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AAAABSTRACT 

Natural Radioprotectors as para -coumaric acids and caffeic acids are natural compounds in nano form 

zinc coumarate nano particles (ZnCoum.NPs) and zinc caffeiate nano particles (ZnCaf.NPs) have been 

shown to confer various biological effects, anticancer, enhance immune system and antioxidant 

properties. The present study was undertaken to evaluate the radio protective and possess ability of 

ZnCoum.NPs and ZnCaf.NPs against whole body γ-irradiation with a dose of 3Gy, 4 times, every week 

up to 12 Gy. ZnCoum.NPs and ZnCaf.NPs were given to rats by intraperitoneal injection at a 

concentration of 5 mg/kg and 15 mg/kg body weight respectively, for 7 successive days, post irradiation 

for (ZnCoum.NPs + ZnCaf.NPs) and [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] groups and for 30 

successive days for (ZnCoum.NPs + ZnCaf.NPs), [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] and 

[Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] groups. The results indicated that γ- irradiated group caused 

a significant decrease of body weight, antioxidants levels and (ThCD4 and TcCD8), and disorder in 

morphological, hematological, lipid profile and cell cycle as well as liver and kidney dysfunction, and 

increased in lipid peroxidation, nitric oxide, free radicals and DNA fragment, and histological changes 

in the hepatic tissues as vacuoles degeneration and necrosis of a great number of hepatocytes together 

with several hemorrhage and interstitial oedema. Whilst, the treatment with ZnCoum.NPs + ZnCaf.NPs 

pre or post-exposure to γ-ray protected cellular system from harmful effects of γ-radiation. The results 

clearly indicated that ZnCoum.NPs and ZnCaf.NPs possess protective effect to protect bimolecules from 

radiation induced damage and ability to scavenge free radicals might be playing an important role in its 

radio protective manifestation especially in cancer treatment with radiotherapy. 
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IIIINTRODUCTION 

Ionizing radiation has proven to be a double-edged sword since its discovery by Dr 

Roentgen in 1895. Radiation is a potent mutagen and carcinogen; however, it is also used 

in the diagnosis and treatment of human diseases (Anonymous, 1990). Radiotherapy is 

one of the most common therapies for treating human cancers. Several studies have 

indicated that irradiation induces reactive oxygen species (ROS), which play an important 

role in irradiation damage of the normal cell (Kamat et al., 2000; Srinivasan et al., 2007). 

Scientific and technological advancements have further increased the radiation  burden  in 

humans, because exposure  to  low levels of radiation has become common during medical 

diagnostic  procedures,  space  or  air  travel,  cosmic radiation  and  through  the  use  of 

certain electronic gadgets. Other sources of radiation exposure include radon in houses, 

contamination from weapons testing sites, nuclear accidents but the most damage now 

days come from radiotherapy (Akashi et al., 2006). 

Ionizing  radiation  may  cause  cancer, death,  and  loss  of  neural  function  in  

humans  and animals.  It also induces T cells suppress or decrease in CD4 and CD8, DNA 

damage. Among the various physical/chemical agents, radiation is an important source in 

the generation of oxygen-derived free radicals and excited states (Srinivasan et al., 2007; 

Sheikh et al., 2010). Hence, compounds that are capable of protecting cellular membranes 

against ionizing radiation in particular and free radicals in general, will have potential 

benefits as radio-protectors, antioxidants and anti-mutagens (Repetto and Llesuy, 2002). 

Natural radio protectors are found in plant materials such as oil seed and wheat germ oil, 

(Singh et al., 2009). The essential oils and extracts of many plant species have become 

popular in recent years, and attempts to characterize their bioactive principles have gained 



__________________________________________________________________Introduction 

 2 

momentum in many pharmaceutical and food processing applications (Ferguson et al., 

2005). Plants (fruits, vegetables, medicinal herbs) contain a wide variety of free radical-

scavenging molecules, such as phenolic compounds (Para coumaric acid (p-CA) and 

caffeic acid (CA), some metals as zinc that is known to be essential for growth and 

development of all organisms. It is important for enzymes of all six classes as well as 

transcription and replication factors and some other endogenous metabolites, that are rich 

in antioxidant  activity (Repetto and Llesuy, 2002; Cai,  et  al.,  2003; Ibs and Rink, 

2003; Wojdylo et al., 2007). 

However some studies said that caffeic acid has acytoxic effect may actually come 

from its metabolite or molecules size, that’s lead to accumulate on cell membrane and it, is 

poorly transported across the cell membrane to nucleolus (Boik, 2001
e
). Though a large 

number of compounds have been shown to be promising as radio-protectors in laboratory 

studies, few could pass the transition from bench to bed-side. Most of them failed even 

before reaching the preclinical stage due to toxicity and side effects and large size of 

molecules (Maurya et al., 2006; Yamini and Gopal, 2010). So pharmacological 

intervention could be most potent strategy to protect human or ameliorates the deleterious 

effect of ionizing radiation (Jagetia, 2007). The some strategies possible prevention of the 

effects of ionizing radiations on biological systems by phytochemicals nano particles, 

plants and herbal extracts are known as “Natural Radioprotections in nano form” (Jain et 

al., 2007; Yamini and Gopal, 2010). 

So the present study designed to evaluate the effect of anew natural radioprotectors 

ZnCoum.NPs and ZnCaf.NPs against gamma rays on rats. This goal has been achieved by 

determination of multiple indicators to try known the damage effect of radiation, and the 

ability therapeutic action of ZnCoum.NPs + ZnCaf.NPs. 
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RRRREVIEW OOOOF LLLLITERATURES 

1. Radiation 

The term ‘‘radiation’’ covers the electromagnetic spectrum, which includes static 

fields like the earth’s magnetic field, fields generated by 50 or 60-cycle alternating 

currents, radio waves, microwaves, infrared, visible and ultraviolet (UV) light, and 

non ionizing and ionizing radiation (IR) (Land, 2005). 

Radiation is all around us it is naturally present in our environment, industrial, 

medical sources and has been since the birth of this planet (Fig. 1). Consequently, life 

has evolved in an environment which has significant levels of ionizing radiation 

(Williams and Fletcher, 2010). 

Radiation comes from outer space, the ground (terrestrial), and even from within 

our own bodies. It is present in the air we breathe, the food we eat such as bananas and 

Brazil nuts naturally contain higher levels of radiation than other foods, the water we 

drink, and in the construction materials used to build our homes such as Brick and 

stone homes have higher natural radiation levels than homes made of other building 

materials such as wood (Sheikh-Sajjadieh et al., 2010). Radiation is fast-moving 

energy emitted as particles or waves. It is commonly divided into two categories: 

nonionizing (NIR) and ionizing radiation (IR) (Williams and Fletcher, 2010). 
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Non ionizing radiation is low frequency radiation that disperses energy through 

heat and increased molecular movement. It includes visible light; ultraviolet rays; and 

microwave, ultrasound, radio frequency, and some electromagnetic waves. NIR 

commonly interacts with tissue through the generation of heat (Williams and Fletcher, 

2010). 

Ionizing radiation is a natural part of the world. It includes particles (alpha and 

beta particles) and some electromagnetic radiation (gamma rays and x-rays) 

(Ratnapalan et al., 2008). 

Ionizing radiation has become an integral part of modern uses, especially in 

medical field. It is used in diagnostic as well as therapeutic purposes as cancer (Table 

1), in some cases; IR may be the single best treatment of cancer (Srinivasan et al., 

2007), it can stopping them from spreading as through irradiation modulates tumor-

Cell phenotype and increases immune recognition (Fig. 2) (Hodge et al., 2008). 

Ionizing radiation can provide a cure or control some disease. It can also reduce 

the risk of cancer coming back or sometimes helps to reduce uncomfortable symptoms 

such as pain (Maher et al., 2009). 

However ionizing radiation has become a central role in therapeutic cancer, it also 

injures or destroys the normal cells by damaging their genetic material, making it 

impossible for these cells to continue to grow and divide (Grdina et al., 2002). 
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Figure (1): Common Sources of Radiation (Williams and Fletcher, 2010). 

 
Table (1): Common Medical Applications of Ionizing and Nonionizing Radiation 

(Williams and Fletcher, 2010). 
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Figure (2): Irradiation Modulates Tumor-Cell Phenotype and Increases Immune 

Recognition; Irradiation can cause (a) up regulation of chemokines and adhesion 

molecules, providing signals for T cells to come to areas of tumor, (b) up regulation of 

major histocompatibility complex (MHC) molecules and tumor-associated antigens, 

making it easier for T cells to recognize tumor, and (c) up regulation of Fas and down 

regulation of regulatory T cells, making it easier for cytotoxic tumor-specific T cells to 

kill tumor (Hodge et al., 2008). 
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1.1 Ionizing Radiation and Clinical Effects 

1.1.1 Acute Effects of Ionizing Irradiation 

Depending on the anatomic site treated acute effects, may include: nausea and 

vomiting, tiredness, fatigue, diarrhea, headache, as well as normal tissue swelling, skin 

erythema, cough, difficulty swallowing and breathing. The acute effects of irradiation 

are based on both normal tissue response and tumor cell killing following on the 

underlying molecular biological effects of ionizing irradiation (Safwat et al., 2002).  

Within tissues and organs, ionizing irradiation kills dividing cells by both 

stochastic (random) and determinative (microenvironment induced) (Safwat et al., 

2002). Dividing cells in the DNA synthetic or (S) phase of the cell cycle are relatively 

less sensitive to radiation killing compared to those in mitosis (M) or in the second gap 

(rest phase between DNA synthesis and mitosis) (Hall and Giaccia, 2006). 

Direct irradiation killing leads to elimination of those cells from the tissue and 

organ. Both direct and indirect (mediated by cytokine and reactive oxygen species 

release from dying cells) irradiation killing effects are significant influencing the 

magnitude and duration of acute side effects (Greenberger, 2009). 

1.1.2 Chronic Effects of Ionizing Irradiation 

Chronic irradiation effects are critically important in all patients, but particularly 

in those who receive total body irradiation (TBI). TBI is utilized in some cancer 

therapies particularly for patients who require a bone marrow transplant (Greenberger, 

2009). 

Total body irradiation is delivered either in single fraction or in multiple 

fractionated courses. Observing responses to TBI in both experimental animal models 

and in clinical radiotherapy patients demonstrates multiple chronic effects including 
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features common to premature aging such as hair graying, skin thinning and dryness, 

formation of cataracts, early myocardial fibrosis, myocardial infarction, neuro 

degeneration and osteopenia/osteomalasia (Green-berger, 2009). 

1.1.3 Systemic Effects  

Systemic effects include both acute and chronic effects as described above, but 

with several unique features. In particular, it include symptoms in areas that were not 

irradiated including overall tiredness and easy fatigability, and are probably caused by 

the persistent elaboration through the circulation of inflammatory cytokines 

(Greenberger, 2009). 

1.1.3.1 The Central Nervous System Syndrome  

Is associated with doses above 800 cGy total body dose or higher doses to the 

head and presents with signs and symptoms of brain swelling including nausea and 

vomiting, headache, sweating, rapid heart rate and rapid death (Greenberger, 2009). 

1.1.3.2 The Gastrointestinal Syndrome 

Associated with TBI doses above 500 cGy presents with nausea, vomiting and 

diarrhea, and is associated with destruction of intestinal crypt and endothelial cells in 

the intestine, dehydration, severe abdominal pain, infection and blood loss 

(Greenberger, 2009). 

1.1.3.3 The Hematopoietic Syndrome  

Is associated with TBI doses above 300 cGy and a decrease in peripheral white 

blood cell count, platelet count, red blood cell count, and in the absence of source of 

bone marrow transplantation to replace damaged hematopoietic stem cells, may lead to 

death from infection, hemorrhage, weakness and fatigue (Greenberger, 2009). 
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1.1.3.4 The Immunosuppression Syndrome 

Is associated with TBI doses as low as 100 cGy. Lymphocytes are the most 

radiosensitive cells in the peripheral blood, and thus a basic radiological biomarker 

dose sustained involves the magnitude of a decrease in slope of a lymphocyte count. 

Lymphocyte decrease can be associated with immunosuppression and susceptibility to 

infection, weakness and fatigue (Hall and Giaccia, 2006). 

1.2 Biological Effects of Radiation   

1.2.1 Effects of Free radical  

Over produced of free radical (FR) due to prolonged exposure to radiation, even at 

a low concentration, may result in the damage of biologically important molecules and 

potentially lead to mutations, tissue injury, and multiple diseases (Fang et al., 2002). 

Free radicals are unstable molecules because they contain an unpaired electron. 

When the FR molecule contacts the electrons of a stable molecule, it gains or losses 

electrons to achieve a stable paired electron configuration. In this process, the stable 

molecules become disturbed, then as Free radical molecule. In this manner, free 

radicals initiate a chain reaction of destruction (Pala and Tabakçioglu, 2007). 

Free radicals can be divided into reactive oxygen species (ROS) and reactive 

nitrogen species (RNS) and reactive chlorine species (Fig. 3) (Fang et al., 2002). 

Free radical can be produced by a variety of means. It can be produced by external 

factors such as radiation and cigarette smoke, and by internal events such as immune 

cell activity and cellular respiration (cellular “breathing” of oxygen). In humans, up to 

5 percent of oxygen taken is converted to free radicals during cellular respiration. 

During respiration, cells consume oxygen (O2) and produce water (H2O) (Boik, 2001
a
). 
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Figure (3): Production of oxygen and nitrogen free radicals and other reactive species 

in mammalian cells. AA, amino acid; Arg, L-arginine; BH4, (6R)-5,6,7,8,-tetrahydro-

L-biopterin; CH2O, formaldehyde; Cit, L-citrulline; DQ, diquat; ETS, electron 

transport system; FAD, flavin adenine dinucleotide (oxidized); FADH2, flavin adenine 

dinucleotide (reduced); Gly, glycine; H2O2, hydrogen peroxide; HOCl, hypochlorous 

acid; H
•
LOH, hydroxy lipid radical; IR, ionizing radiation; L

•
, lipid radical; LH, lipid 

(unsaturated fatty acid); LO
•
, lipid alkoxyl radical; LOO

•
, lipid peroxyl radical; LOOH, 

lipid hydroperoxide; MPO, myeloperoxidase; NAD
+
, nicotinamide adenine 

dinucleotide (oxidized); NADH, nicotinamide adenine dinucleotide (reduced); NADP
+
, 

nicotinamide adenine dinucleotide phosphate (oxidized); NADPH, nicotinamide 

adenine dinucleotide phosphate (reduced); 
•
NO, nitric oxide; O2

-
, superoxide 

anionradical; 
•
OH, hydroxyl radical; ONOO

-
, peroxynitrite; P-450, cytochrome P-450; 

PDG, phosphate-dependent glutaminase; Sar, Sarcosine; SOD, superoxidedismutase; 

Vit C, vitamin C; Vit E, vitamin E (α-tocopherol) (Fang et al., 2002). 
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 Free radical also, can be produce by tumor cells may help them mutate or display 

other malignant properties such as tissue invasion. For example, superoxides radicals 

have been reported to increase the invasive capacity of rat liver cancer cells in vitro 

(Boik, 2001
a
). Nevertheless, DNA is damaged regularly; there may be as many as 

10,000 oxidative hits to DNA per cell per day in humans (Fang et al., 2002). 

Under physiologic conditions, approximately 1% to 3% of the O2 consumed by 

the body is converted into superoxide and other ROS (Fang et al., 2002). Free radicals 

are not always bad. Only when they are overproduced or the body’s antioxidant 

system is overwhelmed do they cause problems (Boik, 2001
b
). 

1.2.2 Radiation Effects on antioxidant 

Although, the body maintains a variety of antioxidants (Fang et al., 2002), as a 

multilevel defense against free radical damage (Boik, 2001
b
), excessive   generation of 

ROS have negatively impact on the antioxidant defense mechanisms,   it can reduce 

the intracellular concentration of glutathione (GSH), and decrease the activities of 

(SOD), (CAT) and (GSHPx) (Mansour et al., 2008). 

In addition, total antioxidant capacity of plasma was reduced in patients exposed 

to whole body irradiation for reducing tumor growth. Consequently, the cellular 

antioxidant capacity is decreased and the organs become more susceptible to the 

deleterious effects of ROS (Bobby, 2004). 

1.2.3 Radiation Effects on proteins  

Ionizing radiation can induce multiple biological effects through excessive 

generation of reactive species as ROS (Chung et al., 2001). ROS can induce oxidative 

damage to vital cellular molecules. ROS and oxidative stress may contribute to 
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radiation-induced cytotoxicity and to metabolic and morphologic changes in animals 

and humans during radiotherapy, experimentation (Assayed and Abd El-Aty, 2009). 

The severe side effects of radiotherapy resulted from the damage to normal cells 

proteins (Hari Kumar et al., 2004). 

Radiotherapy can induce changes in the proteins’ three–dimensional structure as 

well as to fragmentation, aggregation, or cross–linking of the proteins. During 

radiotherapy, IR particles interact with biological systems to induce excessive oxygen 

free radicals or ROS, which attack proteins, thereby leading to significant cellular 

damage (Mansour et al., 2008).  

1.2.4 Radiation Effects on lipids 

The deleterious biological effects of radiation are due to the production of (ROS) 

(Srinivasan et al., 2007). ROS can induce oxidative damage to vital cellular 

molecules. One of the major forms of cellular  damage  induced  by  radiation  is  lipid  

peroxidation  (LPO)  (Kamat et  al.,  2000). 

One of the indices of oxidative damage of (LPO) is the malondialdehyde (MDA) 

injure that formation as an end product of (LPO) (Bardak et al., 2000). 

Lipid peroxidation has been found to increase with increase in radiation dose in 

rat liver mitochondria, microsomes and splenic lymphocytes (Prasad et al., 2005). 

Lipid radicals (L
•
) are believed to be formed by the reaction of (OH

•
) (Assayed 

and Abd El-Aty, 2009). OH
• 
generated by IR with polyunsaturated fatty acids which 

subsequently reacts with oxygen to form lipid peroxyl radical (LOO
•
), which can 

damage the cell architecture (Prasad et al., 2005).  
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1.2.5 Radiation Effects on DNA 

The reactive species can induce damages to cellular macro and small molecules 

by direct and indirect. Both direct and indirect effects of IR damage cellular DNA.  In 

the direct effect, DNA damage is mainly induced  by  abstraction  of  the  H  atom  

from  the  C -4 position  of  the  deoxyribose  or  indirect by  attack  of  the  bases via 

the OH
•
 produced by the radiolysis of water (Prasad et al., 2005). 

DNA lesions induced by IR and it is believed that chromosomal aberrations such 

as dicentrics, translocations, etc., appear as a result of double strand breaks and 

misrepaired damage. Double strand breaks are mainly responsible for the formation of 

chromosomal aberrations. Damage to chromosomes is also manifested as breaks and 

fragments, which appears as micronuclei in the rapidly proliferating cells (Prasad et 

al., 2005). 

Ionizing radiation induces several types of damage to DNA, including double and 

single-strand breaks, base and sugar damage, as well as DNA-DNA and DNA-protein 

cross-links (Fig. 4) (Barker et al., 2005). This may be due to an excessive generation 

of vasoconstrictors like ROS, or due to a reduction of vasodilators such as the NO, 

which in turn, can be caused by increased amounts of ROS.  On the other hand, DNA 

strand breaks caused by OH
•
 formed inside the cells, or strand breaks caused by γ-rays 

(Mansour et al., 2008). 

Radiation causing ionization & excitation in high density (high linear energy 

transfer (HET) radiation) induces a clustered DNA damage site, which is defined as 

multiple lesions within a few nm in a DNA molecule. Low (L ET) radiation, on the 

other hand, creates randomly isolated damage; these cases have the same number of 

lesion (Fig. 5) (Urushibara et al., 2006). 
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Figure (4): Different types of DNA damage (Srinivasan et al., 2007). 

 

 

Figure (5): Induction of DNA damage by ionizing radiation (Urushibara et al., 2006). 
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1.2.6 Radiation Effects on cell cycle and Signal Transduction Pathways 

Gamma radiation can be induced DNA mismatch repair during cell cycle during 

exposed to low dose but over dose induce mismatch survival (mutation) (Fig. 6) 

(Martin et al., 2010), signal transduction pathways changes, dicentric aberration, 

cytogenetic and biochemical damages in animal and human body (Prasad et al., 2006).  

One of the indices of oxidative damage of radiation in body is nitric oxide (NO) 

excessive. Whole body g-irradiation of rats at 6 Gy enhanced the formation of NO(x) 

(Mansour et al., 2008). Gamma radiation may enhance endogenous NO biosynthesis 

in liver, intestine, lung, kidney, brain, spleen or heart of the animals, presumably by 

facilitating the entry of Ca
2+

 ions into the membrane (Gorbunov et al., 2000), as well 

as the cytosol of NO
 
producing cells though irradiation-induced membrane lesions 

(Mansour et al., 2008). 

The enhancement of NO production following exposure to a high dose (6 Gy) of 

γ-rays was attributed to high levels of expression of the inducible nitric oxide synthase 

(Mansour et al., 2008). Inducible nitric oxide synthase (iNOS) and NO have been 

suggested to be involved in acute radiation response in tissues such as the liver, 

intestine, colon, and brain (Chi et al., 2006). 

Nitric oxide plays an important role in inflammation and carcinogenesis and has 

now been implicated as an important signaling molecule under normal physiological 

conditions. Also, Increased NO results in increased nitration of proteins at tyrosine, 

which can cause protein dysfunction or alterations in signal transduction pathways 

(Narang and Krishna, 2005). 
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Figure (6): DNA Mismatch repair response to IR; IR induced activation of the G2/M 

checkpoint. (A) Cells in G2 phase at the time of radiation undergo a rapid transient G2 

arrest (early G2 arrest). Ataxia telangiectasia mutated (ATM) is recruited to sites of 

DNA damage following IR. ATM responds to double strand breaks and an activating 

role for the MRE11/RAD50/NBS1 (MRN) complex has been suggested. This arrest is 

mediated by ATM dependent phosphorylation of checkpoint kinase Chk2 and CDC25 

phosphatase. This prevents dephosphorylation of Cdc2–CyclinB, which is required for 

progression into mitosis. Evidence suggests that MLH1 (which forms a heterodimer 

with PMS1/PMS2) interacts with ATM and MSH2 (which forms a heterodimer with 

MSH6) interacts with Chk2 indicating a possible role for these proteins in the early G2 

arrest. (B) Cells in G1/S phase at the time of irradiation are thought to undergo a late 

G2 arrest. This is ATM independent and likely to be primarily activated by ataxia 

telangiectasia and RAD3 related (ATR) kinase. ATR mediates this arrest by 

phosphorylation of Chk1 and Cdc25 which prevents dephosphorylation of Cdc2–

CyclinB and progression into mitosis. A role for MLH1 and MLH2 has been 

suggested in the regulation of Cdc2 signaling pathway and these proteins may 

therefore have a possible role in the activation of the late G2/M arrest (Martin et al., 

2010). 
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On the other hand, IR has been confirmed to potentiate NO production in 

macrophages. The  increase of  NO production  in  irradiated macrophages  

contributed  to  tumoricidal  activity,  with  the activation mechanisms differing 

between High-dose irradiation which activates macrophages directly, and low-dose 

which acts indirectly through interaction with neighboring cells and the paracrine 

induction of cytokines (Mansour et al., 2008). 

Radiation damage triggers multiple stress and apoptotic pathways dependent on 

the cell type involved (Fig. 7). Stress signals generated outside the nucleus include 

activated mitogen-activated protein kinase (MAPK) cascades (extracellular signal-

regulated protein kinase (ERK), JNK and p38) and protein kinase C (PKC) (blue 

arrow) (Rich et al., 2000). Transcription factors are an important target of MAPK 

cascades: ERK activation tends to favour survival, whereas JNK activation assists cell 

death. The redox-sensitive transcription factor NF- B also translocates to the nucleus 

after its activation by reactive oxygen species (ROS) (Rich et al., 2000). 

The activity of this transcription factor is generally associated with protection 

from apoptosis. Expression levels of several membrane death receptors might be 

augmented by stabilized p53 (red dashes). These outcompete decoy receptors, leading 

to the activation of caspases and an additional caspase-dependent pathway that loops 

through the mitochondrion (M) via Bid. Stabilized p53 also increases the 

concentration of Bax while diminishing the level of Bcl-2, thus favouring the 

disruption of mitochondrial membranes and, ultimately, the activation of caspases 

(Rich et al., 2000). 

The non-receptor tyrosine kinase, c-Abl, has dual roles in the cytoplasm and in the 

nucleus. The nuclear version is activated by ATM and can stabilize p53. Several pro-
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apoptotic activities have been suggested for c-Abl, although it is probably fair to say 

that many of these are still speculative. An important survival pathway (green arrow) 

is the protein-kinase-B-mediated inactivation of Bad, which is inhibited by 

cytoplasmic c-Abl (Rich et al., 2000). 

 

Figure (7): Radiation damage triggers multiple stress and apoptotic pathways (Rich et 

al., 2000). 
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1.2.7 Radiation Effects on Immune System 

Two general types of immunity are recognized; innate (natural) and acquired 

(adaptive). The cellular component of natural immunity is composed of monocytes, 

neutrophils (polymorphonuclear leukocytes, PMN), and natural killer cells (NKC). 

These cells use the complement cascade as the primary protein effector mechanism, as 

well as various recognition proteins such as C-reactive protein and amyloid protein, 

among others (Knight, 2000). 

Acquired immunity involves several lymphocyte subtypes and utilizes antibody as 

the effector protein. The T-cell receptor and antibody are the recognition molecules. B-

lymphocytes recognize carbohydrate, protein, and some relatively simple chemical 

structures while T-lymphocytes recognize only peptides (Boik, 2001
d
). 

Immune cells are particularly sensitive to oxidative stress to high percent of 

polyunsaturated fatty acid in their plasma membranes and a higher production of ROS, 

which is part of their normal function (Knight, 2000). 

The specific response of the immune system is based on the action of T cells; 

certain phases of the activation process of T lymphocytes in response to recognition of 

an antigen are known (Sheikh-Sajjadieh et al., 2010). The binding of the antigen 

transported by the MHC molecules with the T-cell receptor (TCR) /CD3 complex 

triggers a chain of bio-chemical processes leading to the creation of protein 

phosphorylation as a final common pathway. These raise the intracellular Ca++ 

concentration and active protein kinases, which in turn leads to the early expression of 

fas gene and later to the expression c-myc, gamma interferon, interleukins 1 and 2 and 

transferring, which are essential for T cell proliferation. Similar mechanisms appear to 
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operate as a consequence of the action of low doses of radiation (Sheikh-Sajjadieh et 

al., 2010). 

Whilst, Whole-body exposure to high-dose radiation causes injury involving, 

induced the alteration of the balance/interaction between the T- and B-cell subsets 

(Akashi et al., 2006), specifically, a decrease in the T-cell population; CD4 and CD8 

(Fig. 8), and an increase in the B-cell population in the periphery and multiple organs 

that depends on their sensitivity to radiation. This acute radiation syndrome (ARS) is 

caused by a brief exposure of a major part of the body to radiation at a relatively high 

dose rate (Sheikh-Sajjadieh et al., 2010). 

 

Figure (8): Age- and radiation-associated alterations in the T-cell system in humans 

(Kusunoki et al., 2010). 
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1.2.7.1 Reactive Species and Immune System 

Immune cells like macrophages destroy invading pathogens and cancer cells by 

spitting out noxious chemicals. These chemicals include ROS such as the (O2‾), which 

is easily converted to the more damaging (OH˙). (The dot signifies a free radical.) In 

addition, macrophages produce (NO˙), a free radical based on nitrogen rather than 

oxygen. Thus the environment surrounding an activated macrophage is rich in free 

radicals (Boik, 2001
a
). The immune system appears to be particularly sensitive to 

oxidative stress. Immune cells rely heavily on cell–cell communication, particularly 

via membrane-bound receptors, to work effectively. Cell membranes are rich in 

polyunsaturated fatty acids (PUFA), which, if peroxidized, can lead to a loss of 

membrane integrity, altered membrane fluidity, and alterations in intracellular 

signaling and cell function. It has been shown that exposure to ROS can lead to a 

reduction in cell-membrane-receptor expression. In addition, the production of ROS 

by phagocytic immune cells can damage the cells themselves if they are not 

sufficiently protected by antioxidants (Hughes, 2002). 

Reactive nitrogen species are also important in some infectious processes. For 

example, various studies have shown that the free radical nitric oxide, commonly 

known as endothelium-derived relaxing factor (EDRF), is produced from a terminal 

guanido nitrogen atom of L-arginine (L-Arg) by nitric oxide synthase (NOS) (Knight, 

2000). 

 

This enzyme exists in three isoforms: two constitutive synthases (cNOS) and an 

inducible synthase (iNOS). iNOS, a calcium-independent enzyme, is expressed in 

many different cells following challenge with immunologic or inflammatory stimuli 
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(Alderton et al., 2001). These cells include macrophages, neutrophils, mast cells, 

endothelial, and vascular smooth muscle cells. Importantly, iNOS is capable of 

continuously producing large amounts of nitric oxide. In activated immune cells, it 

acts "as a killer molecule" that is, although the direct toxicity of NO is modest, toxicity 

is greatly increased when it reacts with superoxide to form peroxynitrite, a very strong 

oxidant (Knight, 2000). 

Among other toxic reactions, peroxynitrite reacts with aromatic amino acid 

residues to form nitrotyrosine, which can lead to enzyme inactivation (Alderton et al., 

2001). 

2. Radio-protectors 

A radio-protector is a chemical compound capable of modifying the normal 

response of a biological system to radiation-induced toxicity or lethality 

(Greenberger, 2009). It can be classified as synthetic compounds, natural compounds 

and plant extracts; polyherbal formulations; besides natural and semi-natural 

compounds of plant origin. Natural radioprotectors agents can be classified as (i) 

chemical radioprotectors, (ii) adaptogens, (iii) absorbents (Table 2) (Maurya et al., 

2006). The first group constitutes mainly sulfhydryl compounds and other antioxidants 

(Greenberger, 2009). Adaptogens act as stimulators of radioresistance (Maurya et al., 

2006). 

The Waller Reed Army Research Institute synthesized and tested over 4,000 

compounds and found the most effective compound to be WR-2721(Amifostine) 

(Table 2). It is limited in use due to its cumulative toxicity on daily administration 

with radiotherapy, which is manifested as nausea, vomiting, hypotension, allergic 

reactions, etc (Yamini and Gopal, 2010). 
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Table (2): Categories of Radioprotectors Agents (Maurya et al., 2006; Greenberger, 

2009). 
 

Protectors Examples 

Natural Compounds Caffeine, Curcumin          

Sulfhydryl Compounds Cysteine WR2721 

Antioxidants  Tempol 

Targeted Mitochondrial 

Agents 

GS-Nitroxides, MnSOD Mimics mnporphryn based, 

Eukaryon-134-SOD mimic Molecules 

Cryoprotective Agents  DMSO 

Immunomodulators  Histamine H2 receptor, Flagillin, Antagonists, B-

Glucan, Heat killed, lactobacillis, Synthetic chemicals, 

Prostaglandins, Polysaccharides 

Plant extracts Orjentin, Ngella sativa, Viciden, Podophyllum 

hovandrum 

Vitamins Vitamin E, Vitamin C 

Cytokines  IL-1, Stem Cell Factor , G-CSF 

Gene Therapy Delivered 

Antioxidants  MnSOD-PL 

Mitigators Examples 

ACE Inhibitors  Captopril 

All Type-1, Type-2  Clanipril 

Receptor Antagonists  Penicillamine, Pentoxyphilline 

Endothelial Cell  Vascular endothelium 

Infusion  

Treatments  

Pentoxyfilline  

a-tochoferol  

caloric restriction  
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Thus, there is still an urgent need and want to identify novel, nontoxic, effective 

and convenient compounds to protect humans to this problem; natural sources 

especially edible medicinal plants / herbsmight provide ideal solution as these are 

regarded as non-toxic even at higher concentrations. In the view of low cost, easy 

accessibility and less toxic effects (Yamini and Gopal, 2010). 

