of 160 mice which were used to study the effects 

of chosen extracts and / or gamma irradiation on Ehrlich ascites carcinoma - 

bearing mice. Mice of this group were equally distributed between different 

subgroups (n = 20) as follows:  
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Subgroup 1(EAC): Mice were inoculated with Ehrlich ascites carcinoma.  

Subgroup 2 (EAC+R): Mice were inoculated with Ehrlich ascites 

carcinoma and were exposed to gamma irradiation in a dose of 2Gy                                       

Subgroup 3 (EAC+EEP):  Ehrlich ascites carcinoma -  bearing mice were 

treated  with ethanolic extract of propolis suspended in 1% gum acacia (150 

mg / kg b.w) orally for 7 succesive  days before and 7  succesive days after 

tumor inoculation.                                

Subgroup 4 (EAC+EEP+R):  Ehrlich ascites carcinoma -  bearing mice 

were treated  with ethanolic extract of propolis emulsified in 1% gum acacia 

(150 mg / kg  b.w) orally for 7 succesivedays before and7 succesive days 

after tumor inoculation  followed by exposure to gamma irradiation (2Gy) 

after two weeks of tumor inoculation.                              

Subgroup 5 (EAC+GTE): Mice bearing Ehrlich ascites carcinoma were 

treated with ethanolic  extract of green tea  suspended in 1% DMSO (150 

mg / kg  b.w) orally for 7 succesive days before and 7 succesive days after 

tumor inoculation. 

Subgroup 6 (EAC+GTE+R): Ehrlich ascites carcinoma -  bearing mice  

were treated with ethanolic extract of green tea  emulsified in 1% DMSO 

(150 mg / kg  b.w) orally for 7 succesive days before and 7 succesive days 

after tumor inoculation followed by exposure to gamma irradiation. 

Subgroup 7 (EAC+CVE):  Ehrlich ascites carcinoma - bearing mice were 

treated with Chlorella vulgaris extract in 1% DMSO (150mg /kg b.wt) 

orally for 7succesive days before and 7succesive days after tumor 

inoculation. 

Subgroup 8 (EAC+CVE+R): Ehrlich ascites carcinoma - bearing mice were 

treated with Chlorella vulgaris extract in 1%DMSO (150mg/kg b.w) orally 



Summary and conclusion  

 149

for 7succesive days and 7 succesive days after tumor inoculation followed 

by exposure to gamma irradiation (2Gy). 

• Biochemical analysis were carried out in plasma and liver of all animal 

groups included thiobarbeturic acid reactive substances (TBARs)levels, 

in RBCs and liver included superoxide dismutase (SOD) activities and 

glutathione (GSH) contents and Liver aspartate aminotransfearse  

(AST) and  alanine aminotransferase (ALT) activities in all mice. 

• Survival calculation (calculation of mean survival time and percentage 

increased life span) in tumor bearing – mice. 

• Measuring body weight of mice before and after transplantation of 

tumor and volume of ascitic tumor in Ehrlich ascites carcinoma - 

bearing mice.  

• Histopathological examinations of liver tissues of all animals.  

• Immunohistochemical analysis of proliferating marker (Ki-67) and 

apoptotic proteins (Fas and Fas L). 

• Detection of DNA fragmentation using DNA ladder assay. 

The results obtained in this study showed that: 

There were no changes in plasma and liver TBARs levels, SOD 

activities and GSH contents in RBCs and liver in a vehicle groups (DMSO 

or gum acacia) and in mice orally administrated with propolis, green tea and 

Chlorella vulgaris extracts. While, plasma and liver TBARs levels, SOD 

activities and GSH contents in RBCs and liver  were significantly increased 

in gamma irradiated mice. Plasma and liver TBARs levels were significantly 

increased, SOD activities and GSH contents in RBCs and liver were 

significantly decreased in Ehrlich ascites carcinoma - bearing mice 

compared to normal control. Treatment of tumor – bearing groups with 
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propolis,  green tea and Chlorella vulgaris extracts with or without radiation 

exposure ameliorate both plasma and liver TBARs levels, SOD activities 

and GSH contents in RBCs and liver.  

Liver AST and ALT activities were not changed in a vehicle  and 

extracts treated groups. While, in gamma irradiated group, a significant 

elevation in liver AST and ALT activities were induced as compared to 

normal control.  Liver AST and ALT contents were raised in tumor bearing 

groups.  Treatment with these three extracts alone or combined with gamma 

irradiation improved liver AST and ALT activities.  

