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PHYSIOLOGICAL AND BIOCHEMICAL STUDIES ON 

THE POSSIBLE PROTECTIVE ROLE OF GINSENG IN 
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Abstract 
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peroxidation- Protein- Lipid of RBCs membrane- 
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          Administration of Ginseng prior to radiation exposure at 
both doses 2 or 6 Gy of gamma rays minimize the hazardous 
effect of radiation by decreasing the level of serum total lipid, 
total cholesterol, high density lipoprotein (HDL), triglycerides, 
MDA and lipids of RBCS membrane. Also, Ginseng treatment 
before exposure to single separate doses 2 and 6 Gy of γ- rays 
increasing the levels of low density lipoprotein (LDL), total 
protein, albumin, globulin, RBCs count, WBCs count, 
hemoglobin content and erythropoietin. 
          Morphological studies of bone marrow revealed that 
administration of Ginseng before exposure to 2 or 6 Gy of γ-
radiation improve the cellularity comparing to the irradiated one. 
While administration of Ginseng after exposure to 6 Gy of γ-rays 
had no effect and showed severe hypocellularity and loss cell 
wall.  
 The radioprotective effect of Ginseng administration 
before exposure to irradiation was more effective than that of 
Ginseng administered after exposure to irradiation. Ginseng was 
obviously investigated as an effective agent on hematopoiesis.  
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Introduction 
In many aspects of modern civilization, ionizing 

radiation is used for peaceful purposes. Radiation technology 

has been greatly used in various purposes of our life as a major 

source of energy production and as useful tool in medical, 

agricultural and industrial applications (Kajioka et al., 2000).  

Therefore, the use of ionizing radiation may lead to the 

exposure of human beings to different levels and types of 

radiation. Such exposure eventually results in injuries to the 

biological system of man. These injuries depend on radiation 

dose, duration and type of radiation exposure and the 

radiosensitivity of different tissues (Pecaut et al., 2001). 

One of the major reasons for cellular injury after 

radiation exposure is the generation of free radicals and the 

possible increased levels of lipid peroxidation in the biological 

tissues and cellular membrane. Exposure of living subjects to 

ionizing radiation either accidently or during radiotherapy is 

known to result in serious systemic damage to various organs, 

tissues, cellular and subcellular structures (Anand et al., 

1997). 
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          There is now a long list of active chemicals, which can 

modify the radiation response when given before exposure. 

These substances have diverse chemical structures and include 

agents such as sulfydryl compounds, amino acid groups, fatty 

acids, hormones, a number of pharmacological agents and 

metabolic inhibitors. Also, several synthetic compounds such 

as 2-mercaptopropionyl glycine and adenine monophosphate 

have been tested for their protective action against radiation. 

But they have their limited use due to their inherent toxicity 

(Kumar et al., 2003). 

          For more than 4000 years, the water soluble form of the 

dry root of Ginseng has been highly treasured in Chinese 

traditional medicine, in belief that it promotes longevity 

(Attele et al., 1999), enhances resistance to many diseases 

(Keum et al., 2003), and help maintain the equilibrium of 

human body under stress known as the adaptogenic effect 

(Ong & Yong, 2000). 

          Recently, Ginseng products have attracted worldwide 

attention as a potential biological response modifier, because 

of wide spectrum of reported beneficial effects on central 

nervous system, endocrine, cardiovascular and immune 

function (Lee et al., 2004).   
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         The principle bioactive components of Ginseng are a 

series of triterpenoid saponins with steroidal structures known 

as the Ginsenosides, which provide a variety of important 

pharmacological consequences (Shin et al., 2000 and Chan et 

al., 2000). 

          Administration of Ginsan, a polysaccharide fraction 

extracted from Ginseng, 24 h before a lethal irradiation results 

in a marked increase in survival (Song et al., 2003). 

Additionally, preliminary clinical observations suggest that 

following radiotherapy or chemotherapy; partially purified 

ginseng components may reduce therapeutic related side 

effects and stimulates recovery of hematopoietic functions 

(Kim et al., 1990). 

Aim of the work 

          The aim of the present work is evaluation of the 

possible protective role of Ginseng as a natural product on 

some biochemical, hematological and morphological 

parameters in rats exposed to low or high-dose of γ-irradiation. 

 



   
 

4 
 

LITERATURE REVIEW 

Ionizing radiation 

Ionizing radiation has received their name owing to their 

ability of ionizing atoms and molecules in an irradiated 

substance (Yarmonenko, 1988). Ionizing radiation is divided 

in their nature into electromagnetic and particulate ones 

(Eidus, 1979). Electromagnetic radiation includes X-rays from 

X-Ray tubes, the gamma rays of radioactive elements and the 

X-rays of electron accelerators. Visible light and radiowaves 

are also electromagnetic radiation, but they do not ionize 

matter because they are characterized by longer wavelength. 

All the other types of ionizing radiation are of a particulate 

nature, namely,   particles, Protons, Deuterons,  particles 

and Heavy ions nuclei of other elements (Yarmonenko, 

1988).    

Every biological species has its own sensitivity to the 

action of ionizing radiation, i.e its own radiosensitivity. The 

degree of radiosensitivity of the animal varies greatly within a 

single species (individual radiosensitivity), while for a definite 

individual, it also depend on the age and sex. Moreover, even 
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in one organism the different cells and tissues vary greatly in 

their radiosensitivity. 

Walter & Isreal (1979) classified the organs and tissues 

according to their radiosensitivity into three groups:  

a- Sensitive group: includes reproductive cells of 

gonads, epithelium lining of alimentary tract and 

hemopoietic tissues. 

b- Intermediate sensitive group: which is represented 

by liver, thyroid and kidney. 

c- Low sensitive group: includes muscles, bone and 

nerve tissue. 

Evans (1974) stated that cells undergoing mitosis are 

most sensitive to ionizing radiation and chromosome damage 

may induce malignant changes and genetic abnormalities. If 

radiation effect is more localized to the nucleus which is the 

most radiosensitive structure, death of the cell may occur at its 

next division. Alternatively, lesser damage to the 

chromosomes, or genes, which carry inherited characteristics 

of cells and organisms, may result in changes known as 

chromosome aberrations and/or gene mutations. If the affected 
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cells are germ cells in the gonads, these mutations can be 

passed on to the offspring. 

Mechanism of biological effect of ionizing radiation 

The biological effects of ionizing radiation in living 

organisms result from both deposition of energy in cells and 

ionizing of water molecules forming a group of free radicals in 

the body. The energy deposition affects the structure and form 

of protein molecules in the cells which is reflected in the form 

of dangerous biological changes within the cells, the tissue and 

the whole body. In living tissues, the water molecule is a major 

target of ionizing radiation reactions in which OH, H2O2, O, 

HO2 and H radicals are formed. Many different types of 

reactive oxygen species (ROS) are produced such as OH, O2 

and H2O2. These species can damage bases and cause different 

adducts and degradation products. Ionizing radiation can cause 

strand breaks that are responsible for most of the lethal effects 

of such radiation (Griffiths et al., 1999).  

Karbownik & Reiter (2000) reported that ionizing 

radiation interacts with living cells, causing a variety of 

changes depending on exposed and absorbed dose, duration of 

exposed and interval after exposure, and susceptibility of 
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tissues to ionizing radiation. Radiation injury to living cells is, 

to large extent, due to oxidative stress. Reactive oxygen 

species (ROS) and free radicals induced by partial reduction of 

oxygen O2 react with cellular macromolecules (nucleic acids, 

lipids, proteins and carbohydrates) and damage them. ROS are 

involved in the pathogenesis of chronic renal failure, liver 

injury, severe diabetes, inactivation of mitochondrial enzymes 

and DNA damage which leads to apopotosis (Vaziri, 2004; 

Roth et al., 2004; Klaunig & Kamendulis, 2004 and 

Modlinger et al., 2004).  

Biological effects of gamma irradiation on: 

I- Lipids profile: 

Gamma irradiation (8 Gy) induced a pronounced 

increase in blood serum cholesterol and total lipids. Such 

increase in blood lipid fractions may reflect the increased 

requirement for fat by the irradiated animals, since it was 

observed that irradiated rats tended to eat less or lost appetite 

than the non-irradiated ones  in addition to the decrease in their 

body weight after irradiation. Therefore an increase happens in 

the mobilization of peripheral fat existing in the tissue with 
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consequence transfer of these lipid products by blood stream to 

the liver (Yousri et al., 1991). 

Abou Safi et al. (1999) demonstrated that γ- radiation at 

dose level of 6 Gy induced significant elevation in the levels of 

total lipids and total cholesterol (13.1 % and 70.4%) as 

compared to their corresponding control values. 

Many studies demonstrated that exposure of rats and 

mice to ionizing radiation at dose level of 1.75 to 12 Gy 

increased cholesterol synthesis in the liver. Thus exposure to 

ionizing radiation can cause elevated total serum cholesterol 

levels in animals by affecting both cholesterol synthesis in the 

liver and lipid metabolism (Arkhipova & Burlakova, 1974; 

Kolomijtseva et al., 1978; Rizvi et al., 1984; Stepanov, 1989 

and Lennie et al., 1999).   

On the other hand, Girgis et al. (2000) noticed that 

irradiation of rats at a dose level of 6 Gy significantly 

decreased the total cholesterol level in plasma by – 37.4 % on 

the 1st day after irradiation as compared to the control value. 

However, it increased by 48.04 %, 30.9% and 9.6 % after 3, 7 

and 14 days from irradiation, respectively, as compared to the 

control value. The authors suggested that ionizing radiation by 

activating the cholesterol esterase enzyme may play a role in 
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the development of atherosclerosis in the experimental 

animals. 

Whole body gamma irradiation at a dose level of 9 Gy 

increased the plasma cholesterol after 24 hour and 48 hours in 

rats after exposure to fractionated rays. Radiation induced 

hypercholesterolemia could be attributed to the decrease in 

lecithin cholesterol acetyl transferase (LCAT) leading to 

decrease in cholesterol estrification of rat plasma (Kafafy & 

Ashry, 2001). Also, Osman et al. (2001) noticed the elevation 

in total cholesterol when the animals exposed to 6 Gy of γ- 

irradiation at the 3rd, 10th and 20th days post-irradiation.  

Feurgard et al. (1998) and El khafif et al. (2003) 

reported that whole body exposure to gamma radiation induces 

hyperlipidemia. They reported that increased level of serum 

cholesterol fractions was probably due to its release from 

tissues, destruction of cell membranes and increase rate of 

cholesterol biosynthesis in the liver and other tissues. The 

increase in triacylglycerol levels occurred after gamma 

irradiation might be related to the decrease in lipoprotein 

lipase activity in adipose tissue, leading to reduction in the 

uptake of triacylglycerols. The LDL oxidation was mediated 

by water gamma radiolysis, which has the advantage of being 
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quantitative and highly selective with regard to the free 

radicals produced (Jedidi et al., 2003). Oxidation of LDL, in 

vivo, may be initiated by oxygen free radicals originating from 

several cellular types, such as macrophages, or endothelial, or 

smooth muscle cells, the susceptibility of LDL and HDL to 

oxidation decreased with the use of antioxidants (Khalil et al., 

2000). 

Mansour (2006) showed that, gamma irradiation 

induced a significant increases in cholesterol, triglycerides, 

high- and low-density lipoproteins levels in rat serum after 

exposure to 6 Gy of radiation compared to the control group.  

II- Lipid peroxidation (Malondialdehyde MDA): 

Lipid peroxidation has been suggested as one of the 

main causes of radiation induced membrane damage (Purohit  

et al., 1980).  Also, lipid peroxidation is one of the measures to 

determine the cellular toxicity. Radiation induces the 

formation of reactive oxygen species (ROS) such as 

superoxide radicals, which causes lipid peroxidation (Petkau 

& Chelack, 1976 and Raleigh, 1987).  