2.1 Mechanisms of Radioprotectors 

The mechanistic/biological basis for development of a radioprotective strategy 

necessitates an understanding of the molecular biology underlying the mechanism of 

the cellular, tissue and organ specific radiation damage response, and include: nuclear 

DNA strand breaks, communication of nuclear stress responses through the cell 

cytoplasm to mitochondria, mitochondrial response to nuclear signaling, and 

mitochondrial initiation of apoptosis (Fig. 9) (Greenberger, 2009).  

2.1.1 Free-radical scavenging 

One of the mechanisms of protection, involving free-radical scavenging (Fig. 9), 

is based on the assumption that free radicals resulting from the radiolysis of water are 

the main cause of radiation damage to cells. Further lipid peroxidation products such 

as malondialdehyde forms adduct with cellular DNA. To maintain the redox balance in 

order to protect themselves from these free radicals action the living cells have 

evolved an endogenous antioxidant defense mechanism which include nonenzymatic 

entities like glutathione, ascorbic acid and also enzymes like CAT, SOD, GSHPx, etc 

(Mittal et al., 2001). 
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Figure (9): Some mechanisms by which natural plant products render radioprotection 

(Arora et al., 2005). 
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2.1.2 Neutralization of Reactive species 

Neutralization of ROS is the one mechanism by which antioxidants influence the 

indirect action of radiation. Hence, modulating extracellular and/or intracellular 

antioxidants may provide a convenient strategy to protect against IR induced damage 

(Tiwari et al., 2009). 

2.1.3 Mechanism of Blocking Nuclear DNA Damage and Its Communication to 

the Mitochondria 

Overlapping pathways of cellular protection from IR, have been revealed in the 

discovery of damage repair genes, genes for induction of antioxidant proteins, free 

radical scavengers, and by study of the evolution of heat shock proteins (Greenberger, 

2009). 

A common pathway in defense against IR involves protection of single and 

double strand nuclear DNA breaks, which lead to induction of the self destructive 

pathways of apoptosis, autophagy and mitotic arrest, as well as delayed mutations (Fig. 

9) (Greenberger, 2009). 

2.1.4 Mechanism of Mitochondrial Stabilization 

Development of radioprotectors has also followed on knowledge of the intrinsic 

radiation resistance of specific transgenic mice that display overproduction of a 

mitochondrial localized antioxidant protein (Fig. 9). Also of importance was the 

observed relative radiosensitivity of a knockout strain of mice deficient in production 

of an antioxidant radioprotective protein such as MnSOD. Agents which increase the 

cellular antioxidant pool anticipating large quantities of irradiation induced ROS 

(Greenberger, 2009). 
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Other strategies to elevate cellular antioxidant stores would be to deliver the 

immunostimulant TLR5-Flagellin (Table 2) (Carpenter et al., 2005). 

2.1.5 Mechanism of Decreasing Systemic Cytokine Mediated Cell Death 

Experimental approaches to ameliorate late irradiation effects have been identified 

in animal model systems administration of novel counteracting cytokines, anti-

cytokines and immune stimulation with or without stem cell transplantation as well as 

dietary antioxidant strategies (Greenberger, 2009). 

2.2 Phenolic compounds 

In this respect, an increasing awareness and importance are given to nutrition and 

specifically to plant products in the diet and treatment diseases or protect from 

carcinogenesis (Ferguson et al., 2005). The use of herbal medicine can be traced back 

to 2100 BC in ancient China at the time of the Xia dynasty and during the Vedic 

period in India (Dhiman and Chawla, 2005). 

Ancient Egyptian physicians have recorded a list number of natural compounds 

from plants and animal that they used in an attempt to treat cancer and diseases in 

3000 B.C.E. Hieroglyphic inscriptions and papyri. About 80 percent of the substances 

mentioned were plant-derived medicines. The rest came from minerals and animals 

(Matray-Devoti, 2006). 

The medicinal properties of folk plants are mainly attributed to the presence of 

organic and inorganic compounds such as phenolic, flavonoids, coumarins, and 

antioxidant micronutrients, e.g., Cu, Mn, and Zn (Repetto and Llesuy, 2002). 

Phenolic compounds are found at significant levels in many foods and beverages, 

notably, olives and olive oil, herbs (sage, thym, oregano) and cloves (Vauzour et al., 

2010). 
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2.2.1 Para coumaric acid (p-Coumaric acid) (p-CA) 

Para Coumaric acids are organic compounds that are hydroxy derivatives of 

cinnamic acid. There are three isomers, o-coumaric acid, m-coumaric acid, and p-

coumaric acid that differ by the position of the hydroxy substitution of the phenyl 

group (Maxa et al., 2009). 

Para Coumaric acid (Fig. 10), is the most abundant isomer of the three in nature. 

Together with sinapyl alcohol and coniferyl alcohols, p-CA is a major component of 

lignocellulose. It is biosynthesized from cinamic acid by the action of the P450-

dependent enzyme 4-cinnamic acid hydroxylase (Maxa et al., 2009). 

Para Coumaric acid is a crystalline solid that is slightly soluble in water, but well 

soluble in ethanol and diethyl ether (p-CA), 3-(4-hydroxyphenyl)-2-propenoic acid, 

the major hydroxycinnamic acids found in many cell walls. These acids are found 

covalently linked to polysaccharides by ester bonds and to components of lignin by 

ester or ether bonds (Fig. 11) (Maxa et al., 2009). 

2.2.1.1 Para Coumaric acid source 

Para Coumaric acid is an intermediate product of the phenyl propanoid pathway in 

plants. p-CA widely exists in fruits, such as apples and pears, and in vegetables and 

plant products, such as beans, potatoes, tomatoes, and tea (Ferguson et al., 2005). 

Also p-CA exists in medicine herbs such as bamboo leaves (Zhang et al., 2007), 

and Lycium barbarum (Gouqizi, Fructus Lycii, Wolfberry which used as nourishing 

the liver, and in turn, improving the eyesight (Chang and So, 2008). p-CA can be 

found in a wide variety of edible plants such as peanuts, tomatoes, carrots, and garlic 

(Maxa et al., 2009). 
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Figure (10): p-Coumaric acid *structure, *names and *Properties (Ferguson et al., 

2005; Maxa et al., 2009). 

 

 

Figure (11): Schematic representation of linkages of p-coumaric acid to lignin (LG) 

and/or polysaccharides (PS); (a) ester bonds, (b) ether bonds, and (c) ester–ether 

bridges (Maxa et al., 2009). 
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2.2.1.2 Para Coumaric acid role  

Meanwhile, p-CA has interest as chemoprotectant and anti-oxidant besides; it is 

believed to reduce the risk of stomach cancer by reducing the formation of 

carcinogenic nitrosamines (Maxa et al., 2009). p-CA play a role as an antioxidant and 

an anti-inflammatory in  abundant  fruits,  vegetables,  cereals,  tea  and  wine  mostly  

as conjugates  and  in  a  free  acid  form  as  well  (Maxa et al., 2009). 

p-CA has been suggested to exhibit antioxidant properties (Zang et al., 2000). 

Para coumaric acid in vitro can provide antioxidant protection to LDL as a result of the 

chain-breaking activity of p-CA. Diet supplementation with a crude extract of p-CA 

isolated from pulses resulted in the reduction of ester cholesterol, providing a 

protective mechanism against the development of atherosclerosis (Zang et al., 2000). 

Para coumaric has been linked to a reduction in the onset of neurological disorders, 

such as Alzheimer’s disease and to counteract cerebral aging (Vauzour et al., 2010). 

Para coumaric acid performs as antioxidant action was investigated in bovine 

aortic endothelial cells under oxidative stress due to high levels of glucose (HG) and 

arachidonic acid (AA), a free fatty acid. p-CA prevented lipid peroxidation and cell 

death due to HG+AA without affecting the production of reactive oxygen species. The 

antioxidant effect of p-CA was not decreased by buthionine-(S,R)-sulfoximine, an 

inhibitor of cellular GSH synthesis (Lee et al., 2009). 

The water and lipid solubilities of p-CA together with its substantial efficiency to 

scavenge OH• and to inhibit lipid peroxidation and reduce LDL cholesterol levels in 

serum (Zang et al., 2000). 

Para coumaric acid suppress the functional expression of Indoleamine 2,3-

dioxygenase (IDO) in murine bone marrow-derived dendritic cells (BMDCs) 
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stimulated with IFN-γ. IDO is an enzyme catalyzing the initial and rate-limiting step in 

the catabolism of tryptophan along the kynurenine pathway (Kim et al., 2007). 

The biological role of IDO in the immune system has been implicated that 

inhibition of T cell proliferation by tryptophan catabolism protects the fetus from 

maternal responses (Mailankot et al., 2009), and has recently been established as a 

key enzyme in T cell suppression and induction of immune tolerance to tumor. 

Treatment with p-CA reduced intracellular expression of IDO mRNA and protein 

levels in IFN-γ- activated murine BMDCs in vitro and in CD11c+CD8α+ DCs of 

tumor-draining lymph node (TDLN) of tumor-bearing mice in vivo (Munn et al., 

2004). 

Para coumaric acid has a beneficial effect in protecting animals against 

doxorubicin-induced cardiac oxidative damage and suggested that this protecting 

potential of p-CA could be due to its free radical scavenging ability. On the basis of 

their findings, it may be worthwhile suggesting the concomitant administration of p-

CA with doxorubicin cancer chemotherapy (Zhang et al., 2007). 

2.2.1.3 Metabolism of P-Coumaric acid  

Para coumaric acid was absorbed well in the gut (Abdel-Wahab et al., 2003). Its 

low molecular weight and the bioavailability of p-CAs were relatively high, at 

approximately 74 %. p-CA was absorbed and excreted in its original form (Zhang et 

al., 2007). 

In the urine of oral administrated Sprague-Dawley (SD) rats p-CA was detected 

and found to be excreted as its original analyte but cumulative excretions of p-

coumaric acid at 12 and 24 h were only 1·80 (SD 0·24)% and 1·90 (SD 0·26)% of the 

dose, respectively, and after 24 h no analyte could be detected. p-CA could not be 
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detected in the HPLC chromatogram of faeces samples from oral administrated SD 

rats during the whole metabolic period. p-CA were not detected in the brain, liver and 

thigh muscle tissues within 12 h at any time point, and it was detected in the kidneys 

and was observed to increase and decrease at different time points (Zhang et al., 

2007). 

Pharmacokinetic of p-CA in vivo based on the two compartment model theory, 

there is a central compartment (tissues and organs with abundant blood flow and 

instantaneous distribution, such as heart, liver and kidneys) and a peripheral 

compartment (tissues and organs with little blood supply and slow analyte distribution, 

such as skeleton, fats and muscle (Zhang et al., 2007). 

2.2.2 Caffeic acid (CA) 

Caffeic acid (Fig. 12) is a phenolic compound abundantly present in many plants 

and occurs in diet (Pari and Prasath, 2008). 

Caffeic acid is a hydroxycinamic acid, a naturally occurring organic compound. 

This yellow solid consists of both phenolic and acrylic functional groups. It is found in 

all plants because it is a key intermediate in the biosynthesis of lignin, one of the 

principal sources of biomass. Caffeic acid, which is unrelated to caffeine, is 

biosynthesized by hydroxylation of coumaroyl ester of quinic ester (Boerjan et al., 

2003). 
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Figure (12): Caffeic acid *structure, *names and *Properties (Shin et al., 2004; Goul-

d et al., 2000). 

 

2.2.2.1 Caffeic acid source 

Caffeic acid is a naturally occurring phenolic compound found in many fruits, 

vegetables, and herbs, including tea, coffee and wine in varying amounts depending on 

the plant (Moon et al., 2009). Coffee and black chokeberries, a rich source of caffeic 

acid (Vauzour et al., 2010). 

2.2.2.2 Caffeic acid role 

Caffeic acid has been shown to confer a wide spectrum of positive biological 

effects such as radioprotectors, antioxidant, anti-tumor, anti-metastatic, antiviral, anti-

inflammatory and anti-rheumatic properties. CA can protect human peripheral blood 
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lymphocytes against gamma radiation-induced cellular damage. CA may act as an 

antioxidant in endothelial cells, this role of CA would imply a directly link between it 

and vascular disease; specifically atherosclerosis. In parallel, it has been shown that 

CA inhibits angiotensin II-induced cell proliferation in vascular smooth muscle cells 

(VSMCs) (Moon et al., 2009; Devipriya et al., 2008). CA has been reported to protect 

against amyloidal induced neurotoxicity (Vauzour et al., 2010). Also, CA is known to 

have an antidiabetic effect in streptozotocin-induced diabetic rats (Moon et al., 2009). 

Some study report that, CA can prevent hyperglycemia and atherogenesis and it has 

antioxidant effect both in vivo and in vitro (Moon et al., 2009). CA attenuated TNF-α 

induced Ik B degradation and NF-k B translocation from cytosol to the nucleus, TNF-

α-induced NF-kB-DNA complex formation was inhibited by CA. 

Caffeic acid reduced TNF-α-induced endothelial adhesiveness to human umbilical 

vein endothelial cells (HUVECs) by inhibiting transcription factor activation, and cell 

adhesion molecules (CAMs) expression suggesting its potential role in atherosclerosis 

diseases. CA blocks the early atherogenic process involving endothelial expression of 

inducible adhesion molecules. CA blocked monocytes adhesion on the TNF-α -

activated endothelium and the activation of CAMs expression (Moon et al., 2009). 

The selective inhibition of CAMs expression by CA was at least in part mediated 

via the affecting NF-k B signaling pathway (Moon et al., 2009). CA significantly 

reduced lipid peroxidation and restored the levels of antioxidant defense in the liver; it 

is effective as a treating agent because of its antioxidant capacity, free radical 

scavenging, and chelation of metal ions. These effects may be attributed to the 

presence of a catechol group and double bond in its side chain (Pari and Prasath, 

2008). 
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This effect of CA might have implications for strategies preventing and 

attenuating inflammatory diseases and its synthesized derivative caffeic acid 

phenylethyl ester (Moon et al., 2009). CA also exhibits a wide range of 

pharmacological activities such as inhibition of enzyme activity, antitumor activity, 

anti-inflammatory effect and inhibition of HIV replication (Pari and Prasath, 2008). 

Caffeic acid had stronger antioxidant activity than other compounds especially 

natural compounds. The uptake of caffeic acid by Caco-2 cells was much more than 

that of other compounds, and its availability for intestinal absorption and subsequent 

interaction with target tissues (Sato et al., 2011). 

2.2.2.3 Metabolism of Caffiec acid 

Caffeic acid on separate days in random order and subsequently collected 

ileostomy fluid and urine for 24 h. Absorption of caffeic acid 95 ± 4%. Traces of the 

ingested, 11% of the ingested caffeic acid were excreted in urine, thus, almost all of 

the caffeic acids were absorbed in the smallintestine of humans (Olthof et al., 2001). 

Caffeic acid was the only phenolic acid found in plasma samples after coffee 

administration. Most of caffeic acid was present in plasma in bound form, mainly in 

the glucuronate/sulfate forms. Due to the absence of free caffeic acid in coffee, plasma 

caffeic acid is likely to be derived from hydrolysis of chlorogenic acid in the 

gastrointestinal tract (Nardini et al., 2002). 

Thus, the recovery of caffeic acid and its metabolites accounted for 80·5% of the 

perfused flux. The net absorption of caffeic acid is therefore determined by the 

difference between the perfused flux of caffeic acid and the flux of total phenolic acids 

in the effluent, accounting for 19·5% of the perfused flux (Lafay et al., 2006). 
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Nevertheless, natural substances, CAs have cytotoxic effects, may actually come 

from its metabolite or molecules size, that’s lead to accumulate on cell membrane and 

it’s not across to nucleus. CA itself was not effective at inhibiting proliferation of 

various cell lines in vitro, probably because it is poorly transported across the cell 

membrane (Boik, 2001
c
). 

2.3 Metal of Zinc 

Zinc is known to be essential for growth and development of all organisms. It is 

important for enzymes of all six classes as well as transcription and replication factors 

(Ibs and Rink, 2003). 

The human body contains 2–4 g of zinc, but in the plasma, zinc only occurs in a 

concentration of 12–16 mmol/L. Although the zinc plasma pool is very small, it is 

highly mobile and immunologically very important. In the serum, zinc is 

predominantly bound to proteins (Ibs and Rink, 2003). There are different factors that 

influence zinc metabolism as well as homeostasis (Krebs and Hambidge, 2001). 

Aso, hints were found to suggest that free intracellular zinc concentrations are in 

the femtomol-per-liter range, which suggests a high intracellular zinc-binding capacity 

(Ibs and Rink, 2003). 

Zinc is necessary for the normal function of the immune system. Even mild zinc 

deficiency, which is widely spread in contrast to severe zinc deficiency, depresses 

immunity of humans. There are some groups that are at high risk of zinc deficiency 

such as elderly people, vegetarians and patients with renal insufficiency (Ibs and Rink, 

2003). Anew products that dependent on the zinc metal as Cu/ZnSOD, have important 

role now in mitochondrial localization of SOD in the in vitro and in vivo protection of 

cells from radiation-induced cellular damage (Epperly et al., 2003). 
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3. Nanotechnology and Nanoparticles 

The nanotechnology and nanoparticle field is a fast-growing research niche. The 

nanoparticles’ applicative impact is mainly important considering the wide range of 

fields identified so far: in medicine to provide medicines (Hoet et al., 2004). 

Nanotechnology involves the creation and/or manipulation of materials at the 

nanometer (nm) scale either by scaling up from single groups of atoms or by refining 

or reducing bulk materials (Hoet et al., 2004). 

A nanometer is 1 x 10-9 m or one millionth of a millimeter. To give a sense of 

this scale, a human hair is of the order of 10,000 to 50,000 nm, a single red blood cell 

has a diameter of around 5000 nm, viruses typically have a maximum dimension of 10 

to 100 nm and a DNA molecule has a diameter of 2 – 12 nm (www.nano.gov) (Hoet et 

al., 2004; Salata et al., 2004). 

The past two decades have witnessed rapid advances in the ability to structure 

matter at the nanoscale with sufficient degree of control over the material size, shape, 

composition, and morphology. Existing spectroscopy tools have further facilitated the 

investigation, and design of nanostructures (Jain et al., 2007). 

At the nanoscale, materials exhibit unique optical, electronic, and magnetic 

properties not seen at the bulk scale, which makes nanostructures attractive for a wide 

range of application. The combination of these unique properties with the appropriate 

size scale has motivated the introduction of nanostructures into biology. Cells and their 

constituent organelles lie on the sub micron size scale. Further, proteins and 

macromolecules found throughout the cell are on the nanometer size scale ((Hoet et 

al., 2004; Jain et al., 2007). 
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Thus nanoparticles ranging from a few to a hundred nanometers in size become 

ideal as labels and probes for incorporation into biological systems. Tunable surface 

chemistry further facilitates the coating, functionalization, and integration of 

nanoparticles with a host of bimolecular moieties (Fig. 13). This opens the door to a 

wide gamut of applications in molecular biology and biomedicine, such as drug and 

gene delivery, tissue engineering, protein and DNA sensing and detection based 

diagnostics, and biological imaging (Jain et al., 2007). 

 

 

Figure (13): Tumor Targeting with Nanoparticle Drugs (Pridgen et al., 2007). 
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MATERIALS AND METHODS 

A. Materials 

1. Chemicals 

P-coumaric acid (cat#c9008), caffeic acid (cat# 6002) were purchased from Sigma-

Aldrich, zinc chloride product from Techno pharmchem; Bahadurgarh.Haryana 

(INDIA) and sodium hydroxide. 

2. Irradiation 

Whole-body γ-irradiation was performed at the National Centre for Radiation 

Research and Technology (NCRRT), Cairo, Egypt, using a 137Cs Gamma Cell-40 

biological irradiator. Animals were exposed to fractionated doses of γ-radiation, 3Gy 

per week for four week at a dose rate of 0.006 Gy/s. 

3. Animals 

Male adult Wistar albino rats (50–60 days old) weighing 115 ±5 g, were obtained 

from the animal house belonging to the NCRRT, Cairo, Egypt. Animals were kept 

under standard conditions and were allowed free access to a standard requirement diet 

and water. Animals were kept under a controlled lighting condition (light:dark, 13 

h:11 h). The animals’ treatment protocol has been approved by the animal ethics 

committee of the National Center for Radiation Research and Technology, Cairo, 

Egypt. Rats were injected intraperitoneally with ZnCoum.NPs [2U / rats / day (5 

mg/kg)] (Kim et al., 2007), and ZnCaf.NPs [2U / rats / day (15 mg/kg)] (Pari and 

Prasath, 2008). 
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4. Design of the Experimental Work 

Animals were divided into five main groups, each group divided into four 

subgroups according to fractionated doses. 

Group I (24 rats): (Control) Non-irradiated, non-treated normal control rats. 

Group II (24 rats): (ZnCoum.NPs + ZnCaf.NPs) Non-irradiated, rats treated with 

Zinc coumarate nano particles (ZnCoum.NPs) and Zinc caffeiate nano particles 

(ZnCaf.NPs). 

Group III (35 rats): (Irradiated group), Rats were exposed to whole body γ-radiation, 

3Gy every week for four weeks. 

Group IV (24 rats): [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], Rats were injected 

with ZCoNPs + ZCaNPs on seven consecutive days before irradiation, then subjected 

to whole-body gamma radiation 3Gy every week for four weeks, 20 minutes after the 

last dose of ZnCoum.NPs + ZnCaf.NPs injection. 

Group V (24 rats): [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)], Rats were subjected to 

whole-body γ-radiation, 3Gy every week for four weeks, then injected with 

ZnCoum.NPs + ZnCaf.NPs. 

5. Samples Collection 

The animals were sacrificed after 24h from the final irradiation dose. Whole blood 

will be collected by heart puncture after ether anesthesia. The blood was collected in 

heparinized and EDTA tubes for haematological study. Also, the livers of all 

experimental animals were rapidly excised for the histopathological study. 

B. Methods 

1. Preparations and Measurements of Zinc Coumarate Nano Particles and Zinc 

Caffeiate Nano Particles 

a. Preparation of Zinc Coumarate Nano Particles (ZnCoum.NPs): 
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1.2 g of (NaOH) was dissolved in minimum amount of distilled water, and then 

5g of p- coumaric acid was added and the reaction mixture was kept under stirring on 

hot plate to complete the formation of sod.coumarate. 4.1g ZnCl2 was dissolved in 

minimum amount of distilled water, and then added to sod.coumarate to form yellow 

precipitate from zinc coumarate which was isolated by filtration and conditioned by 

washing and drying in an oven. Finally zinc coumarate powder was grinded in ball 

maill (Charkhi et al., 2010), in order to convert it into nano scale material. 

b. Preparation of Zinc Caffeiate Nano Particles (Zn Caf.NPs): 

1.11 g of (NaOH) was dissolved in minimum amount of distilled water, then 5g 

of Caffeic acid was added and the reaction mixture was kept under stirring on hot 

plate to complete formation of sod.caffeiate. 3.78g ZnCl2 was dissolved in minimum 

amount of distilled water, and then added to sod.caffeiate to form yellow precipitate 

from zinc caffeiate which was isolated by filtration and conditioned by washing and 

drying in an oven. Finally zinc caffeiate powder was grinded in ball maill (Charkhi et 

al., 2010), in order to convert it into nano scale material. 

2. Transmission Electron Microscopy (TEM) 

TEM micrograph of the prepared zinc coumarate and zinc caffeiate nano particles 

were measured by using JEOL JEM-1230, 1000 Kv electron microscope. 

3. Body Weight and Morphological State 

The changes in body weight (gm) and morphological state have been recorded for 

all rats weekly throughout the experimental period. 

4. Determination of Complete Blood Count (CBC) 

Complete blood count was determined by (Sachse and Henkel, 1996). They were 

analyzed using the CELL-DYN 1700 (Abbott Diagnostics, Abbott Park, IL, USA) is a 
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multiparameter, automated haematology analyser system capable of producing 22 

haematological parameters including a screening five-part differential.  

5. Liver Function Analysis: 

5.1 Determination of Alanine Aminotransferase (ALT/GPT) in Serum 

Alanine aminotransferase concentration was determined according to the method 

of (Young, 1990). Using ALT kit from spectrum company.  

5.2 Determination of Aspartate Aminotransferase (AST/GOT) in Serum 

Aspartate aminotransferase concentration was determined according to the method 

of (Young, 1990). Using AST Kit from Spectrum Company. 

5.3 Determination of Albumin in Serum 

Albumin concentration was determined according to the method of (Young, 2001). 

Using albumine kit from dimond company. 

6. Kidney Function Analysis:  

6.1 Determination of Creatinine in Serum 

Creatinine concentration was determined according to the method of (Young, 

2001). Using creatinine kit from dimond company. 

6.2 Determination of Urea in Serum 

Urea concentration was determined according to the method of (Tietz, 1990). 

Using urea kit from spectrum company. 

7. Lipid Profile Analysis:  

7.1 Determination of Cholesterol Level in Serum 

Cholesterol concentration was determined according to the method of (Meiattini et 

al., 1978). Using cholesterol kit from spinreact company. 
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7.2 Determination of Cholesterol LDL in Serum 

Low density lipoproteins (LDL) concentration was determined according to the 

method of (NCEPEP, 2001). Using cholesterol LDL kit from bioSystems company. 

7.3 Determination of Triacylglycerols Level in Serum 

Triacylglycerols concentration was determined according to the method of (Bucolo 

and David, 1973). Using triacylglycerols kit from BIOCON diagnostics. 

8. Antioxidant Activity Analysis: 

8.1 Determination of Superoxide Dismutase Activity (SOD) in Blood 

Superoxide dismutase activity is measured in blood according to the method of 

(Minami and Yoshikawa, 1979). 

Principle: 

Superoxide dismutase (SOD) catalyzes the dismutation of the superoxide radical 

(O2
-) into hydrogen peroxide (H2O2) and elemental oxygen (O2). 

       O2
- + 2H                             H2O2 + O2  

Superoxide ions, generated from auto-oxidation of pyrogallol, convert the nitro 

blue tetrazolium chloride (NBT) to NBT-diformazan which absorbs light at 550 nm. 

Superoxide dismutase reduces the superoxide ion concentration thereby lowering 

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

NBT-diformazan is a measure of SOD activity present in samples. 

Reagents: 

 NaCl solution 0.9%. 

 (Ethanol: Chloroform) mixture (2: 1, v/v).  

 Tris cacodylic buffer: prepared by dissolving 1g. sod.cacodylic acid (Sigma) and 

0.1 g diethylene triamine penta acetic acid ( DPTA ) (Sigma) in 100 ml dist. water 

then, PH was adjusted to 8.2 using tris hydroxy methyl pentane. 

 Triton X-100 16 %. 

SOD 
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 NBT 0.98 mmol/L. 

 Pyrogallol solution: (0.9 mmol). 

(a) The stock solution: Pyrogallol powder 11.3 mg was dissolved in 10ml 1M HCl 

and stored at 4oC until use. The stock was stable for at least 3 months. 

(b) The working solution:  The working solution was prepared freshly before use 

by diluting 1 ml of stock solution with 9 ml of dist. water. 

 Stopper solution: Contain 2 M formic acid dissolved in 16% triton X-100. 

Procedure: 

1. In covered polyethylene tubes, the following reagents were applied to the samples: 

 Plasma or Tissue 
homogenate 

Blank 

Sample 0.1 ml _____ 
NaCl solution 0.4 ml _____ 
Dist. Water _____ 0.5 ml 
Ethanol, Chloroform    0.75 ml 0.75 ml 

 

2. Mixture was vigorously mixed then, centrifuged at 10000 r.p.m at 40C for    60 

minutes. 

3. The clear supernatant was transferred to other test tubes then, the following 

reagents were added. 

Supernatant 0.25 ml 0.25 ml 
Cacodylic buffer 0.5 ml 0.5 ml 
Triton 0.1 ml 0.1 ml 
NBT 0.1 ml 0.1 ml 

 
4. The mixture was then incubated at 370C for 5 minutes. 

4. 0.01 ml pyrogallol was applied and left 5 minutes then 0.3 ml stopper solution was 

added. 

5. Absorbance of both sample and blank were measured against buffer at λ 540 nm. 
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Calculation: 

SOD activity was calculated as unit/mL for blood. 

SOD activity (U /ml of reaction mixture) 

        = (A blank -A sample)/ 0.5Ablank 

One unit (50% inhibitory level of the enzyme) corresponds to 7.47 µg/ml of reaction 

mixture of SOD. 

8.2 Determination of Glutathione Content (GSH) Reduced Form) in Blood 

Glutathione was measured according to the colorimetric method of (Beutler et al., 

1963). 

Principle: 

This method is based on spectrophotometric measurement of the yellow color of 2-

nitro-5-thiobenzoic acid which was produced as one product of this reaction: 

Glutathione + 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB)  

                2-nitro-5-thiobenzoic acid + glutathione disulfide (GSSG). 

Reagents: 

 Precipitating solution was prepared as follows: 

1. Ethylene diamine tetra acetic acid (EDTA) (Sigma) 0.2% 

2. Glacial metaphosphoric acid (Sigma) 1.67% 

3. Sodium chloride (NaCl) 30% 

4. Dist. H2O up to 100 ml 

 

 Phosphate buffer (0.3M Na2HPO4) PH 7 

 DTNB (freshly dissolved in 1% sodium citrate) (Sigma)    0.04% 

Procedure: 

1. In clean dry test tubes, the following were added, shaken well and then centrifuged 

at 2000 r.p.m for 10 minutes. 
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Plasma  or Tissue homogenate 0.5 ml 
Dist. Water 0.5 ml 

Precipitating solution 1.5 ml 

 
2. In another tubes 1 ml of clear supernatant was transferred, 4 ml of phosphate buffer 

was added then 0.5 ml of DTNB was applied just before reading. 

3. Blank was prepared as follows: 

Phosphate buffer 4 ml 

Precipitating solution 0.6 ml 

Dist. Water 0.4 ml 

DTNB 0.5 ml 

 
4. The formed yellow color was measured against blank at λ 412 nm. 

Calculation: 

GSH content was calculated as mg/dL for blood or mg/g wet tissue for liver and 

tumor tissues homogenate according to the following equation.  

GSH content = E x (A sample / GSH coefficient factor) x GSH molecular weight 

x dilution factors 

       =   A sample x 310.4  

     E   : Constant correction factor) = 0.542  

     Coefficient factor for GSH=13.6    

     M. wt of GSH= 307 

8.3 Determination of Glutathione Peroxidase Activity (GSH-Px) in Blood 

The activity of GSH-Px is determined by using the method of (Gross et al., 1967; 

Necheles et al., 1968). 
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Principle: 

This method is a linked enzyme reaction in which the oxidized glutathione (GSSG) 

formed by the action of H2O2 and GSH-Px, is converted back to its reduced form in 

the presence of glutathione reductease (GSSG-R) and NADPH. GSH is thus 

maintained at a constant concentration and the reaction is followed by measuring the 

stoichiometric oxidation of NADPH. In this method the amount of residual GSH left 

after exposure to enzyme activity for a fixed time is measured colorimetrically. 