In control Ehrlich ascites carcinoma - bearing group, there was an 

increase in the volume of ascitic fluid. Treatment of tumor -  bearing group 

with propolis, green tea and Chlorella vulgaris with or without radiation 

exposure reduced the volume of ascitic fluid when compared to tumor – 

bearing group. Also, an increase in body weight of EAC - bearing group as 

compared to normal control group was observed. Propolis, green tea and 

chlorella vulgaris extracts treatments alone or combined with gamma 

irradiation induced a significant decrease in the body weight and ascitic fluid 

volume of mice as compared to EAC control group. 

The survival calculation results showed that propolis, green tea extract 

and chlorella vulgaris extracts and / or gamma irradiation increased the 

survival time of EAC - bearing mice.  

Histopathological examinations of liver sections showed that:  

Liver sections of control group revealed normal histological structure 

of hepatic lobules and hepatocytes arranged in cords separated by hepatic 

sinusoids and few hepatocytes contained diploid nuclei  as normal finding in 

adult mouse liver. Mice treated with propolis, green tea, Chlorella vulgaris 

and vehicle agents (DMSO and gum acacia) showed that the liver sections 
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appeared in normal histological pattern with no histopathological lesions 

were observed. While, in irradiated group, mild histopathological lesions 

were observed as mild kupffer cell activation, increased number of diploid 

and cytomegalic hepatocytes with karyomegally and small foci of 

mononuclear cell aggregation were observed. 

Liver sections of EAC-bearing mice showed various histopathological 

alterations including  vacuolar degeneration of hepatocytes with sporadic 

cell necrosis of hepatocytes having deeply pyknotic nuclei, congestion and 

dilatation of the portal blood vessel and central vein with brown pigment 

deposition were observed associated with areas of heamorrahge. While, liver 

sections of EAC-bearing mice exposed to gamma irradiation revealed 

various and severe histopathological lesions including portal congestion, 

dilatation of hepatic sinusoids, oval cell hyperplasia with few mononuclear 

cell infiltration in the portal area and increased number of aneuploid 

hepatocytes as well as the necrotic foci than the previous group were 

observed. The histopathological alterations that developed in both EAC - 

bearing and irradiated mice were diminished in all the remained treated 

groups since the microscopical examination liver sections of EAC-bearing 

mice treated with green tea extract combined with gamma irradiation 

revealed slight central vein congestion with mild kupffer cell activation  

associated with vacuolization of centrilobular hepatocytes and apoptosis 

with decreased number of abnormal hepatocytes were detected. While, in 

EAC-bearing mice treated with green tea extract alone,  the liver sections 

showed small foci of mononuclear cell aggregation with vacuolization of 

hepatocellular cytoplasm. Liver sections of mice treated with propolis 

extract combined with gamma irradiation , appeared  in normal histological 

structure of hepatic lobule with very few mononuclear infiltrating the 
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hepatic sinusoids and decreased number of necrotic hepatocytes. Few lesions 

were recorded in liver of EAC-bearing mice treated with propolis extract 

alone including apoptosis and mild kupffer cell activation and  mild 

vacuolization of hepatocellular cytoplasm. Mice  bearing EAC and treated 

with Chlorella vulgaris extract combined with gamma irradiation showing  

liver sections with mild mononuclear cell infiltration the hepatic sinusoids 

with appearance of hypertrophied ,cytomegalic and aneuploid hepatocytes 

and decreased number of necrotic hepatocytes.  The liver sections of EAC-

bearing mice treated with Chlorella vulgaris extract showed normal 

hepatocellular arrangement with mild mononuclear cell infiltration with no 

significant hepatic lesions were detected. 

Immunostaining of  apoptotic proteins (Fas, Fas-L) and prolifeartion 

marker (Ki-67) of EAC cells showed marked cytoplasmic expression of  Fas 

and Fas-L proteins and low or no level of nuclear expression of Ki-67 in 

EAC of mice received propolis, green tea and Chlorella vulgaris extracts 

with or without radiation exposure as well as these extracts induced 

apoptosis in EAC cells through DNA fragmentation.    