Reactive oxygen species (ROS) cause impairment of 

cellular membrane stability and cell death by lipid 
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peroxidation (Flohe et al., 1985). Malondialdehyde (MDA) is 

an end product of lipid peroxidation process and the increase 

in free radicals causes overproduction of MDA (Marnett, 

2002). Also, MDA level is commonly known as a marker of 

oxidative stress (Gawel et al., 2004). 

Paranich et al. (1990) studied the effect of gamma 

irradiation on the content of lipid peroxidation products in rat 

plasma, brain and liver. They found that irradiation increases 

lipid peroxidation in the studied tissues. Also, Baraboj et al. 

(1990) noticed a considerable increase of lipid peroxidation 

level in the blood, spleen and thymus of rats subjected to 

whole body and local X-irradiation.   

Kumar et al. (2003) found that administration of P. 

Ginseng root extract before irradiation significantly decreased 

lipid peroxidation levels and reduced the radiation damage in 

mice testes. 

Űçüncü et al. (2006) reported that, total cranium 

irradiation by 15 Gy of gamma irradiation as a single dose 

significantly increased the MDA level as an end product of 

lipid peroxidation and decreased the activity of superoxide 

dismutase (SOD) and catalase (CAT) enzymes in rat plasma 

by emphasizing the increased generation of oxidative stress.  
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Gupta et al. (2008) recorded that gamma irradiation 

(7.5 Gy) to mice induced significant elevation in lipid 

peroxidation level over the normal values. 

III- Total protein, albumin and globulin: 

Whole body exposure to gamma irradiation of rats at 

dose 4.5 Gy caused significant decrease in serum total protein 

and tendency towards normal values was observed after the 7th 

day (Hassan et al., 1983 and Kumar & Uma-Devi, 1983). 

However, in the early period post irradiation of rats exposed to 

11 Gy, a decrease in total protein was observed at the 7th day 

post irradiation, there was a drastic decrease in total protein 

and all fractions (Srinivasan et al., 1985).          

While significant decrement in serum albumin 

concentration was found in rats irradiated with a daily dose of 

2.055 Gy up to a total dose of 14.385 Gy. There was a 

recovery to normal values between the 4th day and 10th day 

post exposure (Chlebovska et al., 1989). 

Exposure of Swiss albino mice to a dose of 2.2 Gy of 

gamma rays caused depletion in the level of plasma albumin in 

the blood of irradiated animals compared with control 

(Nadchahal et al., 1990). 
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Marked decrements in concentration of serum albumin 

and significant increase in globulin concentration were 

observed in rats exposed to whole body gamma irradiation at a 

dose level of 6.5 Gy (Mohamed, 1997). After irradiation with 

separate doses of 2, 4 and 6 Gy highly significant decreases in 

serum protein were recorded from the 1st day to the 9th day, the 

maximum decrease was recorded at the 3rd day at the three 

doses (El-Shamy, 1999). 

Abu-Ghadeer et al. (2000) studied the effect of whole 

body gamma irradiation (4.5 Gy) on male Swiss albino rats. 

The data revealed significant increase in albumin and A/G 

ratio due to radiation exposure and globulin levels were 

significantly decreased. 

IV- Lipids of RBCs membrane: 

Grzelinska et al. (1982) reported that gamma irradiation 

induced changes in the rigidity of erythrocyte membrane 

lipids, the state of membrane proteins and lipid peroxidation.  

Gamma irradiation of bovine erythrocyte membranes 

(0.1- 4 Mrad) resulted in a decreased in the degree of order of 

membrane lipids. Dose dependence of this phenomenon 

corresponded to dose de pendence of malondialdehyde 
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formation in the membrane. Membrane proteins underwent 

radiation-induced conformational transitions which could be 

also connected with lipid peroxidation (Grzelinska et al., 

1979). 

Kang et al. (1989) studied the effect of ionizing 

radiation on erythrocyte membrane. They found that after 

irradiation of heparinized rat blood with 10, 50 and 100 Gy 

and during the different days following the whole body 

exposure to 8.5 Gy, the lipid peroxidation level significantly 

increased.    

Ionizing radiation caused considerable changes in the 

content of sterols and squalene in the lymphoid tissue and 

erythrocyte membranes. The process of cholesterol conversion 

to its oxy-derivatives increased under effect of radiation. The 

content of some lipid components in the erythrocyte membrane 

was changed depending on the dose and time after irradiation. 

There was a relationship between the changes in the sterol 

composition and in the properties of erythrocyte membrane 

(Palamarchuk, 1990).   

Damage in membrane lipids in the presence of oxygen 

has been detected in rabbit erythrocyte ghost labeled with 1, 6 

diphenyl 1, 3, 5-hexatriene (DPH), radiation induced 



   
 

15 
 

membrane lipid damage at dose as low as 0.5 Gy. Also after 

dose of 110 Gy and above, severe membrane damage occurred 

(Parasassi et al., 1991). 

Gamma irradiation of blood components induced 

hematologic and biochemical RBCs changes and reduced 

RBCs survival (Button et al., 1981; Jeter et al., 1991 and 

Davey, 1992). 

Nikishkin et al. (1992) studied the effect of ionizing 

radiation which increases the permeability of erythroid cell 

membrane of the hemolytic process and the erythrocyte 

membrane stability. Also, Mintz & Anderson (1993) reported 

that gamma irradiation of blood component causes changes in 

cell membrane permeability. 

Chronic internal exposure of incorporated Cesium 137 

on the erythrocyte membrane to gamma radiation caused 

structural reorganization of erythrocyte membranes that 

influences the membrane lipid (Miliutin et al., 1993). 

After gamma irradiation of rat with a single dose (1 Gy), 

an increase in membrane cholesterol of adipose tissue and liver 

were pronounced. While phospholipid content in adipose 

tissue was decreased after irradiation (Egutkin et al., 1993). 
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Lee & Ducoff (1994) reported that radiation induced 

hemolysis due to destruction of erythrocyte membrane and 

intracellular components causing increase in the membrane 

permeability, which also account for drops in hemoglobin 

content and haematocrite content.  

Gamma irradiation of RBCs results in the production of 

reactive oxygen capable of initiating the process of membrane 

lipid peroxidation and acceleration the leakage of potassium 

ions from RBCs, resulting in an increase of internal viscosity 

(Barjas-Castro et al., 2002). 

V- RBCs count, WBCs count and hemoglobin: 

Whole body gamma irradiation of rats with total dose 

(7.656 Gy and 11.484 Gy) induced significant decrease in the 

reticulocytes and erythrocytes, a recovery to normal values 

occurred on the 9th day post irradiation (Chelbovsky et al., 

1983). 

Asano et al. (1988) reported that whole body gamma 

irradiation of male rabbit with doses 50, 250, 500 and 1000 rad 

caused a significant decrease in erythrocytes count and 

leucocytes count and the decrease was founded to be dose 

dependent. 
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Floersheime et al. (1988) founded that erythrocytes 

count was significantly decreased after (7.65 Gy) whole body 

gamma irradiation in mice, the decrease persisting till the end 

of the experiment at day 25. 

On the other hand, the hematological changes including 

total red blood cell counts and hemoglobin concentration 

values induced by 2 X 2.010 Gy fractionated dosage were 

reversible and don’t cause permanent damage to erythroid 

characteristics (Malhotra et al., 1990). 

Edress et al. (1996) reported that irradiation of male 

mice with 5 Gy induced decline in RBCs count. Also, whole 

body exposure to lethal dose of 7 Gy in rats induced drop in 

erythocytic count detected 7, 10 and 14 days post exposure 

(Kafay et al., 2001).  

Shawki (2003) studies the effect of exposure of rats to a 

single shot dose of 5 Gy on 1st, 2nd, 3rd and 4th weeks post 

irradiation. The results showed significant decrease in RBCs 

count on the 1st, 2nd, 3rd and 4th weeks post irradiation.     

Hofer et al. (1989) stated that prolonged exposure of 

animals to small doses of ionizing radiation produced a 

significant fall in leucocytic count. Also, Gridely et al. (2001) 
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reported that mice received fractionated dose up to 0.5 Gy 

exhibited a spontaneous rise in blastogenesis associated with 

reduction in the WBCs count. 

Several investigators have pointed out to significant 

reduction in hemoglobin level in animals due to exposure to 

gamma irradiation with different doses (Abdel Megeid, 1991; 

Pecaut et al., 2002; Abou-Seif et al., 2003 and Nunia & 

Goyal, 2004).  

Othman et al. (2002) studied the effect of whole body 

gamma irradiation of rats at 6 Gy (3 equal fractions, day after 

day). The results revealed a significant drop in hemoglobin 

concentration. Also, acute dose of gamma irradiation (7 Gy) 

induced decline in hemoglobin, total leukocytes and 

lymphocytes count (Jagetia et al., 2006). 

Abouelella et al. (2007) results reflect the detrimental 

reduction effects of gamma rays (3 Gy) on peripheral blood 

hemoglobin, the levels of red blood cells, differential white 

blood cells and bone marrow cells. 

         Radiation exposure (7.5 Gy gamma irradiation) induced 

significant decline in erythrocytes and hemoglobin until the 

third day, followed by a gradual recovery at the 7th day, but 
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these values did not reach the normal values during the 

remainder of the animal’s life span (Gupta et al., 2008).  

VI- Erythropoietin (EPO): 

Erythropoietin (EPO), a glycoprotein hormone, is an 

essential growth factor that regulates erythropoiesis. It is 

predominantly synthesized in the kidneys (Jelkmann, 1992 

and Jelkmann & Metzen, 1996). 

It is generally accepted that erythropoietin (EPO) is 

produced mainly by the kidney, released in response to 

decreased levels of oxygen in the body tissue, and is also 

produced to a lesser extent by liver. In the irradiated mice, a 

pool of erythropoietin sensitive cells has been found to be 

increased. Erythropoietin not only acts on the existing 

erythropoietin sensitive cells but also on stem cells that enter 

in the process of differentiation, enabling these cells to 

proliferate and differentiate into functioning erythrocytes 

(Scholey et al., 1976). Colony forming unit of erythroid (CFU-

E) cells in the bone marrow is the primary target cell for 

erythropoietin, and the largest numbers of erythropoietin 

receptors are formed at the stage of development between the 

CFU-E and the proerythroblasts (Sawada et al., 1990). 
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Erythropoietin stimulates the CFU-E cells in bone marrow and 

spleen for the formation of reticulocytes as well as the 

synthesis of RBC cell membrane proteins and the set of 

enucleation (Harrison et al., 1994; Krantz, 1991 and 

Dasunter-Fourt et al., 1992).      

Exposure to gamma irradiation (8 Gy) caused a 

significant decrease in the level of serum erythropoietin and 

this decrease was maximum on the 5th day in comparison to 

the normal animals (Samarth, 2007).  

VII- Bone marrow: 

The bone marrow was extremely sensitive to both acute 

and the delayed effects of ionizing radiation (Anderson, 

1985), beside it acquired a rapid radiation effect due to highest 

degree of proliferative activity of stem cells and early 

precursors. These cells are radiosensitive mainly through the 

mechanism of mitotic cell division. Also, the formed blood 

elements have a definite life span in the peripheral circulation 

(Casarett, 1968). The whole body irradiation caused more 

profound changes than local irradiation (Oppenhein et al., 

1974 and Khorshed, 1976). Therefore, the bone marrow can 

be influenced either by the whole body irradiation or by partial 
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body exposure. Furthermore, circulating forming blood 

elements are exposed more during the whole body irradiation 

than during localized exposure. Bone marrow response can be 

seen after 0.5- 1 Gy of irradiation where it is given as single 

exposure (Bond et al., 1965) or as a series of small fraction 

(Tubiana, 1975). 

Northdruft et al. (1983) concluded that circulating 

hemopoietic stem and/or progenitor cells may serve as a 

valuable indicator of low level radiation exposure. Low doses 

resulted in slight decreases of stem cells recovery occurring 

few weeks post exposure, while moderate and high doses 

produced a more severe depletion of cells in the bone marrow 

manifested as permanent decrease in stem cell numbers 

(Travis, 1980).  