Reagents: 

1- Reduced glutathione (GSH) 0.008 M: 0.245 reduced GSH were dissolved in 

100 ml distilled water. 

2- Sodium azide: 0.03 M. 

3- Ethylene diamine tetra acetic acid (EDTA): 0.009 M. 

4- Hydrogen peroxide (H2O2): 0.018 M freshly prepared. 

5- Precipitating solution: 1.69g glacial metaphosphoric acid, o.2g EDTA and 30 

g sodium chloride were dissolved in 100 ml distilled water. 

6- Phosphate buffer (0.3 M): consists of Na2HPO4 adjusted by Na2HPO4 to pH 

7.4. 

7- 5,5-dthio-bis-2-nitrobenzoic acid reagent (DTNB) (0.03 M) at pH 8; 40 mg of 

DTNB was prepared in 100 ml of 1% sodium citrate solution on the day of 

use. The DTNB solution was maintained at room temperature. 

8- Stock standard of GSH (0.008 M): 100 mg GSH was dissolved in water and 

the volume was made up to 100 ml. The working standard was prepared by 

diluting 5 ml of the stock with 5 ml distilled water. 

Procedure: 

Reagent Blank Sample standard 

Sample _____ 0.5 ml _____ 

Standard _____ _____ 1ml 

Distilled water 0.5 ml _____ _____ 

Reduced GSH 0.5 ml 0.5 ml _____ 
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Sodium Azide 0.5ml 0.5ml _____ 
EDTA 0.5ml 0.5ml _____ 
Tubes were shaken vigorously and incubated at 370c for 10 min. 
H2O2 1 ml  Ml _____ 
Precipitating 
Solution 

3 ml 3 ml _____ 

Allow standing 5 minutes at 40c, then centrifuge. 
Filtrate 1 ml 1 ml _____ 
Phosphate 
Solution 

4 ml 4 ml 4 ml 

DTNB 0.5 ml 0.5 ml 0.5 ml 

The optical density was measured at 412 nmagainst blank using a spectrophotometer. 

Calculation: 

GSH content was calculated as mg/dL for blood or mg/g wet tissue for liver and 

tumor tissues homogenate according to the following equation. GSH-Px activity is 

proportional to the amount of GSH that is cosumed in the reaction: 

Consumed GSH/min/ml blood = 

       A blank – A test                                                               1 
                             x Conc. of standard  x dilution factor x 

     A standard                                                                    10 
 

A standard = absorbance of known glutathione. 

10 = Incubation time 

Dilution factor = 1/0.05 

8.4 Determination of Catalase Activity (CAT) in Plasma 

The assay is based roughly on the method of (Sinha, 1972). 

Principle: 

The dichromate/acetic acid reagent can be thought of as a stop bath for catalase 

activity .As soon as enzyme reaction mixture hits the acetic acid, its activity was 

destroyed; any hydrogen peroxide which hasn’t been split by the catalase will react 
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with the dichromate to give a blue precipitate of perchromic acid .This unstable 

precipitate was then decomposed by heating to give the green solution .This green 

color was measured by spectrophotometer at 570nm.  

Reagent:  

 5% of aqueous solution of potassium dichromate  

 0.2 M hydrogen peroxide  

 Glacial acetic acid  

 0.1M phosphate buffer (Na2HPO4) 

Procedure: 

1. 150 ml of glacial acetic acid was added to 50 ml of 5% aqueous solution of 

potassium dichromate slowly. 

2. 0.2 M of hydrogen peroxide was prepared in 250 ml of 0.1 M phosphate 

buffer. PH 7.0 (Enzymes are generally the most stable in a solution that 

buffered near that of their original environment). 

3. 5 ml of hydrogen peroxide and phosphate buffer was added to 1ml of plasma. 

1ml of mixture was taken. 2ml of dichromate/acetic acid was added to the 

mixture. When a blue color formed, tubes were heated for 10 minutes in a 

boiling water bath to decompose the blue precipitate .This will leave a green a 

solution of chromic acetate. 

4. Solution was cooled to room temp and centrifuged for 10 minute, and the 

absorbance was measured at 570 nm in spectrophotometer. 

Calculation: 

Catalase activity was determined as µmol/ml according to the following 

equation. 

                                 Ab-At                                        1            1 
catalase activity =                 x Conc.of standard x          x 

                             Ab                                            t             n 
Where: At= Absorbance of the test sample  

            Ab= Absorbance of the blank sample 

             n= Dilution factor               t = time of incubation            

Catalase activity is in term of unite of catalase activity that consumed 1µmole of 

H2O2/min. 
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9. Determination of Lipid Peroxidation Level in Serum 

Lipid peroxidation is measured colorimetrically as described by (Yoshioka et al., 

1979).  

Principle: 

This method is based on measurement of malondialdhyde (MDA) as one of the 

main end products of lipid peroxidation by thiobarbituric acid test. 

Reagent  

1. Trichloroacetic acid (TCA) 20% 

2. Thiobarbituric acid (TBA) 0.67% 

3. n-butanol (Analar) 

4. 1,1,3,3-tetra-ethoxypropane (Analar) 

Procedure: 

1- Sample and reagents were added to dry test tubes as follows: 

 Blank Sample 

Sample _____ 0.2ml 

Bi-distilled water 0.2ml _____ 

TCA 1ml 1ml 

TBA 0.4ml 0.4ml 

2- Tubes were vigorously shaken, put in boiling water bath for 30 minutes and then 

rapidly cooled. 

3- 1.6 ml n-butanol was added to both blank and samples then shaken very well till 

pink color was transferred to alcoholic layer completely. 

4- The mixture was centrifuged at 3000 r.p.m for 10 minutes. 

5- The alcoholic layer that contains malondialdehyde (MDA) was taken into separate 

tube and its color intensity was spectrophotometrically detected at 535 nm.  

The standard used in this assay was 10µmol of 1, 1, 3, 3-tetraethoxypropane. 

Calculation: 

Lipid peroxidation content was calculated as mM/dL for blood or mM/g wet tissue 

for liver and tumor tissues homogenate according to the following equation. 
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Lipid peroxidation content (malondialdehyde) =  

         (A test /A standard) x concentration of standard x dilution factor  

= A test x 333.3 µM/ml blood. 

10. Determination of Nitric Oxide in Serum 

Nitric oxide was determined according to the method described by (Miranda et 

al., 2001). 

Principle: 

Nitric oxide is relatively unstable in the presences of molecular oxygen, with an 

apparent half life approximately 3-5 seconds and is rapidly oxidized to nitrate and 

nitrite totally designated as NOx. A high correlation between endogenous nitric oxide 

production and nitrite/nitrate (NOx) levels has been established. The measurement of 

these levels provides a reliable and quantitative estimate of nitric oxide output in vivo. 

The assay determines total nitrite/nitrate level based on the reduction of any 

nitrate to nitrite by vanadium followed by the detection of total nitrite by Griess 

reagent. The Griess reaction entails formation of a chromophore from the 

diazotization of sulfanilamide by acidic nitrite followed by coupling with bicyclic 

amines such as N-(1-naphthyl) ethylendiamine. The chromophoric azo derivative can 

be measured colorimetrically at 540 nm.  

Reagents: 

1. Absolute ethanol. 

2. Vanadium trichloride (VCl3): Saturated solution of VCl3 was prepared by 

dissolving 0.4 g in 50 ml 1M HCl. The blue solution was stored in the dark at 4 oC for 

less than 2 weeks.   

3. Griess reagent: 

a-N-(1-Naphthyl) ethylendiamine dihydrochloride (NEDD): 0.1 %(w/v) in distilled 

water. 

b- Sulfanilamide: 2% (w/v) in 5% HCl (v/v). 

4. Standard nitrate solution. 
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Procedure: 

1. In Eppendorf tube 0.5 cold absolute ethanol was added to 250 µl serum or 

homogenate then left for 48 hours in the refrigerator to attain complete protein 

precipitation followed by centrifugation at 15.000 rpm for 1 hour using cooling 

centrifuge (Megafuge 1.OR, Heraeus, Germany). 

2. To 250 µl of the obtained supernatant, 250 µl VCl3 was added followed by rapid 

addition of 125 µl Sulfanilamide and 125µl NEDD. 

3. The mixture was incubated at 37 oC for 30-45 min than cooled and the absorbance 

of the pink colored chromophore was measured at 540 nm using a double beam 

spectrophotometer (UV-150-02, Shimadzu, Japan) against a blank treated in a similar 

manner to the test. 

4. The standard was treated exactly as the supernatant and measured against a blank 

reagent containing 250 µl distilled water. 

Calculations: 

NO (µM) =   AT / As × n × dilution factor 

Where:    AT: absorbance of the test                     As: absorbance of the standard  

     n: concentration of the standard (µM)              Dilution factor =750/250=3 

11. Determination of Total Free Radicals in Whole Blood 

Total free radicals were determined by the electron spin resonanc etechnique 

(ESR) Electron spin resonance according to (Heckly, 1975). Occurs when a spinning 

electron in an externally applied magnetic field absorbs sufficient electromagnetic 

radiation to cause inversion of electrons spin state (e.g. transfer from ground state to 

excited state). This technique is used to study free radical concentrations in biological 

materials by detecting the molecules with unpaired electrons (free radicals) without 

destroying them. 
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Preparation of Lyophilized Blood Samples for ESR:  

Blood samples were lypophilized in a super modulyo freeze dryer (Edwards 

Vacuum, UK).  

ESR spectrometer: 

ESR or electron paramagnetic resonance (EPR) signals were recorded at room 

temperature by a Bruker EMX spectrometer (X band, Bruker, Germany).  ESR 

detection  limits  (1013  spins/g)  depend  on  the  sample  type,  sample  size,  

detector sensitivity, frequency of incident radiation and electronic circuit of the 

instrument  

Measurement and Analysis of ESR Spectra:  

Samples were inserted into the EPR of quartz tubes and measured at suitable 

instrument parameters.  The  peak  height  of  the  radiation-induced  EPR  signals  

was determined  for  each  sample. The reading intensities were divided by the weight 

of each sample for normalization. To monitor variation in the peak height EPR signals 

as a function of magnetic field, we measured intensities as the distance between top 

and bottom  points  of  the  first  derivative  and  the  reading intensities  were  divided  

by sample weight of each sample for the calculation of normalization values which 

were recorded according to (Gohn, 1986; Pascual., et al 2002). 

12. Determination of DNA Damage in Liver Tissue 

DNA damage was studied by single cell gel electrophoresis (comet assay) by the 

method of (Cerda et al., 1997).  

Reagents: 

All reagents and materials used shall be of recognized analytical grade and water 

shall be distilled. 
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1. Phosphate buffered saline (PBS), pH 7.4 without calcium and magnesium: Dissolve 

8.0 g NaCl, 0.2 g KCl, 3.58 g Na2 HPO4. 12 H2O and 0.24 g KH2 PO4 in 900 ml water 

adjust the pH with a few drops of 1 M HCl and adjust the volume with water to 1000 

ml; the solution should be autoclaved or sterile-filtered. 

2. Coating agarose solution, 0.5% agarose in distilled water: Dissolve 50 mg agarose 

in 10 ml water by boiling or microwaving (no flakes, clear solution), keep the solution 

in a water bath at 450C for precoating the microscope slides. 

3. Casting gel solution, 0.8% agarose in PBS: Dissolve 80 mg agarose (low melting 

temperature agarose, e.g., Sea Plaque GTG, free of DNase, RNase, FMC Bio Products 

(Rockland, USA)) in 10 ml PBS, pH 7.4, by boiling or microwaving. Keep the 

solution in a water bath at 450C, ready to be mixed with the cell suspension and to cast 

the gel on the slides.  

4. Electrophoresis buffer, TBE (45 mM Tris– borate, 1 mM EDTA, pH 8.4): Stock 

solution of 0.5 M EDTA: add 93.05 g ethylene diamine tetra acetic acid, disodium salt 

dehydrate to 300 ml distilled water, mix well, and adjust the pH to 8.0 with 40% 

sodium hydroxide. Make up to 500 ml with distilled water, and autoclave. 

Concentrated stock solution of TBE (5 ×): 54 g  Tris (hydroxy- methyl) 

aminomethane (Tris base), 27.5 g boric acid, 20 ml 0.5 M (EDTA) solution, make up 

to 1000 ml with distilled water. This stock solution can be stored in glass bottles at 

room temperature, discard any batches that develop a precipitate. 

Working solution (0.5 ×): dilute TBE (5×) 1:10 with distilled water. If necessary, 

adjust the pH to 8.4. 

5. Lysis buffer, TBE buffer containing 2.5% SDS: Weigh 25 g 

sodiumdodecylsulphate (SDS) in a graduated cylinder and make up to 1000 ml with 

working solution (0.5×) of electrophoresis buffer (TBE). 
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6. Staining solutions: Several fluorescent dyes are generally used. In this work, 

acridine orange was appliedused. 

a. Acridine orange: Stock solution: 1 mg/ml acridine orange in water. Keep in the 

dark in refrigerator (4–60C). 

Working solution: 5 µg/ml in PBS: 0.5 ml stock solution made up to 100 ml with PBS 

(can be stored at 4–60C) for up to 1 week. 

Apparatus 

Usual laboratory equipment and, in particular, the following: 

1. DNA horizontal submarine electrophoresis chamber. 

2. Power supply. 

3. Stopwatch. 

4. Balance. 

5. Water bath. 

6. Hot plate magnetic stirrer. 

7. Microwave oven. 

8. Automatic pipettes. 

9. Nylon sieve cloth, 100-, 200- and 500-µm pore size. 

10. Microscope slides (76×26 mm) with one frosted end. 

11. Coverslips (24- 60) mm. 

12. Staining jars (Schiefferdecker). 

13. Microscope (in case of DNA silver staining a standard transmission 

microscope can be used), but using fluorescent staining, a microscope with 

epifluorescence illumination is needed, with blue excitation filters for 

acridine orange or green excitation filters for propidium iodide or ethidium 

bromide. 

Procedure 

1. Preparation of single cell suspensions: For a suitable evaluation of 

electrophoresed slides, the distribution of cells in the agarose gel should be 

even and not overlapping each other. If too few cells are present, the amount 

of tissue can be increased, and vice versa. The cell suspensions should be 



___________________________________________________________MATERIALS & METHODS 

56 
 

stored on ice until use and their storage time kept to a minimum. By addition 

of DMSO to a final level of 5–10% as a freeze protectant, the cell suspensions 

can be stored frozen for extended periods. 

2. Animal tissues: Bone marrow. Split the bone (e.g., chicken leg) and transfer 

about 50 mg of bone marrow to a test tube with 3 ml ice-cold PBS. Suspend 

the cells using a glass rod. Filter the cell suspension through nylon sieve cloth 

with a pore size of 100 µm. Keep the filtrate on ice. Muscle tissue. Cut the 

tissue (without visible fat) in thin slices with a scalpel and transfer about 1 g to 

a small beaker with 5 ml ice-cold PBS. Cool the beaker in a larger one with 

crushed ice and stir for 5 min at about 500 rpm. Filter the suspension 

sequentially through 500- and 200-µm nylon sieve cloth. Leave to settle on ice 

for about 5 min. Use the supernatant as cell extract. 

3. Precoating slides: To improve adhesion of the agarose gel to the slide, the 

latter is precoated with a thin agarose layer. Before coating, the slides are 

freed from fat by immersion overnight in methanol, and are let to air dry. 

Precoat the cleaned dust-free slide by spreading one drop(   50 µl) of the 

warm 0.5% coating agarose solution with a second slide across the first slide 

and let air dry for about 30 min. Precoating can also be done by dipping and 

cleaning one side with Kleenex. Coated slides may be stored dust-free for 

several weeks. 

4. Casting the gels: Mix 100 µl cell suspension with about 1 ml warm 0.8% 

casting agarose gel solution, and transfer 100 ml of this mixture on a precoated 

slide and spread it roughly by the pipette tip. Cover immediately with a 

coverslip in such a way that the gel is spread evenly and avoid air bubbles. 

Place the slide on ice for 5 min to solidify the agarose gel. Move the coverslip 
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aside with the tip of a scalpel, and gently slide the slip off the agarose. The gel 

must be even, without bubbles. Several slides can be prepared in parallel using 

the same gel solution. 

5. Lysis of the cells: Since the DNA fragments must be able to migrate out of the 

cells during electrophoresis, the cell membranes have to be permeable. 

Therefore, the lysis of the cells is a necessary prerequisite for the application 

of the comet assay. Immerse the casted slides completely in lysis buffer in a 

staining jar for at least 5 min for animal cells and at least 15 min for plant 

cells. Do not touch the agarose layer. To ensure complete lysis, cells may be 

stained and observed with a microscope: lysed cells will show diffusion of 

DNA out of the cells.  

6. Conditioning: Immerse the slides after lysis in electrophoresis buffer, working 

solution (0.5xTBE) for 5 min. 

7. Electrophoresis: Place the slides in the horizontal electrophoresis chamber side 

by side, avoiding spaces and with the agarose end facing the anode. Fill the 

tank with fresh electrophoresis buffer, working solution (0.5 X TBE) to a level 

approximately 2–4 mm above the slides (do not displace the slides). Conduct 

electrophoresis at room temperature at a potential of 2 V/cm (voltage applied / 

distance between electrodes) for 2.0 min. After the current is switched off, 

remove the slides carefully from the tank, place them on a tray and gently 

wash them with water for 5 min. Let them air dry for about 1 h or dry them in 

a laboratory oven at 40–50 C. 

8. Staining: Staining with fluorescent dyes. The slides must be stained 

immediately prior to observation as the dye fades during storage. Acridine 

orange. Immerse the slides in working solution (5 µg/ml. of acridine orange 
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for 3–5 min. Wash the slides by submerging in water for 0.5–1 min. Before 

viewing with the fluorescence microscope, mount a cover slip on the wet slide 

and blot of excess water. Observe immediately, since drying of the slides 

impairs the view of the cells. Avoid prolonged exposure to light, since fading 

may occur. Over staining may cause a high background fluorescence which 

can be reduced by further washing. 

9. Microscopy: Slides stained with acridine orange. For viewing slides stained 

with acridine orange, a fluorescence microscope with a blue excitation filter 

(460–485 nm) is required. Stained DNA (double stranded) gives a green 

emission, whereas the background and debris appear orange. 

13. Flowcytometric analysis to Determination of T Helper (Th; CD4) Cell and T 

Cytoxic (Tc; CD8) Cell, and Cell Cycle Analysis in Blood Lymphocyte 

13.1 Determination of (Th; CD4) and (Tc; CD8) 

Isolation of lymphocytes: 

Lymphoflot has a higher density than that of platelets, lymphocytes or 

monocytes, but a lower density than that of erythrocytes and granulocytes. Diluted 

blood on to the density gradient (lymphoflot). During the centrifugation process 

which follows, erthrocytes and granulocytes pass through the density gradient 

medium because of their higher density, whereas lymphocytes, platelets and 

monocytes settle above the density gradient on account of their lower. The platelets 

are removed by means of two successive washing procedures (Sirchia et al., 1973; 

Darke and Dyer, 1992). 

1. Mix the anticoagulant- treated (EDTA) or defibrinated blood sample with an 

equal volume of BPS (phosphate buffered salin PH 7.4). 
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2. Place lymphoflot (ficol) at 18- 22cc in a centrifuge tube and layer an equal 

volume of the diluted blood sample on top, ensuring that the blood and 

lymphoflot do not mix. 

3. Centrifuge for 20 min at 1500 rpm without braking.The lymphocytes are 

deposited in awhite band at the interface between plasma and lymphoflot. 

Pipette the band of cells carefully into another centrifuge tube, fill up with 

BPS or hanks solution and mix. 

4. Centrifuge for 10 min at 1800 rpm. Decant the supernatant, resuspend the 

lymphocyte sediment, fill up with PBS or hanks solution and mix. 

5. Centrifuge again for 10 min at 1200 rpm, decant the supernatant.  

Fixation of cells: 

Fixation with ice cold absolute alcohol 1ml for each tube and preserved in +4c 

forever until analysis. 

Staining method: 

This technique is applicable where the fluorochrome is directly linked to the 

primary antibody by FITC conjugates.  

CD4 and CD8 Staining 

CD4 details 

Description: MOUSE ANTI CD4 (aa20-25) FITC. 
Specificity: CD4 (aa 20-25) 
Format: FITC 
Product Type: Monoclonal Antibody. 
Clone: DO-1 
Isotype: IgG2a 
Quantity: 0.1 mg.  
 

CD8 details 

Description: MOUSE ANTI Bcl-2 
Specificity:  CD8 (NOT FOR SALE IN USA) 
Format: Purified. 
Product Type: Monoclonal Antibody. 
Clone: 100 
Isotype: IgG1 
Quantity: 0.1 mg.  



___________________________________________________________MATERIALS & METHODS 

60 
 

1. Prepare cells appropriately. Adjust the cell suspension to a concentration of 

1X 10cell/ml with PBS/BSA buffer (phosphate buffered saline and 1% BSA). 

2. Aliquot 100 ul of cell suspension (whole blood)into as many test tubes as 

required. 

3. Add antibody at the recommended dilution (7ul for each sample) mix well and 

incubate at room for 30 minutes. 

4. Wash cells with 2ml of PBS/BSA centrifuge at 400 for 5 minutes and discard 

the resulting supernatant. 

5. Re suspend cells in 0.2ml of PBS/BSA or with 0.2ml of 0.5% Para 

formaldehyde in PBS/BSA if required. 

6. Acquire data by flow cytometry. 

Instrumentation: 

The flow cytometer used at our hospital is FACS caliber flow cytometer (Becton 

Dickinson , Sunnyvale , CA, USA) equipped with a compact air cooked low power 15 

mwatt argon iron laser beam (488nm).The average number of evaluated nuclei per 

specimen 20.000 and the number of nuclei scanned was 120 per second. DNA 

histogram derived nfrom flow cytometry was obtained with a computer program for 

Dean and Jett mathematical analysis (Dean and Jett 1974). 

Standardization: 

The cell material always contains normal cells, such as leukocytes .These cells 

were regarded as diploid (2c) and used as internal standard. Also, human peripheral 

blood lymphocytes isolated by using ficol-hypaque were used as external standard 

and prepared together with the tumor material. The magnitude of the signal was 

measured by using cell quest TM DNA experiment document users guide (02 – 61539 

– 00) August, 1995 to adjust the slandered diploid peak. 

13.2 Cell Cycle Analysis 

as mention aboveIsolation of lymphocytes:  

as mention aboveFixation of cells:  
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DNA Staining: 

After at least 12 hour of fixation the sample was again centrifuge, excessive 

ethanol was removed (Vindelov, 1977). 

200ul of cell suspension in citrate buffer in a 15 ml tubed (Falcon comp. 2095). 

The solution of propidium iodide was protected against light with tinfoil during 

preparation, storage and the staining procedure. The solution were mixed and the 

sample was filtered through a 30Mm pore diameter nylon mesh filter to eliminate 

nuclear clumps in another 5 ml tube (12x75mm, cat. no.2058, falcon comp). The 

samples were run in the flow cytometry within 1 hour after the addition of propidium 

iodide. 

II. Instrumentation: 

The flow cytometry used at our hospital in FACS caliber flow cytometry (Becton 

Dickinson, Sunnyvale, CA, USA) equipped with a compact air cooked low power 15 

mwat argon ion laser beam (488nm). The average number of evaluated nuclei per 

specimen 20,000 and the number of nuclei scanned was 120 per second. DNA 

histogram derived from flow cytometry was obtained with a computer program for 

Dean and Jett mathematical analysis (Dean and Jett, 1974). 

II. Evaluation of DNA histogram: 

I- Standardization:  

The cell material always contains normal cells, such as leukocytes. These cells 

were regarded as diploid (2c) and used as internal standard. Also; human peripheral 

blood lymphocytes isolated by using ficol-hypaque were used as external standard 

and prepared together with the culture cells. The magnitude of signal was measured 

by using cell quest TM DNA experiment document user’s guide (02 – 61539 – 00). 

August, 1995 to adjust the standard diploid peak. And to analyze the acquisated data 
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by using modfit LT for Macintosh, copyright (1993 – 1996) by verity software house. 

Inc. PoBox 247, To Psham, ME 04086 USA, version: 2.0, power Mac With 

1311072KB Registration No: 42000960827-16193213 (Date made: 16-Sep., 1996). 

II - Ploidy characterization:  

The flow DNA histograms were classified morphologically into diploid and 

aneuploid patterns (Tribukait, 1984). An aneuploid cell population was considered to 

be present if a distinct Peak, in addition to the G1 diploid peak, was found in position 

deviating more than 10% from the diploid internal standard or if G1 itself was 

deviating more than 10%. The degree of diploid of aneuploid cell population was 

calculated by relating the G1 maximum of these cells to the DNA content of diploid 

G1 cells that usually were present. A corresponding G2 + M peak existed at double 

the DNA content of the G1 aneuploid peak. Therefore, to identify Peaks in the 

tetraploid region of the histogram as tetrploid tumor stem line, the proportion of cells 

in this peak must clearly be greater than that of normal human lymphocyte (Ormerod 

et al., 1998).  

Apoptosis will be measure by using the sub G1 Peak staining with propidium 

iodide (Cohen and Al- Rubea, 1995). 

14. Histopathological examination 

Livers of the scarified rats were dissected, removed, and fixed in 10% formalin 

solution. The fixed specimens were then trimmed, washed, and dehydrated in 

ascending grades of alcohol. These specimens were cleared in xylene, embedded in 

paraffin wax, sectioned at 4-6 µ of thickness and stained with hematoxylin and eosin, 

then examined microscopically ( Carleton, 1980). 
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C. Statistical Analysis 

The procedures were performed by using the Statistical Package for the Social 

Sciences (SPSS 17) statistical package (SPSS, Inc., Chicago, IL, USA). 

Descriptive statistics 

Descriptive statistics (arithmetic mean, standard error of the mean) for all groups 

under investigation were according to (Milton et al., 1986) 

A) Arithmetic mean 

    x
n

x     Where x  = arithmetic mean, X= the sum of 

individual observations,   n=number of observations. 
 
B) Standard Deviation (SD): 

 
1

2




 
n

XxSD
 

Where    2Xx  is the sum of square of the difference between each 

observation (x) and the mean value of all observations X , n= number of 

observations  

      D) Student "t" – test  

In order to test the significance of the differences between the mean values of 

any two sets of observations. Student "t" – test was applied  

    
2

2

21

2

1

21

nSDnSD
XXt





 

Where x  is the mean of the first set of observation; x 2 is the mean of the 

second set of observation; SD1 is the standard deviation of the first set of 

observation; SD2 is the standard deviation of the second set of observation, n1 is 

the number of observation of the first set, n2 is the number of observations of the 

second set. 

The results of the "t"- value is then checked on student's "t"-table to find out 

the significance level (p-value) according to the degree of freedom. 

p> 0.05  = Non significant  

p< 0.05  = Significant  

All calculations and data presentations were carried out by the use of the 

software Microsoft Excel V.5 (2007). USA. 
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RRRRESULTS 

1. Transmission electron microscope observations 

From the TEM studies (Fig. 1) represents TEM image of the zinic coumarate nano 

particles ranging from 15-25 nm in diameter and has spherical shape, while (Fig. 2) show 

The TEM image in the case of. zinic caffeiate nano particles in the range of 7-12 nm.  

 

 

 

 

 

 

 

Figure (1): Transmission electron microscope image of the zinic coumarate nano 

particles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Transmission electron microscope image of the zinic Caffeiate nano particles 
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2. Different Effects of (ZnCoum.NPs + ZnCaf.NPs) and Irradiation Doses of γ- 

radiation on Body Weight and Morphological State: 

The changes in body weight and morphological state for all rats were reported weekly 

throughout the experimental period. Table (1), and (Fig. 3, 4, 5, 6, 7, 8) show results of 

the percent of change in the mean body weight and morphological state of rats in each 

treated group as compared to the body weight at the start of the experiment in each group. 

It was obvious that the percent of change in the body weight and morphological state 

of animal treated with (γ-rays) was greatly reduced and deterioration of morphological 

state compared to normal control animals by -12% with a P value ≤ 0.001 at 12 Gy, 

however at 0, 3, 6 Gy a significantly increase was observed by 12.9%, 13.7%, 10.8% 

with a P value ≤ 0.001 and a non significant change at 9 Gy. 

Animals which treated with ZnCoum.NPs + ZnCaf.NPs showed an increase in the 

percent of change in the body weight and good healthy compared to normal group at 9, 

12 Gy by (5.4%, 5.2%, 4.8%) , (5.3%, 4.3%, 5.4%) in (ZnCoum.NPs + ZnCaf.NPs), 

[(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

groups respectively with a P value ≤ 0.001, and  non significant change in [(ZnCoum.NPs 

+ ZnCaf.NPs) + Irradiated], [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] groups at 0, 3, 6 

Gy. 

Also, a significant decrease was observed in (ZnCoum.NPs + ZnCaf.NPs) group by -

3.1% with a P value ≤ 0.040, and non significant change at 3, 6 Gy. Percent of dead of 

the first and second week is taken as ≈ 0% for all groups investigated whilst the third, 

fourth and fifth week is taken as 3, 3, 4 dead rats respectively for irradiated group only. 
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                                                wt at week (n) - wt at week (0) 

Percent of change =                                                                                × 100 

                                                             wt at week (0) 

 

Table (1): Body weight (gm) and lifeless of rats during the whole experimental period. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) + 

Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

1st 

0 Gy 

N 24 24 32 24 24 

 D ---- ---- ---- ---- ---- 

Mean ±SD  111.2 ± 2.9 107.8 ± 1.9 a 125.8 ± 3.5 a 110 ± 2.1 112.5 ± 1.8 

Range 107 - 115 105 - 110 118 - 130 108 - 113 111- 115 

% Change ---- - 3.1 12.9 - 1.1 1.2 

P Value ---- 0.040 0.001 NS NS 

2nd 

3 Gy 

N 24 24 32 24 24 

 D ---- ---- ---- ---- ---- 

Mean ±SD 114.8 ± 1.7 114.2 ± 1.5 130.5 ± 3.2 a 114.8 ± 1.6 116.8 ± 1.7 

Range 112 - 117 112 - 116 125 - 135 113 - 117 114 - 119 

% Change ---- - 0.5 13.7 0 1.7 

P Value ---- NS 0.001 NS NS 

3rd 

6 Gy 

N 18 18 26 18 18 

 D ---- ---- 3 ---- ---- 

Mean ±SD 117.2 ± 1.5 118.5 ± 1 129.9 ± 3.2 a 119 ± 1.1 119 ± 1.1 

Range 115 - 119 117 - 120 123 - 135 117 - 120 117 - 122 

% Change ---- 1.1 10.8 1.5 1.5 

P Value ---- NS 0.001 NS NS 

4th 

9 Gy 

N 12 12 17 12 12 

 D ---- ---- 3 ---- ---- 

Mean ±SD 121.2 ± 2.1 127.8 ± 1.8 a 121.9 ± 1.8 127.5 ± 2.9 a 127 ± 3.5 a 

Range 119 - 125 125 - 130 120 - 125 122 - 130 121 - 131 

% Change ---- 5.4 0.6 5.2 4.8 

P Value ---- 0.001 NS 0.001 0.001 

5th 

12 Gy 

N 6 6 8 6 6 

 D ---- ---- 4 ---- ---- 

Mean ±SD 129.5 ± 1 136.3 ± 3.6 a 114 ± 1.8 a 134.8 ± 3.3 a 136.5 ± 1.8 a 

Range 128 - 131 130 - 139 112 - 116 130 - 139 135 - 139 

% Change ---- 5.3 - 12 4.3 5.4 

P Value ---- 0.001 0.001 0.001 0.001 

(N) Number of live rats          (D) Number of dead rats         (a) Significant 
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Figure (3): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- radiation on 

the body weight (gm) of rats. 