Conclusion 
The administration of propolis, green tea and Chlorella vulgaris 

extracts may be able to reduce oxidative stress related to the risk of Ehrlich 

ascites carcinoma (EAC), ameliorate liver functions and improve 

histopathological changes in liver. These extracts with or without gamma 

irradiation caused a decrease in proliferation rate and induced apoptosis in 

Ehrlich ascites carcinoma cells in mice. Our study suggests that  propolis 

and Chlorella vulgaris respectively are more effective than the 

administration of green tea in the studied parameters which was supported in 
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the beneficial effects on antioxidant parameters, lipid peroxidation marker, 

amelioration of liver enzymes (AST and ALT) and histopathological 

changes in liver induced by EAC. Moreover, their antitumor effects are 

enhanced by combination with irradiation which may be due to the 

synergetic effect of the chosen extracts and irradiation.    
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  الملخص العربي
********************  

لوف اة ف ى كثی ر م  ن دول    س  باب المرض یة والمؤدی ة إل ى ا   أل ا اكث ر   م ن م رض ال سرطان   

 ملیون حال ة جدی دة ت شخص ك ل     ١٠كثر من  ن أ أ  وحسب إحصائیات منظمة الصحة العالمیة     العالم

 وھ  ذا .٢٠٢٠ع  ام وت  شیر التع  دادات اإلح  صائیة إل  ى ان ھ  ذه الح  االت س  وف تت  ضاعف ف  ى ع  ام   

المرض مرتبط بالنمو الغیر من تظم للخالی ا وانت شار  الخالی ا الغی ر طبیعی ة المرتبط ة بع دم انتظ ام            

, وت شمل الجراح ة  , ھن اك الكثی ر م ن الوس ائل العالجی ة لمرض ى ال سرطان          . موت الخلی ة المب رمج    

وس ائل ت ؤدى   ولك ن ھ ذه ال   . العالج الكیماوي واالش عاعى والبیول وجى وك ذلك الع الج بالھرمون ات           

 منتج ات لذلك ت م اإلتج اه إل ى إس تخدام     . أثار جانبیة غیر مرغوب فیھا أثناء أو بعد فترة العالج إلى  

 تعم  ل م  ن خ  الل تحفی  ز الم  وت     والتى ق  دى أو تقلی  ل ھ  ذه االث  ار   نباتی  ة أو حیوانی  ة لتالف    طبیعی  ة

خاص ة بع د توص یات    ,  تكون م ضادة ل الورام واألك سدة    ھذه المصادر   .المبرمج للخالیا السرطانیة  

من ة م ن م صادر طبیعی ة والت ى ق د یك ون لھ ا         آمنظمة الصحة العالمیة للحصول على م واد فعال ة و        

  .دور أساسى كمضادة لألورام

الم ستخلص  :ثیر ث الث مستخل صات طبیعی ة وھ ى     أ معرف ة م دى ت    إلىتھدف ھذه الدراسة  

 ریلالل  وكلص طحل  ب ضر وك  ذلك م  ستخ وال  شاى األخ   ) ص  مغ النح  ل (اإلیث  انولى م  ن البروبلی  ز  

آلی  ات ھ  ذه ومعرف  ة , (EAC) ئى اإلست  سقاإرل  یخاء المحمل  ة ب  ورم  عل  ى الفئ  ران البی  ضفولك ارس 

 . المضادة لألورام واألكسدةالمستخلصات 

  :التى قسمت إلى مایلى إناث الفئران البیضاء و  من٢٠٠أجریت ھذه الدراسة على

  المجموع ة ال ضابطة  تمث ل  فئ ران   ٥ . الفئ ران  م ن  ١٠شتملت عل ى    إ:  المجموعة األولى 

  . للمجموعة الحاملة للورم  المجموعة الضابطة فئران تمثل٥للمجموعة غیر الحاملة للورم و 

 الفئ ران   إن اث م ن ٣٠  ش تملت عل ى      إ  :)حاملة لل ورم  المجموعة غیر    (المجموعة الثـانیة 

العوام   ل وارس كل   وریلال فولك    طحل  ب  ,رال   شاى األخ  ض ,  البروبلی  ز ت  م معالجتھ  ا بمستخل   صات  

ت  م .  ج  راى٢ الج  امى بجرع  ة مق  دارھا الت  شعیعالحامل  ة لھ  ذه المستخل  صات وك  ذلك معرف  ة ت  أثیر  

  . یوم١٤معاملة الفئران بھذه المستخلصات وكذلك العوامل الحاملة لھا لمدة 

 الت ى  الفئ ران   إن اث  م ن ١٦٠ش تملت عل ى    إ  :)مجموعة حامل ة لل ورم     (المجموعة الثـالثة 

 ھ ذه  عومل ت ثم EAC) (ة اإلست سقائی رل یخ خالیا إمن  ١٠٦ × ٢,٥ بعدد  ویف البطن تم حقنھا فى تج   

 ١٥٠ (كل  وریلال فولك  ارس  الفئ  ران بم  ستخلص البروبلی  ز وال  شاى األخ  ضر وك  ذلك م  ستخلص       

 ٧ أی ام متتالی ة بع د    ٧ أیام متتالی ة قب ل حق ن ال ورم و    ٧ لمدة ) كیلو جرام من وزن الجسم   /مللیجرام  