Ben-Ishay & Yoffey (1974) showed that low dosage of 

whole body irradiation (1 Gy or 1.6 Gy) causes the following 

symptoms in rat bone marrow:  

 Disappearance of erythroblasts from 

erythroblastic islands centered on reticular cells. 

 Endothelial disintegration in sinusoids within 24 

hours. 
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 Endothelial recovery within 48 hour. 

It is not worthy that, once again, cells with high mitotic 

activity (erythroblasts) provide much more radiosensitive than 

post mitotic reticular cells. A comparative investigation for 

morphological study of changes induced by low or high dose 

intensity gamma irradiation in rats was performed by Unger 

(1978) he observed that low dose-intensity irradiation 

generally causes less morphological changes as compared to 

high doses intensity irradiation in the thymus, spleen, bone 

marrow, small intestine and testicles. 

Hsu et al. (1996) found that the intraperitoneal  injection 

of Chinese herbal medicine that contains 25 % of P. Ginseng 

root before whole body X- ray exposure (0 - 5 Gy) markedly 

enhanced the radiotolerance of bone marrow stem cells and 

peripheral hematocytes. 

In erythroid series, pronormobalsts and normoblasts 

showed a gradual decrease, in their number in irradiated mice 

by attaining a maximum value on day 5th. Also, 

megakaryocytes values were decreased gradually as early as 

12 hours intervals and remained below normal till the 20th day. 

In myeloid series metamyelocytes, stab/band forms, 

polymorphs and lymphocytes showed a significant decrease in 
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the irradiated mice (8 Gy) as compared to normal and this 

decrease was maximum on day 5 and consequently such 

counts elevated on the 20th day but without regaining the 

normal number. Conversely, the number of leucoblasts and 

myelocytes showed a significant elevation in irradiated mice (8 

Gy) in comparison with normal, and this increase was 

maximum at day 5 (Samarth, 2007).  

Radiation protectors:  

Radiation protectors serve against radiation induced cell 

injury. radioprotective agents could be identified as chemical 

compounds capable of ameliorating the biological influence of 

ionizing radiation when administered before radiation 

exposure. The efficiency of these radioprotectors is greatly 

dependent on their chemical properties, period of treatment 

and the post-irradiation time elapsing after radioprotectors 

application (Sugahahara, 1974). The best known examples 

are the sulfhydryl amines such as cysteine and cystamine, 

when one of these is given prior to radiation, larger dose is 

necessary to produce the same response as when the 

compound was not administered (El-Shakankery, 1989). 
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Since the manipulation of chemical radioprotectors 

against the radiation damage, both pharmacologic and 

toxicological problems have been implicated in such aspect. In 

this concern, there are essential criteria which should be 

fulfilled by any material to be an ideal radioprotector agent. It 

should be active, rapidly absorbed and distributed in the body 

tissues. They must be also without any side effects, or at least, 

with minimal toxicity which ensure that no cumulative 

consequences will be expected from repeated usage and in 

general should have a wide margin of safety.  

Types of radioprotectors: 
The radioprotective substances can generally be 

classified as follows:  

A- Sulphydryl compounds: 
Historically, sulphydryl compound have been among the 

first radioprotective agent (Hosseinimehr et al., 2007). The free 

radicals instantaneously formed in irradiated-tissue can be 

partially or completely inhibited by sulphydryl compound 

(Containing SH-group). The most effective group of these agents 

is cysteine-cysteamine group and their derivative such as 

glutathione, thiourea and thiola (Ibrahim et al., 1986a and Uma-

Devi, 1987). 
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B- Heterocyclic nitrogenous compounds: 
A series of different heterocyclic nitrogenous compounds 

has been successively reported as chemical radioprotectors. 

Among these compounds are imidazole and benzimidazole 

(Roushdy & Mansour, 1982). 

C- Biological substances: 
Certain biological substances when gives to animals acts as 

radioprotectors. Intravenous injection of biological tissues such as 

bone marrow, spleen or embryonic cells substance before 

radiation exposure could protect from haematopoietic death 

(Roushdy et al., 1981; Ibrahim et al., 1983 and Ibrahim et al., 

1986b). Commercial protein could inhibit the formation of 

peroxide products after radiation-exposure (Verma & 

Sonwalkar, 1991).  

D- Metabolic compounds: 
Many metabolic compounds were used as radioprotectors 

such as amino acid and urea. Urea is a biological substance 

present in vertebrates, containing two amino-groups and a high 

concentration of urea in the brain is considered as a factor 

increasing radioresistancy of the organ (Agafanova & 

Ponomareva, 1975). Succinate also play a radioprotective role if 

it was administered in vivo prior to whole body gamma 
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irradiation, it increased the mean survival time and succeeded in 

decreasing the amount of malondialdehyde production and 

protected the succinate dehydrogenase enzyme against 

inactivation (Ronai et al., 1987). 

E- Pharmacological compounds: 

Several pharmacological compounds could act as 

radioprotectors such as, serotonin, adrenaline, hormones, vitamins 

and others (Varanda & Tavares, 1998).  

F- Phytochemicals: 

Recently, there has been a renewed interest in the search 

for plant-derived drugs (phytochemicals) as potential 

radioprotective agents. Antioxidant phytochemicals are present in 

plants, fruits and vegetables (Weiss & Landauer, 2003 and Kitts 

et al., 2000). Radiobiologists have shifted their attention towards 

the phytochemicals due to their lower toxicity. 

G- Herbal Plants: 

In an attempt to find potent natural antioxidants, some 

herbal medicines have recently gained recognition as biological 

response modifier (Jagetia & Baliga, 2002). In particular, the use 

of herbal plants for their potential as possible modifiers of the 
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radiation response is receiving considerable attention (Zhang et 

al., 1987; Kim et al., 2003 and Hosseinimehr & Nemati, 2006).  

Various plant extracts such as Spirulina (Kumar et al., 

1999) , Garlic (Gupta, 1988), Mentha (Samarth et al., 2001) and 

Aloe (Pande et al., 1998) are being investigated to evaluate their 

radioprotective effects, because these plant products have 

minimum or no side effects (Kumar et al., 2003).   

Samarth (2007) found that leaf extract of Mentha. 

piperita may protect against radiation induced hematopoietic 

damage in bone marrow and this protection may attributed to 

the maintenance of erythropoietin (EPO) level in Swiss albino 

mice. 

Protection mechanisms from radiation:  

The actual role of certain chemicals as radioprotectors is 

still under discussion, but many scientists suggested several 

possible mechanisms. They explained how, these chemical 

substances succeeded either in controlling the radiation 

hazards or preventing harmful radiation effect and helping the 

animals to over come the deleterious degradation in their 

biological activities.  
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The factor that could affect the role of chemical 

radiation protection including radiation dose, type of exposure, 

physical properties, oxygen tension of irradiation medium, 

function and structure of the tissue which was exposed to 

radiation (Okada, 1970). 

The most realizable and acceptable suggestion of radiation 

protection mechanisms could be summarized as follows:  

a- Anoxia or hypoxia :  
Many compounds such as sodium nitrite and 

epinephrine can exert a radioprotective effect due to 

their capacity for decreasing the oxygen tension in the 

animal tissues. These compounds are able to minimize 

the radiosensitivity of the tissue by interfering with 

oxygen transport in the body as a result of respiratory 

depression, circulating disturbance or inhibition of 

hemoglobin transport mechanism, which decrease the 

possibility of the formation of oxidizing radical 

(Thamson, 1962; Ibrahim et al., 1983 and Khamis et 

al., 1988).  

b- Antioxidant action: 
 Green (1972) suggested that, there is another 

possible mechanism for the reducing the oxygen tension 
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of the cell through the administration of certain 

compounds which could reduce the dissolved oxygen. It 

could be concluded that, any reducing agent such as 

sodium hydrosulphate and vitamin E which are 

physiologically antioxidant agents and are expected to 

protect polyunsaturated fatty acids in the tissue against 

the effect of oxygen so, could serve as radioprotector for 

controlling radiation hazards. 

c- Repair mechanism: 

Irradiation of macromolecules such as trypsin 

leads to formation of trypsin free radicals. The 

macromolecule then can undergo cross linkage in the 

absence of oxygen. In such case normal biological 

activity of the macromolecule may be lost. This could be 

prevented in the presence of thiols which could 

complete with oxygen to react with formed free radicals 

by lunation of such protons (Foye, 1970). 

d- Inactivation of free radical mechanism: 

In this mechanism, capture and inactivation of the 

free radicals H, OH and other active products of water 

radiolysis take place and prevent them from reaching 
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radiosensitive sits of biological importance e.g. cystine 

and cystamine ( thiola group) (Bacq & Alexander, 

1961). 

e- Chelation mechanism:  

Certain radioprotector compounds have a 

chemical structure that make the able to form more or 

less stable chelates with heavy metals (Morgan et al., 

1985). The chelating agent might be able anchored to a 

critical cellular site through heavy metal binding and 

thus decrease the radiosensitivity of that site to be better 

able to pick out free radicals generated in the immediate 

vicinity (Bacq & Herve, 1952).  

f- The mixed disulfide mechanism:  

The prophylactic application of amino-thiol are 

capable of preventing the sensitive tissue sites to be 

affected by the action of radiation. Amino-thiol by 

temporary combination with the thiol group of proteins 

and enzymes (mixed disulfide) accordingly, the 

biologically important molecules in cells and tissues, 

could be protected from harmful effect of free radicals 

of hydroxyl peroxidase (Eldjarn et al., 1955). 
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Ginseng: 

Ginseng, a broad term, which comprises a number of 

different plant species belonging to the same herbal family, has 

been used in Asian countries, particularly in China and Korea 

(Vogler et al., 1999; Ong &Yong, 2000; Shin et al., 2000 

and Kitts et al., 2000). Panax ginseng, commonly referred to 

as ginseng, represents the best-known Asian species (Shin et 

al., 2000 and Kitts et al., 2000). For more than 4000 years, the 

water soluble form of the dry root of ginseng has been highly 

treasured in Chinese traditional medicines (Kim et al., 1993; 

Vogler et al., 1999; Attele et al., 1999; Kitts et al., 2000 and 

Chan et al., 2000), in the belief that it promotes longevity 

(Attele et al., 1999 and Liu et al., 2000), enhances resistance 

to many diseases   (Keum et al., 2003), and helps maintain the 

equilibrium of human body under stress known as adaptogenic 

effect (Ben-hur & Fulder, 1981 and Ong & Yong, 2000).  

Recently, because of the wide spectrum of reported 

beneficial effects on central nervous system (Attele et al., 

1999; Ong & Yong, 2000 and Chan et al., 2000), endocrine, 

cardiovascular, and immune function (Vogler et al., 1999; 

Attele et al., 1999; Kitts et al., 2000; Chan et al., 2000 and 
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Liu et al., 2000), ginseng products have attracted worldwide 

attention as a potential biological response modifier. 

The principle bioactive components of ginseng are a 

series of triterpenoid saponins with steroidal structures known 

as the ginsenosides (Tong & Chao, 1980; Liu et al., 1995; 

Attele et al., 1999; Shin et al., 2000; Kitts et al., 2000; Chan 

et al., 2000 and Liu et al., 2000). 