 

 

Figure (4): Effect of ZnCoum.NPs + ZnCaf.NPs on the morphological state of rats in 0 

Gy; (A) control group, (B) (ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) 

[(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + 

ZnCaf.NPs] group. 
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Figure (5): Effect of (ZnCoum.NPs + ZnCaf.NPs) and irradiated doses of γ- radiation 

3Gy on the morphological state of rats; (A) control group, (B) (ZnCoum.NPs + 

ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 

 

 

Figure (6): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

6Gy on the morphological state of rats; (A) control group, (B) (ZnCoum.NPs + 

ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Figure (7): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

9Gy on the morphological state of rats; (A) control group, (B) (ZnCoum.NPs + 

ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 

 

 

Figure (8): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

12Gy on the morphological state of rats; (A) control group, (B) (ZnCoum.NPs + 

ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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3. Different Effects of ZnCoum.NPs + ZnCaf.NPs and Irradiated Doses of γ- 

radiation on Complete Blood Count: 

From Table (2) and (Fig. 9) that showed the different effects on the  hematological 

parameters after exposure of rats to Gamma rays at 3 Gy. The complete blood count level 

in irradiated group was significant increased in WBCs, LYML, Monocyte, Monocyte M, 

GRANG, MCHC, RDW amounting to 23.3%, 58.3%, 37.5%, 78.3%, 2.4%, 16.6%, 17.3% 

with a P value ≤ 0.001, 0.001, 0.014, 0.001 respectively and significant decreased in 

GRANRM, RBCs, HGB, HCT, MCH, PLT amounting to - 48.4%, - 3.9%, - 7.9%, - 16.9%, 

- 18.1%, - 2.3% with a P value ≤ 0.012, 0.001, 0.003, 0.001, 0.001, 0.036 respectively 

and non significant change in LYM RM, MCVFL compared to control normal group. 

Administration of (ZnCoum.NPs + ZnCaf.NPs) in (ZnCoum.NPs + ZnCaf.NPs), 

[(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

groups caused a non significant change in complete blood count level compared to 

control normal group. 

It was obvious from Table (3) and (Fig. 10) that, the complete blood count level in 

irradiated group at 6 Gy was significant decreased in WBCs, LYM RM, LYML, Monocyte, 

Monocyte M, GRANRM, RBCs, HGB, HCT, MCVFL, MCH, MCHC, RDW, PLT 

amounting to - 41.9%, - 67.9%, - 70.9%, - 50%, - 91.3%, - 80%, - 27.5%, - 19.8%, - 

47.6%, - 37.7%, - 24.3%, - 31.8%, - 27%, - 25% respectively with a P value ≤ 0.001 and 

non significant change in GRANG compared to control normal group. Administration of 

(ZnCoum.NPs + ZnCaf.NPs) in (ZnCoum.NPs + ZnCaf.NPs), [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated], [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] groups caused a 

non significant change in complete blood count level compared to control normal group. 
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Table (2): Different effects of ZnCoum.NPs + ZnCaf.NPs and irradiated dose of γ- 

radiation 3Gy on complete blood count. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

WBC 

4.1 - 10.9 

K/uL 

Mean ±SD 8.6 ± 0.2 8.9 ± 0.05 10.6 ± 0.2 a 8.5 ± 0.05 8.5 ± 0.05 

Range 8.4 – 8.7 8.8 – 8.9 10.4 – 10.7 8.4 – 8.5 8.4 – 8.5 

% Change ---- 3.5 23.3 - 1.2 - 1.2 

P Value ---- NS 0.001 NS NS 

LYM 

0.6 – 4.1 

RM 

Mean ±SD 2.6 ± 0.2 2.7 ± 0.8 5.1 ± 1.1 2.6 ± 0.2 2.5 ± 0.6 

Range 2.4 – 2.8 1.7 – 3.9 4.4 – 7.4 2.4 – 2.8 1.4 – 3.4 

% Change ---- 3.8 96.1 0 - 3.8 

P Value ---- NS NS NS NS 

LYM 

10 – 

58.5 %L 

Mean ±SD 48.3 ± 5 44.7 ± 0.4 58.3 ± 1.8 a 47.2 ± 5.9 42.2 ± 7.8 

Range 44.3 - 55 44.3 - 45 55 - 60 40.1 – 54.3 33 – 54.3 

% Change ---- - 7.5 20.7 - 2.3 - 12.6 

P Value ---- NS 0.014 NS NS 

*MID 

(Monocyte) 

0 – 1.0 

Mean ±SD 0.8 ± 0.0 0.8 ± 0.0 1.1 ± 0.5 a 0.8 ± 0.0 0.8 ± 0.5 

Range 0.8 – 0.8 0.8 – 0.8 1 – 1.1 0.8 – 0.8 0.7 – 0.8 

% Change ---- 0 37.5 0 0 

P Value ---- NS 0.001 NS NS 

*MID 

(Monocyte) 

0.1– 

24 %M 

Mean ±SD 6.9 ± 0.06 6.9 ± 0.06 12.3 ± 0.5 a 6.9 ± 0.0 6.8 ± 0.06 

Range 7 - 7 7 - 7 12 - 13 7 - 7 7 - 7 

% Change ---- 0 78.3 0 - 1.4 

P Value ---- NS 0.001 NS NS 

GRAN 

2 – 7.8 RM 

Mean ±SD 3.1 ± 0.8 4.8 ± 1.4 a 1.6 ± 0.2 a 3.5 ± 0.9 4.1 ± 1.1 

Range 2.4 – 4.4 2.5 – 6.5 1.5 – 1.9 2.4 – 4.4 2.4 – 5.5 

% Change ---- 54.8 - 48.4 12.9 32.3 

P Value ---- 0.003 0.012 NS NS 

GRAN 

37 – 92 %G 

Mean ±SD 46 ± 3.6 47.4 ± 22.5 47.1 ± 1.7 a 55.7 ± 7.5 48.9 ± 9.8 

Range 40 - 50 4 – 64.1 1.8 – 5.3 44.1 64.1 40.2 - 66 

% Change ---- 3 2.4 21.1 6.3 

P Value ---- NS 0.001 NS NS 

RBC 

4.20 – 6.30 

M/uL 

Mean ±SD 5.1 ± 0.05 5.3 ± 0.05 a 4.9 ± 0.2 a 5.2 ± 0.05 5.1 ± 0.05 

Range 5 – 5.1 5.2 – 5.3 4.7 - 5 5.1 – 5.2 5 – 5.1 

% Change ---- 3.9 - 3.9 2 0 

P Value ---- 0.001 0.001 NS NS 

HGB 

12 – 18 

g/dL 

Mean ±SD 12.7 ± 0.6 14.1 ± 0.5 a 11.7 ± 0.5 a 13 ± 0.5 12.6 ± 0.6 

Range 12.1 – 13.7 13.7 – 14.9 11 – 12.1 12.6 – 13.6 12.1 – 13.5 

% Change ---- 11 - 7.9 2.4 - 0.8 

P Value ---- 0.001 0.003 NS NS 

HCT 

37 – 51 % 

Mean ±SD 43.9 ± 3.4 43.9 ± 1 36.5 ± 0.7 a 40.6 ± 2.2 a 39.9 ± 2.2 a 

Range 39.7 – 50.1 42.9 – 44.8 35.8 – 37.2 38.7 – 44.8 38.5 – 44.3 

% Change ---- 0 - 16.9 - 7.5 - 9.1 

P Value ---- NS 0.001 0.013 0.004 

MCV 

80 – 97 fL 

Mean ±SD 89.1 ± 0.9 89.5 ±0.9 89.2 ± 0.8 89 ± 0.7 89.1 ± 0.7 

Range 88 – 89. 88.8 – 90.9 88.4 – 89.9 88.4 – 89.9 88.4 – 89.7 

% Change ---- 0.4 0.1 - 0.1 0 
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P Value ---- NS NS NS NS 

MCH 

26 – 32 pg 

Mean ±SD 28.7 ± 0.2 29.2 ± 0.7 23.5 ± 4.3 a 29.3 ± 0.8 29.4 ± 0.8 

Range 28.5 – 28.9 28.5 – 30.1 14.9 – 25.9 28.5 – 30.5 28.5 – 30.6 

% Change ---- 1.7 - 18.1 2.1 2.4 

P Value ---- NS 0.001 NS NS 

MCHC 

31 – 36 

g/dL 

Mean ±SD 33.7 ± 0.4 33.7 ± 0.4 39.3 ± 0.5 a 33.7 ± 0.4 33.7 ± 0.4 

Range 33.3 – 34.1 33.3 – 34.1 38.6 – 39.9 33.3 – 34.1 33.3 – 34.1 

% Change ---- 0 16.6 0 0 

P Value ---- NS 0.001 NS NS 

RDW 

11.5 – 

14.5 % 

Mean ±SD 12.1 ± 0.5 13.1 ± 0.8 17.3 ± 0.4 a 13 ± 0.8 13 ± 0.6 

Range 11.6 – 12.9 11.9 – 13.9 16.9 – 17.6 11.7 – 13.9 11.7 – 13.6 

% Change ---- 8.3 43 7.4 7.4 

P Value ---- 0.012 0.001 0.023 NS 

PLT 

140 – 440 

K/uL 

Mean ±SD 293 ± 6.5 298 ± 1.1 286.3 ± 7.9 a 290 ± 3.3 291 ± 4.4 

Range 287 - 299 297 - 299 277 - 297 287 - 293 287 - 295 

% Change ---- 1.7 - 2.3 - 1 - 0.7 

P Value ---- NS 0.036 NS NS 

 (a) Significant 

 

 

Table (3): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 6Gy on complete blood count level. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) + 

Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

WBC 

4.1 - 10.9 

K/uL 

Mean ±SD 8.6 ± 0.2 8.7 ± 0.2 5 ± 1.3 a 8.6 ± 0.2 8.5 ± 0.1 

Range 8.5 – 8.8 8.4 – 8.9 3.7 – 7.1 8.4 – 8.8 8.4 – 8.7 

% Change ---- 1.2 - 41.9 0 - 1.2 

P Value ---- NS 0.001 NS NS 

LYM 

0.6 – 4.1 

RM 

Mean ±SD 2.8 ± 0.1 3 ± 0.7 0.9 ± 0.3 a 2.7 ± 0.2 2.6 ± 0.2 

Range 2.6 – 2.9 2.4 – 4.5 0.6 – 1.3 2.4 – 2.9 2.4 – 2.8 

% Change ---- 7.1 - 67.9 - 3.6 - 7.1 

P Value ---- NS 0.001 NS NS 

LYM 

10 – 

58.5 %L 

Mean ±SD 45.3 ± 0.8 46.1 ± 4.7 13.2 ± 5.5 a 48.8 ± 4.6 49.5 ± 6 

Range 45 - 47 40.1 – 54.3 7.8 – 18.8 45 - 55 40.1 - 55 

% Change ---- 1.8 - 70.9 7.7 9.3 

P Value ---- NS 0.001 NS NS 

*MID 

(Monocyte) 

0 – 1.0 

Mean ±SD 0.8 ± 0.0 0.8 ± 0.0 0.4 ± 0.2 a 0.8 ± 0.0 0.8 ± 0.0 

Range 0.8 – 0.8 0.8 – 0.8 0.1 – 0.6 0.8 – 0.8 0.8 – 0.8 

% Change 0 0 - 50 0 0 

P Value ---- NS 0.001 NS NS 

*MID 

(Monocyte) 

0.1 – 

24 %M 

Mean ±SD 6.9 ± 0.08 6.9 ± 0.0 0.6 ± 0.2 a 6.9 ± 0.05 6.8 ± 0.0 

Range 7 - 7 7 - 7 0 - 1 7 - 7 7 - 7 

% Change ---- 0 - 91.3 0 - 1.4 

P Value ---- NS 0.001 NS NS 

GRAN Mean ±SD 2.5 ± 0.5 3.9 ± 1.3 a 0.5 ± 0.2 a 3.4 ± 1.3 3.9 ± 1.1 
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2 – 7.8 

RM 

Range 2.4 – 2.5 2.4 – 5.5 0.2 – 0.9 2.4 – 5.5 2.4 – 5.5 

% Change ---- 56 - 80 36 56 

P Value ---- 0.015 0.002 NS NS 

GRAN 

37 – 92 %G 

Mean ±SD 40.1 ± 18.5 51.7 ± 7.5 29 ± 5 39.9 ± 17.9 43.2 ± 20.5 

Range 4.2 – 54.1 44 - 64 22.8 - 33 4.2 – 54.1 4.2 - 64 

% Change ---- 28.9 - 27.7 - 0.5 7.7 

P Value ---- NS NS NS NS 

RBC 

4.20 – 6.30 

M/uL 

Mean ±SD 5.1 ± 0.05 5.2 ±0.08 3.7 ± 0.5 a 5.1 ± 0.08 5.1 ± 0.08 

Range 5.1 – 5.2 5.1 – 5.3 3.8 – 3.9 5 – 5.2 5 – 5.2 

% Change ---- 2 - 27.5 0 0 

P Value ---- NS 0.001 NS NS 

HGB 

12 – 18 

g/dL 

Mean ±SD 13.1 ± 0.8 13.5 ± 0.8 10.5 ± 0.5 a 12.8 ± 0.7 12.7 ± 0.6 

Range 12.1 - 13.7 12.7 – 14.9 9.8 – 10.9 12.1 – 13.7 12.1 – 13.6 

% Change ---- 3.1 - 19.8 - 2.3 - 3.1 

P Value ---- NS 0.001 NS NS 

HCT 

37 – 51 % 

Mean ±SD 41.2 ± 1.4 43.3 ± 3.3 21.6 ± 0.2 a 42.4 ± 1.7 42.4 ± 2.5 

Range 39.7 – 42.9 38.7 - 48 21.3 – 21.7 40.1 – 44.1 38.7 – 44.8 

% Change ---- 5.1 - 47.6 2.9 2.9 

P Value ---- NS 0.001 NS NS 

MCV 

80 – 97 fL 

Mean ±SD 88.5 ± 0.2 88.8 ± 0.6 55.1 ± 0.8 a 89 ± 0.7 89 ± 0.7 

Range 88.4 – 88.8 88.4 – 89.9 54.6 – 56.1 88.4 – 89.9 88.4 – 89.9 

% Change ---- 0.3 - 37.7 0.6 0.6 

P Value ---- NS 0.001 NS NS 

MCH 

26 – 32 pg 

Mean ±SD 28.8 ± 0.5 29.6 ± 1.8 21.8 ± 1 a 28.8 ± 0.4 28.7 ± 0.2 

Range 28.5 – 29.5 28.5 – 33.3 20.5 – 22.4 28.5 – 29.5 28.5 – 28.9 

% Change ---- 2.8 - 24.3 0 - 0.3 

P Value ---- NS 0.001 NS NS 

MCHC 

31 – 36 

g/dL 

Mean ±SD 33.3 ± 0.0 33.5 ± 0.6 22.7 ± 1.7 a 33.6 ± 0.4 33.7 ± 0.4 

Range 33.3 – 33.3 32.6 – 34.1 21 - 25 33.3 – 34.1 33.3 – 34.1 

% Change ---- 0.6 - 31.8 0.9 1.2 

P Value ---- NS 0.001 NS NS 

RDW 

11.5 – 

14.5 % 

Mean ±SD 12.6 ± 0.9 12.8 ± 0.9 9.2 ± 0.4 a 12.4 ± 0.8 12.3 ± 0.6 

Range 11.6 – 13.7 11.7 – 13.9 8.7 – 9.5 11.6 – 13.7 11.6 – 12.9 

% Change ---- 1.6 - 27 - 1.6 - 2.4 

P Value ---- NS 0.001 NS NS 

PLT 

140 – 440 

K/uL 

Mean ±SD 290.3 ± 5.2 293.3 ± 5.3 190.3 ± 40.5 a 292.6 ± 6.3 292 ± 5.9 

Range 297 - 297 287 - 299 166 - 270 187 - 299 287 - 299 

% Change ---- 0.9 - 25 0 0 

P Value ---- NS 0.001 NS NS 

(a) Significant 
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Figure (9): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- radiation 3Gy 

on the level of complete blood count in blood. 
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Figure (10): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

6Gy on the level of complete blood count in blood. 
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Results in Table (4) and ( Fig. 11) showed that high significant decreased in irradiated 

group at 9 Gy in WBCs, LYM RM, LYML, Monocyte, Monocyte M, GRANRM, GRANG, 

RBCs, HGB, HCT, MCVFL, MCH, RDW, PLT amounting to - 81.2%, - 93.1%, - 96%, - 

100%, - 100%, - 91.2%, - 71.7%, - 26%, - 39.5%, - 48.7%, - 34.6%, - 35.8%, - 35.5%, - 

54.4% respectively with a P value ≤ 0.001 and non significant change in MCHC 

compared to control normal group. Administration of ZnCoum.NPs + ZnCaf.NPs in 

(ZnCoum.NPs + ZnCaf.NPs), [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], [Irradiated + 

(ZnCoum.NPs + ZnCaf.NPs)] groups caused a non significant change in complete blood 

count level compared to control normal group. 

It is clear from Table (5) and (Fig. 12) that, the complete blood count level in 

irradiated group at 12 Gy was high significant decreased in WBCs, LYM RM, LYML, 

Monocyte, Monocyte M, GRANRM, GRANG, RBCs, HGB, HCT, MCVFL, MCH, MCHC, 

RDW, PLT amounting to - 85.1%, - 100%, - 100%, - 100%, - 100%, - 100%, - 100%, - 

42.3%, - 66.4%, - 54.8%, - 45.8%, - 48.1%, - 68.5%, - 61.9% respectively with a P value 

≤ 0.001 and significant increased in MCHC amounting to 0.9% with a P value ≤ 0.001 

compared to control normal group. Administration of ZnCoum.NPs + ZnCaf.NPs in 

(ZnCoum.NPs + ZnCaf.NPs), [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] and [Irradiated 

+ (ZnCoum.NPs + ZnCaf.NPs)] groups caused a non significant change in complete 

blood count level compared to control normal group. 
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Table (4): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 9Gy on complete blood count level. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

WBC 

4.1 - 10.9 

K/uL 

Mean ±SD 8.5 ± 0.1 8.6 ± 0.2 1.6 ± 0.4 a 8.7 ± 0.2 8.7 ± 0.3 

Range 8.4 – 8.7 8.4 – 8.9 0.9 – 2.1 8.5 – 8.9 8.4 - 9 

% Change ---- 1.2 - 81.2 0 0 

P Value ---- NS 0.001 NS NS 

LYM 

0.6 – 4.1 

RM 

Mean ±SD 2.7 ± 0.4 2.9 ± 0.5 0.2 ± 0.1 a 2.8 ± 0.1 2.5 ± 0.4 

Range 2.4 – 3.4 2.4 – 3.9 0.1 – 0.4 2.6 – 2.9 1.7 – 2.9 

% Change ---- 7.4 - 93.1 3.7 - 7.4 

P Value ---- NS 0.001 NS NS 

LYM 

10 – 

58.5 %L 

Mean ±SD 47.8 ± 8.6 46 ± 4.7 1.9 ± 1.5 a 45.2 ± 0.9 48.2 ± 5.1 

Range 33 - 55 40.1 – 54.3 0.1 – 4.1 44.3 - 47 44.3 - 55 

% Change ---- 3.8 - 96 - 5.4 0.8 

P Value ---- NS 0.001 NS NS 

*MID 

(Monocyte) 

0 – 1.0 

Mean ±SD 0.8 ± 0.04 0.8 ± 0.0 0 a 0.8 ± 0.0 0.8 ± 0.0 

Range 0.7 – 0.8 0.8 – 0.8 0 0.8 – 0.8 0.8 – 0.8 

% Change ---- 0 - 100 0 0 

P Value ---- NS 0.001 NS NS 

*MID 

(Monocyte) 

0.1 – 

24 %M 

Mean ±SD 6.8 ± 0.0 6.9 ± 0.0 a 0 a 6.7 ± 0.0 a 6.7 ± 0.0 a 

Range 7 - 7 7 - 7 0 7 - 7 7 - 7 

% Change ---- 1.5 - 100 - 1.5 - 1.5 

P Value ---- 0.001 0.001 0.001 0.001 

GRAN 

2 – 7.8 

RM 

Mean ±SD 3.4 ± 0.9 4.8 ± 0.8 a 0.3 ± 0.08 a 3.7 ± 1.3 4 ± 1.5 

Range 2.4 – 4.4 3.5 – 5.5 0.2 – 0.4 2.4 – 5.5 2.4 – 6.5 

% Change ---- 41.2 - 91.2 8.8 17.6 

P Value ---- 0.032 0.001 NS NS 

GRAN 

37 – 92 %G 

Mean ±SD 44.9 ± 1.3 53.4 ± 9.9 12.7 ± 4.1 a 54.1 ± 8.9 a 49.2 ± 8.6 

Range 44 - 47 40.2 – 64.1 10 - 18 44.1 – 64.1 40 - 64 

% Change ---- 18.9 - 71.7 20.5 9.6 

P Value ---- NS 0.001 0.039 NS 

RBC 

4.20 – 6.30 

M/uL 

Mean ±SD 5 ± 0.05 5.2 ± 0.08 a 3.7 ± 0.1 a 5.2 ± 0.08 a 5.2 ± 0.1 a 

Range 5 – 5.1 5.1 – 5.3 3.6 – 3.8 5.1 – 5.3 5 – 5.3 

% Change ---- 4 - 26 4 4 

P Value ---- 0.010 0.001 0.010 0.040 

HGB 

12 – 18 

g/dL 

Mean ±SD 12.4 ± 0.3 a 13.6 ±1.1 a 7.5 ± 0.3 a 13.6 ± 0.9 a 13.2 ± 0.8 

Range 12.1 – 12.7 12.1 – 14.9 7.3 – 7.8 12.1 – 14.7 12.1 – 13.9 

% Change ---- 9.7 - 39.5 9.7 6.5 

P Value ---- 0.009 0.001 0.009 NS 

HCT 

37 – 51 % 

Mean ±SD 42.1 ± 2.7 42.4 ± 2.5 21.6 ± 0.2 a 42.4 ± 1.7 43.9 ± 0.9 

Range 38.5 – 44.8 38.7 – 44.8 21.3 – 21.7 40.1 – 44.8 42.7 – 44.8 

% Change ---- 0.7 - 48.7 0.7 4.3 

P Value ---- NS 0.001 NS NS 

MCV 

80 – 97 fL 

Mean ±SD 89.1 ± 0.8 89 ± 0.7 58.3 ± 1.7 a 88.9 ± 0.6 89.6 ± 0.9 

Range 88.4 – 89.9 88.4 – 89.9 55.1 – 59.4 88.4 – 89.9 88.4 – 90.9 

% Change ---- 0.1 - 34.6 - 0.2 0.6 
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P Value ---- NS 0.001 NS NS 

MCH 

26 – 32 pg 

Mean ±SD 29.3 ± 0.8 28.9 ± 0.6 18.8 ± 2 a 28.9 ± 0.7 29 ± 0.6 

Range 28.5 – 30.6 28.5 - 30 15.5 – 20.5 28.5 – 30.1 28.5 – 30.1 

% Change ---- - 1.4 - 35.8 - 1.4 - 1 

P Value ---- NS 0.001 NS NS 

MCHC 

31 – 36 

g/dL 

Mean ±SD 33.8 ± 0.4 33.6 ± 0.4 34.6 ± 1.5 33.4 ± 0.3 33.8 ± 0.4 

Range 33.3 – 34.1 33.3 – 34.1 33.6 – 36 .6 33.3 – 34.1 33.3 – 34.1 

% Change ---- - 0.6 2.4 - 1.2 0 

P Value ---- NS NS NS NS 

RDW 

11.5-14.5 % 

Mean ±SD 12.4 ± 0.8 12.8 ± 0.7 8 ± 2.4 a 12.7 ± 0.7 12.5 ± 0.9 

Range 11.6 – 13.6 11.7 – 13.9 3.2 – 9.7 11.9 – 13.7 11.6 – 13.9 

% Change ---- 3.2 - 35.5 2.4 0.8 

P Value ---- NS 0.001 NS NS 

PLT 

140 – 440 

K/uL 

Mean ±SD 277.7 ± 40.9 293.3 ± 5.3 126.5 ± 6.3 a 294 ± 5.5 296.6 ±4.8 

Range 195 - 299 287 - 299 117 - 137 287 - 299 287 - 299 

% Change ---- 5.6 - 54.4 5.9 6.8 

P Value ---- NS 0.001 NS NS 

(a) Significant  

 

 

Table (5): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 12Gy on complete blood count level. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs + 

ZnCaf.NPs)] 

WBC 

4.1 - 10.9 

K/uL 

Mean ±SD 8.7 ± 0.2 8.7 ± 0.2 1.3 ± 0.2 a 8.5 ± 0.05 a 8.4 ± 0.05 a 

Range 8.4 – 8.9 8.5 – 8.9 1.1 – 1.5 8.4 – 8.5 8.4 – 8.5 

% Change ---- 0 - 85.1 - 2.3 - 3.4 

P Value ---- NS 0.001 0.025 0.016 

LYM 

0.6 – 4.1 

RM 

Mean ±SD 2.9 ± 0.5 2.8 ± 0.1 0 a 2.7 ± 0.4 2.3 ± 0.5 a 

Range 2.4 – 3.9 2.6 – 2.9 0 2.4 – 3.4 1.4 – 2.8 

% Change ---- - 3.4 - 100 - 6.9 - 20.7 

P Value ---- NS 0.001 NS 0.013 

LYM 

10 – 

58.5 %L 

Mean ±SD 44 ± 1.9 45.2 ± 0.9 0 a 49.5 ± 5.3 a 43 ± 7.3 

Range 40.1 - 45 44.3 - 47 0 44 – 54.3 33 – 54.3 

% Change ---- 2.7 - 100 12.5 - 2.3 

P Value ---- NS 0.001 0.037 NS 

*MID 

(Monocyte) 

0 – 1.0 

Mean ±SD 0.8 ± 0.0 0.8 ± 0.0 0 a 0.8 ± 0.0 0.8 ± 0.05 a 

Range 0.8 – 0.8 0.8 – 0.8 0 0.8 – 0.8 0.7 – 0.8 

% Change ---- 0 - 100 0 0 

P Value ---- NS 0.001 NS 0.025 

*MID 

(Monocyte) 

0.1 – 

24 %M 

Mean ±SD 6.9 ± 0.0 6.9 ± 0.0 0 a 6.9 ± 0.0 6.8 ± 0.0 a 

Range 7 - 7 7 - 7 0 7 - 7 7 - 7 

% Change ---- 0 - 100 0 - 1.4 

P Value ---- NS 0.001 NS 0.001 

GRAN 

2 – 7.8 

Mean ±SD 4 ± 1.4 3.7 ± 1.3 0 a 3.5 ±0.9 4 ± 1.1 

Range 2.4 – 5.5 2.4 – 5.5 0 2.4 – 4.4 2.4 – 5.5 
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RM % Change ---- - 7.5 - 100 - 12.5 0 

P Value ---- NS 0.001 NS NS 

GRAN 

37 – 

92 %G 

Mean ±SD 50.7 ±  5.2 52.4 ±7.5 0 a 52.4 ± 9.8 52.6 ± 7.5 

Range 44 – 54.1 44.1 - 64 0 44 – 64.1 44 – 64 

% Change ---- 3.4 - 100 3.4 3.7 

P Value ---- NS 0.001 NS NS 

RBC 

4.20 – 6.30 

M/uL 

Mean ±SD 5.2 ± 0.08 5.2 ± 0.08 3 ± 0.05 a 5.1 ± 0.08 5.1 ± 0.09 

Range 5.1 – 5.3 5.1 – 5.3 2.6 – 3.7 5 – 5.2 5 – 5.2 

%Change ---- 0 - 42.3 - 1.9 - 1.9 

P Value ---- NS 0.001 NS NS 

HGB 

12 – 18 

g/dL 

Mean ±SD 13.7 ± 0.7 13.6 ± 0.8 4.6 ± 0.8 a 12.7 ± 0.5 a 12.9 ± 0.6 a 

Range 12.7 – 14.9 12.1 – 14.7 4.1 – 5.8 12.1 – 13.6 12.1 – 13.6 

% Change ---- - 0.7 - 66.4 - 7.3 - 5.8 

P Value ---- NS 0.001 0.019 0.043 

HCT 

37 – 51 % 

Mean ±SD 41.6 ± 2.3 42.4 ± 1.7 18.8 ± 1.7 a 40.4 ± 2.3 41.1 ± 2.7 

Range 38.7 – 44.8 40.1 – 44.8 17.9 – 21.3 38.5 – 44.8 38.7 – 44.8 

% Change ---- 1.9 - 54.8 - 2.9 - 1.2 

P Value ---- NS 0.001 NS NS 

MCV 

80 – 97 fL 

Mean ±SD 89 ± 0.7 88.9 ± 0.6 48.2 ± 4.9 a 89 ± 0.7 89.2 ± 0.7 

Range 88.4 – 89.9 88.4 – 89.9 45.6 – 55.6 88.4 – 89.9 88.4 – 89.9 

% Change ---- - 0.1 - 45.8 0 0.2 

P Value ---- NS 0.001 NS NS 

MCH 

26 – 32 pg 

Mean ±SD 29.3 ± 0.7 28.9 ± 0.7 15.2 ± 1.8 a 29.5 ± 0.9 29.1 ± 0.6 

Range 28.5 - 30 28.5 – 30.1 12.5 – 16.1 28.5 – 30.6 28.5 – 29.9 

% Change ---- - 1.4 - 48.1 0.7 - 0.7 

P Value ---- NS 0.001 NS NS 

MCHC 

31 – 36 

g/dL 

Mean ±SD 33.6 ± 0.4 33.4 ± 0.3 38.9 ± 1.6 a 33.7 ± 0.4 33.8 ± 0.4 

Range 33.3 – 34.1 33.3 – 34.1 36.6 – 39.7 33.3 – 34.1 33.3 – 34.1 

% Change ---- - 0.6 0.9 0.3 0.6 

P Value ---- NS 0.001 NS NS 

RDW 

11.5 – 

14.5 % 

Mean ±SD 13 ± 1 12.7 ± 0.7 4.1 ± 2.7 a 13.1 ± 0.4 12.6 ± 0.8 

Range 11.7 – 13.9 11.9 – 13.7 1.7 – 7.9 12.7 – 13.7 11.7 – 13.9 

% Change ---- - 2.3 - 68.5 0.8 - 3.1 

P Value ---- NS 0.001 NS NS 

PLT 

140 – 440 

K/uL 

Mean ±SD 293.3 ± 5.3 294 ± 5.5 111.8 ± 6.5 a 290.3 ± 3.7 291.7 ± 3.7 

Range 287 - 299 287 - 299 102 - 115 287 - 295 287 - 295 

% Change ---- 0.2 - 61.9 - 1 - 0.5 

P Value ---- NS 0.001 NS NS 

(a) Significant 
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Figure (11): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