 ج راى بع د اخ ر    ٢بجرع ة مق دارھا    الج امى  لت شعیع  تعرض ت ھ ذه الفئ ران ل   أیام من نمو الورم ثم    
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أی  ضا تحت  وى ھ  ذه المجموع  ة عل  ى فئ  ران ت  م حقنھ  ا ب  الورم ف  ى     . جرع  ة م  ن ھ  ذه المستخل  صات 

 لت شعیع  معرض ة ل ثم عوملت بالمستخلصات ولم تتعرض للتشعیع وكذلك مجموع ة     تجویف البطن 

ك ذلك تحت وى عل ى فئ ران ت م      .  بأى من المستخل صات  جراى ولم تعامل ٢ مقدارھا   الجامى بجرعة 

  .حقنھا بالورم فى تجویف البطن ولم تتعرض ألى معامالت

ت م  . جرب ة لمعرف ة التغی ر ف ى وزن الج سم     تم وزن الفئ ران قب ل حق ن ال ورم وف ى نھای ة الت          

سقائى وت م ت شریح الفئ ران وتجمی ع ال سائل اإلست       , سحب عینات الدم إلجراء التحالیل البیوكیمیائی ة     

قدیر تركیز كل  وأخذ جزء منھ إلجراء التحالیل البیوكیمیائیة وت  الكبد نزعلمعرفة حجمھ وكذلك تم     

والج  زء االخ  ر ت  م  , )ALT(تران  سفیریزنوو أالن  ین أمی) ASTٍِ(تران  سفیریزم  ن أس  بارتات أمینو

  . علیھالنسیجیة المرضیةإلجراء الفحوصات % ١٠وضعھ فى فورمالین 

  :  المعاییر التالیةوقد تم تقدیر وقیاس

ح   امض الثیوبربیتیوری   ك م   ع  م   ستوى الم   واد المتفاعل   ة تق  دیر  •

  .فى بالزما الدم والكبد) كدلیل على تأكسد الدھون(

  . الدم الحمراء والكبدكرات نشاط إنزیم السوبر اكسید دیسمیوتیز فى تقدیر •

  . الدم الحمراء والكبدكرات الجلوتاثیون فى محتوى تقدیر •

و أالن         ین  ) AST(زیم         ى أس         بارتات أمین         و تران         سفیریز   تق         دیر ن         شاط إن  •

  . فى الكبد) ALT(أمینوترانسفیریز

  . ونسبة إطالة فترة الحیاةالبقاءحساب معدل الحیاة ویشمل متوسط معدل  •

قی  اس وزن الج  سم قب  ل حق  ن ال  ورم وبع  د حق  ن ال  ورم وإعط  اء المستخل  صات والمعامل  ة      •

  . الجامىأشعةب

Ø فحوصات نسیجیة مرضیة للكبد. 

Ø مستوى التعبیر لبروتین خاص بمعدل اإلنتشار لخالیا الورمتحدید  )Ki-67 (.  

Ø  الك  شف ع  ن وج  ود بروتین  ات  الم  وت المب  رمج لخالی  ا ال  ورم ع  ن طری  قدراس ة 

معرف ة م ستوى   و ) Fas and Fas-L(مرتبط ة ب الموت المب رمج لخالی ا ال ورم      

و تحلی           ل التجزئ           ة ف           ى الح           امض الن           ووى د ن ا    عنھ           ا التعبیر

)DNAfragmentation ( 

  :اآلتىأظھرت نتائج الدراسة وقد 

 وجد ان ھناك زیادة معنویة فى مستوىات المواد المتفاعلة م ع ح امض الثیوباربیتیوری ك   

 الفئ ران المحمل ة ب ورم     الفئ ران الغی ر محمل ة ب الورم والم شععة وك ذلك      فى بالزما الدم والكبد ف ى     
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ان بم ستخلص البروبلی ز أو ال شاى االخ ضر او      االست سقائى وق د ن تج ع ن معامل ة ھ ذه الفئ ر            إرلیخ

 تح سن ف ى ھ ذه الم ستویات     التع رض لإلش عاع الج امى   مع او ب دون   كلوریلال فولكارس   مستخلص  

 .فى بالزما الدم والكبد

ص معن  وى ف  ى م  ستویات ال  سوبر اك  سید دی  سمیوتیز و الجلوت  اثیون ف  ى     ل  وحظ ك  ذلك  نق  

 نتج عن معاملة ھذه الفئران بمستخلص البروبلی ز أو     وقد. الفئران المحملة بورم ایرلخ االستسقائى    

تح سن   التع رض لإلش عاع الج امى    م ع او ب دون   كل وریلال فولك ارس  الشاى االخضر او م ستخلص    

  .فى ھذه المستویات

وق   د ادى وج   ود ال   ورم ف   ى الج   سم ای   ضا ال   ى زی   ادة معنوی   ة ف   ى م   ستوى انزیم   ات        .