          Ginsenosides provide a variety of important 

pharmacological consequences including antineoplastic (Ong 

&Yong, 2000; Liu et al., 2000 and Chen et al., 2001), 

antioxidant (Lee et al., 1998; Kitts et al., 2000 and Keum et 

al., 2003), anti-stress (Attele et al., 1999; Kitts et al., 2000 

and Chan et al., 2000), and anti-hepatitis effect (Liu et al., 

1995 and Ong & Yong, 2000). Ginsenosides have also been 

demonstrated in both human and rodents to possess 

biomodulating and immunemodulating action, and have 

produced beneficial effects within the cardiovascular, 

hematopoietic, endocrine, immune and central nervous 

systems (Vogler et al., 1999; Kitts & Hu, 2000 and Kennedy 

et al., 2003).  
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Ginseng as a radioprotector: 

Since 1980, because of general improvement in the 

stress response of ginseng (Ben-Hur & Fulder, 1981), 

radioprotective effects of partially purified ginseng 

components were found in irradiated rodents (Ben-Hur & 

Fulder, 1981; Kim et al., 1993; Kim et al., 1996; Vogler et 

al., 1999; Chen et al., 2001 and Song et al., 2003). The water-

soluble extract of ginseng gave the best radioprotection effect 

in C3H mice when it was injected 24h before whole body   
60Co γ-irradiation (Zhang et al., 1987). It also reduces the 

frequency of radiation-induced DNA breaks in lymphocytes of 

C57BL/ 6 mice (Kim et al., 1996), and induces cytokines (IL1, 

IL6, Ifng, and IL6), which are required for hemopoietic 

recovery in BALB/c mice after γ-irradiation (Song et al., 

2003). Additionally, preliminary clinical observation 

suggested that after radiotherapy or Chemotherapy, partially 

purified ginseng components may reduce therapeutic-related 

side effects and stimulate recovery of hematopoietic function 

in cancer patients (Kim et al., 1990).     

There is evidence that the medicinal efficacy of ginseng 

is closely linked to its protective properties against free radical 

attack (Chen, 1996; Maffei Facino et al., 1999 and Lee et al., 
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1999). Panax ginseng administration to rats prevented 

myocardial ischemia-reperfusion damage induced by 

hyperbaric oxygen (Maffei Facino et al., 1999). Ginseng 

extract has also been reported to scavenge superoxide radicals 

(Keum et al., 2000), to inhibit lipid peroxidation through 

transition metal chelation (Zhang et al., 1996), and to reduce 

the oxidative DNA damage caused by the Fenton reaction 

(Kitts et al., 2000).  

Lee et al. (2004) concluded that the unambiguous 

capacity of Panax ginseng crude water extract to protect 

against 137Cs-induced micronuclei in peripheral blood 

lymphocytes ex vivo (1-2 Gy) in dose dependent manner, 

while demonstrating that the crude water extract of ginseng 

root at a concentration up to 2000g/ml incubated with human 

peripheral blood lymphocytes for 24 h exerts no apparent 

adverse effect as evaluated by the micronuclei yield. 

Therefore, Panax ginseng, a natural product with worldwide 

distribution, given its strong anti-tumor properties, appears to 

be promising as a clinical systemic radioprotector especially 

for cancer patients with radiotherapy.   
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MATERIALS AND METHODS 

Materials: 

Animals: 

Adult male albino rats (Rattus norvigicus) were used in 

the present study. Each rat was weighing from 110 – 140 gm. 

Animals were housed in cages. All the animals were kept in a 

room maintained at 25 ± 2c and 50 % relative humidity 

(R.H.). The animals received a standard rodent pellet feed and 

water was available all the time throughout the experimental 

period. 

Radiation Source: 

Irradiation was performed by gamma cell 40 (Cesium-

137) source belonging to the National Center for Radiation 

Research and Technology (NCRRT). This Cesium source 

offers a dose rate 0.139 rad   sec. The unit provides a uniform 

gamma radiation for small animals or biological samples and 

protection for operating personal. 

Radioprotector (Panax Ginseng extract): 

Ginseng  extract  (0.933 g  100ml as syrup)  produced  

by  Pharco- Pharmaceuticals  Alexandria  is  administered  
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orally at a dose  level  of (100 mg  kg body weight) using 

stomach needle. Animals receiving dist. water served as 

control group.  

Animals groups:   

192 rats were divided into four groups:  

I- Control group: 24 rats received dist. water orally. 

II- Treated group:  24 rats treated with Ginseng 100 mg    

 kg body weight orally. 

III- Irradiated group: 

a- 24 rats were subjected to 2 Gy whole body 

gamma irradiation.  

b- 24 rats were subjected to 6 Gy whole body 

gamma irradiation. 

IV – Protected group: 

a- 24 rats were treated with Ginseng before being 

subjected to 2 Gy whole body gamma irradiation 

by 24 hour. 

b- 24 rats were treated with Ginseng after being 

subjected to 2 Gy whole body gamma irradiation 

by 24 hour. 
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c- 24 rats were treated with Ginseng before being 

subjected to 6 Gy whole body gamma irradiation 

by 24 hour. 

d- 24 rats were treated with Ginseng after being 

subjected to 6 Gy whole body gamma irradiation 

by 24 hour. 

Samples: 

Blood samples were collected by cardiac puncture in dry 

sterile tubes; after the 1, 3, 5 and 7 days of gamma irradiation 

and/or Ginseng treatment. Blood serum was separated using a 

refrigerated centrifuge at 3000 r.p.m. for 15 min. Serum 

samples were stored frozen at - 20 C in clean eppindorff till 

biochemical analysis. 

The following parameters were determined: 

I- Total lipids. 

II-   Total cholesterol. 

III-   High density lipoprotein (HDL). 

IV- Low density lipoprotein (LDL). 

V- Triglycerides. 

VI- Malondialdehyde (MDA). 
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VII-  Total protein. 

VIII- Albumin. 

IX- Globulin. 

 The rest of blood samples were collected in tube 

containing ethyline diamine tetra acetic acid (EDTA) to 

determine the following parameters: 

I-   RBCs membrane total lipids. 

II-   RBCs count. 

III- WBCs count. 

IV- Hemoglobin. 

V- Plasma Erythropoietin. 

Methods: 

Total lipids: 

 The level of total lipids was estimated according to 

(Drevon & Schmit, 1964) using Diamond Diagnostics-USA 

kit. Lipids react with sulphuric acid to form carbonium ions, 

which subsequently react with vanillin phosphate ester to yield 

a purple complex which is measured photometrically. 
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Calculation: 

          Total lipid (mg/dl) = 

           (O.D. test / O.D. standard) X conc.  of standard 

Total cholesterol: 

 Total cholesterol was estimated according to (Siedel et 

al., 1984) using Stanbio (USA) kit. Cholesterol esterase 

hydrolyzes esters to free cholesterol and fatty acids. So the 

cholesterol produced plus the performed cholesterol is 

oxidized in the presence of cholesterol oxidase (COX) to 

cholest-4-en-3-one and hydrogen peroxide. A quinoneimine 

chromogen with maximum absorption at 500nm. produced 

when phenol is oxidatively coupled with 4-aminophenazone in 

the presence of peroxidase (POD) with hydrogen peroxide. 

The intensity of the final red color is proportional to the total 

cholesterol concentration. 

                       CE                                

Cholesterol Esterase  ـــــــــــــ› cholesterol + fatty acids 

            COX 

Cholesterol + O2 ـــــــــــــ › cholest-4-en-3-en-on + H2 O2 
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                                                                               POD 

H2 O2 + 4- aminophenazone + phenol  ـــــــــــــ› H2 O +  

                                                                    O-Quinoeimine Dye 

Calculation: 

         Serum cholesterol (mg/dl) =  

          (O.D. test / O.D. standard) X conc.  of standard 

High density lipoprotein (HDL): 

Serum high density lipoprotein (HDL-cholesterol) was 

determined according to Warnick et al. (1983) using Stanbio 

(USA) kit. Low density lipoprotein (LDL) cholesterol is 

precipitated from serum by means of magnesium 

chloride/dextran sulfate reagent (Finely et al., 1978). High 

density lipoprotein (HDL) is then determined in the 

supernatant fluid. 

Calculation: 

          HDL cholesterol (mg/dl) =  

          (O.D. test / O.D. standard) X conc.  of standard 
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Low density lipoprotein (LDL): 

Low density lipoprotein (LDL) was estimated according 

to Wieland & Seidel (1983) using Centronic GmbH-Germany 

kit.  

 Calculation: 

LDL-cholesterol = Total cholesterol – Cholesterol in the 

supernatant 

Triglycerides: 

         The level of triglycerides was measured according to 

Wahlefeld (1974) using Stanbio (USA) Kit. Glycerol and fatty 

acids are formed by lipase action on triglycerides, Glycerol is 

then phosphorylated by adenosine-5-triphosphate (ATP) to 

produce glycerol-3-phosphate (G-3-P) and adenosine -5-

diphosphate (ADP) in a reaction catalyzes by glycerol kinase 

(GK).  

                               

                              GK 

                Glycerol + ATP  ـــــــــــــ› G-3-P + H2 O2 
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         The G-3-P is oxidized by glycerylphosphate oxidase 

(GPO) producing dihydroacetone phosphate (DAP) and 

hydrogen peroxide. 

                     GPO     

                G-3-P + O2  DAP + H2 O2 ‹ ــــــــــ

         Peroxide reacts with a 4-aminoantipyirine and 4-

chlorophenol under the catalytic influence of peroxidase 

(POD) to form quinoneimine.  

 

                                                                                            POD                                       

2 H2 O2 + 4-aminopyrine + Phenol   Quinoneimine ‹ ــــــــ

                                            + HCL + 4 H2 O + 4-chlorophenol  

Calculation: 

          Serum triglyceride (mg/dl) =  

(O.D. test / O.D. standard) X conc.  of standard 

Serum malondialdehyde (MDA): 

            Serum malondialdehyde (MDA) was determined 

according to Yoshika et al. (1979). The colorimetric 

determination of thiobarbituric acid reactive substance 
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(TBARS) is based on the reaction of one molecule of 

malondialdehyde (MDA) with two molecules of thiobarbituric 

acid (TBA) at low pH (2-3). The resulting pink pigment 

product is extracted by n-butanol and the absorbance 

determined at 535nm using a spectrophotometer.   

Reagents: 

 20 % trichloroacetic acid (TCA) 

 0.67 % thiobarbituric acid (TBA) 

 N-butyl-alcohol 

 Standard malondialdehyde (1, 1, 3, 3- 

tetraethoxypropane), serial dilutions of standard MDA 

were prepared to setup a standard curve for 

malondialdehyde (5-30 nmol/ml) which was used for 

method calibration. 

Procedure: 

1- 0.5 ml of serum was pipette into centrifuge tube 

followed by addition of 2.5 ml of 20% trichloroacetic 

acid and the mixture was shaking. 
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2- 1 ml of 0.67% thiobarbituric acid was added to the 

mixture. Mix well and warmed for 30 min. in a boiling 

water bath followed by rapid cooling 

3- Then 4 ml of n-butyl-alcohol was added and shaken. 

4- The butanol upper layer was separate by centrifugation 

at 3000 rpm for 10 min. 

5- The absorbance was measured at 535nm. 

6- Malondialdehyde concentration was determined using 

the standard curve. 

Total protein:            

         The determination of serum total protein was carried out 

according to the method of Cannon (1974) which is based on 

the principle of Biuret reaction. Protein molecules contain a 

large number of peptide ponds, when treated with copper ions 

in alkaline solution; a colored complex was formed between 

the copper and carbonyl and imine groups of this peptides. The 

violet color was proportional to the number of bonds in the 

protein. The Stanbio (USA) reagent kits were used, following 

their instruction manual. 
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Calculation:  

           Serum total protein (gm/ dl) =  

           (O.D. test / O.D. standard) X conc.  of standard 

Albumin: 

       Albumin was estimated according to Dumas et al. 

(1971) using Stanbio (USA) reagent kits and following their 

instruction manual. Albumin in a buffered solution reacts with 

bromocresol green (BCG) reagent through a dye-binding 

reaction. 

Calculation: 

         Serum Albumin (gm/ dl) =  

         (O.D. test / O.D. standard) X conc.  of standard 

Globulin: 

         Serum globulin concentration was calculated by 

subtracting the concentration of serum total protein minus 

serum albumin (Oser, 1971). 

RBCs membrane total lipids: 

         Total lipids were extracted from the RBCs membrane 

according to the method of Colowich & Kaplon (1957). 
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Blood samples were centrifuged at 3000 rpm for 5 min. to 

precipitate the RBCs, the plasma and the Buffy coat decanted 

by aspiration, then equal volume of RBCs from all groups 

were taken and washed for three times with saline solution 

(0.9%) to get a clear precipitate of RBCs, then equal volume of 

distilled water was added to haemolyze the RBCs, washing to 

produce a clear solution containing the cell membrane, then 

cold ether alcohol extraction method was used to separate the 

total lipid from the packed membrane. 