9Gy on the level of complete blood count in blood. 
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Figure (12): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

12Gy on the level of complete blood count in blood. 
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4. Different Effects of (ZnCoum.NPs + ZnCaf.NPs) and Irradiated Doses of γ- 

radiation on ALT, AST and Albumin Level in Serum: 

As shown in Table (7, 8, 9) and (Fig. 14, 15, 16) significantly increased in ALT 

activity in irradiated group with a P value ≤ 0.001 amounting to 73.2%, 194.4%, 278.3% 

compared to normal control and non significant change in Table (6) and (Fig. 13). A 

decrease significant was observed in ALT activity after administration with ZnCoum.NPs 

+ ZnCaf.NPs in (ZnCoum.NPs + ZnCaf.NPs) group at 3, 6 Gy by (-13.1%, - 14.4%) with 

a P value ≤ 0.002, 0.028 respectively, in [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] and 

[Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] groups at 3 Gy by (-9.3%, - 8.4%) with a P 

value ≤ 0.018, 0.045 respectively as compared with normal and irradiated group. It is 

clear from Table (6, 7, 8, 9) and (Fig. 13, 14, 15, 16), non significant change for all 

groups at 3 Gy, and significant increase in AST activity in irradiated group was observed 

at 6, 9 and 12 Gy compared to normal control amounting to (92.4%, 157.9%, 221.6%) 

respectively with a P value ≤ 0.001. A significant decrease was observed in AST activity 

after injected with ZnCoum.NPs + ZnCaf.NPs in (ZnCoum.NPs + ZnCaf.NPs) group by - 

13% with a P value ≤ 0.001, and non significant change in [(ZnCoum.NPs + ZnCaf.NPs) 

+ Irradiated], [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. It was obvious from 

Table (6, 7, 8 and 9) and (Fig. 11, 12, 13 and 14), a non significant change in ALb level 

for all groups at 3 Gy and at 6, 9 and 12 Gy in (ZnCoum.NPs + ZnCaf.NPs), 

[(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

groups compared with normal group. Also, it is obvious that blood ALb was markedly 

increased in irradiated group at 6, 9 and 12 Gy amounting to (21.4%, 22%, 46.3%) 

respectively with a P value ≤ 0.001. 
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Table (6): Different effects of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- 

radiation 3Gy on ALT, AST and Albumin level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) + 

Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

ALT 

(GPT)  Up 

to 12 U/L 

Mean ±SD 10.7 ± 0.8 9.3 ± 0.5 a 11.6 ± 0.8 9.7 ± 0.6 a 9.8 ± 0.8 a 

Range 10 - 12 9 - 10 10 - 12 9 - 10 9 - 11 

% Change ---- -13.1 8.4 - 9.3 - 8.4 

P Value ---- 0.002 NS 0.018 0.045 

AST 

(GOT)  

Up to 12 

U/L 

Mean ±SD 9.7 ± 0.5 9.2 ± 0.4 10.5 ± 1.4 9.3 ± 0.5 9.7 ± 1.5 

Range 9 - 10 9 - 10 9 - 12 9 - 10 9 - 10 

% Change ---- - 5.2 8.2 - 4.1 0 

P Value ---- NS NS NS NS 

Albumine 

3.5 - 5 

g/dL 

Mean ±SD 4.2 ± 0.1 4.2 ± 0.1 4.2 ± 0.1 4.2 ±0.2 4.2 ± 0.1 

Range 4 - 4.4 4 - 4.4 4.1 - 4.3 4.1 - 4.4 4.1 - 4.3 

% Change ---- 0 0 0 0 

P Value ---- NS NS NS NS 

(a) Significant 

 

 

Table (7): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 6Gy on ALT, AST and Albumin level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs  

+ ZnCaf.NPs)] 

ALT 

(GPT)  Up 

to 12 U/L 

Mean ±SD 9. 7 ± 0.4 a 8.3 ± 0.2 a 16.8 ± 0.7 a 8.5 ± 0.2 8.7 ± 0.3 

Range 8 - 11 8 - 9 14 - 18 8 - 9 8 - 10 

% Change ---- -14.4 73.2 - 12.4 - 10.3 

P Value ---- 0.028 0.001 NS NS 

AST 

(GOT)  

Up to 12 

U/L 

Mean ±SD 9.2 ± 0.4 8 ± 0.6 a 17.7 ± 0.5 a 8.5 ± 1.1 8.7 ± 1.2 

Range 9 - 10 7 - 9 17 - 18 7 - 10 8 - 11 

% Change ---- - 13 92.4 - 7.6 - 5.4 

P Value ---- 0.022 0.001 NS NS 

Albumine 

3.5 - 5 

g/dL 

Mean ±SD 4.2 ± 0.1 4.1 ± 0.1 5.1 ± 0.2 4.1 ± 0.1 4.2 ± 0.1 

Range 4.1 – 4.3 4.1 – 4.2 4.9 – 5.3 4.1 – 4.2 4.1 – 4.3 

% Change ---- - 2.4 21.4 - 2.4 0 

P Value ---- NS 0.001 NS NS 

(a) Significant 
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Figure (13): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated d doses of γ- radiation 

3Gy on the level of ALT, AST and Albumin in serum; (A) control group, (B) 

(ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Figure (14): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

6Gy on the level of ALT, AST and Albumin in serum; (A) control group, (B) 

(ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Table (8): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 9Gy on ALT, AST and Albumin level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs  

+ ZnCaf.NPs)] 

ALT 

(GPT)  Up 

to 12 U/L 

Mean ±SD 9 ± 0.9 8.2 ± 0.8 26.5 ± 1.5 a 8.5 ± 1.4 8.8 ± 1.2 

Range 8 - 10 7 - 9 24 - 28 7 - 11 8 - 11 

% Change ---- - 8.9 194.4 - 5.6 - 2.2 

P Value ---- NS 0.001 NS NS 

AST 

(GOT)  

Up to 12 

U/L 

Mean ±SD 9.5 ± 1.4 8.3 ± 0.9 24.5 ± 1.6 a 8.7 ± 1.2 9 ± 1.3 

Range 8 - 11 8 - 10 22 - 26 8 - 11 8 - 11 

% Change ---- - 12.6 157.9 - 8.4 - 5.3 

P Value ---- NS 0.001 NS NS 

Albumine 

3.5 - 5 

g/dL 

Mean ±SD 4.1 ± 0.1 4.1 ± 0.1 5  ± 0.3 a 4.1 ± 0.1 4.1 ± 0.1 

Range 4 – 4.2 4 – 4.1 5.3 – 5.8 4 – 4.2 4 – 4.2 

% Change ---- 0 22 0 0 

P Value ---- NS 0.001 NS NS 

(a) Significant 

 

 

Table (9): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 12Gy on ALT, AST and Albumin level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

ALT 

(GPT)  Up 

to 12 U/L 

Mean ±SD 9.2 ± 0.8 8.2 ± 0.4 34.8 ± 2.1 a 8.3 ± 0.5 8.5 ± 0.6 

Range 8 - 10 8 - 9 32 - 37 8 - 9 8 - 9 

% Change ---- - 10.9 278.3 - 9.8 - 7.6 

P Value ---- NS 0.001 NS NS 

AST 

(GOT)  

Up to 12 

U/L 

Mean ±SD 10.2 ±1.5 9 ± 0.9 32.8 ± 3.8 a 9.3 ± 1.6 9.8 ± 1.4 

Range 8 - 12 8 - 10 30 - 38 8 - 12 8 - 11 

% Change ---- - 11.8 221.6 - 8.8 - 3.9 

P Value ---- NS 0.001 NS NS 

Albumine 

3.5 - 5 

g/dL 

Mean ±SD 4.1 ± 0.1 4 ± 0.1 6 ± 0.1 a 4.1 ± 0.1 4.1 ± 0.1 

Range 4 – 4.2 4 – 4.1 5.9 – 6.1 4 – 4.1 4 – 4.2 

% Change ---- - 2.4 46.3 0 0 

P Value ---- NS 0.001 NS NS 

(a) Significant 
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Figure (15): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

9Gy on the level of ALT, AST and Albumin in serum; (A) control group, (B) 

(ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Figure (16): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

12Gy on the level of ALT, AST and Albumin in serum; (A) control group, (B) 

(ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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5. Different Effects of ZnCoum.NPs + ZnCaf.NPs and Irradiated Doses of γ- 

radiation on Creatinine and Urea Level in Serum: 

It was obvious from Table (10, 11, 12 and 13) and (Fig. 17, 18, 19 and 20) that a non 

significant change in Creatinine level for all groups at 3 Gy. Also, it is obvious that blood 

Creatinine was markedly increased in irradiated group at 6, 9, 12 Gy amounting to 36.4%, 

70%, 120% with a P value ≤ 0.001. Administration of ZnCoum.NPs + ZnCaf.NPs in 

(ZnCoum.NPs + ZnCaf.NPs) groups caused significant decreased at 6, 9 Gy by -18.2%, -

20% respectively with a P value ≤ 0.013, 0.011, and in [(ZnCoum.NPs + ZnCaf.NPs) + 

Irradiated], [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] groups significant decreased at 12 

Gy by -20%, -10% with a P value ≤ 0.006, 0.037 respectively compared with normal and 

irradiated group. 

Results in Table (10, 11, 12 and 13) and (Fig. 17, 18, 19 and 20) showed that a non 

significant change in Urea level in all groups at 3 Gy and it is obvious that serum Urea in 

irradiated group was significant increased by 31.1%, 109.7%, 203% at 6, 9, 12 Gy as 

compared to normal control with a P value ≤ 0.001respectively. Administration by 

ZnCoum.NPs + ZnCaf.NPs in (ZnCoum.NPs + ZnCaf.NPs), [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated], [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] groups caused a 

non significant change in Urea level compared to normal and irradiated group. 
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Table (10): Different effects of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- 

radiation 3Gy on creatinine and urea level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Ceratinine 

0.7 - 1.4 

mg/dL 

Mean ±SD 1.1 ± 0.1 0.9 ± 0.1 1 ± 0.1 1 ± 0.1 1 ± 0.1 

Range 0.9 – 1.2 0.9 – 1.1 0.9 – 1.1 0.9 – 1.1 0.9 – 1.1 

% Change ---- - 18.2 - 9.1 - 9.1 - 9.1 

P Value ---- NS NS NS NS 

Urea 

15 - 50 

mg/dL 

Mean ±SD 32 ± 3.8 30.8 ± 1.2 32.8 ± 4.6 31 ± 1.3 31.7 ± 2 

Range 28 - 39 30 - 33 27 - 39 30 - 33 30 - 35 

% Change ---- - 3.8 25 - 3.1 - 0.9 

P Value ---- NS NS NS NS 

(a) Significant 

 

 

Table (11): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 6Gy on Creatinine and urea level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) + 

Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Ceratinine 

0.7 - 1.4 

mg/dL 

Mean ±SD 1.1 ± 0.1 0.9 ± 0.1 a 1.5 ± 0.1 a 1.1 ± 0.1 1.1 ± 0.1 

Range 1 – 1.2 0.8 – 1.1 1.5 – 1.7 0.9 – 1.1 0.9 – 1.1 

% Change ---- - 18.2 36.4 0 0 

P Value ---- 0.013 0.001 NS NS 

Urea 

15 - 50 

mg/dL 

Mean ±SD 31.8 ± 4.3 29.7 ± 1.9 41.7 ± 2.2 a 30.2 ± 1.7 30.7 ± 2.4 

Range 28 - 39 26 - 31 39 - 45 28 - 33 28 - 35 

% Change ---- -6.6 31.1 - 5 - 3.5 

P Value ---- NS 0.001 NS NS 

(a) Significant 
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Figure (17): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- radiation 

3Gy on the level of creatinine and urea in Serum; (A) control group, (B) (ZnCoum.NPs + 

ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Figure (18): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

6Gy on the level of creatinine and urea in serum; (A) control group, (B) (ZnCoum.NPs + 

ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Table (12): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 9Gy on creatinine and urea level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Ceratinine 

0.7 - 1.4 

mg/dL 

Mean ±SD 1 ± 0.1 0.9 ± 0.08 1.7 ± 0.1 a 0.9 ± 0.1 0.9 ± 0.1 

Range 0.9 – 1.2 0.8 - 1 1.5 – 1.9 0.8 – 1.1 0.8 – 1.2 

% Change ---- - 10 70 - 10 - 10 

P Value ---- NS 0.001 NS NS 

Urea 

15 - 50 

mg/dL 

Mean ±SD 26.8 ± 2.8 23.2 ± 4.4 56.2 ± 4.2 a 24.2 ±1.5 24.5 ± 1.4 

Range 22 - 30 17 - 30 49 - 60 22 - 26 22 - 26 

% Change ---- - 13.4 109.7 - 9.7 - 8.6 

P Value ---- NS 0.001 NS NS 

(a) Significant 

 

  

 

Table (13): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated Doses of γ- 

radiation 12Gy on creatinine and urea level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Ceratinine 

0.7 - 1.4 

mg/dL 

Mean ±SD 1 ± 0.2 0.8 ± 0.1 a 2.2 ± 0.1 a 0.8 ± 0.1 a 0.9 ±0.1 a 

Range 0.8 – 1.2 0.8 – 0.9 2.1 – 2.2 0.7 - 1 0.8 - 1 

% Change ---- - 20 120 - 20 - 10 

P Value ---- 0.011 0.001 0.006 0.037 

Urea 

15 - 50 

mg/dL 

Mean ±SD 23.2 ± 3.1 21.3 ± 1.2 70.3 ± 1.3 a 22.2 ± 1 22.3 ± 0.9 

Range 20 - 28 20 - 23 69 - 72 21 - 24 21 - 23 

% Change ---- - 8.2 203 - 4.3 - 3.9 

P Value ---- NS 0.001 NS NS 

(a) Significant 
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Figure (19): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated dose of γ- radiation 

9Gy on the level of creatinine and urea in Serum; (A) control group, (B) (ZnCoum.NPs + 

ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Figure (20): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

12Gy on the level of creatinine and urea in serum; (A) control group, (B) (ZnCoum.NPs 

+ ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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6. Different Effects of ZnCoum.NPs + ZnCaf.NPs and Irradiated Doses of γ- 

radiation on Cholesterol, Cholesterol LDL and Triglyceride Level in Serum: 

It is clear from Table (14) and (Fig. 21) that a non significant change for all groups 

in cholesterol and cholesterol LDL, while the significant decrease show in triglyceride in 

irradiated group by -13.2% with a P value ≤ 0.002 compared to normal group. 

In Table (15) and (Fig. 22) showed that significant increase in cholesterol and  

cholesterol LDL level in irradiated groups amounting to (17.5%, 24.8%) respectively 

with a P value ≤ 0.001. while a significant decrease was observed in triglyceride by -

45.3% with a P value ≤ 0.001, and non significant change in other groups compared to 

normal control. 

Results in Table (16, 17) and (Fig. 23, 24) showed that a non significant change in 

(ZnCoum.NPs + ZnCaf.NPs), [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], [Irradiated + 

(ZnCoum.NPs + ZnCaf.NPs)] group compared to normal control. While a significant 

increase was observed in irradiated group in cholesterol, cholesterol LDL level, at 9, 12 

Gy by (19.5%, 63.7%), (26.2%, 119.5%) respectively with a P value ≤ 0.001, and 

significant decrease in triglyceride by -64.9%, -79.6% with a P value ≤ 0.001compared 

with normal control. 
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Table (14): Different effects of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- 

radiation 3Gy on cholesterol, cholesterol LDL and triglyceride level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Cholesterol 

140 - 200 

mg/dL 

Mean ±SD 156.3 ± 3.5 155.3 ± 2.5 156.2 ± 3.4 155.7 ± 3.4 155.8 ± 4.5 

Range 150 - 160 153 - 160 152 - 160 150 - 159 150 - 162 

% Change ---- - 0.6 - 0.06 - 0.4 - 0.3 

P Value ---- NS NS NS NS 

Cholesterol 

LDL 

Up to 100 

mg/dL 

Mean ±SD 80.5 ± 1.8 79.2 ± 1.7 80.3 ± 2.9 79.3 ± 3.2 79.5 ± 1.6 

Range 79 - 84 77 - 81 77 - 85 75 - 85 77 - 81 

% Change ---- - 1.6 - 0.2 - 1.5 - 1.2 

P Value ---- NS NS NS NS 

Triglyceride 

60 - 140 

mg/dL 

Mean ±SD 80.3 ± 5.9 75.3 ± 4.6 69.7 ± 5.9 a 76.2 ± 3.9 76.7 ± 6.2 

Range 70 - 86 70 - 81 64 - 81 70 - 80 70 - 87 

% Change ---- - 6.2 - 13.2 - 5.1 - 4.5 

P Value ---- NS 0.002 NS NS 

(a) Significant 

 

Table (15): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 6Gy on cholesterol, cholesterol LDL and triglyceride level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Cholesterol 

140 - 200 

mg/dL 

Mean ±SD 160.3 ± 2.5 158.7 ± 4.1 188.3 ± 4.3 a 159.3 ± 4 159.7 ± 4.5 

Range 158 - 165 150 - 161 180 - 192 153 - 165 151 - 164 

% Change ---- - 1 17.5 - 0.6 - 0.4 

P Value ---- NS 0.001 NS NS 

Cholesterol 

LDL 

Up to 100 

mg/dL 

Mean ±SD 74.7 ± 3.7 72.8 ± 3.3 93.2 ± 2.7 a 73.2 ± 2.9 73.3 ± 2.7 

Range 70 - 80 70 - 79 89 - 96 70 - 77 70 - 77 

% Change ---- - 2.5 24.8 - 2 - 1.9 

P Value ---- NS 0.001 NS NS 

Triglyceride 

60 - 140 

mg/dL 

Mean ±SD 88.3 ± 7 86.8 ± 7.3 48.3 ± 3.1 a 87.8 ± 3.6 88.2 ± 6.3 

Range 80 - 96 79 - 99 44 - 52 84 - 94 80 - 99 

% Change ---- - 1.7 - 45.3 - 0.6 - 0.1 

P Value ---- NS 0.001 NS NS 

(a) Significant 
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Figure (21): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- radiation 

3Gy on the level of cholesterol, cholesterol LDL and triglyceride in serum; (A) control 

group, (B) (ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs 

+ ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Figure (22): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated dose of γ- radiation 

6Gy on the level of cholesterol, cholesterol LDL and triglyceride in serum; (A) control 

group, (B) (ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs 

+ ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Table (16): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 9Gy on cholesterol, cholesterol LDL and triglyceride level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Cholesterol 

140 - 200 

mg/dL 

Mean ±SD 168.3 ± 3.5 167.3 ± 3.1 201.2 ± 2.6 a 168.2 ± 3.7 168.7 ± 5.1 

Range 165 - 175 163 - 170 198 - 205 163 - 172 163 - 177 

% Change ---- - 0.6 19.5 - 0.06 0.2 

P Value ---- NS 0.001 NS NS 

Cholesterol 

LDL 

Up to 100 

mg/dL 

Mean ±SD 66.7 ± 4.1 61.7 ± 1.9 109.2 ± 10.3 a 62.8 ± 2.5 63.8 ± 2.1 

Range 60 - 70 60 - 65 98 - 122 60 – 66 60 - 66 

% Change ---- - 7.5 63.7 - 6.1 - 4.6 

P Value ---- NS 0.001 NS NS 

Triglyceride 

60 - 140 

mg/dL 

Mean ±SD 93.5 ± 6.1 90.3 ± 6 32.8 ± 4.1 a 91.2 ± 4.7 91.7 ± 4.2 

Range 86 - 100 83 - 99 29 - 40 85 - 99 86 - 99 

% Change ---- - 3.4 - 64.9 - 2.5 - 1.9 

P Value ---- NS 0.001 NS NS 

(a) Significant 

 

Table (17): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 12Gy on cholesterol, cholesterol LDL and triglyceride level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Cholesterol 

140 - 200 

mg/dL 

Mean ±SD 172.3 ± 4.1 167.8 ± 4.9 217.5 ± 5.2 a 169.2 ± 3.4 169.7 ± 5.1 

Range 168 - 179 161 - 172 210 - 222 164 - 174 161 - 174 

% Change ---- - 2.6 26.2 - 1.8 - 1.5 

P Value ---- NS 0.001 NS NS 

Cholesterol 

LDL 

Up to 100 

mg/dL 

Mean ±SD 58 ± 3.1 52 ± 4.4 a 127.3 ± 2.2 a 54.3 ± 3.7 55.2 ± 4.2 

Range 55 - 63 50 - 61 125 - 130 50 - 60 51` - 61 

% Change ---- - 10.3 119.5 - 6.4 - 4.8 

P Value ---- 0.011 0.001 NS NS 

Triglyceride 

60 - 140 

mg/dL 

Mean ±SD 94.8 ± 4.9 91.7 ± 4.2 19.3 ± 2.2 a 92.7 ± 7.7 92.8 ± 6.1 

Range 87 - 100 89 - 100 17 - 22 80 - 100 86 - 99 

% Change ---- - 3.3 - 79.6 - 2.2 - 2.1 

P Value ---- NS 0.001 NS NS 

(a) Significant 
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Figure (23): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

9Gy on the level of cholesterol, cholesterol LDL and triglyceride in serum; (A) control 

group, (B) (ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs 

+ ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Figure (24): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

12Gy on the level of cholesterol, cholesterol LDL and triglyceride in serum; (A) control 

group, (B) (ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs 

+ ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 



_____________________________________________________________________________RESULTS 

95 

 

7. Different Effects of ZnCoum.NPs + ZnCaf.NPs and Irradiated Doses of γ- radiation 

on Superoxide Dismutase Activity (SOD), Glutathione Content (GSH), Glutathione 

Peroxidase Activity (GSH-Px) in Blood and Catalase Activity (CAT) in Plasma: 

From Table (18) and (Fig. 25) it is obvious that a non significant change in SOD 

level for all groups. Also in Table (19, 20, 21) and (Fig. 26, 27, 28) it was obvious that, 

blood SOD was significant decreased in irradiated group amounting to (-13%, - 40%, -

79.1%) with a P value ≤ 0.014, 0.005, 0.001 respectively compared to normal group. 

However administration of ZnCoum.NPs + ZnCaf.NPs caused non significant change at 

6 Gy, while at 9, 12 Gy it was caused significant increased in (ZnCoum.NPs + 

ZnCaf.NPs) group by 8%, 25.6% with a P value ≤ 0.021, 0.024 respectively as compared 

with normal group. However at 9, 12 Gy, it was obvious that, non significant change in 

[(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

groups. Result in Table (18) and (Fig. 23) it was obvious that, a non significant change in 

GSH level for all groups. Also in Table (19, 20, 21) and (Fig. 26, 27, 28) it was obvious 

that, blood GSH was highly significant decreased in irradiated group compared to normal 

group amounting to (-34.2%, -47.2%, -71.9%) respectively with a P value ≤ 

0.001.However administration with ZnCoum.NPs + ZnCaf.NPs in (ZnCoum.NPs + 

ZnCaf.NPs), [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], [Irradiated + (ZnCoum.NPs + 

ZnCaf.NPs)] groups caused a significant increased of GSH level at 6 Gy by (11.2%, 9%, 

6.8%) respectively as compared with normal group with a P value ≤ 0.001, and non 

significant change for [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], [Irradiated + 

(ZnCoum.NPs + ZnCaf.NPs)] groups at 9, 12 Gy, while the significant increase was 

observed in (ZnCoum.NPs + ZnCaf.NPs) groups by (7%, 7.5%) respectively with a P 

value ≤ 0.003, 0.037 as compared with control group. 
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Result in Table (18) and (Fig. 25) showed that a non significant change in GSHPx 

level for all groups. Also in Table (19, 20, 21) and (Fig. 26, 27, 28) it was obvious that, 

blood GSHPx was highly significant decreased in irradiated group amounting to (-22.9%, 

-50%, -73.2%) with a P value ≤ 0.001. However administration by ZnCoum.NPs + 

ZnCaf.NPs in (ZnCoum.NPs + ZnCaf.NPs), [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], 

[Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] groups caused significant increased of 

GSHPx at 6 Gy by (10.4%, 10.4%, 4.2%) respectively with a P value ≤ 0.001, 0.001, 

0.038. At 9, 12 Gy the non significant change was observed in [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated], [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] groups, while the 

significant increase was observed in (ZnCoum.NPs + ZnCaf.NPs) groups by 5%, 5.6% 

with a P value ≤ 0.001 compared with normal group. 

It was obvious from Table (18) and (Fig. 25) that a non significant change in CAT 

level for all groups. Also in Table (19, 20, 21) and (Fig. 26, 27, 28) it was obvious that, 

blood CAT was markedly decreased in irradiated group amounting to (-17.2%, -21.1%, -

31%) with a P value ≤ 0.001 compared with normal group. However administration by 

ZnCoum.NPs + ZnCaf.NPs in (ZnCoum.NPs + ZnCaf.NPs), [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated], [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] groups caused a 

significant increased in CAT level at 6, 9 Gy with (8.6%, 8.6%, 6.9%), (24.6%, 10.5%, 

10.5%) respectively as compared with control group with a P value ≤ 0.001. While at 12 

Gy a significant increased was observed only in (ZnCoum.NPs + ZnCaf.NPs), 

[(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] groups by (22.4%, 10.3%) respectively with a 

P value ≤ 0.001 and non significant change observed in [Irradiated + (ZnCoum.NPs + 

ZnCaf.NPs)] groups compared to normal group. 
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Table (18): Different effects of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- 

radiation 3Gy on SOD, GSH, GSHPx and CAT level. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

SOD 

µg/ml 

mixture 

Mean ±SD 3.1 ± 0.3 3.3 ± 0.1 2.7 ± 0.3 3.2 ± 0.2 3.1 ± 0.4 

Range 2.5 – 3.4 3 – 3.4 2.3 – 3.1 2.7 – 3.4 2.3 – 3.4 

% Change ---- 6.5 19.4 3.2 0 

P Value ---- NS NS NS NS 

GSH 

mg/mol 

Mean ±SD 21.2 ± 2.7 22.5 ± 2.3 21.2 ± 0.8 22 ± 1.2 22.1 ±1 

Range 18 .6 – 26.2 19.7 – 25.6 20.5 – 22.3 19.9 – 23.7 20.6 – 23.2 

% Change ---- 6.1 0 3.7 4.2 

P Value ---- NS NS NS NS 

GSHPx 

min/ml 

Mean ±SD 3.7 ± 0.5 3.9 ± 0.3 3.9 ± 0.4 3.9 ± 0.3 3.9 ± 0.3 

Range 3.3 – 4.6 3.5 – 4.5 3.3– 4.7 3.6 – 4.3 3.6 – 4.4 

% Change ---- 5.4 5.4 5.4 5.4 

P Value ---- NS NS NS NS 

CAT 

µ mol/ml 

Mean ±SD 4.9 ± 0.2 5.1 ± 0.2 5 ± 0.1 5 ± 0.2 5 ± 0.2 

Range 4.5 - 5 4.8 – 5.2 4.8 – 5.2 4.7 – 5.3 4.7 – 5.1 

% Change ---- 4.1 2 2 2 

P Value ---- NS NS NS NS 

(a) Significant 

 

Table (19): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 6Gy on SOD, GSH, GSHPx and CAT level. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

SOD 

µg/ml 

mixture 

Mean ±SD 2.3 ± 0.3 2.5 ± 0.2 2 ± 0.4 a 2.4 ± 0.2 2.4 ± 0.2 

Range 2 – 2.6 2.2 – 2.7 1.5 – 2.6 2.2 – 2.7 2.1 – 2.7 

% Change ---- 8.7 - 13 4.3 4.3 

P Value ---- NS 0.014 NS NS 

GSH 

mg/mol 

Mean ±SD 27.8 ± 0.4 30.9 ± 1.4 a 18.3 ± 0.4 a 30.3 ± 1.3 a 29.7 ± 0.5 a 

Range 27.4 – 28.5 28.7 – 32.2 17.6 – 18.9 28.7 – 31.6 29 – 30.4 

% Change ---- 11.2 - 34.2 9 6.8 

P Value ---- 0.001 0.001 0.001 0.001 

GSHPx 

min/ml 

Mean ±SD 4.8 ± 0.09 5.3 ± 0.2 a 3.7 ± 0.2 a 5.3 ± 0.2 a 5 ± 0.2 a 

Range 4.7 - 5 5 – 5.5 3.5 - 4 5 – 5.4 4.6 – 5.3 

% Change ---- 10.4 - 22.9 10.4 4.2 

P Value ---- 0.001 0.001 0.001 0.038 

CAT 

µ mol/ml 

Mean ±SD 5.8 ± 0.4 6.3 ± 0.1 a 4.8 ± 0.1 a 6.3 ± 0.1 a 6.2 ± 0.3 a 

Range 5.3 – 6.2 6.2 – 6.4 4.7 – 4.9 6.2 – 6.3 6.1 – 6.2 

% Change ---- 8.6 - 17.2 8.6 6.9 

P Value ---- 0.001 0.001 0.001 0.001 

(a) Significant 
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Figure (25): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated dose of γ- radiation 3Gy 

on the level of SOD, GSH, GSHPx and CAT; (A) control group, (B) (ZnCoum.NPs + 

ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Figure (26): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

6Gy on the level of SOD, GSH, GSHPx and CAT; (A) control group, (B) (ZnCoum.NPs 

+ ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Table (20): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 9Gy on SOD, GSH, GSHPx and CAT level. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

SOD 

µg/ml 

mixture 

Mean ±SD 2.5 ± 0.1 2.7 ± 0.2 a 1.5 ± 0.3 a 2.5 ± 0.4 2.4 ± 0.6 

Range 2 – 2.3 2.6 - 3 1 – 1.9 1.9 - 3 1.8 - 3 

% Change ---- 8 - 40 0 - 4 

P Value ---- 0.021 0.005 NS NS 

GSH 

mg/mol 

Mean ±SD 34.1 ± 2.4 36.5 ± 0.8 a 18 ± 0.8 a 35.1 ± 0.5 34.3 ± 0.7 

Range 30 – 36.8 35.6 – 37.8 17.5 – 19.5 34.2 – 35.7 33.3 – 35.3 

% Change ---- 7 - 47.2 2.9 0.6 

P Value ---- 0.003 0.001 NS NS 

GSHPx 

min/ml 

Mean ±SD 6 ± 0.3 6.3 ± 0.2 a 3 ± 0.2 a 6.1 ± 0.06 6 ± 0.08 

Range 5.5 – 6.3 6.2 – 6.6 2.8 – 3.3 6 – 6.2 5.9 – 6.2 

% Change ---- 5 - 50 1.7 0 

P Value ---- 0.002 0.001 NS NS 

CAT 

µ mol/ml 

Mean ±SD 5.7 ± 0.3 7.1 ± 0.3 a 4.5 ± 0.4 a 6.3 ± 0. 4 a 6.3 ± 0.1 a 

Range 5.4 – 6.1 7 – 7.1 4.5 – 4.6 6.3 – 6.4 6.2 – 6.3 

% Change ---- 24.6 - 21.1 10.5 10.5 

P Value ---- 0.001 0.001 0.001 0.001 

(a) Significant 

 

Table (21): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 12Gy on SOD, GSH, GSHPx and CAT level. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) + 

Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

SOD 

µg/ml 

mixture 

Mean ±SD 4.3 ± 1.3 5.4 ± 0.4 a 0.9 ± 0.3 a 4.7 ± 0.7 4.6 ± 0.7 

Range 2.7 – 5.9 4.8 - 6 0.7 – 1.4 3.9 – 5.7 3.9 – 5.7 

% Change ---- 25.6 - 79.1 9.3 7 

P Value ---- 0.024 0.001 NS NS 

GSH 

mg/mol 

Mean ±SD 38.5 ± 1.8 41.4 ± 3.1 a 10.8 ± 0.6 a 39.4 ± 2.7 39.1 ± 1.5 

Range 36 - 40 36 - 45 10.3 – 11.5 36 – 42.4 36 – 39.9 

% Change ---- 7.5 - 71.9 2.3 1.6 

P Value ---- 0.037 0.001 NS NS 

GSHPx 

min/ml 

Mean ±SD 7.1 ± 0.2 7.5 ± 0.2 a 1.9 ± 0.1 a 7.2 ± 0.2 7.2 ± 0.2 

Range 6.9 – 7.3 7.3 – 7.8 1.9 - 2 7 – 7.5 7 – 7.6 

% Change ---- 5.6 - 73.2 1.4 1.4 

P Value ---- 0.006 0.001 NS NS 

CAT 

µ mol/ml 

Mean ±SD 5.8 ± 0.2 7.1 ± 0.2 a 4 ± 0.2 a 6.4 ± 0.1 a 6 ± 0.5 

Range 5.5 - 6 7 – 7.1 3.8 – 4.2 6.3 – 6.7 5.5 – 6.4 

% Change ---- 22.4 - 31 10.3 3.4 

P Value ---- 0.001 0.001 0.001 NS 

(a) Significant 
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Figure (27): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

9Gy on the level of SOD, GSH, GSHPx and CAT; (A) control group, (B) (ZnCoum.NPs 

+ ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Figure (28): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

12Gy on the level of SOD, GSH, GSHPx and CAT; (A) control group, (B) (ZnCoum.NPs 

+ ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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8. Different Effects of (ZnCoum.NPs + ZnCaf.NPs) and Irradiated Doses of γ- 

radiation on Lipid Peroxidation and Nitric Oxide Level in Serum:  

It was obvious from Table (22, 23, 24, 25) and (Fig. 29, 30, 31, 32) that lipid 

peroxidation level in irradiated group was significantly increased by 9.1 %, 36.8%, 

55.6%, 76.5% respectively as compared to normal control with a P value ≤ 0.001. 