 وق د ن تج ع ن معامل ة ھ ذه      .ف ى الكب د  )نو تران سفیریز اسبارتات امینو ترانسفیریز و االنین امی    (الكبد

 م  ع او ب  دون كل  وریلال فولك  ارسالفئ  ران بم  ستخلص البروبلی  ز أو ال  شاى االخ  ضر او م  ستخلص  

  . تحسن فى ھذه المستویات مقارنة بالمجموعة الضابطةالتعرض لإلشعاع الجامى

الجسم فقد لوحظ زیادة معنویة فى وزن الجسم فى الفئران المحملة بورم    فیما یتعلق بوزن  

ھذه الزیادة فى وزن الج سم ق د قل ت عن د     . خ االستسقائى مقارنة بالمجموعة الغیر حاملة للورم   یارل

 م ع او ب  دون  كل وریلال فولك ارس  المعامل ة بم ستخلص البروبلی ز او ال شاى االخ ضر او م ستخلص       

  .التعرض للتشعیع الجامى

 زی  ادة معنوی  ة ف  ى حج  م ال  ورم ف  ى الفئ  ران الت  ى ل  م تتع  رض الى م  ن ھ  ذه      أی  ضال  وحظ

 التع رض   م ع او ب دون   وقد قل حجم الورم عند معاملة الفئران بأى م ن ھ ذه المع امالت         المعامالت

  . الغیر معاملة مقارنة بالمجموعة الحاملة للورم ولإلشعاع الجامى

 ات بمستخل ص   الفئ ران المحمل ة ب الورم    معامل ة مع دل البق اء ان   ح ساب  وقد اظھرت نتائج  

 ق د   أش عة جام ا   مع او ب دون   فولكارسلوریلالكالبروبلبز او الشاى االخضر او مستخلص طحلب         

 فترة الحیاة للفئران مقارنة بالفئران المحملة بالورم ول م  إطالةزودت من  معدل البقاء وكذلك نسبة   

  .تتعرض الى من ھذه المعامالت

لفحص المیكروسكوبى النسجة الكب د ع دة تغی رات ن سیجیة مرض یة ح ادة ف ى             وقد أظھر ا  

خ ول م تتع رض الى مع امالت مقارن ة بالمجموع ة ال ضابطة وت شمل           یالمجموعة المحملة بورم ارل   

احتق  ان لالوعی  ة الدموی  ة وانزف  ة خاللی  ة بینم  ا     , ت  نكس فج  وى م  ع تنخ  ر ف  رادى للخالی  ا الكبدی  ة     

حامل ة لل ورم ومعرض ة لالش عاع فت ضم ن شاط       ال المجموع ة غی ر   لنسیجیة المرض یة ف ى  التغیرات ا 

للخالیا المبطنة للجیوب الدموی ة الكبدی ة وزی ادة ف ى ع دد الخالی ا الكبدی ة مزدوج ة الن واة والخالی ا               

ام ا ف ى المجموع ة المحمل ة ب ورم      . الكبدیة ذات الحجم الكبیر مع تجمع بؤرى للخالیا وحی دة الن واة       

 فكانت التغیرات حادة وشدیدة وتشمل فرط تنسج للخالیا البی ضاویة م ع   خ والمعرضة لالشعاع یلإر



 الملخص العربى

٦ 

انتشار للخالیا البلعمیة والخالیا وحیدة النواة فى المنطق ة البابی ة الكبدی ة وزی ادة ملحوظ ة ف ى ع دد             

الخالی ا الكبدى  ة مزدوج  ة الن  واة والخالی  ا الكبدی  ة ذات الحج  م الكبی  ر م  ع انت  شار لب  ؤر نخری  ة ف  ى   

مقارن ة بالمجموع ة ال سلیمة    بینما التغیرات النسیجیة المرضیة فى باقى المع امالت     . كبدیةالخالیا ال 

معامل  ة الفئ  ران ق  د ن  تج ع  ن ف   ;المعرض  ة لالش  عاع وك  ذلك المجموع  ة الحامل  ة لل  ورم والم  شععة 

الحامل  ة لل  ورم بم  ستخلص البروبلی  ز الم  وت المب  رمج الف  رادى للخلی  ة الكبدی  ة م  ع ت  نكس فج  وى       