Cold extraction: 

         An exact amount of packed membrane was collected in a 

25 ml flask which capped with seliconized rubber stopper with 

a syringe, a mixture of alcohol: ether (3:1) was added through 

a long wide-bore needle and the ratio of solvent to the packed 

RBCs was 2:1. After 15 min. at room temperature, the mixture 

was filtered through fat free filter paper, and the residue and 

filter paper were washed thoroughly with ether, the 

concentrating flask was placed in a water bath at 60 ْ ◌ C, and the 

solvent almost completely removed. Petroleum ether was 

added, and the mixture heated to facilitate removal of lipids 

from the aqueous phase. After decanting, the treatment with 

petroleum ether was repeated with several small portions for 
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complete extraction of lipids. The combined extract was saved 

for total lipids determination (as mentioned before).   

Red blood cells (RBCs): 

          Red blood cells count were determined using 

hemocytometer with neubour ruling. Whole blood was mixed 

with saline solution to dilute the blood (Dacie & lewis, 1991). 

Calculation: 

          Cells count was reported in number of cells per cubic 

millimeter of blood, this is expressed in the general formula.  

RBCs / cu.mm. 

= N x depth factor (10) x area factor (5) x dilution factor (200) 

= N x 10.000 cu.mm 

Where N = the number of cells counted in 5 small squares. 

White blood cells (WBCs): 

The hemocytometer with neubour ruling was used to 

determine WBCs count. Whole blood was mixed with 2 % 

acetic acid and 0.5 % gentian violet to dilute the blood and 

hemolyzed the red blood cells (Dacie & lewis, 1991). 
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Calculation: 

 The number of white blood cells was calculated as 

follow: 

The number of (WBCs) = N x 50 mm3 

Where N = number of cells counted in 4 large squares. 

Hemoglobin: 

          Concentration of blood hemoglobin was estimated using 

alpha-plus reagent kit. Determination of hemoglobin was 

based on the conversion of hemoglobin into red 

cyanmethemoglobin under the influence of potassium 

ferricyanide and potassium cyanide (Dacie & lewis, 1991). 

Calculation: 

         Concentration of blood hemoglobin (g/dl) = 

         (O.D. test / O.D. standard) X conc.  of standard 

Erythropoietin (Epo): 

                          The Quantikine IVD Epo ELISA (USA) was used to 

determine the concentration of Erythropoietin in plasma which 

is based on the double-antibody sandwich method. Microplate 
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wells, precoated with monoclonal (mouse) antibody specific 

for Epo are incubated with sample or standard.  

Erythropoietin binds to the immobilized antibody on the plate. 

After removing excess samples or standard, wells are 

incubated with an anti-Epo polyclonal (rabbit) antibody 

conjugated to horseradish peroxidase. During the second 

incubation, the antibody-enzyme conjugate binds to the 

immobilized Epo. Excess conjugate is removed by washing. A 

chromogen is added into the wells and is oxidized by the 

enzyme reaction to form a blue colored complex. The reaction 

is stopped by addition of acid, which turns the blue color to 

yellow. The amount of color generated is directly proportional 

to the amount of conjugate bound to the Epo antibody 

complex, which in turn, is directly proportional to the amount 

of Epo in the sample or standard. The absorbance of this 

complex is measured at 450nm. Serial dilutions of EPO 

standard were prepared to make a standard curve. The 

concentrations of plasma EPO were determined using the 

standard curve. 
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Preparations of bone marrow smear: 

          Immediately after cardiac puncture, the marrow of the 

left femur was removed from animals at the 3rd day after 

irradiation with 2 and 6Gy of gamma rays and/or treatment 

with Ginseng. A small fragment of marrow was held in a 

forceps tip, spread lightly in a zigzag manner on a clean slide 

and allowed to dry (Beck, 1938 and Abou Farah, 1983).  

After drying, bone marrow smears were stained by leishman 

stain (Dacie & lewis, 1986).  Examination of bone marrow 

smear was carried out using light microscopy. 

Statistical analysis: 

          The results were presented as mean values ± standard 

error. The percent of change of Ginseng and irradiated groups 

were calculated against control group, while percent of change 

of protected groups were calculated against irradiated groups. 

Groups were compared using one way ANOVA method 

(Duncan’s test) and significance of the results in tables was 

done according to the following: 

(a) Significant difference from control group 

(b) Significant difference from Ginseng group 

(c) Significant difference from irradiated group 
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(d) Significant difference from Ginseng before 

irradiated group    

(e)    Significant difference from Ginseng after 

irradiated group 
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RESULTS 

Some biochemical blood parameters and bone marrow 

changes have been studied in male albino rats exposed to 

irradiation in order to assume the protection effects of Ginseng 

treatment. Rats were irradiated with 2 and 6 Gy of gamma rays 

and treated with Ginseng before and after exposure to 

radiation. The animals were sacrificed 1, 3, 5 and 7 days post 

irradiation or treatment with Ginseng. The data have been 

assessed in comparison with control and irradiated group.  

Serum total lipids: 

The results presented in tables (1- 2) and figures (1- 2) 

showed no significant differences in serum total lipids level 

between control groups and the groups treated with Ginseng 

and the time of sacrificing had no effect in those groups.  

Whole body exposure to gamma rays at doses 2 and 6 

Gy induced significant increases in serum total lipids began 

from the 1st day and continued to the 7th day comparing with 

the control groups.  

Significant decreases in serum total lipids were recorded 

in groups treated with Ginseng before exposure to 2 and 6 Gy 
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o gamma rays, compared to the corresponding irradiated group 

throughout the experimental period.  

On the other hand, administration of Ginseng after 

exposure to gamma rays, showed non significant decreases in 

serum total lipid at the 3rd and the 7th day in groups irradiated 

with 2 Gy comparing with irradiated groups. While significant 

decreases were observed in serum total lipids level in groups 

treated with Ginseng after exposure to 6 Gy gamma rays, 

began from the 3rd day and continued to the 7th day. The 

protective effect of Ginseng administration before exposure to 

gamma irradiation was more effective than that of Ginseng 

treatment after exposure to irradiation. 
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Serum total cholesterol: 

The results presented in tables (3 – 4) and figures (3 – 4) 

showed, no significant differences in serum cholesterol 

concentration between control group and treated group with 

Ginseng. 

Highly significant increases in serum total cholesterol 

were observed in groups exposed to whole body gamma rays 

at doses of 2 Gy and 6 Gy began from the 1st day post 

irradiation till the end of experimental period comparing with 

the control groups, reaching the maximum level at the 3rd day 

at both irradiated groups. 

Administration of Ginseng prior to exposure to gamma 

irradiation at doses of 2 and 6 Gy induced highly significant 

decreases in serum total cholesterol in all time intervals 

comparing to the corresponding irradiated group. On the other 

hand, treatment with Ginseng after exposure to gamma rays 

showed non significant decreases in serum total cholesterol at 

the 3rd and 5th day in groups irradiated with 2 Gy and at the 5th 

and the 7th day in groups irradiated with 6 Gy. 
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High density lipoprotein (HDL): 

The results presented in tables (5 – 6) and figures (5 – 6) 

showed no significant differences in serum high density 

lipoprotein (HDL) level between control groups and groups 

treated with Ginseng. 

Irradiation with separate doses 2 and 6 Gy of gamma 

rays, showed significant increases in serum high density 

lipoprotein (HDL) level compared to the control groups began 

at the1st day and reaching the maximum level at the 3rd day and 

the 7th day in groups irradiated with 2 Gy and 6 Gy 

respectively. 

Highly significant decreases were observed in serum 

high density lipoprotein (HDL) level throughout the seven 

days of experiment in groups treated with Ginseng before 

exposure to 2 or 6 Gy gamma rays comparing with the 

corresponding irradiated group. While administration of 

Ginseng after exposure to gamma irradiation had no effect on 

the level of serum high density lipoprotein (HDL) comparing 

with both groups irradiated with 2 and 6 Gy, except at the 7th 

day in group irradiated with 6 Gy. 
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Serum low density lipoprotein (LDL): 

The results presented in tables (7 – 8) and figures (7 – 8) 

showed no significant differences in serum low density 

lipoprotein (LDL) level between control groups and groups 

treated with Ginseng and time of sacrificing had no effect in 

those groups. 

Highly significant decreases in the level of serum low 

density lipoprotein (LDL) were observed after whole body 

gamma irradiation with separate doses of 2 and 6 Gy of 

gamma rays throughout the experimental period comparing to 

the control groups. 

Administration of Ginseng before exposure to gamma 

rays at doses of 2 and 6 Gy induced highly significant 

increases in the level of serum low density lipoprotein (LDL) 

comparing with the corresponding irradiated group. While 

administration of Ginseng after exposure to gamma irradiation 

had no effect on the level of serum low density lipoprotein 

(LDL) except at the 5th day in group irradiated with 2 Gy. 
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Serum triglycerides: 

The results presented in tables (9 – 10) and figures (9 – 

10) showed no significant changes in the level of serum 

triglycerides between control groups and groups treated with 

Ginseng in all time intervals. 

Highly significant increases in the level of serum 

triglycerides were observed in groups irradiated with separate 

doses 2 and 6 Gy of gamma rays compared to the control 

groups. These increases began from the 1st day and reaching 

the maximum level at the 3rd day in group irradiated with 2 Gy 

and at the 7th day in group irradiated with 6 Gy. 

Administration of Ginseng before exposure to both 

gamma irradiation doses (2 and 6 Gy) showed highly 

significant decreases in serum triglycerides level throughout 

the seven days of experiment compared with the irradiated 

group. While administration of Ginseng after exposure to 

gamma irradiation had no effect on the level of serum 

triglycerides, comparing with corresponding irradiated group 

except at the1st day and the 3rd day in group irradiated with 2 

and 6 Gy respectively. 
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Serum malondialdehyde (MDA): 
The results presented in tables (11 – 12) and figures (11-

12) showed no significant differences in serum 

malondialdehyde (MDA) level between control groups and 

groups treated with Ginseng throughout the experimental 

period. 

Highly significant increases in serum malondialdehyde 

(MDA) level were observed in groups irradiated with separate 

doses of gamma rays (2 and 6 Gy) comparing to the control 

groups. The marked increase in serum malondialdehyde 

(MDA) level began from the 1st day reaching the maximum 

level at the 7th day at both irradiated groups. 

Administration of Ginseng prior to gamma irradiation at 

both doses 2 and 6 Gy showing highly significant decreases in 

serum malondialdehyde (MDA) level through the seven days 

of experiment comparing to the corresponding irradiated 

group. While, administration of Ginseng after exposure to 

gamma irradiation (2 an6 Gy), showed non significant 

decreases in serum malondialdehyde (MDA) level throughout 

the experimental period except at the 1st and the 3rd day in 

group irradiated with 2 Gy and at the 3rd day in group 

irradiated with 6 Gy. 
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Serum total protein: 

The results presented in tables (13 – 14) and figures (13 

– 14) showed no significant changes in serum total protein 

level between control groups and groups treated with Ginseng 

throughout the experimental period.  

Whole body exposure to gamma rays 2 and 6 Gy 

induced highly significant decreases in serum total protein 

level when compared with the control groups. These decreases 

in total protein levels were observed from the 1st day up to the 

7th day of the experiment. 

Highly significant increases were observed in the level 

of serum total protein in groups treated with Ginseng before 

exposure to gamma rays 2 and 6 Gy comparing with the 

corresponding irradiated group. While administration of 

Ginseng after exposure to separate doses of radiation 2 and 6 

Gy showed no significant changes in serum total protein 

throughout the experimental period except at the 5th day and 

the 1st day in groups irradiated with 2 and 6 Gy respectively. 
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Serum albumin: 

The results presented in tables (15 – 16) and figures (15 

– 16) showed no significant differences in serum albumin level 

between control groups and groups treated with Ginseng and 

time of sacrificing had no effect. 