Administration by ZnCoum.NPs + ZnCaf.NPs caused a significant decrease in lipid 

peroxidation level only in (ZnCoum.NPs + ZnCaf.NPs) group at 3 Gy compared to 

normal group amounting to -9.1% with a P value ≤ 0.016 and non significant change 

observed in other groups during experimental period. 

Results in Table (22) and (Fig. 29) showed that the significant decrease in nitric 

oxide level was observed in (ZnCoum.NPs + ZnCaf.NPs) group by -7.6% with a P value 

≤ 0.009, and non significant change in other group. In Table (23, 24, 25) and (Fig. 30, 31, 

32) the significant increased was observed in irradiated group by 3.7%, 11.2%, 8.9% with 

a P value ≤ 0.001 compared to control group. Administration by ZnCoum.NPs + 

ZnCaf.NPs in (ZnCoum.NPs + ZnCaf.NPs), [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], 

[Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] groups caused a significant decrease in nitric 

oxide level compared to normal group amounting to (- 5.3%, - 13.5%, - 11.4%), (- 4.8%, 

- 13.5%, - 12.3%), (- 4.2%, - 13%, - 12.3%) respectively with a P value ≤ 0.001. 
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Table (22): Different effects of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- 

radiation 3Gy on lipid peroxidation and nitric oxide level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

LP 

mM/L 

Mean ±SD 2.2 ± 0.1 2 ± 0.1 a 2.4 ± 0.1 a 2.1 ± 0.1 2.1 ± 0.1 

Range 2 – 2.3 2 – 2.1 2.3 – 2.4 2 – 2.3 2 – 2.3 

% Change ---- - 9.1 9.1 - 4.5 - 4.5 

P Value ---- 0.016 0.001 NS NS 

NO 

µ 

mol/L 

Mean ±SD 18.4 ± 0.1 17 ±1.9 a 18.5 ± 0.1 17.7 ± 0.2 17.8 ± 0.2 

Range 18.3 – 18.6 13.1 - 18 18.3 – 18.6 17.5 - 18 17.4 – 17.9 

% Change ---- - 7.6 0.5 - 3.8 - 3.3 

P Value ---- 0.009 NS NS NS 

(a) Significant 

 

 

 

Table (23): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 6Gy on lipid peroxidation and nitric oxide level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

LP 

mM/L 

Mean ±SD 1.9 ± 0.5 1.9 ± 0.1 2.6 ± 0.1 a 1.9 ± 0.1 1.9 ± 0.1 

Range 1 – 2.3 1.7 - 2 2.5 – 2.7 1.7 - 2 1.7 - 2 

% Change ---- 0 36.8 0 0 

P Value ---- NS 0.001 NS NS 

NO 

µ 

mol/L 

Mean ±SD 18.9 ± 0.1 17.9 ± 0.1 a 19.6 ± 0.3 a 18 ± 0.1 a 18.1 ± 0.1 a 

Range 18.7 - 19 17.8 – 18.1 19 – 19.8 17.9 – 18.2 18 – 18.2 

% Change ---- - 5.3 3.7 - 4.8 - 4.2 

P Value ---- 0.001 0.001 0.001 0.001 

(a) Significant 
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Figure (29): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- radiation 

3Gy on the level of lipid peroxidation and nitric oxide in serum; (A) control group, (B) 

(ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Figure (30): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

6Gy on the level of lipid peroxidation and nitric oxide in serum; (A) control group, (B) 

(ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group.
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Table (24): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 9Gy on lipid peroxidation and nitric oxide level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

LP 

mM/L 

Mean ±SD 1.8 ± 0.2 1.7 ± 0.03 2.8 ± 0.1 a 1.8 ± 0.06 1.9 ± 0.06 

Range 1.6 - 2 1.7 – 1.7 1.7 - 3 1.7 – 1.9 1.7 – 1.9 

% Change ---- - 5.6 55.6 0 5.6 

P Value ---- NS 0.001 NS NS 

NO 

µ 

mol/L 

Mean ±SD 21.5 ± 0.2 18.6 ± 0.1 a 23.9 ± 0.3 a 18.6 ± 0.1 a 18.7 ± 0.1 a 

Range 21.2 – 21.7 18.4 – 18.7 23.5 – 24.2 18.5 – 18.8 18.5 – 18.8 

% Change ---- - 13.5 11.2 - 13.5 - 13 

P Value ---- 0.001 0.001 0.001 0.001 

(a) Significant 

 

 

 

Table (25): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 12Gy on lipid peroxidation and nitric oxide level in serum. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) + 

Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

LP 

mM/L 

Mean ±SD 1.7 ± 0.2 1.6 ± 0.1 3 ± 0.09 a 1.6 ± 0.1 1.7 ± 0.1 

Range 1.6 - 2 1.3 – 1.8 3 – 3.2 1.4 – 1.7 1.4 – 1.7 

% Change ---- - 5.9 76.5 - 5.9 0 

P Value ---- NS 0.001 NS NS 

NO 

µ 

mol/L 

Mean ±SD 23.6 ± 0.2 20.9 ± 0.3 a 27.3 ± 1.2 a 20.7 ± 0.8 a 20.7 ± 0.9 a 

Range 23.3 – 23.8 20.6 – 21.2 25.7 – 28.4 19 – 21.3 19 – 21.3 

% Change ---- 11.4 8.9 - 12.3 - 12.3 

P Value ---- 0.001 0.001 0.001 0.001 

(a) Significant 
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Figure (31): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

9Gy on the level of lipid peroxidation and nitric oxide in serum; (A) control group, (B) 

(ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Figure (32): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

12Gy on the level of lipid peroxidation and nitric oxide in serum; (A) control group, (B) 

(ZnCoum.NPs + ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group.
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9. Different Effects of ZnCoum.NPs + ZnCaf.NPs and Irradiated Doses of γ- 

radiation on Total Free Radicals concentrate in Blood: 

Result in Table (26) and (Fig. 33, 34, 35 and 36) showed that a non significant 

change in total free radicals concentrate in irradiated group at 3 Gy irradiated doses. At 6, 

9, 12 Gy obvious that high significant increased in irradiated group by (137.5%, 344.4%, 

754.2%) with a P value ≤ 0.001. While the administration by ZnCoum.NPs + ZnCaf.NPs 

in (ZnCoum.NPs + ZnCaf.NPs), [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], [Irradiated 

+ (ZnCoum.NPs + ZnCaf.NPs)] groups caused s a non significant change in total free 

radicals concentrate in all groups at different irradiated doses compared to normal group. 

 

Table (26): Different effects of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- 

radiation on total free radicals concentrate in blood. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

TFRC 

(Radicals/g) 

×10
17

 

At 3 Gy 

Mean ±SD 0.36 ± 0.01 0.35 ± 0.01  0.37 ± 0.03  0.34 ± 0.02 0.36 ± 0.02 

Range 0.33 – 0.39 0.318 – 0.37 0.33 – 0.39 0.33 – 0.37 0.33 – 0.38 

% Change ---- -2.8 2.8 -5.6 0 

P Value ---- NS NS NS NS 

TFRC 

(Radicals/g) 

×10
17

 

At 6 Gy 

Mean ±SD 0.40 ± 0.01 0.40 ± 0.01 0.95 ± 0.04 a 0.40 ± 0.01 0.41 ± 0.01 

Range 0.39 – 0.42 0.39 – 0.41 0.92 – 0.99 0.39 – 0.41 0.39 – 0.41 

% Change ---- 0 137.5 0 2.5 

P Value ---- NS 0.001 NS NS 

TFRC 

(Radicals/g) 

×10
17

 

At 9 Gy 

Mean ±SD 0.45 ± 0.03 0.40 ± 0.02 2 ± 0.1 a 0.40 ± 0.03 0.40 ± 0.03 

Range 0.42 – 0.49 0.40 – 0.43 1.9 – 2.1 0.40 – 0.46 0.41 – 0.48 

% Change ---- -11.1 344.4 -11.1 -11.1 

P Value ---- NS 0.001 NS NS 

TFRC 

(Radicals/g) 

×10
17

 

At 12 Gy 

Mean ±SD 0.48 ± 0.01 0.44 ± 0.01 4.1 ± 0.3 a 0.47 ± 0.02 0.47 ± 0.02 

Range 0.47 – 0.49 0.43 – 0.46 3.8 – 4.3 0.44 – 0.48 0.44 – 0.49 

% Change ---- -8.3 754.2 -2.1 -2.1 

P Value ---- NS 0.001 NS NS 

(a) Significant 
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Figure (33): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- radiation 

3Gy on the level of total free radicals in blood. 

 

 
 

Figure (34): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

6Gy on the level of total free radicals in blood. 
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Figure (35): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

9Gy on the level of total free radicals in blood. 

 

 
 

Figure (36): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

12Gy on the level of total free radicals in blood. 
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10. Different Effects of ZnCoum.NPs + ZnCaf.NPs and Irradiated Doses of γ- 

radiation on DNA Fragmentation Level in Liver: 

Results of the standard alkaline comet assay are presented in the Table (27, 28, 29, 

30) and (Fig. 37, 38, 39, 40) showed the changes in the levels of DNA damage (tail 

length, % DNA in tail, tail moment, olive tail moment) in normal, γ-irradiated,  

(ZnCoum.NPs + ZnCaf.NPs), [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] and [Irradiated 

+ (ZnCoum.NPs + ZnCaf.NPs)] groups. Also, a non significant change for all groups 

observed during exposed to 3 Gy. 

 

Table (27): Different effects of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- 

radiation 3Gy on DNA fragmentation level in liver. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) + 

Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Tail 

Length 

(µm) 

Mean ±SD 0 0 1.3 ± 2.3 0 0 

Range 0 0 0 - 4 0 0 

% Change ---- 0 0 0 0 

P Value ---- NS NS NS NS 

%DNA 

in Tail 

Mean ±SD 0.8 ±  1.3 0.8 ±  1.3 1.4 ± 0.7 0.8 ±  1.3 1.1 ± 1.1 

Range 0.03 – 2.2 0.03 – 2.2 1 – 2.2 0.03 – 2.2 0.01 – 2.2 

% Change ---- 0 75 0 37.5 

P Value ---- NS NS NS NS 

Tail 

Moment 

Mean ±SD 0 0 0.003 ± 

0.005 

0 0 

Range 0 0 0 – 0.009 0 0 

% Change ---- 0 0.3 0 0 

P Value ---- NS NS NS NS 

Olive 

Moment 

Mean ±SD 0.007 ± 0.01 0.007 ± 0.01 0.02 ± 0.01 0.007 ± 0.01 0.02 ± 0.01 

Range 0 – 0.01 0 – 0.02 0 – 0.0005 0 – 0.02 0 – 0.02 

% Change ---- 0 185.7 0 185.7 

P Value ---- NS NS NS NS 

(a) Significant 
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At (6, 9 and 12 Gy) in  irradiated group, there was a significant increase in the levels 

of tail length, %DNA in tail, tail moment, olive tail moment amounting to (2450%, 

10650%, 70%, 10900), (6400%, 600%, 390%, 49900%) and (28066%, 287.5%, 19900%, 

250%) respectively with a P value ≤ (0.001, 0.012, 0.001, 0.003), (0.001) and (0.001, 

0.007, 0.001, 0.001) respectively compared with normal group. However, administration 

pre and post treatment and treated only with ZnCoum.NPs + ZnCaf.NPs was observed a 

non significant change for all groups and were brought down to as normal in compared to 

irradiated and normal group at (6, 9 and 12 Gy). 

 

Table (28): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 6Gy on DNA fragmentation level in liver. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Tail 

Length 

(µm) 

Mean ±SD 0 0 24.5 ± 11.5 

a 

0 0 

Range 0 0 13 - 36 0 0 

% Change ---- 0 2450 0 0 

P Value ---- NS 0.001 NS NS 

%DNA 

in Tail 

Mean ±SD 0.04 ± 0.02 0.04 ± 0.008 4.3 ± 3.1 a 0.04 ± 0.01 0.05 ± 0.02 

Range 0.03 – 0.05 0.03 – 0.05 1.2 – 7.4 0.03 – 0.06 0.03 – 0.06 

% Change ---- 0 10650 0 25 

P Value ---- NS 0.012 NS NS 

Tail 

Moment 

Mean ±SD 0 0 0.7 ± 0.3 a 0 0 

Range 0 0 0.4 - 1 0 0 

% Change ---- 0 70 0 0 

P Value ---- NS 0.001 NS NS 

Olive 

Moment 

Mean ±SD 0.01 ± 0.01 0.007 ± 0.01 1.1 ± 0.8 a 0.007 ± 0.01 0.01 ± 0.01 

Range 0 – 0.2 0 – 0.2 0.3 – 1.9 0 – 0.2 0 – 0.2 

% Change ---- - 30 10900 - 30 0 

P Value ---- NS 0.003 NS NS 

(a) Significant 
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Figure (37): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- radiation 

3Gy on the level of DNA fragmentation in liver; (A) control group, (B) (ZnCoum.NPs + 

ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 

 

 

Figure (38): Effect of ZCoNPs+ZCaNPs and fractionated doses of γ- radiation 6Gy on 

the level of DNA fragmentation in liver; (A) control group, (B) (ZnCoum.NPs + 

ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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Table (29): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 9Gy on DNA fragmentation level in liver. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Tail 

Length 

(µm) 

Mean ±SD 0 0 64 ± 2 a 0 0 

Range 0 0 62 - 66 0 0 

% Change ---- 0 6400 0 0 

P Value ---- NS 0.001 NS NS 

%DNA 

in Tail 

Mean ±SD 0.4 ±  0.6 0.4 ± 0.5 6 ± 3 a 0.4 ± 0.6 0.4 ± 0.6 

Range 0.03 – 1.1 0.05 - 1 3 - 9 0.03 - 1 0.03 - 1 

% Change ---- 0 600 0 0 

P Value ---- NS 0.001 NS NS 

Tail 

Moment 

Mean ±SD 0 0 3.9 ± 2 a 0 0 

Range 0 0 1.9 – 5.9 0 0 

% Change ---- 0 390 0 0 

P Value ---- NS 0.001 NS NS 

Olive 

Moment 

Mean ±SD 0.007 ± 0.01 0.0002 ± 0.0003 3.5 ± 1.6 a 0 0.01 ± 0.01 

Range 0 – 0.02 0 – 0.2 1.9 - 5 0 0 – 0.02 

% Change ---- - 97 49900 - 100 42.9 

P Value ---- NS 0.001 NS NS 

(a) Significant 

 

Table (30): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 12Gy on DNA fragmentation level in liver. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Tail 

Length 

(µm) 

Mean ±SD 0.3 ± 0.6  0 84.5 ± 4.5 a 0.3 ± 0.6 0.3 ± 0.6 

Range 0 - 1 0 80 - 89 0 - 1 0 - 1 

% Change ---- - 100 28066 0 0 

P Value ---- NS 0.001 NS NS 

%DNA 

in Tail 

Mean ±SD 0.8 ± 1.3  0.04 ± 0.004 3.1 ± 1.3 a 0.04 ± 0.007 0.04 ± 0.006 

Range 0.03 – 2.2 0.04 – 0.05 1.7 – 4.4 0.03 – 0.05 0.03 – 0.05 

% Change ---- - 95 287.5 - 95 - 95 

P Value ---- NS 0.007 NS NS 

Tail 

Moment 

Mean ±SD 0 0 2.5 ± 1 a 0 0 

Range 0 0 – 0.0005 1.5 – 3.5 0 – 0.0007 0 – 0.0007 

% Change ---- 0 250 0 0 

P Value ---- NS 0.001 NS NS 

Olive 

Moment 

Mean ±SD 0.007 ± 0.1  0 1.4 ± 0.7 a 0 0 

Range 0 – 0.02 0 – 0.0004 0.8 – 2.1 0 – 0.0005 0 – 0.0005 

% Change ---- - 100 19900 - 100 - 100 

P Value ---- NS 0.001 NS NS 

(a) Significant 
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Figure (39): Effect of ZCoNPs+ZCaNPs and fractionated doses of γ- radiation 9Gy on 

the level of DNA fragmentation in liver; (A) control group, (B) (ZnCoum.NPs + 

ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 

 

 

Figure (40): Effect of ZCoNPs+ZCaNPs and fractionated doses of γ- radiation 12Gy on 

the level of DNA fragmentation in liver; (A) control group, (B) (ZnCoum.NPs + 

ZnCaf.NPs) group, (C) irradiated group, (D) [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group, (E) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group. 
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11. Different Effects of ZnCoum.NPs + ZnCaf.NPs and Irradiated Doses of γ- 

radiation on T Helper (Th; CD4) and T Cytoxic (Tc; CD8) Cells Lymphocyte Level 

in Blood: 

Lymphocyte populations data for CD4 T h and CD8Tc cells in blood are shown in 

Table (31, 32, 33, 34) and (Fig. 41, 42, 43, 44, 45, 46, 47, 48). Non significant change on 

CD4 and CD8 percent for all groups during exposed to 3 Gy. The Post hoc analysis 

showed that the 6Gy irradiated group had significantly lower values on CD4 percent 

amounting to -29% with a P value ≤ 0.006 than all other groups, while non significant 

change on CD8 percent for all groups. At (9 and 12 Gy) irradiated group there was a 

significant decrease in the percent of CD4 and CD8 amounting to -53.7%, - 63.5% and - 

71.1%, - 64% respectively with a P value ≤ 0.001, and non significant change in other 

groups compared to normal group. 

 

Table (31): Different effects of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- 

radiation 3Gy on T helper (Th; CD4) and T cytoxic (Tc; CD8) cells lymphocyte level in 

blood. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

CD4 

% 

Mean ±SD 36.3 ± 1.6 36.4 ± 0 35.6 ± 11.6 36.3 ± 1.7 36.3 ± 3.3 

Range 35.3 – 38.2 36.4 – 36.4 26 – 48.5 35.3 – 38.2 32.4 – 38.2 

% Change ---- 0.3 - 1.9 0 0 

P Value ---- NS NS NS NS 

CD8 

% 

Mean ±SD 17.5 ± 0.4 17.7 ± 0.4 17.5 ± 0.4 17.6 ± 0.2 17.5 ± 0.4 

Range 17.2 – 17.9 17.2 – 17.9 17.2 – 17.9 17.5 – 17.9 17.2 – 17.9 

% Change ---- 1.1 0 0.6 0 

P Value ---- NS NS NS NS 

(a) Significant 
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Figure (41): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- radiation 

3Gy on the level of T helper (Th; CD4) cell lymphocyte in blood; (*) control group, (**) 

(ZnCoum.NPs + ZnCaf.NPs) group, (***) irradiated group, (****) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (*****) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

group. 

 

 
 

Figure (42): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- radiation 

3Gy on the level of T cytoxic (Tc; CD8) cell lymphocyte in blood; (*) control group, (**) 

(ZnCoum.NPs + ZnCaf.NPs) group, (***) irradiated group, (****) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (*****) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

group. 
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Table (32): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

6Gy on T helper (Th; CD4) and T cytoxic (Tc; CD8) cells lymphocyte level in blood. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

CD4 

% 

Mean ±SD 44.5 ± 3.7 44.9 ± 1.6 31.6 ± 8.1 a 44.7 ± 1.6 44.5 ± 3.7 

Range 40.2 – 46.6 43.2 – 46.4 24.1 – 40.2 43.8 – 46.6 40.2 – 46.6 

% Change ---- 0.9 - 29 0.4 0 

P Value ---- NS 0.006 NS NS 

CD8 

% 

Mean ±SD 30.8 ± 7.5 31.7 ± 15 23.6 ± 6.1 31.8 ± 5.9 30.6 ± 14.3 

Range 22.9 – 37.8 17.2 – 47.1 19.7 – 30.7 25.7 – 37.5 22.3 – 47.1 

% Change ---- 2.9 - 23.4 3.2 - 0.6 

P Value ---- NS NS NS NS 

(a) Significant 

 
Table (33): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

9Gy on T helper (Th; CD4) and T cytoxic (Tc; CD8) cells lymphocyte level in blood. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

CD4 

% 

Mean ±SD 17.7 ± 0.4 19.1 ± 1.7 8.2 ± 0.3 a 16.9 ± 2.8 15.9 ± 1.1 

Range 17.2 – 17.9 17.2 – 20.1 8 – 8.5 15.2 – 20.1 15.3 – 17.2 

% Change ---- 7.9 - 53.7 - 4.5 - 10.2 

P Value ---- NS 0.001 NS NS 

CD8 

% 

Mean ±SD 12.1 ± 1 12.6 ± 1 3.5 ± 0.6 a 11.3 ± 2 10.9 ± 2.7 

Range 11.5 – 13.2 11.5 – 13.2 3.5 – 3.6 9.3 – 13.2 8 – 13.2 

% Change ---- 4.1 - 71.1 - 6.6 - 9.9 

P Value ---- NS 0.001 NS NS 

(a) Significant 

 
Table (34): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

12Gy on T helper (Th; CD4) and T cytoxic (Tc; CD8) cells lymphocyte level in blood. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) + 

Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

CD4 

% 

Mean ±SD 49.9 ± 1.8 50 ± 1.9  18.2 ± 0.3 a  48.9 ± 2 48.9 ± 1.8 

Range 47.8 - 51 47.8 – 51.2 18 – 18.5 47.8 – 51.2 47.8 – 51.2 

% Change ---- 0.2 - 63.5 0.2 0.2 

P Value ---- NS 0.001 NS NS 

CD8 

% 

Mean ±SD 12.5 ± 4.9 13.8 ± 3.4 4.5 ± 0.4 a 10.5 ± 2.2 10.5 ± 2.2 

Range 8 – 17.7 11.8 – 17.7 4 – 4.7 8 – 11.8 8 – 11.8 

% Change ---- 10.4 - 64 - 16 - 16 

P Value ---- NS 0.008 NS NS 

(a) Significant 
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Figure (43): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

6Gy on the level of T helper (Th; CD4) cell lymphocyte in blood; (*) control group, (**) 

(ZnCoum.NPs + ZnCaf.NPs) group, (***) irradiated group, (****) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (*****) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

group. 

 

 

Figure (44): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

6Gy on the level of T cytoxic (Tc; CD8) cell lymphocyte in blood; (*) control group, (**) 

(ZnCoum.NPs + ZnCaf.NPs) group, (***) irradiated group, (****) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (*****) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

group. 
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Figure (45): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

9Gy on the level of T helper (Th; CD4) cell lymphocyte in blood; (*) control group, (**) 

(ZnCoum.NPs + ZnCaf.NPs) group, (***) irradiated group, (****) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (*****) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

group. 

 

 

Figure (46): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

9Gy on the level of T cytoxic (Tc; CD8) cell lymphocyte in blood; (*) control group, (**) 

(ZnCoum.NPs + ZnCaf.NPs) group, (***) irradiated group, (****) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (*****) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

group. 
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Figure (47): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

12Gy on the level of T helper (Th; CD4) cell lymphocyte in blood; (*) control group, (**) 

(ZnCoum.NPs + ZnCaf.NPs) group, (***) irradiated group, (****) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (*****) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

group. 

 

 

Figure (48): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

12Gy on the level of T cytoxic (Tc; CD8) cell lymphocyte in blood; (*) control group, (**) 

(ZnCoum.NPs + ZnCaf.NPs) group, (***) irradiated group, (****) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (*****) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

group. 
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12. Different Effects of ZnCoum.NPs + ZnCaf.NPs and Irradiated Doses of γ- 

radiation on Cell Cycle in Peripheral Blood Lymphocyte: 

It is evident from Table (35) and (Fig. 49) that, 24 h after irradiation of rats by a dose 

of 3 Gy a non significant change in [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] and 

[Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] groups in (Sub G1 (apoptosis), G0/1, S and 

G2/M) phase, and (ZnCoum.NPs + ZnCaf.NPs) group in G0/1phase. While the irradiated 

group showed significant increased in (Sub G1 (apoptosis) phase by 39.1% and 

significant decreased in (ZnCoum.NPs + ZnCaf.NPs) group by - 49.7 with P value ≤ 

0.001, also irradiated group showed significant decreased in G0/1, S and G2/M phase by -

19.9%, -58.8%, -47.8% with P value ≤ 0.001, 0.004 and 0.001 respectively, and 

significant increased to near as normal in (ZnCoum.NPs + ZnCaf.NPs) group in S and 

G2/M phase by 85.7%, 106.5% with a P value ≤ 0.001compared with normal group. 

 

Table (35): Different effects of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- 

radiation 3Gy on cell cycle level in peripheral blood lymphocyte. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Sub G1 

(Apoptosis) 

% 

Mean ±SD 44.5 ± 0.9 22.2 ± 0 a 61.9 ± 1.2 a 45.6 ± 0 45.1 ± 0.9 

Range 44 – 45.6 22.2 – 22.2 61.2 – 63.2 45.6 – 45.6 44 – 45.6 

% Change ---- - 49.7 39.1 2.5 1.3 

P Value ---- 0.001 0.001 NS NS 

G0/1 

% 

Mean ±SD 19.1 ± 0.3 20.7 ± 0 15.3 ± 0.7 a 19.5 ± 0 19.3 ± 0.3 

Range 18.9 – 19.5 20.7 – 20.7 14.5 – 15.7 19.5 – 19.5 18.9 – 19.5 

% Change ---- 8.4 - 19.9 2.1 1 

P Value ---- NS 0.001 NS NS 

S% Mean ±SD 11.9 ± 3.5 22.1 ± 0 a 4.9 ± 0.6 a 7.8 ± 0 9.8 ± 3.5 

Range 7.8 – 13.9 22.1 – 22.1 4.6 – 5.6 7.8 – 7.8 7.8 – 13.9 

% Change ---- 85.7 - 58.8 - 34.5 - 17.6 

P Value ---- 0.001 0.004 NS NS 

G2/M 

% 

Mean ±SD 4.6 ± 0.6 9.5 ± 0 a 2.4 ± 0.4 a 5.3 ± 0 5 ± 0.6 

Range 4.3 – 5.3 9.5 – 9.5 2.2 – 2.9 5.3 – 5.3 4.3 – 5.3 

% Change ---- 106.5 - 47.8 15.2 8.7 

P Value ---- 0.001 0.001 NS NS 

(a) Significant 
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Result in Table (36) and (Fig. 50) showed that non significant change for [Irradiated 

+ (ZnCoum.NPs + ZnCaf.NPs)] group in (Sub G1 (apoptosis), G0/1, S and G2/M) phase, 

[(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] group in (G0/1, S and G2/M) phase, and 

(ZnCoum.NPs + ZnCaf.NPs) group in G0/1 phase. Also, in (Sub G1 (apoptosis) 

significant decreased in (ZnCoum.NPs + ZnCaf.NPs) and [(ZnCoum.NPs + ZnCaf.NPs) 

+ Irradiated] groups by - 65.5% and - 9.7% with P value ≤ 0.001and 0.027 respectively, 

and significant increased in irradiated group by 54.4% with a P value ≤ 0.001compared 

with normal group. As well as, irradiated group data showed significant decreased in 

G0/1 and S phase by -36.3% and -77.4% with P value ≤ 0.004 and 0.001 respectively, and 

high significant increased in G2/M phase by 349% with a P value ≤ 0.001compared with 

normal group. Also, in (ZnCoum.NPs + ZnCaf.NPs) group data showed significant 

increase to near as normal group. 

 

Table (36): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 6Gy on cell cycle level in peripheral blood lymphocyte. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs  

+ ZnCaf.NPs)] 

Sub G1 

(Apoptosis) 

% 

Mean ±SD 47.6 ± 1.8 16.4 ± 0 a 73.5 ± 1.1 a 43 ± 3.1 a 44.8 ± 3.1 

Range 46.6 – 49.7 16.4 – 16.4 72.2 – 74.1 41.2 – 46.6 41.2 – 46.6 

% Change ---- - 65.5 54.4 - 9.7 - 5.9 

P Value ---- 0.001 0.001 0.027 NS 

G0/1 

% 

Mean ±SD 22.6 ± 4.6 25.5 ± 0 14.4 ± 2.9 a 22.3 ± 2 21.2 ± 2 

Range 20 – 27.9 25.5 – 25.5 11 – 16.1 20 – 23.5 20 – 23.5 

% Change ---- 12.8 - 36.3 - 1.3 - 6.2 

P Value ---- NS 0.004 NS NS 

S% Mean ±SD 13.7 ± 4.3 30.2 ± 0 a 3.1 ± 0.1 a 17 ± 0.7 16.6 ± 0.7 

Range 8.7 – 16.2 30.2 – 30.2 3.1 – 3.2 16.2 – 17.4 16.2 – 17.4 

% Change ---- 120.4 - 77.4 24.1 21.2 

P Value ---- 0.001 0.001 NS NS 

G2/M 

% 

Mean ±SD 5.1 ± 1.1 15.6 ± 0 a 22.9 ± 5.5 a 5.9 ± 0.2 5.8 ± 0.2 

Range 3.8 – 5.7 15.6 – 15.6 18 – 28.8 5.7 - 6 5.7 - 6 

% Change ---- 205.9 349 15.7 13.7 

P Value ---- 0.001 0.001 NS NS 

(a) Significant 
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Figure (49): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- radiation 

3Gy on the level of cell cycle l in peripheral blood lymphocyte; (*) control group, (**) 

(ZnCoum.NPs + ZnCaf.NPs) group, (***) irradiated group, (****) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (*****) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

group. 