لورم بم  ستخلص ل  ة ب  ا ام  ا ع  ن تع  رض الفئ  ران المحم  . الی  ا المبطن  ة للجی  وب الدموی  ة  ون  شاط للخ

البروبلیز مع التعرض لالشعاع الجامى فقد نتج عن ھ تغی رات ن سیجیة مرض یة طفیف ة وت ضم نخ ر          

 الن واة ف ى الجی وب    ةفرادى لعدد قلیل من الخالیا الكبدیة ووجود عدد قلیل من الخالیا الكبدیة وحید        

بم  ستخلص  ع  ن معامل  ة الفئ  ران المحمل  ة ب  الورم  اش  تملت التغی  رات الناتج  ةوق  د . كبدی  ةالدموی  ة ال

الشاى االخضر فقط على تنكس فجوى للخالیا الكبدیة وتجم ع ب ؤرى ص غیر للخالی ا وحی دة الن واة             

ولكن انحصرت التغیرات الناتجة عن معاملة الفئ ران المحمل ة ب الورم بم ستخص ال شاى االخ ضر         

عاع على تنكس فجوى للخالیا الكبدیة المحیط ة بالوری د المرك زى ون شاط ب سیط        مع التعرض لالش  

معامل  ة الفئ  ران   وعن  د . طبیعی  ةالللخالی  ا المبطن  ة للجی  وب الدموی  ة م  ع قل  ة الخالی  ا الكبدی  ة غی  ر     

 لم یالحظ بھا اى تغیرات نسیجیة مرضیة فى  كلوریلال فولكارس طحلب   الحاملة للورم بمستخلص  

اما عن التغیرات الناتج ة  , واقتصرت على وجود عدد بسیط من الخالیا وحیدة النواة     الخالیا الكبدیة 

 م ع التع رض لالش عاع الج امى     كل وریلال فولك ارس   عن معاملة الفئران الحاملة للورم بم ستخلص      

غی ر  (ام ا المجموع ات ال سلیمة    . خ ر االخ رى  نفتشمل زیادة ف ى حج م بع ض الخالی ا الكبدی ة وقل ة            

م ستخلص  , مستخلص ایثانولى م ن البروبلی ز  (والتى عوملت سواء بالمستخلصات )  للورم المحملة

او بالعوام ل الحامل  ة لھ  ذه  ) كل وریلال فولك  ارس ایث انولى م  ن ال شاى االخ  ضر وم ستخلص طحل  ب    

 .المستخلصات  لم یالحظ بھا اى تغیرات نسیجیة مرضیة

 Fas and(ی ا ال ورم   الخاص ة ب الموت المب رمج لخال   عن نتائج الكشف عن البروتینات أما 

Fas- L (      وكذلك بروتین خ اص بإنت شار ونم و ال ورم)ki-67 (    المحمل ة وج د أن معامل ة الفئ ران 

الشاى األخضر وطحل ب كل وریلال فولك ارس م ع أو ب دون التع رض           , لورم بمستخلص البروبلیز  با

عنھ ا  ة بم ستویات مرتفع    ) Fas and Fas-L( لإلشعاع الجامى قد استحث التعبی ر ع ن بروتین ى    

لورم والمعرض ة لإلش عاع الج امى فق  ط كم ا أنھ ا قلل ت م ن إنت شار ونم  و         المحمل ة ب ا  ف ى المجموعة 

  .)(ki-67خالیا الورم عن طریق تقلیل التعبیر عن البروتین النووى 
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  :الخالصة
تبعا للنتائج التى تم الحصول علیھا ف ى ھ ذه الدراس ة یمك ن اس تنتاج ان وج ود االورام ف ى           

ض الثیوباربیتیوری  ك    الج  سم ق  د ی  ؤ  دى ال  ى ارتف  اع ملح  وظ ف  ى م  ستوى الم  واد المتفاعل  ة م  ع حم  

كم    ا ان الم    ستخلص االیث    انولى لك    ل م    ن  . ونق    ص ملح    وظ ف    ى م    ستوى م    ضادات االك    سدة 

م  ع أو  فولك  ارس ل  وریلالكال  شاى االخ  ضر وك  ذلك م  ستخلص طحل  ب   , )ص  مغ النح  ل(البروبلی  ز

أثیرات التأك  سدیة الت ى یح  دثھا ال  ورم ف  ى النظ  ام   م  ن الت  وا یمك  ن ان یح د ب دون التع  رض لإلش  عاع 

ض  بط الم  سارات الم  ضادة و  الق  درة عل  ى تقلی  ل نت  ائج األك  سدة الفوقی  ة لل  دھون الحی  وى مم  ثال ف  ى