Irradiation with 2 and 6 Gy of gamma rays showed 

highly significant decreases in serum albumin level comparing 

to the control groups. The maximum decreases were recorded 

at the 3rd day and the 5thday of experiment in both doses of 

radiation.  

Highly significant increases were observed in the level 

of serum albumin in groups treated with Ginseng before 

exposure to gamma rays 2 and 6 Gy comparing to the 

irradiated group. On the other hand, treatment with Ginseng 

after whole body exposure to gamma rays 2 Gy, the levels of 

serum albumin showed no significant increases at the1st and 

the 7th day of experiment. While, treatment with Ginseng after 

whole body exposure to gamma rays 6Gy, non significant 

increase was recorded in the level of serum albumin only at the 

1st day of the experiment comparing to the corresponding 

irradiated group. 
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Serum globulin:  

The results presented in tables (17 – 18) and figures (17 

– 18) showed no significant differences in serum globulin level 

between control groups and groups treated with Ginseng. 

Irradiation with 2 Gy of gamma rays showed highly 

significant decreases in serum globulin levels began from the 

1st day until the 7th day comparing to the control group. While 

in the groups irradiated with 6 Gy of gamma rays, no 

significant differences in serum globulin level were observed 

throughout the experimental period. 

Ginseng treatment before exposure to separate doses 2 

and 6 Gy of gamma rays induced significant increases in 

serum globulin levels began from the 1st day to the 5th day in 

groups irradiated with 2 Gy and to the 3rdday in groups 

irradiated with 6 Gy. On the other hand, no significant 

differences were observed in serum globulin levels in the 

groups treated with Ginseng after whole body exposure to 2 

and 6 Gy of gamma rays comparing with the corresponding 

irradiated group.  
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RBCs membrane total lipids: 

The results presented in table (19- 20) and figures (19- 

20) showed no significant differences in RBCs membrane total 

lipids between control groups and the groups treated with 

Ginseng and the time of sacrificing had no effect. 

Irradiation with separate doses of gamma rays 2 and 6 

Gy, showed significant increases in membrane lipids level of 

RBCs throughout the 7 days of the experiment comparing to 

the control groups. 

Treatment of Ginseng before whole body exposure to 2 

and 6 Gy gamma rays showed significant decreases in 

membrane lipids level of RBCs comparing with the 

corresponding irradiated group. While administration of 

Ginseng after exposure to 2 and 6 Gy of gamma rays, showed 

non significant decrease in membrane lipids level of RBCs, 

except at the 3rd and 5th day in groups irradiated with 2 Gy and 

at the 5th day in groups irradiated with 6 Gy. 
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Red blood cells count (RBCs): 

The results presented in tables (21 – 22) and figures (21 

– 22) showed no significant differences in RBCs count 

between control groups and groups treated with Ginseng 

except at the 5th day a significant increase was recorded. 

Highly significant decreases in RBCs count were 

observed after whole body exposure to 2 and 6 Gy of gamma 

rays, started from the 1st day and continued until the end of 

experimental period comparing with the control groups. 

Treatment with Ginseng before exposure to gamma rays 

(2- 6Gy) induced highly significant increases in RBCs count 

began from the 1st day and continued to the 7th day compared 

to the corresponding irradiated group. While treatment with 

Ginseng after whole body exposure to 2 Gy of gamma rays 

showed, non significant increases in RBCs count throughout 

the experimental period. But significant increases in RBCs 

count were recorded in groups treated with Ginseng after 

exposure to 6 Gy of gamma rays throughout the 7 days of 

experiment.  
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White blood cells count (WBCs): 

The results presented in tables (23 – 24) and figures (23 

– 24) showed no significant changes in white blood cells count 

(WBCs) between control groups and groups treated with 

Ginseng except at the 7th day of experiment. 

After irradiation with separate doses (2 and 6 Gy) of 

gamma rays highly significant decreases were observed in 

white blood cells count began from the 1st day and continued 

to the 7th day.  

Administration of Ginseng before exposure to 

irradiation (2 or 6 Gy) induced highly significant increases in 

white blood cells count began from the 1st day and continued 

to the 7th day. While administration of Ginseng after exposure 

to irradiation produced highly significant increases in white 

blood cells count in group irradiated with 2Gy and non 

significant increases in white blood cells count in group 

irradiated with 6 Gy. 
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Hemoglobin (Hb): 

The results presented in tables (25 – 26) and figures (25 

– 26) showed no significant difference in hemoglobin content 

was observed between control groups and groups treated with 

Ginseng and time of sacrificing had no effect in those groups. 

After irradiation with separate dose 2 and 6 Gy of 

gamma rays, highly significant decreases in hemoglobin 

content were observed began from the 1st day reaching the 

maximum at 5th day in groups irradiated with 2 Gy and at 7th 

day in groups irradiated with 6 Gy.  

Administration of Ginseng before exposure to 

irradiation induced significant increases in hemoglobin content 

comparing with the corresponding irradiated group. The 

protective effect of Ginseng administration before exposure to 

irradiation was more than that of Ginseng administered after 

irradiation.   
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Plasma erythropoietin (EPO):   

The results presented in tables (27- 28) and figures (27 – 

28) showed no significant differences between control groups 

and groups treated with Ginseng and time of sacrificing had no 

effect in those group. 

After irradiation with separate dose 2 and 6 Gy of 

gamma rays highly significant decreases in plasma 

erythropoietin level were observed began from the 1st day 

reaching the maximum at the 3rd day and continued to the 7th 

day in both irradiation groups 2 and 6 Gy. 

Administration of Ginseng before irradiation induced 

highly significant increases in erythropoietin level comparing 

with the corresponding irradiated group. While non significant 

increases were observed, in groups treated with Ginseng after 

exposure to both irradiation doses.   
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Cell morphology of bone marrow: 

The normal histological pattern of the bone marrow 

smears of rats is illustrated in figure (29). This figure 

demonstrates bone marrow cells structure as well as normal 

different stages in the development of staff, normoblasts, 

segment, lymphocytes and myelocytes. 

The bone marrow smear of rats treated with Ginseng 

illustrated in figure (30) shows normal shape and size of 

different series of bone marrow cells as control rats figure 

(29). 

The histological examination of bone marrow smear of 

rats exposed to single dose level of 2 Gy of gamma rays figure 

(31) showing decrease in number of bone marrow cells and 

loss of cell border comparing with control group.      

Treatment with Ginseng before exposure to single dose 

of 2 Gy of gamma rays figure (32) shows improved cellularity 

comparing to the irradiated group. Also treatment with 

Ginseng after exposure to single dose level of 2 Gy of gamma 

rays figure (33) showed increase in number of bone marrow 

cells but this increase was less than that demonstrated in rats 



   
 

68 
 

treated with Ginseng before exposure to gamma rays figure 

(32).   

Examination of bone marrow smear of rats exposed to 

single dose level of 6 Gy of gamma irradiation figure (34) 

showing sever hypocellularity, loss of cell border and 

hypogranular cells comparing with control group. 

Bone marrow smear of rats treated with Ginseng before 

exposure to single dose of 6 Gy of gamma rays figure (35) 

showed improved cellularity comparing with the irradiated 

group. While bone marrow smear of rats treated with ginseng 

after exposure to single dose level of 6 Gy of gamma rays 

figure (36) shows sever hypocellularity, loss of cell wall and 

ghosts of myloid series. 
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Fig. 29: Bone marrow smear of control rat showing stages 

in the development of red blood cells, leucocytes 

and platelets (1) myelocyte (2) basophil (3) staff 

(4) normoblast (5) segment (6) lymphocyte 

(leishman’s stain X 1000 oil immersion lens). 
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Fig. 30: Bone marrow smear of rat treated with Ginseng 

showing normal shape and size of different series 

of bone marrow cells (leishman’s stain X 1000 oil 

immersion lens). 
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Fig. 31: Bone marrow smear of rat exposed to single dose 

of 2 Gy of gamma rays (leishman’s stain X 1000 

oil immersion lens). 
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Fig. 32: Bone marrow smear of rat treated with Ginseng 

before exposure to single dose of 2 Gy of gamma 

rays (leishman’s stain X 1000 oil immersion lens). 

 

 
 

 



   
 

74 
 

 

 

 

 

 

 

 

 

 

 

Fig. 33: Bone marrow smear of rat treated with Ginseng   

after exposure to single dose of 2 Gy of gamma 

rays (leishman’s stain X 1000 oil immersion lens). 
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Fig. 34: Bone marrow smear of rat exposed to single dose 

of 6 Gy of gamma rays (leishman’s stain X 1000 

oil immersion lens). 
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Fig. 35: Bone marrow smear of rat treated with Ginseng 

before exposure to single dose of 6 Gy of gamma 

rays (leishman’s stain X 1000 oil immersion lens). 
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Fig. 36: Bone marrow smear of rat treated with Ginseng 

after exposure to single dose of 6 Gy of gamma 

rays (leishman’s stain X 1000 oil immersion lens). 
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Discussion 

 

Additionally, ginseng, s  radioprotective ability could be 

through its antioxidative capability by both chelating transition 

metal ions and by scavenging free radicals responsible for 

DNA damage (Kitts et al., 2000; Kim et al., 1993; Zhu et al., 

1995; Keum et al., 2003).  
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Table 19:  Protective effect of Ginseng on the level of RBCs membrane total lipids in male 
                 albino rats irradiated with 2 Gy. 

Total lipids in RBCs membrane mg x 1010 cell   
2 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 4.45 ± 0.24 4.53 ± 0.23 4.56 ± 0.22 4.54 ± 0.27 

Ginseng Group 
% of change 

4.61 ± 0.27 
3.59 

 

4.58 ± 0.17 
1.10 

c 

4.64 ± 0.18 
1.75  

c 

4.65 ± 0.24 
2.42 

c 
 Irradiated Group (2 Gy) 
% of change 

4.76 ± 0.14 
6.97  
a, d,  

4.90 ± 0.21 
8.17 

a, b, d, e 

4.94 ± 0.17 
8.33 

a, b, d, e 

4.92 ± 0.15 
8.37 

a, b, d 
Ginseng before irradiation 
% of change 

4.52 ± 0.13 
- 5.04 

c 

4.44 ± 0.21 
- 9.39 

c 

4.41 ± 0.18 
- 10.73 

b, c 

4.39 ± 0.16 
- 10.77 
b, c, e 

Ginseng after irradiation 
% of change 

4.64 ± 0.17 
- 2.52 

4.59 ± 0.21 
- 6.32 

c 

4.51 ± 0.12 
- 8.70 

c 

4.73 ±  0.17  
- 3.86 

d 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 20:  Protective effect of Ginseng on the level of RBCs membrane total lipids in male  
                 albino rats irradiated with 6 Gy. 

Total lipids in RBCs membrane mg x 1010 cell   
6 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 4.45 ± 0.24 4.53 ± 0.23 4.56 ± 0.22 4.54 ± 0.27 

Ginseng Group 
% of change 

4.61 ± 0.27 
3.59 

c 

4.58 ± 0.17 
1.10 

c 

4.64 ± 0.18 
1.75  

c 

4.65 ± 0.24 
2.42 

c 
 Irradiated Group (6 Gy) 
% of change 

4.95  ±  0.19 
11.23 
a, b, d 

4.94  ± 0.20 
9.05 

a, b, d  

4.98  ± 0.16 
9.21 

a, b, d, e 

4.91  ± 0.17 
8.15 

a, b, d 
Ginseng before irradiation 
% of change 

4.61  ± 0.23 
- 6.87 

c 

4.66  ± 0.19 
- 5.67 

c 

4.72  ± 0.20 
- 5.22 

c 

4.62  ± 0.18 
- 5.91 

c 
Ginseng after irradiation 
% of change 

4.72  ± 0.22 
- 4.65 

4.73  ± 0.15 
- 4.25 

4.68  ± 0.23 
- 6.02 

c 

4.83  ± 0.15 
- 1.63 

 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 1:  Protective effect of Ginseng on the level of serum total lipid in male albino rats  
               irradiated with 2Gy. 