 

 

Figure (50): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

6Gy on the level of cell cycle l in peripheral blood lymphocyte; (*) control group, (**) 

(ZnCoum.NPs + ZnCaf.NPs) group, (***) irradiated group, (****) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (*****) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

group. 
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From Table (37) and (Fig. 51) showed that a non significant change in [Irradiated + 

(ZnCoum.NPs + ZnCaf.NPs)], [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] groups in (Sub 

G1 (apoptosis), G0/1, S and G2/M) phase, and (ZnCoum.NPs + ZnCaf.NPs) group in 

(G0/1, S) phase, decreased significantly in (Sub G1 (apoptosis) by -38.5% with a P value 

≤ 0.022, increased significantly in G2/M phase by 51% with a P value ≤ 0.001. Also, in 

irradiated group was observed a significant increased in (Sub G1 (apoptosis), G2/M phase 

by 84.2%, 162% respectively with a P value ≤ 0.001, significant decreased in G0/1, S 

phase by -70.4%, -27.3% respectively with a P value ≤ 0.001compared to normal group. 

 

Table (37): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 9Gy on cell cycle level in peripheral blood lymphocyte. 

Groups 

 

Parameter 

Control (ZnCoum.NPs 

+ ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Sub G1 

(Apoptosis) 

% 

Mean ±SD 44.2 ± 6.3 27.2 ± 0 a 81.4 ± 14.1 a 36 ± 1.7 39.8 ± 7.5 

Range 37 – 48.3 27.2 – 27.2 65.1 – 89.5 34 - 37 34 – 48.3 

% Change ---- - 38.5 84.2 - 18.6 - 10 

P Value ---- 0.022 0.001 NS NS 

G0/1 

% 

Mean ±SD 39.9 ± 5 48.4 ± 0 11.8 ± 7.2 a 48.2 ± 5.6 46.5 ± 7.6 

Range 35.1 - 45 48.4 – 48.4 7.6 – 20.1 45 – 54.7 39.7 – 54.7 

% Change ---- 21.3 - 70.4 20.8 16.5 

P Value ---- NS 0.001 NS NS 

S% Mean ±SD 1.1 ± 0.3 5.5 ± 0 0.8 ± 1.4 a 1.6 ± 1 1.7 ± 0.9 

Range 0.8 – 1.4 5.5 – 5.5 0 – 2.5 1 – 2.7 1 – 2.7 

% Change ---- 400 - 27.3 45.5 54.5 

P Value ---- NS 0.001 NS NS 

G2/M 

% 

Mean ±SD 10 ± 0.9 15.1 ± 0 a 26.2 ± 5.4 a 9.8 ± 2.1 9.2 ± 1.9 

Range 9.2 - 11 15.1 – 15.1 20 - 30 7.3 - 11 7.3 - 11 

% Change ---- 51 162 - 2 - 8 

P Value ---- 0.001 0.001 NS NS 

(a) Significant 

 



_____________________________________________________________________________RESULTS 

124 

 

It is clear from Table (38) and (Fig. 52) showed that a non significant change in 

[Irradiated + (ZnCoum.NPs + ZnCaf.NPs)], [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

groups in (Sub G1 (apoptosis), G0/1, S and G2/M) phase, and (ZCoNPs + ZCaNPs) group 

in (G0/1, S, G2/M) phase and decreased significantly in (Sub G1 (apoptosis) by - 44.3% 

with a P value ≤ 0.049 compared to normal group. Also, the result in irradiated group 

showed that a significant decreased in S phase by - 95.5% with a P value ≤ 0.040 and 

significant increased in (Sub G1 (apoptosis), G0/1, G2/M) phase by 113.6%, 8.1%, 

13.6% with a P value ≤ 0.001compared to normal group. 

 

Table (38): Different effects of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- 

radiation 12Gy on cell cycle level in peripheral blood lymphocyte. 

Groups 

 

Parameter 

Control (ZnCoum.NPs + 

ZnCaf.NPs) 

Irradiated [(ZnCoum.NPs 

+ ZnCaf.NPs) 

+ Irradiated] 

[Irradiated + 

(ZnCoum.NPs 

+ ZnCaf.NPs)] 

Sub G1 

(Apoptosis) 

% 

Mean ±SD 41.3 ± 19.2 23 ± 3.6 a 8.2 ± 1 a 28.5 ± 2.9 33.4 ± 10.2 

Range 30.2 – 63.5 18.9 – 25.1 87.6 – 89.4 25.1 – 30.2 25.1 – 44.8 

% Change ---- - 44.3 113.6 - 31 - 19.1 

P Value ---- 0.049 0.001 NS NS 

G0/1 

% 

Mean ±SD 38 ± 8.3 43.7 ± 15.8 8.1 ± 0.8 a 40.2 ± 4.7 37.4 ± 4.7 

Range 28.5 – 42.8 34.6 – 61.9 7.2 – 8.6 34.6 – 42.8 34.6v- 42.8 

% Change ---- 15 - 78.7 27.5 - 1.6 

P Value ---- NS 0.002 NS NS 

S% Mean ±SD 11.1 ± 8.9 21.8 ± 9.1 0.5 ± 5.7 a 19.9 ± 6.2 18.2 ± 8.1 

Range 0.8 – 16.3 11.3 – 27.1 0.4 – 0.5 16.3 – 27.1 11.3 – 27.1 

% Change ---- 96.4 - 95.5 79.3 64 

P Value ---- NS 0.040 NS NS 

G2/M 

% 

Mean ±SD 4.2 ± 2.3 4 ±1.2 13.6 ± 2.7 a  3.5 ± 1 3.6 ± 1 

Range 2.9 – 6.9 2.7 – 4.7 11.6 – 16.6 2.9 – 4.7 2.9 – 4.7 

% Change ---- - 4.8 223.8 - 16.7 - 14.3 

P Value ---- NS 0.001 NS NS 

(a) Significant 
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Figure (51): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

9Gy on the level of cell cycle l in peripheral blood lymphocyte; (*) control group, (**) 

(ZnCoum.NPs + ZnCaf.NPs) group, (***) irradiated group, (****) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (*****) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

group. 

 

 

Figure (52): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 

12Gy on the level of cell cycle l in peripheral blood lymphocyte; (*) control group, (**) 

(ZnCoum.NPs + ZnCaf.NPs) group, (***) irradiated group, (****) [(ZnCoum.NPs + 

ZnCaf.NPs) + Irradiated] group, (*****) [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] 

group. 
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13. Different Effects of ZnCoum.NPs + ZnCaf.NPs and Irradiated Doses of γ- 

radiation on Histological Form of Hepatocytes: 

Examination of histological structure of the liver of control rats at 3, 6, 9 Gy (Fig. 

53A), (Fig. 54A), (Fig. 55A) respectively, showed that the liver formed of connective 

tissue stroma and parenchyma. The liver parenchyma consisted of liver cells 

(hepatocytes), which were arranged in classic hepatic lobules. Within each lobule, the 

hepatocytes appeared to form anastomosing cords radiating from the central vein. The 

hepatocytes were polygonal in shape within acidophilic cytoplasm and rounded central 

nuclei. The cords were separated by the blood sinusoids which were lined by endothelial 

cells. 

While, the Liver of rats were injected with ZnCoum.NPs + ZnCaf.NPs at 3, 6, 9 Gy 

(Fig. 53B), (Fig. 54B), (Fig. 55B), showed no pathological changes in comparison to the 

control group. It showed normal pattern of liver tissue and showed also, normal 

hepatocytes arranged in raise cords with blood sinusoids. 

Liver of rats was exposed to 3 Gy single dose of γ-irradiation. 1st week post 

irradiation showing the hepatocyte cytoplasm is light, foamy and filled with vacuoles, 

cell sizes are enlarged, nuclear chromatin is more condensed and there were diffuse 

hemorrhagic areas in between hepatocytes (Fig. 53C). Necrosis of hepatocytes and the 

nuclei are contracted; pyknotic with condensed chromatin and cytoplasm is strongly 

acidophilic.  

2ed week post irradiation with accumulated dose 6 Gy showed nuclear and 

cytoplasmic degenerative changes, cellular vacuolization and dilated congestion central 
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vein were observed (Fig. 54C). Swollen hepatocytes and the nuclei are contracted, 

pyknotic with condensed chromatin, in addition dilated blood sinusoid was observed. 

3rd weeks of irradiation with accumulated dose 9 Gy showing severe central lobular 

injury, sever degeneration in hepatocytes, and dilated with congestion in the central vein 

(Fig. 55C). The severity of tissue injury was more evident as manifested by the extent of 

cellular degenerative changes, disintegrated cytoplasm, pyknotic nuclei. 

The liver of rats protected by injected with ZnCoum.NPs + ZnCaf.NPs on seven 

consecutive days, and then subjected to whole-body gamma irradiation 3Gy every week 

for four weeks. 1st week post irradiation showed  the liver organization appears normal 

with decreased widening of blood sinusoid ,less fragmentation of hepatocytes nuclei ,less 

lighting of the cytoplasm (Fig. 53D). 2ed week post irradiation showed normal pattern of 

liver tissue, also showed regeneration in hepatic cells, with thin wall of the central vein 

(Fig. 54D). 3rd weeks consequent to irradiation revealed relatively normal pattern of 

liver tissues and recovering in hepatic cells and normal size of central vein with a thin 

wall and blood sinusoids (Fig. 55D). 

The liver of rats treated by injected with ZCoNPs + ZCaNPs on seven consecutive 

days, post irradiated 3Gy every week for four weeks. 1st week post irradiation showed 

improvement of structural hepatic tissues occurred and normal central vein was observed 

(Fig. 53E). 2ed week post irradiation showing the normal organization of the liver tissues 

(Fig. 54E). 3rd week consequent to irradiation showing regeneration in hepatic tissues 

and   central veins (Fig. 55E). 
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Figure (53): Effect of ZnCoum.NPs + ZnCaf.NPs and irradiated doses of γ- radiation 3Gy on 

hepatocytes; (A) Light photomicrography of liver of a control rat showing the typical liver lobule, 

with cords of parenchyma cells radiating from central vein (CV). (B) Liver of rats treated with 

ZnCoum.NPs + ZnCaf.NPs showing normal appearance of liver lobular architecture with central 

vein (CV). (C) Liver of rat after exposure to 3Gy showing there are diffuse haemorrhagic areas 

(*). The hepatocyte cytoplasm is light, foamy and filled with vacuoles (V); cell sizes are enlarged, 

nuclear chromatin is more condensed. (D) Liver of rat  [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] 

group the liver organization appears normal with decreased widening of blood sinusoid (S), less 

fragmentation of hepatocytes nuclei ,less lighting of the cytoplasm. (E) Liver of rat [Irradiated + 

(ZnCoum.NPs + ZnCaf.NPs)] group showing the normal architecture of the liver tissues. H&E. 

x400. 
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Figure (54): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 6Gy on 

hepatocytes; (A) Light photomicrography of liver of a control rat showing rat had normal liver 

histology. (B) Liver of rat treated with ZCoNPs + ZCaNPs alone showing normal appearance of 

liver lobular architecture with central vein (CV). (C) Liver of a rat after exposure to 6Gy showing 

nuclear and cytoplasmic degenerative changes, cellular vacuolization, haemorrhagic area (*) and 

dilated congestion central vein (CV) were observed. (D) Liver of rat [(ZnCoum.NPs + ZnCaf.NPs) 

+ Irradiated] group showing almost normal histology of hepatic lobule with central vein (CV). (E) 

Liver of rat [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)] group showing the normal organization of 

the liver tissues. H&E. x400. 
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Figure (55): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 9Gy on 

hepatocytes; (A) Light photomicrography of liver of a control rat showing normal hepatic 

architecture and lobular structure. (B) Liver of rat treated with ZnCoum.NPs + ZnCaf.NPs alone 

showing normal appearance of liver lobular architecture with central vein (CV). (C) Liver of a rat 

after exposure to 9Gy showing severe central lobular injury with lyses in some area (Θ) 

degeneration in hepatocytes, haemorrhagic area (*) and congestion in the central vein (CV) were 

observed. (D)  Liver of rat [(ZCoNPs + ZCaNPs) + Irradiated] group showing normal liver cells, 

with organized, columnar appearance of hepatocytes.  (E) Liver of rat [Irradiated + (ZCoNPs + 

ZCaNPs)] group demonstrating healthy hepatic architecture. H&E. x400. 
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At 12 Gy the results of light microscopic observations showed that, the liver of control rat 

liver appeared to decompose of hexagonal or pentagonal lobules with central veins and 

peripheral hepatic triads or tetrads embedded in connective tissue. The hepatocytes are 

arranged in trabecules running radiantly from the central vein and the spaces between the 

cell cords called blood sinusoids which converged towards the central vein and lined by 

Kupffer cells. The hepatocytes are regular and contain a large spherical nucleus with a 

distinctly marked nucleolus and peripheral chromatin distribution and binucleated cells 

were also noticed (Fig. 56A). 

Rats treated with ZnCoum.NPs + ZnCaf.NPs alone showed no sign of damage when 

compared to the normal control (Fig. 56B). Examination of the liver of rats treated with 

γ-rays showed that there were degenerative changes in numerous hepatocytes; the cells 

were enlarged and had light and foamy cytoplasm filled with numerous vacuole-like 

spaces. The walls of the blood sinusoids were dilated and showed numerous Kupffer cells. 

The γ-rays revealed signs of hepatocytes necrotic changes with pyknotic nuclei and 

hepatocytes degeneration with strongly acidophilic cytoplasm. Diffused hemorrhagic 

areas and interstitial odema were observed (Fig. 56C). 

[(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] group, shoud reduction of oxidative 

effects of γ-rays on the liver where absence of nucleus fragmentation and a decrease of 

sinusoid dilation and necrosis of some hepatocytes were observed (Fig. 56D). There are 

no pathological changes in [Irradiated + [(ZnCoum.NPs + ZnCaf.NPs)] group, which 

showed normal lobular architecture with central vein and radiating hepatic cords (Fig. 

56E). 
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Figure (56): Effect of ZnCoum.NPs + ZnCaf.NPs and fractionated doses of γ- radiation 12Gy on 

hepatocytes; (A) Light photomicrography of liver of a control rat showing the hepatocytes (H) are 

arranged into hepatic cords running radiantly from the central vein (CV) and are separated by 

adjacent blood sinusoids (S) containing Kupffer cells. (B) Liver of rats treated with ZnCoum.NPs 

+ ZnCaf.NPs alone showing normal appearance of liver lobular architecture with central vein 

(CV). (C) Liver of irradiated rat showing the cellular structure of the liver tissues. The hepatocyte 

cytoplasm is light, foamy and filled with vacuoles (V); cell sizes are enlarged, nuclear chromatin 

is more condensed. Odema areas (*) were observed. (D) Liver of rat [(ZnCoum.NPs + ZnCaf.NPs) 

+ Irradiated] group showing normal organization of the liver tissues with central vein (CV). (E) 

Liver of rat (irradiated + ZnCoum.NPs + ZnCaf.NPs) group. Showing normal lobular architecture 

with central vein and radiating hepatic liver. H&E, x400. 
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DDDDISCUSSION 

Radio therapy is a form of cancer treatment that uses ionizing radiation to kill 

cancer cells and shrink tumors. It also injures or destroys the normal cells by 

damaging their genetic material, making it impossible for these cells to continue to 

grow and divide (Srinivasan et al., 2006). 

Ionizing radiations induce significant elevation in the physiological and 

metabolic processes, as well as, disorders in blood biochemical parameters, immune 

system dysfunction, etc (Knight, 2000; El-Masry and Saad, 2005), and causing 

chain reaction of oxidation (Ammar, 2009). 

Oxidative stress has long been implicated in carcinogenesis (Oberley, 2002), 

and it was shown to correlate with the most important clinical variables of diseases 

(Mantovani et al., 2002). It is known that reactive species activate signal 

transduction pathways and cause oxidative DNA damage, increasing risk of cancer 

development (Klaunig and Kamendulis, 2004). The degree of cellular damage is 

variable among different organs depending on the organ ratio sensitivity, so one 

approach to prevent such injury is by supplementation or administration with natural 

potent antioxidant as natural radio-protector (Zhou et al., 2001). However, the exact 

molecular mechanisms that cause cell transformation and tumor development, as 

well as cell protective mechanisms are not yet well under stood (Katzenel-

lenbogen., 2007). 

So pharmacological intervention could be most potent strategy to protect human 

or ameliorates the deleterious effect of ionizing radiation (Jagetia, 2007). 
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The possible prevention of the effects of ionizing radiations on biological 

systems by phytochemicals nano particles, plants and herbal extracts are known as 

“Natural Radioprotectants in nano form” (Jain et al., 2007; Yamini and Gopal, 

2010). 

Several chemical and natural compounds and their analogues have been 

screened for their radio protective ability. Though a large number of compounds 

have been shown to be promising as radio-protectors in laboratory studies, few 

could pass the transition from bench to bed-side. Most of them failed even before 

reaching the preclinical stage due to toxicity and side effects and large size of 

molecules (Maurya et al., 2006; Yamini and Gopal, 2010). 

To reduce the toxic effects of synthetic compounds, there is a need to explore 

the compounds; which could be less toxic and highly effective at non-toxic dose. An 

intensive area of research promotes such type of compounds lies in the use of natural 

compounds. The use of natural compounds for improving one’s health has 

augmented in modern time. Therefore, it is quite efficient that the choice of 

alternative radioprotectors falls on plants/plant products in nano form. But, their use 

as nano radioprotectors needs scientific evaluation and validation. Once this is done, 

natural nano radioprotections could be more successful than synthetic chemicals and 

general natural compounds. 

The natural radioprotectors in nano form are achieving better stability, lower 

toxicity and for better penetration and distribution into the tissue (Jain et al., 2007; 

Yamini and Gopal, 2010). This  agreed with the result of the present work that 

shown, treatment with natural nano radioprotectors ZnCoum.NPs + ZnCaf.NPs 
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without exposure to radiation revealed non significant changes in the investigated 

parameters indicating its safe in use. 

It was obvious from the present study that administration of (γ-rays) caused a 

highly significant decreased in the percentage change of body weight and 

morphological state compared with control during the period of the experiment. 

Pretreatment and treatment after exposed to γ-rays with ZnCoum.NPs + ZnCaf.NPs 

prevented the percent of change of body weight and morphological state. The results 

were in accordance with the work of (Teufelhofer et al., 2005; Abdel-Aziz et al., 

2010) showed that, radiation administrated to rate, caused loss of body weight which 

was attributed to liver damage, increase in apoptosis, necrosis and signs of 

inflammatrion. The gain of body weight and healthy good to attain the normal level 

observed in the pre and post treated groups with ZnCoum.NPs + ZnCaf.NPs, and 

indicates that pre and post treatment with those compounds can modulate the 

catabolic effect of radiation. 

In addition, there was a considerable decrease in hematological values 

(WBCs, LYM RM, LYML, Monocyte, Monocyte M, GRANRM, GRANG, RBCs, HGB, 

HCT, MCVFL, MCH, MCHC, RDW, PLT) after irradiation as compared to control 

values. In irradiated group, whole-body gamma-irradiation induced direct 

destruction of mature circulating cells, loss of cells from the circulation by 

hemorrhage, or leakage through capillary walls and reduced cell production (Azab 

et al., 2011). The decrease in the values  of  hematological  parameters  following  

radiation exposure may  be  assigned  to  direct  damage  caused  by  a lethal dose of  

radiation  (Heda and Bhatia, 1986). The cellular elements of the blood are 

particularly sensitive to oxidative stress because their plasma membranes contain a 
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high percentage of polyunsaturated fatty acids (PUFA) (Chew and Park, 2004). 

Therefore the decrease in white blood cells differential count recorded in the 

irradiated rats might be the consequence of radiation-induced lipid peroxidation and 

damage of their cell membranes. The decrease in hemoglobin content could be 

attributed to the decline in the number of red blood cells.  Also, the decrease in 

hematocrite might be the consequence of erythropoiesis failure, destruction of 

mature cells, or increased plasma volume. Also, the depletion of peripheral blood 

elements may be a bone marrow syndrome (Azab et al., 2011). 

Reduction of oxidative stress after radiation exposure was one of the basic 

mechanisms used in to reduce radiation hazards. Many of compounds that protect 

cells against the effects of radiation are especially effective when they act as radical 

scavengers. In addition, radioprotectors do not act only as antioxidants as scavengers 

of reactive species, but they affect gene expression in cultured cells, in laboratory 

animals, and in humans (Rimbach and De, 2005). But administration with 

ZnCoum.NPs + ZnCaf.NPs pre and post irradiation protected rats from the adverse 

effects of γ rats and any change in complete blood count compared with control 

normal group. 

The results of the percent study revealed that Gamma irradiation caused high 

significant increased in the levels of the liver enzymes (ALT, AST, and ALb), 

kidney function (Ceratinine, Urea), lipid profile (cholesterol and cholesterol LDL) 

(Adaramoye et al., 2010), and high decreased in the level of triglyceride, these 

decreased may be du to high decreased of lipoprotein, strong liver diseases and 

absorption bad in gastrointestinal trace (Zaahkouk, 2005),  these were agreed with 

the present data and (Akashi et al., 2006) reported that whole-body exposure to 
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high-dose radiation causes acute radiation syndromes (ARS), experience of a 

criticality accident occurring in 1999 at Tokai-mura, Japan, showed that ARS led to 

multiple organ failure (MOF), as hematologic disorder, gastrointestinal failure, 

cardiovascular failure and neurological neurovascular failure. But pre and post 

treated with ZnCoum.NPs + ZnCaf.NPs were significantly decreases the level of 

serum liver, kidney function and cholesterol, cholesterol LDL when compared to the 

control group (Adaramoye et al., 2010) and  these  agree with  the results  of  the  

present  work  but on other side (Adaramoye et al., 2010) reported that these were 

no significant difference  (P >0.05)  in  the  level of serum urea  of  irradiated  and  

pre-treated  animals  when compared  to  the control.  Increase in serum urea was 

due to increase in glutamate de-hydrogenase enzyme as  a  result  of  irradiation  and  

this  may increase carbamoyl phosphate synthetase activity  leading  to increase in 

urea concentration (Ramadan et al., 2001). 

Natural nano radio-protectors protected albino rats from the adverse effects 

of whole body irradiation (Adaramoye et al., 2010). Gamma irradiation induced 

significant elevation in the level of serum liver, kidney function and cholesterol, 

cholesterol LDL on  the  first  day  post-irradiation group  but  administration with 

ZnCoum.NPs + ZnCaf.NPs after  irradiation exposure  restored  the  normal level 

(Ramadan et  al., 2001; El-Masry and Saad, 2005).  So current  investigation  was  

applied  in  view  of  minimizing  the  toxicity  of ionizing  radiation during 

administration with ZnCoum.NPs + ZnCaf.NPs (Zang et al., 2000; Moon et al., 

2009; Vauzour et al., 2010) and  this  agreed with  the  result  of  the  present  work. 

Ionizing radiation is known to induce oxidative stress through generation of 

ROS in an imbalance in pro-oxidant, antioxidant status in the cells (Mansour et al., 
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2008). In this study, we have observed a decrease in the activities of SOD, GSH, 

GPx and CAT in irradiated group. The decrease might be due to radiation induced 

production of free radicals which in turn can impair the antioxidant defence 

mechanism, leading to an increased membrane lipid peroxidation (Bhatia et al., 

2004). The decreased antioxidant levels in γ-irradiated group may be due to their 

utilization by the enhanced production of ROS (Inouye, 1984). 

The antioxidant enzymes are regulated at the transcriptional level by 

consensus sequences for the antioxidant response element (ARE) found in their 

promotor regions (Nguyen et al., 2004). The over expression of antioxidant 

enzymes observed in the present study may be due to the depletion of antioxidants in 

the cells so we suggests that ZnCoum.NPs + ZnCaf.NPs triggers the transcriptional 

factors and induce the gene expression when the cells are under oxidative stress 

condition and it have significantly enhance the synthesis of antioxidant enzymes 

such as SOD, GSH, GPx, CAT in rat blood (Reddy and Lokeh, 1994; Zang et al., 

2000; Pari and Prasath, 2008; Maxa et al., 2009). 

(Dinkova-Kostava et al., 2001) have also reported that P-coumaric and 

caffeic acids and several other structurally related polyphenolic compounds induce 

the activities of phase II detoxification enzymes, which appear to be crucial in 

protection against carcinogenesis and oxidative stress. The specific chemical 

structure may play a crucial role in preferential affinity towards selective cysteine 

residues of targeted proteins that control the gene expression. Thus we suggest that 

the position of the hydroxyl groups in the ZnCoum.NPs + ZnCaf.NPs may play an 

important role in the induction of antioxidant enzymes. Pre and post treatment with 

ZnCoum.NPs + ZnCaf.NPs to irradiation, protect antoxidant depletion resulting 
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from the radiation effect. The increase in antioxidant content in the cells pre and post 

ZnCoum.NPs + ZnCaf.NPs treatment, suggests that ZnCoum.NPs + ZnCaf.NPs 

stimulates the γ-glutamyl cysteinyl synthase, the rate limiting enzyme involved in 

the glutathione biosynthesis (Dickinson et al., 2003). 

Radiation exposure induced radiolysis of water in the aqueous media of the 

cells which leads to production of hydroxyl radicals (
•
OH). Hydroxyl radical interact 

with the polyunsaturated fatty acids in the lipid portion of biological membranes 

initiating the lipid peroxidation and finally damaged the cell membranes (Azab et al., 

2011). 

In the present study; we observed increased levels of lipid peroxidation in γ-

irradiated rats. This may be due to the attack of free radicals on the fatty acid 

components of membrane lipids (Mansour et al., 2008). The decrease in the 

activities of SOD, GSH and GSHPx may be due to their utilization by the enhanced 

production of ROS (Prasad et al., 2005). In agreement with our results, (Mansour 

et al., 2008) recorded a significant depletion in the antioxidant system accompanied 

by enhancement of lipid peroxides after whole body γ-irradiation. Under normal 

conditions the inherent defense system, including glutathione and the antioxidant 

enzymes, protects against oxidative damage. 

Our results show that whole body γ-irradiation of rats at 6 Gy enhanced the 

formation of NO(x). Similar results have been reported by (Mansour et al., 2008). 

γ-Irradiation may enhance endogenous NO biosynthesis in liver, intestine, lung, 

kidney, brain, spleen or heart of the animals, presumably by facilitating the entry of 

Ca
2+

 ions into the membrane as well as the cytosol of NO producing cells though 

irradiation induced membrane lesions. The enhancement of NO production 
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following exposure to a high dose (12 Gy) of γ-rays was attributed to high levels of 

expression of the inducible nitric oxide synthase (Ibuki and Goto, 1997). Nitric 

oxide plays an important role in inflammation and carcinogenesis and has now been 

implicated as an important signaling molecule under normal physiological 

conditions also. Increased NO, results in increased nitration of proteins at tyrosine, 

which can cause protein dysfunction or alterations in signal transduction pathways 

(Narang and Krishna, 2005). 

ZnCoum.NPs + ZnCaf.NPs treatment pre and post to radiation was found to 

decrease the lipid peroxidation and NO(x), when compared with control group. This 

protect may be du to ZnCoum.NPs + ZnCaf.NPs acts as a source of cysteine and 

stimulates the production of GSH, which protects the body against oxidative stress 

(Mansour et al., 2008). ZnCoum.NPs + ZnCaf.NPs a natural nano radioprotectors 

reacts directly with LP and NO, it can reduce the increased LP and NO generation. 

The high reactivity of most free radicals makes their detection difficult. 

Electron spin (paramagnetic) resonance (ESR) or (EPR) and nuclear magnetic 

resonance (NMR) are the most common methods for detecting free radicals in 

biological systems along with their respective advantages and disadvantages. ESR 

has some key advantages in comparison to NMR. Because the electron has a much 

greater magnetic moment than a nucleus, ESR is much more sensitive per spin.  ESR 

is a spectroscopic technique that detects the unpaired electron present in a free 

radical. As such, it is the only approach (other than superoxide dismutase) that can 

provide direct evidence for the presence of a free radical. In addition, the analysis of 

the ESR spectrum generally enables the determination of the identity of the free 

radical (Borbat et al., 2001). 
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Our study evident that, exposure to γ-rays induced an increase free radical 

generated in irradiated group compared with other groups. Free radical elevation in 

biological tissue induces significant elevation in the physiological and metabolic 

processes, as well as, disorders in blood biochemical parameters, immune system 

dysfunction and bio function in cells (Knight, 2000; El-Masry and Saad, 2005). It 

can induces several types of damage to DNA, including double and single-strand 

breaks, base and sugar damage, as well as DNA-DNA and DNA-protein cross-links 

(Barker et al., 2005), and misrepaired damage, signal transduction pathways 

changes, dicentric aberration, cytogenetic and biochemical diorders (Prasad et al., 

2005). Also it can reduce the intracellular concentration of glutathione, activities of 

SOD, CAT and GSHPx, changes in the proteins’ three–dimensional structure as well 

as to fragmentation, aggregation, or cross–linking of the proteins (Bagchi and Puri, 

1998; Mansour et al., 2008). 

In addition, it causes oxidative DNA damage, increasing risk of cancer 

development (Klaunig and Kamendulis, 2004), induce oxidative damage to vital 

cellular molecules that formation of lipid peroxidation (Kamat et al., 2000). This  

agreed with the result of the present work that shown in the other hand, treatment 

with natural nano radioprotectors ZnCoum.NPs + ZnCaf.NPs, with and without 

exposure to radiation revealed non significant changes in free radical mount 

compared with control group, that indicating its safe in use and protect the body 

from free radical damage. Also, the present study obvious that Pretreatment and 

treatment after exposed to γ-rays with ZnCoum.NPs + ZnCaf.NPs prevented 

elevation of free radicals, may be due to Free-radical scavenging (Mittal et al., 

2001). 
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Ionizing radiation induces multiple biological effects through direct 

interaction with DNA or production of activated free radical species from water and 

generates reactive species that interact direct or indirect with DNA (Chung et al., 

2001; Prasad et al., 2005). 

Our results showed that there was a dose dependent increase in the levels of 

DNA damage in irradiated group. This may be du to that γ-rays generate hydroxyl 

radicals in cells and induce DNA damage that leads to mutations and chromosomal 

aberrations (Srinivasan et al., 2007). In agreement with our results, have shown 

DNA fragmentation in γ-irradiated rats “liver tissues” group, this may be due to 

elevation of ROS that are well known to cause DNA damage and induce 

cytotoxicity. It can induce a variety of lesions in DNA, including oxidized bases, a 

basic sites, DNA strand-breaks and cross-links between DNA and proteins (Park et 

al., 2002). 