وقد أوضحت ھذه الدراس ة أن  . ستخلصات تأثیر محسن لخالیا الكبد   ان لھذه الم   وجد كذلك.كسدةلأل

كث  ر فاعلی  ة كم  ضاد لألك  سدة م  ن م  ستخلص    أ وطحل  ب كل  وریلال فولك  ارس م  ستخلص البروبلی  ز

م  ن ی  ل تقل لھ  ا الق  درة عل  ى ال  م  ع التع  رض لإلش  عاع وھ  ذه المستخل  صات الثالث  ة .ال  شاى األخ  ضر

    .  الورم كما أنھا تستحث الموت المبرمج لخالیا الورم ونموإنتشار
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 تأثیر إعطاء بعض المستخلصات المضادة لألورام على الفئران المحملة بورم إرلیخ اإلستسقائى
حاتم عبدالمنعم المزین و نورا محمد مسلم وفاء غنیم شوشة و صالح احمد جبر و عبیر احمد بھنسى و  

 
 

لعالم وقد تم اجراء الكثیر من       یعتبر السرطان واحدا من اكثر االمراض خطورة فى جمیع انحاء ا
البحوث ومازالت من اجل اكتشاف المركبات الطبیعیة والصناعیة التى یمكن استخدامھا فى الوقایة او 
العالج من مرض السرطان وقد تم اكتشاف منتجات طبیعیةعدیدة من اصل نباتى او حیوانى لھا 

                                                                                     .نشاط فعال ضد مرض السرطان
للمستخلص الكحولى لكل ) اوراماألالمضاد لألكسدة و(  یھدف البحث الى دراسة التأثیر الواقى        

 مع او بدون التعرض فولكارسلوریلال كو الشاى األخضر وطحلب )صمع النحل(من البروبلیز 
ولقد تم تقسیم الفئران الى ثالث .  تسقائیة فى إناث الفئران البیضاءلإلشعاع ضد اورام إرلیخ اإلس

 غیر جموعة الثانیة وھى مجموعة الفئرانالم, المجموعة األولى وھى الضابطة : مجموعات رئیسیة
المعاملة بالمواد الحاملة   المجموعة : یة مجموعات فرعستمحملة بالورم وقد قسمت الى ال

 والشاى األخضر وطحلب والمجموعة المعالجة بالبروبلیز, الطحلبللبروبلیزوالشاى األخضرو
والمجموعة , مللیجرام لكل كیلوجرام من وزن الجسم ١٥٠بجرعة مقدارھا ا فولكارس لوریللك

وھى المجموعة المحملة : أما المجموعة الثالثة .  جراى٢المعرضة للتشعیع الجامى بجرعة مقدارھا 
وقد قسمت  من خالیا إرلیخ اإلستسقائیة ١٠٦× ٢٫٥  بعددیف البطن والتى تم حقنھا فى تجوبالورم

حملة المجموعة الم, رلیخ اإلستسقائیة إالمجموعة المحملة بأورام :  مجموعات فرعیة ثمانالى 
رلیخ إالمجموعة الثالثة المحملة بأورام , تشعیع الجامىرلیخ اإلستسقائیة والمعرضة للبأورام إ

رلیخ إالمجموعة الرابعة المحملة بأورام , مستخلص الكحولى للبروبلیزالاإلستسقائیة والمعالجة ب
 المجموعة الخامسة .اإلستسقائیة والمعالجة بالمستخلص الكحولى للبروبلیزومعرضة للتشعیع الجامى

المجموعة , رلیخ اإلستسقائیة والمعالجة بالمستخلص الكحولى للشاى األخضرإالمحملة بأورام 
رلیخ اإلستسقائیة والمعالجة بالمستخلص الكحولى للشاى األخضرومعرضة إأورام السادسة المحملة ب

تسقائیة والمعالجة بمستخلص كلوریلال رلیخ اإلسإالمجموعة السابعة المحملة بأورام . للتشعیع الجامى
معالجة بمستخلص كلوریلال فولكارس والمجموعة الثامنة المحملة بأورام إرلیخ اإلستسقائیة وال

رضة للتشعیع الجامى                                                                              ومعس فولكار  
                                                                                                                 

والمعرضة لالشعاع بالمستخلصات ولدراسة تقییم اآلثار الضارة ألورام إرلیخ اإلستسقائیة ومعالجتھا 
مستوى نشاط (ومضادات األكسدة  , اس محتوى الدھون فوق المؤكسدة فى بالزما الدم والكبدیتم ق