Serum Total Lipid mg/dl 
2Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 47.26 ± 0.19 47.28 ± 0.33 47.19 ± 0.37 46.99 ± 0.18 

Ginseng Group 
% of change 

47.21 ± 0.29 
- 0.11 
c, d, e 

47.20 ± 0.56 
-0.17 
c, d, e 

47.06 ± 0.49 
- 0.27 
c, d, e  

46.85 ± 0.34 
-0.30 
c, d, e 

 Irradiated Group (2 Gy) 
% of change 

55.39 ± 0.38 
17.20 

a, b, d, e 

54.98 ± 0.40 
16.28 
a, b, d 

55.24 ± 0.36 
17.06 

a, b, d, e 

55.02 ± 0.76 
17.09 
a, b, d 

Ginseng before irradiation 
% of change 

52.69 ± 0.31 
- 4.87 
c, e 

52.81 ± 0.51 
- 3.95 
c, e 

51.56 ± 0.59 
- 6.66 
c, e 

51.71 ± 0.93 
- 6.01 
c, e 

Ginseng after irradiation 
% of change 

54.65 ± 0.99 
- 1.33 
c, d 

54.41 ± 0.81 
- 1.04 

d 

54.44 ± 0.99 
- 1.45 
c, d 

54.53 ± 0.62 
- 0.89 

d 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy) 
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d: significant difference from ginseng before   e: significant difference from ginseng after 
 
 
Table 2:  Protective effect of Ginseng on the level of serum total lipid in male albino rats  
               irradiated with 6Gy. 

Serum Total Lipid mg/dl 
6Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 47.26 ± 0.19 47.28 ± 0.33 47.19 ± 0.37 46.99 ± 0.18 

Ginseng Group 
% of change 

47.21 ± 0.29 
- 0.11 
c, d, e 

47.20 ± 0.56 
-0.17 
c, d, e 

47.06 ± 0.49 
- 0.27 
c, d, e  

46.85 ± 0.34 
-0.30 
c, d, e 

 Irradiated Group (6Gy) 
% of change 

64.23 ± 0.54 
35.91 
a, b, d 

63.28 ± 0.37 
33.84 

a, b, d, e 

60.67 ± 0.73 
28.56 

a, b, d, e 

61.33 ± 0.64 
30.51 

a, b, d, e  
Ginseng before irradiation 
% of change 

58.14 ± 0.50 
- 9.48 
c, e 

56.88 ± 0.32 
- 10.11 

c, e 

53.47 ± 0.49 
- 11.87 

c, e 

55.08 ± 0.71 
- 10.19 

c, e 
Ginseng after irradiation 
% of change 

63.59 ± 0.94 
- 0.99 

d 

62.43 ± 0.94 
- 1.34 
c, d 

59.27 ± 0.89 
- 2.31 
c, d 

60.50 ± 0.83 
- 1.35 
c, d 

Each value represents mean ± S.E of 6 rats ` 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 3: Protective effect of Ginseng on the level of serum cholesterol in male albino rats 
              irradiated with 2 Gy. 

Serum Cholesterol (mg / dl) 

2 Gy 
Groups 1st day 

Mean ± S.E 
3rd day  

Mean ± S.E 
5th day 

Mean ± S.E 
7th day 

Mean ± S.E 

Control group 55.26 ± 0.71  55.33 ± 0.64  55.69 ± 0.51  56.69 ± 0.69  

Ginseng Group 
% of change 

54.25 ± 0.67 
- 1.83  

c 

54.84 ± 0.92 
-0.88  

c 

55.34 ± 0.81 
-0.63  

c 

55.59 ± 0.92 
-1.94  
a,c 

Irradiated Group (2 Gy) 
% of change 

60.74 ± 0.7 
9.92  

a,b,d,e 

63.38 ± 0.84 
14.55 
 a,b,d 

62.46 ± 0.56 
12.16  
a,b,d 

61.77 ± 0.74 
8.96 

 a,b,d,e 
Ginseng before irradiation 
% of change 

57.35 ± 0.71 
-5.58  
c,e 

59.34 ± 0.86 
-6.37  
c,e 

58.92 ± 1.04 
-5.67  
c,e 

57.38 ± 0.73 
-7.1  
c,e 

Ginseng after irradiation 
% of change 

59.45 ± 0.79 
-2.12  
c,d 

61.76 ± 1.18 
-2.56  

d 

60.69 ± 1.18 
-2.83  

d 

58.69 ± 0.88  
-4.98  
c,d 

Each value mean ± S.E of 6 rats 
a: significant difference from control      b: significant difference from ginseng     c: significant difference from irradiation (2Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 4: Protective effect of Ginseng on the level of serum cholesterol in male albino rats 
              irradiated with 6 Gy. 

Serum Cholesterol (mg / dl) 

6 Gy 
Groups 1st day 

Mean ± S.E 
3rd day  

Mean ± S.E 
5th day 

Mean ± S.E 
7th day 

Mean ± S.E 
Control group 55.26 ± 0.7  55.33 ± 0.64  55.68 ± 0.51  56.69 ± 0.69  

Ginseng Group 
% of change 

54.25 ± 0.67 
- 1.83   

c 

54.84 ± 0.92 
-0.88  

c 

55.34 ± 0.81 
-0.63 

c  

55.59 ± 0.92 
-1.94  
a,c 

 Irradiated Group (6 Gy) 
% of change 

72.7 ± 0.8 
31.56  

a,b,d,e 

86.46 ± 1.08  
56.26  

a,b,d,e 

81.5 ± 0.68 
46.37  
a,b,d 

79.79 ± 0.81  
40.74  
a,b,d 

Ginseng before irradiation 
% of change 

64.61 ± 1.12 
- 11.13  

c,e 

81.42 ± 0.86 
-5.83  
c,e 

74.03 ± 0.58 
- 9.16  

c,e 

73.01 ± 0.62 
- 8.49  

c,e 
Ginseng after irradiation 
% of change 

71.28 ± 0.87 
-1.95 
 c,d 

84.78 ± 1.36 
-1.94  
c,d 

80.52 ± 1.54 
-1.2  

d  

78.96 ± 0.82 
-1.04  

d 
Each value mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy)   
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 5:  Protective effect of Ginseng on the level of serum high density lipoprotein (HDL)  
               in male albino rats irradiated with 2 Gy. 

Serum HDL (mg /dl) 
2 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 28.69 ± 0.62 28.32 ± 0.72 28.13 ± 0.76 28.06 ± 0.78 

Ginseng Group 
% of change 

28.23 ± 0.7 
-1.6 

c 

27.99 ± 0.58 
-1.16 

c 

27.76 ± 0.65 
-1.31 

c 

27.65 ± 0.56 
-1.46 

c 
 Irradiated Group (2 Gy) 
% of change 

39.38 ± 0.31 
37.26 
a,b,d 

43.48 ± 0.47 
53.53 
a,b,d 

41.83 ± 0.31 
48.7 
a,b,d 

39.11 ± 0.27 
39.37 
a,b,d 

Ginseng before irradiation 
% of change 

34.21 ± 0.37 
-13.12 

c,e 

37.19 ± 0.61 
-14.46 

c,e 

35.74 ± 0.34 
-14.56 

c,e 

37.4 ± 1.04 
- 4.37 

c,e 
Ginseng after irradiation 
% of change 

38.79 ± 0.9 
-1.49 

d 

42.95 ±0.47 
-1.22 

d 

41.43 ±0.84 
- 0.5 

d 

38.97 ± 1.66 
- 0.36 

d 
Each value mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy)        
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 6:  Protective effect of Ginseng on the level of serum high density lipoprotein (HDL)  
               in male albino rats irradiated with 6 Gy. 

Serum HDL (mg /dl) 
6 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 28.69 ± 0.62 28.32 ± 0.72 28.13 ± 0.76 28.06 ± 0.78 

Ginseng Group 
% of change 

28.23 ± 0.7 
-1.6 
a,c 

27.99 ± 0.58 
-1.16 

c 

27.76 ± 0.65 
-1.31 

c 

27.65 ± 0.56 
-1.46 

c 
 Irradiated Group (6 Gy) 
% of change 

53.74 ± 0.26 
87.31 
a,b,d 

59.68 ± 0.46 
110.73 
a,b,d 

60.72 ± 0.43 
115.85 
a,b,d 

63.25 ± 0.52 
124.85 
a,b,d,e 

Ginseng before irradiation 
% of change 

49.63 ± 0.22 
- 7.65 

c,e 

51.77 ± 0.3 
- 13.25 

c,e 

57.27 ± 0.24 
- 5.68 

c,e 

60.69 ± 0.59 
- 4.05 

c 
Ginseng after irradiation 
% of change 

52.83 ± 0.58 
- 1.69 

d 

55.85 ± 0.45 
- 6.42 

d 

60.62 ± 0.31 
- 0.16 

d 

60.43 ± 0.37 
- 4.46 

c 
Each value mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 7:  Protective effect of Ginseng on the level of serum low density lipoprotein (LDL)  
               in male albino rats irradiated with 2 Gy. 

Serum LDL (mg /dl) 
2 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 21.98 ± 0.47 22.14 ±0.48 22.16 ± 0.34 21.95 ± 0.67 

Ginseng Group 
% of change 

22.39 ± 0.67  
4.55 

c 

22.47 ± 0.45 
1.49 

c 

22.42 ± 0.35 
1.17 

c 

22.21 ± 0.4 
1.18 

c 
 Irradiated Group (2 Gy) 
% of change 

12.59 ± 0.24 
- 42.72 
a,b,d 

12.72 ± 0.28 
-42.55 
a,b,d 

14.43 ± 0.2 
- 34.88 
a.b,d,e 

15.41 ± 0.31 
-29.79  
a,b,d,e 

Ginseng before irradiation 
% of change 

14.79 ± 0.49 
17.47 

c,e 

15.44 ± 0.43 
21.38 

c,e 

17.02 ± 0.33 
17.95 

c,e 

16.69 ± 0.35 
8.31  

c 
Ginseng after irradiation 
% of change 

12.86 ± 0.54 
2.14 

d 

13.41 ± 1.07 
5.42 

d 

16.19 ± 0.45 
12.19 
c,d 

16.39 ± 0.56 
6.36 

c 
Each value represents  mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 8:  Protective effect of Ginseng on the level of serum low density lipoprotein (LDL)  
               in male albino rats irradiated with 6 Gy. 

Serum LDL (mg /dl) 
6 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 21.98 ± 0.47 22.14 ±0.48 22.16 ± 0.34 21.95 ± 0.67 

Ginseng Group 
% of change 

22.39 ± 0.67  
4.55 

c 

22.47 ± 0.45 
1.49 

c 

22.42 ± 0.35 
1.17 

c 

22.21 ± 0.4 
1.18 

c 
 Irradiated Group (6 Gy) 
% of change 

9.51 ± 0.37 
-56.73 
a,b,d 

10.54 ± 0.21 
- 52.39 
a,b,d 

10.6 ± 0.19 
-52.16 
a,b,d 

9.62 ± 0.31 
-56.17  
a,b,d 

Ginseng before irradiation 
% of change 

10.63 ± 0.19 
11.78 

c,e 

11.73 ± 0.36 
11.29 

c,e 

11.19 ± 0.47 
5.57 
c,e 

10.69 ± 0.58 
11.12 

c,e 
Ginseng after irradiation 
% of change 

9.82 ± 0.31  
3.26 

d 

10.65 ± 0.68  
1.04 

d 

10.68 ± 0.39 
0.75 

d 

9.97 ± 0.31 
3.64 

d 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 9: Protective effect of Ginseng on the level of serum triglycerides in male albino rats 
              irradiated with 2 Gy. 