An increase in the DNA Damage after γ-irradiation has been observed in 

different studies (Mansour et al., 2008). This may be due to an excessive generation 

of vasoconstrictors like reactive oxygen species, or due to a reduction of 

vasodilators such as the nitric oxide, which in turn, can be caused the increased of 

ROS level. On the other hand, (Ibuki and Goto, 1997), suggested that DNA strand 

breaks caused by hydroxyl radicals formed inside the cells by γ-irradiation, or strand 

breaks, plays an important role in the enhancement of NO production, but 

peroxidation of cell membranes has little effect. 

The levels of DNA damage were analyzed by alkaline gel electrophoresis. In 

comet assay individual cells are embedded in a thin agarose gel on a microscope 

slide. All cellular proteins are then removed from the cells by lysing solution 
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(Srinivasan et al., 2007). The DNA is allowed to unwind under alkaline/neutral 

conditions. Following the unwinding, the DNA undergoes electrophoresis, allowing 

the broken DNA fragments or damaged DNA to migrate away from the nucleus. 

After staining with a DNA specific fluorescent dye such as Acridine orange, the gel 

is read for amount of fluorescence in head and tail and length of tail. The extent of 

DNA liberated from the head of the comet is directly proportional to the amount of 

DNA damage (Collins, 2004). 

The present study showed that ZnCoum.NPs + ZnCaf.NPs have the ability to 

protect liver cells from radiation damage when compared with control group. 

Studies have shown that ZnCoum.NPs + ZnCaf.NPs and related compounds have 

the potential to protect DNA against oxidative damage induced by singlet oxygen, in 

agreement with (Srinivasan et al., 2007) reported that curcumin as a part in natural 

nanoprotectors ZCoNPs + ZCaNPs composed, protect DNA against γ-rays damage, 

reduces the chromosomal aberrations and it have antitumour drug. Poly phenolic 

compounds like Para-coumaric acid, caffiec acid and curcumin have been reported 

to possess antioxidant properties, which protect normal cell during radiotherapy 

(Srinivasan et al., 2007; Maxa et al., 2009; Moon et al., 2009). 

ZnCoum.NPs + ZnCaf.NPs a natural nano radioprotectors reacts with 

reactive species as ROS, RNS and it can protect the DNA from damage or 

fragmentation induce. 

The effects of ionizing radiation on the immune system have been reviewed. 

Impaired immunological function may be related to the risk of diseases and non-

cancer mortality. This may occur as a result of radiation-induced depression of 

immune system. The specific response of the immune system is based on the action 
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of T cells lymphocytes developed in the thymus. T lymphocytes include at least the 

following subtypes: cytotoxic T cells (CD8), which respond to cells infected by 

viruses or tumor cells; T helper cells (CD4), which secrete mediators to activate 

lymphocytes; B cells; macrophages; natural killer cells, and the T cells themselves 

(Sheikh-Sajjadieh et al., 2010). 

Following exposure to ionizing radiation, lymphocytes die via apoptosis, 

which can be readily assessed using various methods. CD4 and CD8 T lymphocytes 

were chosen in this study because of their better flow cytometrical separation 

compared with other types of lymphocytes (Ozsahin et al., 2005). Many of the 

studies reported an initial decrease in CD4 and CD8 Cells, there was a decrease in T-

helper cells only in lower dose group and a decrease in CD8 cells only in the higher 

dose group (Sheikh-Sajjadieh et al., 2010), This agreed with the result of the 

present study. In other study reported a decrease in both CD4 and CD8 (Sheikh-

Sajjadieh et al., 2010), other workers reported that doses between 0.01 and 0.5 Gy 

reduced CD3, CD4, and CD8 T cells (Kurjane et al., 2002; Kuzmenok et al., 2003) 

did not find any change in the level of CD3, CD4, and CD8 after Chernobyl disaster. 

In the present study, we investigated whether decreases in CD4 in 9 Gy and 

12Gy and sub lethal dose (6 Gy). On other hand CD8 T cells were decreased after 

exposed to 9 Gy and 12 Gy, this result agreed with (Sheikh-Sajjadieh et al., 2010). 

Our results showed that Pre and post treatment with ZnCoum.NPs + ZnCaf.NPs to 

irradiation protect T helper cells (CD4) and T cytoxic cells (CD8) from hazard of γ-

ray, while in irradiated group without treatment by ZnCoum.NPs + ZnCaf.NPs lead 

to suppression and damage of immune cells then loss it. These results suggest with 

other paper that the accumulated CD4 and CD8 T cells during radiotherapy are more 
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sensitive to radiation than other T- cell  subpopulations,  and  that  decreasing  CD4 

and CD8T  cells  with  extended  exposure  to  low-dose  radiation leads to the 

amelioration of autoimmune disease (Ootsuyama et al., 2003). 

Ionizing radiation is a potentially DNA-damaging agent and has direct and/or 

indirect effects on the irradiated cells. The induction of chromosomal aberrations as 

well as the incidence of cell cycle disturbances, aberrant mitosis or cell death may 

increase proportionally to the dosage of irradiation. DNA content can be measured 

on individual cells and can be used to estimate cell distribution by indicating the 

locations of the cells within the cell cycle (Baatout and Derradji, 2004). 

In this study, we found that from the irradiated group with γ-ray, the 

numbers of cells in the G0/1phase, S phase and of the cell cycle higher decreases but 

the cells in the sub G1 phase (apoptosis) and G2/M phase higher increases, then 

decrease in G1 phase (apoptosis) compared to normal control group. This result may 

be du to apoptosis induces for miss repair of some affected cells by γ-ray, cells 

either repair the damage during cell cycle arrest or return to the normal cell cycle or 

die, and some cells path through cell cycle checkpoint with mismatch repair that can 

lead to cancer after that (Vucic et al., 2006). 

This test showed an increased damage of γ-ray on cell cycle (level raise of 

cell death induction (sub G1 phase (apoptosis)) and dividing with mismatch repair 

(G2/M phase) in irradiated group) in compared with control or other group 

(Marekov et al., 2003), this agreed with the result of the present work that shown on 

the other hand, treatment with natural nano radioprotectors ZnCoum.NPs + 

ZnCaf.NPs without exposure to radiation revealed non significant changes in the 

investigated phases in (9 Gy and 12 Gy) whilst low increased in S phase and G2/M 
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phase for 3 Gy and G0/1phase, S phase and G2/M phase for 6 Gy compared to 

irradiated group and down near to normal control group indicating its safe in use. 

Our results imply that Pre and post treatment with ZnCoum.NPs + 

ZnCaf.NPs to irradiation protects cell cycle phases from risk of γ-ray that can lead to 

mutation in normal cell or cancer induction. In addition to IR induced cell killing, 

other clinically important effects of IR are related to cell proliferation and cell cycle 

arrest. Most normal cells exposed to IR characteristically activate cell cycle 

checkpoints, resulting in cell cycle arrest at the G1/S or G2/M checkpoints (Vucic et 

al., 2006). This agreed with the result of the present work and (Martin et al., 2010) 

reported that, IR induced activation of the G2/M checkpoint. Cells in G2 phase at the 

time of radiation undergo a rapid transient G2 arrest (early and late G2 arrest). 

The present study revealed that whole body γ-irradiation at the exposure to a 

single dose of γ-irradiation (3Gy) every week for four weeks induced greatly 

swollen hepatocytes with ill-defined outlines. Cytoplasmic vacuolation as well as 

foci of necrotic cells were seen. Also, dilated central veins and blood sinusoids were 

markedly detected. In addition, hemorrhage, interstitial oedema, pyknosis and 

necrosis as well as complete degenerated hepatocytes. These findings were in 

agreement with those recorded by (Chandan et al., 1999), who also observed 

radiation could induce cell cycle block and thereby inhibit hepatocyte regeneration 

with focal hepatic necrosis and various degrees of portal fibrosis and bile duct 

proliferation were seen.  Pre and post treatment exposed to γ-rays with ZnCoum.NPs 

+ ZnCaf.NPs could attenuate the adverse effects of γ- radiation exposure. Most of 

the histopathological lesions observed after γ-irradiation disappeared to a large 

extent ; where the normal architecture of the liver was  restored .Similar results were 



__________________________________________________________________________Discussion 

147 

 

obtained with (Sacid et al., 2008), who suggest that treatment of Caffeic Acid 

Phenethyl Ester maintains antioxidant defenses, reduces oxidative liver injury, 

cytokine damage, and necrosis inflammation in bile duct ligated rats. 

The present results revealed that, gamma-radiation has a harmful effect on 

the liver of irradiated rats. (Hiroshi et al., 2000; Mori et al., 2000) recorded that 

radiation-induce hepatic injuries, (Chau-Hua et al., 2005) reported that radiation-

induced liver damage is the end stage of acute liver injury. The present results 

revealed that liver of gamma-irradiated rats exhibited varying lesions that included 

congestion and dilatation in blood vessels, hemorrhage, vacuolation and necrobiotic 

changes in the hepatocytes.   Similar results were documented by many authors on 

different experimental animals exposed to gamma-irradiation (Yarmonenko, 1998; 

Zavodnik et al., 2003; Guryev, 2005; Shediwah, 2005). Ionizing radiation of 

normal tissue results in fibrosis, which is perhaps the most universal late effect of 

radiation. In liver, radiation-induced late injury is histologically characterized by a 

loss of parenchymal hepatocytes and the distortion of the lobular architecture which 

is accompanied by both per-central and per-portal fibrosis (Jinsil et al., 2000). 
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SSSSUMMARY 

The radiation exposure one of the risk factors of cancer, especially in the field of 

medical diagnostic and treatments, in addition to the daily exposures of radiation; 

industrial, large number of atomic radiation, the increased spread of car exhaust, 

smoking, stress and unhealthy eating. Also, the consequent increase in the oxidation 

process in the body and the production of free radicals, leading to disruption of 

operations, damage of vital tissues and the occurrence of mutations, which in turn lead to 

organ failure and then death or a growth of abnormal cells or so-called cancer. The body's 

daily compensation tissues and damaged cells, where Allah creating in our bodies the 

necessary defensive methods, which resist harmful these radicals and protect us from 

dangers, such as enzymes, antioxidants, including (glutathione, glutathione peroxidase, 

super oxide dismutase, and catalase) and the immune system. But, if the speed of the 

formation of free radicals more than the body's energy defense speed, the body is unable 

to defense and protect the tissue from the danger. 

Therefore, the need to identify substances that have the ability to curb and protect the 

tissues from damage induced by free radicals is a great need in the fields of radiation 

exposure, especially in the medical field. The natural compounds of plant especially 

phenolic compounds, flavonoids, some minerals as zinc and some vitamins of the most 

important compounds that play a major role in radioprotectors field specially in 

radiotherapy. Para-coumaric acids and caffeic acids are natural secondary metabolite 

compounds to phenolic cinnamic acid, which are used in this area largely, it act as anti-

oxidant, immune system stimulate and anti-cancer. However, the effective impact of 
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these compounds and the natural compounds generally are little, because the molecules 

size are large, metabolite slowly and poorly transported across the cell membrane, so the 

number of molecules that reaching the cell to perform effective role are small and also it 

causes some side effects as a result of the accumulation of molecules on the cell 

membrane, in addition to the acids have some adverse effects on the stomach and the 

process of absorption. 

Therefore, the study aimed to assess the potential role of protective and therapeutic 

impact of Para-coumaric acid and caffeic acid in nano particles form, removal the acid 

and adding zinc metal to become the new compound name; Zinc Coumarate Nano 

Particles (ZnCoum.NPs) and Zinc Caffeiate Nano Particles (ZnCaf.NPs), were given to 

rats by intraperitoneal injection at a concentration of 5 mg/kg and 15 mg/kg body weight 

respectively, for 7 successive days, post irradiation for (ZnCoum.NPs + ZnCaf.NPs) and 

[(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] groups and for 30 successive days for 

(ZnCoum.NPs + ZnCaf.NPs), [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated] and [Irradiated 

+ (ZnCoum.NPs + ZnCaf.NPs)] groups, against whole body γ-irradiation with a dose of 

3Gy, 4 times, every week up to 12 Gy, through the study of biochemical changes that 

occur in the activity of liver enzymes, antioxidants, oxidation of fat, and kidney function, 

and the concentration of free radical, DNA fragmentation, CD4 cell and CD8 cell percent, 

phases of cell cycle and histologic changes of liver cells. 

Animals were divided into five main groups, each group divided into four subgroups 

according to fractionated doses. 

Group I (24 rats): (Control) Non-irradiated, non-treated normal control rats. 
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Group II (24 rats): (ZnCoum.NPs + ZnCaf.NPs) Non-irradiated, rats treated with Zinc 

coumarate nano particles (ZnCoum.NPs) and Zinc caffeiate nano particles (ZnCaf.NPs). 

Group III (35 rats): (Irradiated group), Rats were exposed to whole body γ-radiation, 

3Gy every week for four weeks. 

Group IV (24 rats): [(ZnCoum.NPs + ZnCaf.NPs) + Irradiated], Rats were injected with 

ZCoNPs + ZCaNPs on seven consecutive days, then subjected to whole-body gamma 

radiation 3Gy every week for four weeks, 20 minutes after the last dose of ZnCoum.NPs 

+ ZnCaf.NPs injection. 

Group V (24 rats): [Irradiated + (ZnCoum.NPs + ZnCaf.NPs)], Rats were subjected to 

whole-body γ-radiation, 3Gy every week for four weeks, then injected with ZnCoum.NPs 

+ ZnCaf.NPs. 

The results of this study explained that the dosing rats by gamma rays led to the 

decrease evident in the percentage of body weight compared to normal control, this has 

been attributed to the toxic effects of gamma rays on the organs of the body but with the 

treatment with ZnCoum.NPs and ZnCaf.NPs, it can protective animals from damage 

compared to normal control. 

It was noted that the level of lipid peroxidation in the blood of rats exposed to 

gamma rays has increased significantly compared to normal group accompanied by a 

decrease in the level of glutathione and glutathione peroxidase as well as superoxide 

dismutase and catalase in blood, and white and red blood cells, platelets and the level of 

hemoglobin in the complete blood count, also found that there is an increase in enzymes 

activity of alanine aminotransferas, aspartate aminotransferase, the level of albumin, 

creatinine, urea, nitric oxide, cholesterol, cholesterol LDL  and a severe decrease in the 
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level of triglycerides in the blood serum as compared with control group and found that 

there is an increase in the concentration of free radical in the blood and the percent of 

DNA fragmented in liver cells accompanied by deficiency in immune cells (CD4 and 

CD8), also found that there is an imbalance in the phases of cell cycle and increasing the 

rate of apoptosis in the first growth phase (G1 phase) that is the include of increased in 

cellular components and processing components needed to synthesis the DNA, while the 

decrease of rate of replication (S phase) as also found significant increase in the rate of 

division (M phase) and this indicates the presence of damaged DNA and in the 

manufacture of error in the checkpoint and the second phase (G2 phase), which is the 

preparation phase of the division and demonstrates that the significant increase in DNA 

damage and fragmented, which was measured by Comet assay, also found a decrease in 

the rate of phase zero (G0), this is the phase of the session are outside the cell where the 

cell is preparing to enter into a new cell cycle compared to normal control group. 

The study showed that, injected rats with ZnCoum.NPs and ZnCaf.NPs without 

exposure to radiation did not cause any morphological or functional changes compared to 

the control group, indicating its safe in use. It was found that the preventive treatment of 

rats with ZnCoum.NPs and ZnCaf.NPs then subjected to irradiation and treatment after 

irradiation caused a protection to rats during the measurements, which were measured 

during the experiment but the protected group showed improvement than treatment group 

compared to controls. 

Also, it was showed that during histopathological examination of the various 

treatment groups, improvement of liver tissue in groups treated with ZnCoum.NPs and 

ZnCaf.NPs) than irradiated groups compared to control group. 
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It is concluded from this study that the whole body exposed to gamma rays lead to 

significant disorder in the standard morphological, biochemical and cellular, and 

especially in the criteria included in the study, and accompanied by a defect in the 

performance of functional and organ failure then death of the body, especially in patients 

with tumors, where the matter becomes bad as a result of the harmful effects of abnormal 

cells, in addition to the harmful effects of radiation, while the injection with 

ZnCoum.NPs) and (ZnCaf.NPs led to protect the body from the harmful effects of 

radiation with a P value < 0.05. 

This can be inferred from this study on the protective and therapeutic role of 

ZnCoum.NPs) and (ZnCaf.NPs against disorders that may be caused by radiation, these 

materials may be useful in the treatment of disorders that arise in patients during 

radiotherapy or chemotherapy. 
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يعتبر التعرض ل*شعاع من عوامل الخطر المسببه للسرطان خاصة فى مجال الفحوص والع�جات الطبيه با�ضافه 

نتشار عوادم السيارات إ زيادةالى التعرضات اليوميه من ا�شعاعات الكونيه والصناعيه وكثرة ا�شعاعات الذريه و

ويترتب على ذلك زيادة عملية اCكسده فى الجسم وإنتاج . ىه وتناول الطعام الغير صحيوالتدخين والضغوط النفس

نسجه وحدوث الطفرات التى تؤدى بدورھا إلى ضطراب العمليات الحيويه وتلف اCإلى إمما يؤدى الشوارد الحره 

تلك  الجسم يوميا ويقاوم. يعى للخ�يا أو ما يسمى بالسرطانفشل اCعضاء ومن ثم موتھا أو حدوث النمو الغير طب

بتعويض اCنسجة والخ�يا التالفة حيث خلق هللا فى أجسامنا اCساليب الدفاعية ال�زمه والتى تقاوم ھذه  اRضرار

 ،جلوتاثيون بير أوكسيديز ،جلوتاثيون(الشوارد الضاره وتحمينا من أخطارھا مثل إنزيمات مضادات اCكسده ومنھا 

ولكن إذا كانت سرعة تكوين الشوارد الحرة أكبر من طاقة . عىوالجھاز المنا) والكتاليز ،سوبر أكسيد ديز ميوتيز

لذلك فإن الحاجة الى تحديد مواد لھا  .الجسم الدفاعية فإن الجسم يعجز فى التصدى لھا وحماية اCنسجة من خطرھا

فى مجاRت التعرض ل*شعاع  القدرة على كبح تلك الشوارد وحماية اCنسجة من أضرارھا يمثل ضرورة كبيرة

وتعتبر المركبات الطبيعية النباتية خاصة المجاميع الفينولية والف�فلوندية وبعض المعادن . اصة فى المجال الطبىخ

. كالزنك وبعض الفيتامينات من أھم المركبات التى تلعب دورا كبيرا فى التصدى ل_ضرار التى تنتجھا ا�شعاعات

 للمجموعات الفينولية لحمض السيناميكالثانوية  طبيعيةويعتبر حمض الكيومارك وحمض الكافيك من المركبات ال

إR أن  .ومحفزات مناعية ومضادات سرطانية تتميز بأنھا مضادات أكسدةو تستخدم فى ھذا المجال بدرجة كبيرة والتى

عدد  للمركبات الطبيعية عامة بطئ وذلك لكبر حجم جزيئات تلك المركبات ومن ثم قلةو لھذه المركبات التأثير الفعال

نتيجة لتراكم الجزيئات على الغشاء  إحداث بعض التأثيرات الجانبيةأيضاً والجزيئات التى تصل للخ�يا لتأدية دورھا 

لذلك تھدف الدراسة  .وعملية ا�متصاص با�ضافة الى أن اCحماض لھا بعض التأثيرات الضارة على المعدة الخلوى

وإح�ل فى صورة جزيئات نانو  حمض الكافيك و ريكالكيوما حمضالمحتمل ل والع�جى تقييم الدور الواقىالى 

 15 ،كجم/ملجم 5بجرعات نانو  وزنك كافياتزنك كيومارات نانو ليكون اسم المركب الجديد  الزنك محل الحمض

فى التصدى للضرر الذى يحدثه  فى الغشاء المبطن للتجويف البطنى كلجم من وزن الجسم يوميا على التوالى/ملجم

وذلك من خ�ل  لمدة أربعة أسابيع جراى كل أسبوع 3جراى مجزئة بمعدل  12بجرعات  عرض ل*شعاع الجامىالت

 ،وظائف الكلى ،د ومضادات اCكسدة وأكسدة الدھونالتغيرات البيوكيميائية التى تحدث فى نشاط إنزيمات الكب دراسة

الدفاعية  الھيلبر والسيتوكسيك وى الدنا والخ�ياومدى التغيرات التى تحدث فى الحمض النو ،وتركيز الشقوق الحرة

من  131عدد لقد تضمنت التجربة و .والتغيرات الھيستولوجية لخ�يا الكبد ،وأطوار الدورة الخلوية للجھاز المناعى

تبعا للجرعات  مجاميع فرعية 4إلى خمس مجاميع رئيسة على أن تقسم كل مجموعة إلى  الجرذان البيضاء تم تقسيمھم

  -:كالتالىجرذاً  6شعاعية التراكمية على أن يذبح بعد كل جرعة إشعاعية ا�



  ب

 

مجموعة طبيعية من الجرذان لم تتلقى الع�ج ولم تتعرض لجرعات إشعاعية ): جرذاً  24( المجموعة اCولى

  .واستحدمت كمجموعة ضابطة

  .مجموعة أعطيت الع�ج ولم تتعرض ل*شعاع: )جرذاً  24( المجموعة الثانية

  .مجموعة تعرضت ل*شعاع فقط): جرذاً  32(مجموعة الثالثة ال

على التوالى قبل التشعيع ثم إستمر لمدة أعطيت الع�ج لمدة سبعة أيام  واقية مجموعة): جرذاً  24(المجموعة الرابعة 

  .يواً متتالية مع التشعيع 30

أول جرعة  مرور اً متتالية بدأ بعديوم 30مجموعة ع�جية أعطيت الع�ج لمدة ): جرذاً  24(المجموعة الخامسة 

  .ساعة 24بــ  إشعاعية

 ولقد أوضحت نتائج ھذه الدراسة أن تجريع الجرذان بأشعة جاما أدى إلى نقصان واضح فى النسبة المئوية لوزن

الجسم مقارنة بالمجموعة الضابطة وقد أعزى ھذا إلى التأثيرات السمية ل*شعاع الجامى على أعضاء الجسم ولكن مع 

  .الع�ج وجد أن الجرذان حافظة على وزنھا الطبيعى مقارنة بالمجموعة الضابطة

د زيادة ملحوظة مقارنة ديھايد فى دم الجرذان المعرضة Cشعة جاما قد إزداولقد لوحظ أن مستوى المالونداى أل

ابطة مصحوباً بنقص فى مستوى الجلوتاثيون والجلوتاثيون بيراودكسيداس وكذلك سوبر أكسيد ضبالمجموعة ال

 ات الدم البيضاء والحمراء والصفائح الدموية ومستوى الھيموجلوبين فى صورة الدم الكاملةوكر ديسميوتاز والكتاليز

زيمات اRCنين أمينوترانسفيراس وا�سبرتات أمينوترانسفيراس ومستوى كما وجد أنه يوجد زيادة فى نشاط إن

فى مستوى  الشديد والنيترك أوكسيد والكليسترول والكليسترول الردئ والنقص لبوليناوا ينيناCلبيومين والكريات

 ة فى تركيز الشواردد أنه يوجد زيادكما وج مقارنة بالمجموعة الضابطة الطبيعية فى مصل الدم الجليسريدات الث�ثية

اً بنقص فى خ�يا الدم بفى خ�يا الكبد مصحو ال دى إن ايهالحرة الكلية فى الدم ومعدل تجزئة الحمض النووى 

دل الموت الخلوى مع كما وجد أنه يوجد خلل فى أطوار الدورة الخلوية وذلك بزيادة )الھيلبر والسيتوكسيك(المناعية 

والتى فيھا تزداد مكونات الخلية وتجھيز المكونات ال�زمة لتضاعف  (G1 phase)المبرمج فى مرحلة النمو اCولى 

وھذا  (M phase)كما وجد أيضاً زيادة ملحوظة فى معدل ا�نقسام   (S phase)الدنا فى حين نقص معدل التضاعف 

والتى يتم فيھا (G2 phase) فى نقطة تفتيش المرحلة الثانية وخطأ  ال دى إن ايهتلف فى تصنيع  وجود يدل على

تم قياسھا بتقنية الكوميت كما  ىويدلل على ذلك الزيادة الملحوظة فى تلف وتجزأة الدنا والت التجھيز لعملية ا�نقسام

تستعد فيھا الخلية للدخول فى و يةوالدورة الخل توجد خارج وجد أيضاً نقص فى معدل مرحلة الصفر وھى مرحلة

  .عة الضابطةدورة خلوية جديدة مقارنة بالمجمو

لم يسبب  بدون تعرض ل*شعاعزنك كافيات نانو الزنك كيومارات نانو و للقد أوضحت الدراسة أن حقن الجرذان باو

وقد . ا�ستخدام اCمن لھذه المركباتمما يدل على  المجموعة الضابطةبمقارنة  مورفولوجية أو وظيفية غيراتأى ت

ثم التعرض للتشعيع والمعالجة بعد زنك كافيات نانو الكيومارات نانو و  لزنكباتبين أن المعالجة الوقائية للجرذان 

مجموعة الوقائبة أظھرت تحسناً الأثناء التجربة إR أن  المختبرةظة للجرذان خ�ل القياسات وقاية ملحو تالتشعيع سبب

للمجموعات المعالجة  الميكرسكوبىوقد تبين بالفحص  .أفضل من المجموعة الع�جية مقارنة بالمجموعة الضابطة



  ت

 

عن زنك كافيات نانو اللزنك كيومارات نانو وباجة تحسناً ملحوظاً Cنسجة الكبد فى المجاميع المعالث والمختلفة حد

  .المجاميع المعرضة ل*شعاع بدون ع�ج مقارنة بالمجاميع الضابطة

وي فى المعايير المورفولوجية تعرض الجسم الكلى Cشعة جاما يؤدى إلى خلل معنأن  ستنتج من ھذه الدراسةوي

مصحوباً بخلل فى التأدية الوظيفية وبالتالى فشل  ،والبيوكيميائية والخلوية وخاصة فى المعايير التى تتضمنھا الدراسة

لخ�يا لاCعضاء ومن ثم الموت للجسم وخاصة فى مرضى اCورام حيث يزداد اCمر سوًء نتيجة التأثيرات الضارة 

زنك كافيات نانو الزنك كيومارات نانو ولبا*شعاع فى حين أن الحقن الضارة لتأثيرات الضافة إلى ھذا با� السرطانية

  .P>  0.05 بقيمة معنوية  أدى إلى وقاية الجسم من التأثيرات الضارة التى تسببھا ا�شعاع
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ال دى خ�يا الدم والدورة الخلوية وتبين من خ�ل تلك الدراسة ان تعرض الجسم ل*شعاع سبب اضرارا بالغة بالكبد و

أى  حدثلم ي لزنك كيومارات نانو والزنك كافيات نانو بدون تعرض ل*شعاعإن ايه فى حين ان حقن الجرذان با

كما تبين أن حقن الجرذان قبل وبعد ا�شعاع أظھرت تحسناً  ،لھذه المواد جانبية مما يدل على ا�ستخدام اCمن أضرار

ولھذا يمكن ا�ستدRل من ھذه . أفضل من المجموعة الع�جية لمجموعة الوقائية أظھرت تحسناً ملحوظاً اR أن ا

زنك كيومارات نانو والزنك كافيات نانو فى التصدى للخلل الذى يحدثه للالدراسة على الدور الواقى والع�جى 

        .مجال ع�ج اRورام با�شعاعولھذا نوصى باستخدام تلك المواد فى حقول استخدام ا�شعاع خاصة فى ا�شعاع 
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ويقاوم الجسم يوميا تلك . يعتبر التعرض ل�شعاع من عوامل الخطر المسببه للسرطان خاصة فى المجال الطبى

ا6نسجة والخ2يا التالفة حيث خلق هللا فى أجسامنا ا6ساليب الدفاعية ال2زمه والتى تحمينا من ا.ضرار بتعويض 

حرة أكبر من طاقة الجسم الدفاعية فإن الجسم يعجز فى التصدى لھا ولكن إذا كانت سرعة تكوين الشوارد ال. أخطارھا

لذلك فإن الحاجة الى تحديد مواد لھا القدرة فى التصدى لتأثير اOشعاع الضار يمثل . وحماية ا6نسجة من خطرھا

 ويعتبر حمض الكيومارك وحمض الكافيك. ضرورة كبيرة فى مجا.ت التعرض ل�شعاع خاصة فى المجال الطبى

إ. . من المركبات الطبيعية الثانوية لحمض السيناميك للمجموعات الفينولية والتى تستخدم فى ھذا المجال بدرجة كبيرة

أن التأثير الفعال لھذه المركبات وللمركبات الطبيعية عامة بطئ وذلك لكبر حجم جزيئات تلك المركبات ومن ثم قلة 

ا وأيضاً إحداث بعض التأثيرات الجانبية نتيجة لتراكم الجزيئات على عدد الجزيئات التى تصل للخ2يا لتأدية دورھ

لذلك تھدف . الغشاء الخلوى باOضافة الى أن ا6حماض لھا بعض التأثيرات الضارة على المعدة وعملية اOمتصاص

ت نانو الدراسة الى تقييم الدور الواقى والع2جى المحتمل لحمض الكيوماريك و حمض الكافيك فى صورة جزيئا

 5ليكون اسم المركب الجديد زنك كيومارات نانو و زنك كافيات نانو بجرعات  وإح2ل الزنك محل الحمض

كلجم من وزن الجسم يوميا على التوالى فى الغشاء المبطن للتجويف البطنى فى التصدى للضرر /ملجم 15 ،كجم/ملجم

لمدة أربعة أسابيع وذلك  جراى كل أسبوع 3معدل جراى مجزئة ب 12الذى يحدثه التعرض ل�شعاع الجامى بجرعات 

ولقد . من خ2ل دراسة التغيرات البيوكيميائية والمناعية والخلوية والجزيئية والھستولوجية وتركيز الشقوق الحرة

أوضحت نتائج ھذه الدراسة أن تجريع الجرذان بأشعة جاما أدى إلى خلل واضح فى جميع معايير التجربة وقد أعزى 

ى التأثيرات السمية ل�شعاع الجامى على وزن الجسم وصورة الدم الكاملة ونسب الدھون فى الدم والخ2يا ھذا إل

الحرة والشكل الھستولوجى 6نسجة الكبد  واردوتركيز الش ال دى إن ايهالمناعية والدورة الخلوية والحمض النووى 

حافظة على وجود تلك المعايير فى حالتھا المناسبة وأيضاً وظائف الكبد والكلى ولكن مع الع2ج وجد أن الجرذان 

ويستنتج من ھذه الدراسة أن تعرض الجسم الكلى . مقارنة بالمجموعة الضابطة الطبيعية P>  0.05بقيمة معنوية  

6شعة جاما يؤدى إلى خلل معنوي فى المعايير المورفولوجية والبيوكيميائية والخلوية وخاصة فى المعايير التى 

ا الدراسة ويكون مصحوباً بخلل فى التأدية الوظيفية وبالتالى فشل ا6عضاء ومن ثم الموت للجسم وخاصة فى تتضمنھ

مرضى ا6ورام حيث يزداد ا6مر سوًء نتيجة التأثيرات الضارة للخ2يا الغير طبيعية ھذا باOضافة إلى تأثيرات 

زنك كافيات نانو أدى إلى وقاية الجسم من التأثيرات لازنك كيومارات نانو و لبااOشعاع الضارة فى حين أن الحقن 

      .الضارة التى تسببھا اOشعاع
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