برتیت انزیمى األس, فى كرات الدم الحمراء والكبد )السوبر اوكسید دیسمیوتیز والجلوتاثیون
كذلك .ترانسفیریز باإلضافة الى التغیرات النسیجیة المرضیة فى الكبدمینوترانسفیریز واألالنین امینوا

تم دراسة التأثیر المضاد إلنتشارالورم وكذلك خاصیة موت الخلیة المبرمج المستحث بواسطة ھذه 
نتائج وجود نقص وقد أظھرت ال .كذلك تم حساب التغیر فى وزن الجسم وحجم الورم.المستخلصات

فى نشاط السوبر اوكسید دیسمیوتیز وفى محتوى الجلوتاثیون مع وجود زیادة فى محتوى الدھون 
محملة بالورم والمشععة ال غیرفوق المؤكسدة باإلضافة الى زیادة فى تركیز انزیمات الكبد فى الفئران

المیكروسكوبى ألنسجة الكبد وقد اظھر الفحص ,  المحملة بأورام إرلیخ اإلستسقائیة وكذلك الفئران
احتقان , عدة تغیرات مرضیة فى ھذه المجموعة وتشمل تنكس فجوى مع تنخر فرادى للخالیا الكبدیة

لفئران المحملة بأورام إرلیخ  اكما اظھرت النتائج ان عالج.لألوعیة الدمویة وانزفة خاللیة
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ادة فى نشاط مضادات األكسدة الى زی  أدىأو الشاى األخضر او الطحلب بالبروبلیزاإلستسقائیة
 التغیرات الضارة فىو انزیمات الكبد  فى نشاط تحسنباإلضافة الى ونقص فى الدھون فوق المؤكسدة

مضاد تأثیر كما أن لھذه المستخلصات .وكذلك نقص فى وزن الجسم وحجم الورم .انسجة الكبد
                                               التعبیر عن بروتینى             إلنتشار الورم كما أنھا تستحث 

 (Fas and Fas –L) وكذلك تجزئة د ن ا                                                                       
  
 مما سبق نستخلص ان المعاملة بالبروبلیز والشاى األخضر وطحلب كلوریلال فولكارس أحدثت تأثیر 

                                                                                                                             

وق  د .  التغی  رات الن  سیجیة المرض یة للكب  د   المدروس  ة وتح  سن ف ى  واق ى ض  د التغی  رات الكیموحیوی ة   

 أكث  ر فاعلی  ة كم  ضاد  لك  ارس و طحل  ب  كل  وریلال فوأوض  حت ھ  ذه الدراس  ة أن م  ستخلص البروبلی  ز 

وھ ذه المستخل صات الثالث ة م ع أو ب دون التع رض لإلش عاع         . لألكسدة م ن م ستخلص ال شاى األخ ضر      

.                                        تقل        ل م        ن إنت        شار ال        ورم كم        ا أنھ        ا ت        ستحث الم        وت المب        رمج لخالی        ا ال        ورم        

                                                                      

                                                                                                            
 



 
 
 
 
 
 

 جامعة حلوان
 كلیة العلوم
 قسم الكیمیاء

 
تأثیر إعطاء بعض المستخلصات المضادة لألورام 
.على الفئران المحملة بورم إرلیخ اإلستسقائى  

 
 

 رسالة مقدمة
  من

 
ا محمد عطیھ مسلمنور /طالبة ال   

 
)٢٠٠٧ جامعة الزقازیق –بكالوریوس علوم  (  

 

تیر فى العلوم كجزء متطلب للحصول على درجة الماجس  

)الكیمیاء الحیویة(   
 قسم الكیمیاء

 شعبة الكیمیاء الحیویة

 جامعة حلوان
٢٠١٣ 

 



 
 

 جامعة حلوان
 كلیة العلوم
 قسم الكیمیاء

 

 
تأثیر إعطاء بعض المستخلصات المضادة لألورام 
.على الفئران المحملة بورم إرلیخ اإلستسقائى  

 
 

نوالسادة المشرف  
 

 
صالح أحمد جبر   / د. أ   

 أستاذ الكیمیاء الحیویة 
 مركز البحوث النوویة 
  ھیئة الطاقة الذریھ

 

وفاء غنیم شوشة/ د . أ   
 أستاذ الكیمیاء الحیویة 

 كلیة العلوم  
  جامعة حلوان 

حاتم عبد المنعم المزین/ د . م . أ   
  الكیمیاء الحیویة  مساعدأستاذ

 كلیة العلوم  
  جامعة حلوان

عبیر أحمد بھنسى/  د .أ   
الباثولوجیا الجزیئیة أستاذ   

 والوراثة الخلویة
 المعھد القومي لألورام 

القاھرة جامعة   
 
 

 