Serum Triglycerides (mg /dl) 
2 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 100.29 ± 1.49 99.2 ± 1.37 100.79 ± 0.76 99.6 ± 1.35 

Ginseng Group 
% of change 

100.23 ± 1.5 
-0.06 

c 

99.39 ± 0.43 
0.19 

c 

101.3 ± 0.98 
0.51 

c 

101.47 ± 1.33 
1.88 

c 
 Irradiated Group (2 Gy) 
% of change 

110.02 ± 1.02 
9.7 

a,b,d,e 

112.75 ± 1.23 
13.66 
a,b,d 

106.63 ± 0.85 
5.79 
a,b,d 

104.94 ± 0.96 
5.36 
a,b,d 

Ginseng before irradiation 
% of change 

104.23 ± 0.56 
-5.26 
c,e 

110.69 ± 1.13 
-1.83 

c 

103.79 ± 1.04  
-2.66 
c,e 

102.81 ± 0.62 
-2.03 

c 
Ginseng after irradiation 
% of change 

107.5 ± 1.46 
-2.29 
c,d 

111.41 ± 1.19 
1.19 

 

105.49 ± 1.41 
-1.07 

d 

103.69 ± 1.63 
-1.19 

 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 10: Protective effect of Ginseng on the level of serum triglycerides in male albino rats 
                irradiated with 6 Gy. 

Serum Triglycerides (mg / dl) 

6 Gy 
Groups 1st day 

Mean ± S.E 
3rd day  

Mean ± S.E 
5th day 

Mean ± S.E 
7th day 

Mean ± S.E 
Control group 100.29 ± 1.49 99.2 ± 1.37 100.79 ± 0.76 99.6 ± 1.35 

Ginseng Group 
% of change 

100.23 ± 1.5 
-0.06 

c 

99.39 ± 0.43 
0.19 

c 

101.3 ± 0.98 
0.51 

c 

101.47 ± 1.33 
1.88 

c 
 Irradiated Group (6 Gy) 
% of change 

120.85 ± 1.44 
20.5 
a,b,d 

122.43 ± 1.22 
23.42 

a,b,d,e 

123.86 ± 1.48 
22.8 
a,b,d 

127.25 ± 1.52 
27.76 
a,b,d 

Ginseng before irradiation 
% of change 

119.75 ± 1.35 
-0.91 
c,e 

117.93 ± 1.36 
-4.41 
c,e 

120.02 ± 1.18 
-3.1 
c,e 

123.76 ± 1.73 
-2.74 
c,e 

Ginseng after irradiation 
% of change 

120.21 ± 1.18 
-0.53 

d 

119.69 ± 1.32 
-2.24 
c,d 

122.89 ± 1.29 
-0.78 

d 

125.63 ± 0.94 
-1.27 

d 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy)  
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 11: Protective effect of Ginseng on the level of serum MDA in male albino rats 
                irradiated with 2 Gy. 

Serum MDA n mol/L 
2 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 1.61 ±  0.15  1.56 ± 0.14 1.57 ± 0.11 1.59 ± 0.10 

Ginseng Group 
% of change 

1.59 ± 0.12 
- 1.24 
c, d, e 

1.61 ± 0.13 
3.20 

c, d, e 

1.56 ± 0.12 
- 0.64 
c, d, e 

1.57 ± 0.14 
- 1.26 
c, d, e 

 Irradiated Group (2 Gy) 
% of change 

3.27 ± 0.28 
103.10 

a, b, d, e 

3.51 ± 0.22 
125.00 

a, b, d, e 

3.61 ± 0.13  
129.93 
a, b, d 

3.70 ± 0.28 
132.70 
a, b, d  

Ginseng before irradiation 
% of change 

2.32 ± 0.24 
- 29.05 

c, e 

2.79 ± 0.44 
- 20.51 

c  

2.45 ± 0.20 
- 32.13 

c, e 

2.65 ± 0.23 
- 28.37 

c, e 
Ginseng after irradiation 
% of change 

2.96 ± 0.24 
- 9.48 
c, d  

3.11 ± 0.33 
- 11.39 

c 

3.41 ± 0.36 
- 5.40 

d 

3.45 ± 0.26 
- 6.49 

d 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 12: Protective effect of Ginseng on the level of serum MDA in male albino rats 
                irradiated with 6 Gy. 

Serum MDA n mol/L 
6 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 1.61 ±  0.15  1.56 ± 0.14 1.57 ± 0.11 1.59 ± 0.10 

Ginseng Group 
% of change 

1.59 ± 0.12 
- 1.24 
c, d, e 

1.61 ± 0.13 
3.20 

c, d, e 

1.56 ± 0.12 
- 0.64 
c, d, e 

1.57 ± 0.14 
- 1.26 
c, d, e 

 Irradiated Group (6 Gy) 
% of change 

5.75 ± 0.34 
257.14 
a, b, d 

6.13 ± 0.28 
292.95 

a, b, d, e 

6.24 ± 0.45 
297.45 
a, b, d 

6.53 ± 0.36 
310.69 
a, b, d 

Ginseng before irradiation 
% of change 

3.52 ± 0.29 
- 38.78 

c, e 

3.90 ± 0.25 
- 36.38 

c, e 

3.85 ± 0.29 
- 38.30 

c, e 

3.18 ± 0.24 
- 51.30 

c, e 
Ginseng after irradiation 
% of change 

5.42 ± 0.45 
- 5.74 

d 

5.72 ± 0.39 
- 6.69 
c, d 

6.13 ± 0.34 
- 1.76 

d 

6.27 ± 0.47 
- 3.98 

d 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 13:  Protective effect of Ginseng on the level of serum total protein in male albino rats 
                 irradiated with 2 Gy. 

Serum total protein (g /dl) 
2 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 7.16 ± 0.22 7.25 ± 0.12 6.81 ± 0.19 7.36 ± 0.25 

Ginseng Group 
% of change 

7.31 ± 0.13 
2.09 

c 

7.39 ± 0.18 
1.93 

c 

6.98 ± 0.18 
2.94 

c 

7.54 ± 0.17 
1.22 

c 
 Irradiated Group (2 Gy) 
% of change 

6.20 ± 0.1 
- 13.41 
a,b,d 

5.84 ± 0.18 
- 19.45 
a,b,d 

5.63 ± 0.15 
- 17.33 
a,b,d,e 

6.28 ± 0.1 
- 14.67 
a,b,d,e 

Ginseng before irradiation 
% of change 

6.84 ±0.09 
10.32 

c,e 

6.62 ± 0.25 
13.36 

c,e 

6.45 ± 0.17 
14.56 

c,e 

6.76 ± 0.9 
7.64 

c 
Ginseng after irradiation 
% of change 

6.3 ± 0.17 
1.61 

d 

6.01 ± 0.11 
2.91 

d 

5.87 ± 0.14  
4.26 
c,d 

6.6 ± 0.14  
5.09 

c 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 14:  Protective effect of Ginseng on the level of serum total protein in male albino rats 
                 irradiated with 6 Gy. 

Serum total protein (g /dl) 
6 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 7.16 ± 0.22 7.25 ± 0.12 6.81 ± 0.19 7.36 ± 0.25 

Ginseng Group 
% of change 

7.31 ± 0.13 
2.09 

c 

7.39 ± 0.18 
1.93 

c 

6.98 ± 0.18 
2.94 

c 

7.54 ± 0.17 
1.22 

c 
 Irradiated Group (6Gy) 
% of change 

6.03 ± 0.15 
- 15.78 
a,b,d,e 

5.43 ± 0.33 
- 25.1 
a,b,d 

5.81 ± 0.28 
- 14.68 
a,b,d 

5.96 ± 0.19 
-19.02 
a,b,d 

Ginseng before irradiation 
% of change 

6.62 ± 0.15  
9.78 
c,e 

6.29 ± 0.1 
15.83 

c,e 

6.38 ± 0.11 
9.81 
c,e 

6.53 ± 0.18 
9.56 
c,e 

Ginseng after irradiation 
% of change 

6.21 ± 0.11 
2.98 
c,d 

5.49 ± 0.21  
1.10 

d 

6.03 ± 0.22 
3.79 

d 

6.11 ± 0.11 
2.51 

d 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 15:  Protective effect of Ginseng on the level of serum albumin in male albino rats 
                 irradiated with 2 Gy. 

Serum albumin (g /dl) 
2 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 3.91 ± 0.11 4.04 ± 0.11 3.81 ± 0.13 3.88 ± 0.10 

Ginseng Group 
% of change 

4.00 ± 0.11 
230 

c 

4.13 ± 0.12 
2.22 

c  

3.94 ± 0.15 
3.41 

c 

3.93 ± 0.11 
1.28 

c 
 Irradiated Group (2 Gy) 
% of change 

3.39 ± 0.06 
-13.29 
a,b,d 

3.04 ± 0.10 
-24.75 
a,b,d,e 

2.91 ± 0.13 
- 23.62 
a,b,d,e 

3.23 ± 0.09 
-16.75 
a,b,d 

Ginseng before irradiation 
% of change 

3.57 ± 0.13 
5.30 
c,e 

3.42 ± 0.13 
12.50 

c,e 

3.15 ± 0.11 
8.24 

c 

3.62 ± 0.12 
12.07 

c,e 
Ginseng after irradiation 
% of change 

3.38 ± 0.08 
0.29 

d 

3.25 ± 0.09 
6.91 
c,d 

3.07 ± 0.09 
5.49 

c 

3.28 ± 0.11 
1.54 

d 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 16:  Protective effect of Ginseng on the level of serum albumin in male albino rats  
                 irradiated with 6 Gy. 

Serum albumin (g /dl) 
6 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 3.91 ± 0.11 4.04 ± 0.11 3.81 ± 0.13 3.88 ± 0.10 

Ginseng Group 
% of change 

4.00 ± 0.11 
230 

c 

4.13 ± 0.12 
2.22 

c  

3.94 ± 0.15 
3.41 

c 

3.93 ± 0.11 
1.28 

c 
 Irradiated Group (6Gy) 
% of change 

2.84 ± 0.09 
-27.36 
a,b,d 

2.46 ± 0.08 
-39.10 
a,b,d,e 

2.54 ± 0.09 
-33.33 
a,b,d,e 

2.60 ± 0.09  
-31.26 
a,b,d,e 

Ginseng before irradiation 
% of change 

3.18 ± 0.06 
11.97 

c,e 

2.72 ± 0.07 
10.57 

c 

2.86 ± 0.05 
12.59 

c,e 

3.09 ± 0.08 
16.17 

c,e 
Ginseng after irradiation 
% of change 

2.93 ± 0.08 
3.17 

d 

2.66 ± 0.09  
8.13 

c 

2.74 ± 0.07 
7.87 
c,d 

2.94 ± 0.08  
10.52 
c,d 

Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 17:  Protective effect of Ginseng on the level of serum globulin in male albino rats  
                 irradiated with 2 Gy. 

Serum globulin (g /dl) 
2 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 3.26 ± 0.16 3.20 ± 0.19 2.99 ± 0.27 3.48 ± 0.26 

Ginseng Group 
% of change 

3.31 ± 0.01 
1.53 

c 

3.25 ± 0.19 
1.56 

c 

3.04 ± 0.12 
1.67 

c 

3.61 ± 0.13 
3.73 

c 
 Irradiated Group (2 Gy) 
% of change 

2.81 ± 0.12 
- 13.80 
a,b,d 

2.80 ± 0.20 
- 12.50 
a,b,d 

2.72 ± 0.22 
- 9.03 
a,b,d 

3.04 ± 0.17 
- 12.64 
a,b,e 

Ginseng before irradiation 
% of change 

3.27 ± 0.14 
16.37 

c,e 

3.21 ± 0.31 
14.64 

c,e 

3.31 ± 0.20 
21.69 

c,e 

3.14 ± 0.32 
3.29 

Ginseng after irradiation 
% of change 

2.91 ± 0.23 
3.56 

d 

2.75 ± 0.18 
-1.78 

d 

2.81 ± 0.18 
3.31 

d 

3.32 ± 0.23 
9.21 

c 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 18:  Protective effect of Ginseng on the level of serum globulin in male albino rats   
                 irradiated with 6 Gy. 

Serum globulin (g /dl) 
6Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 3.26 ± 0.16 3.20 ± 0.19 2.99 ± 0.27 3.48 ± 0.26 

Ginseng Group 
% of change 

3.31 ± 0.01 
1.53 

 

3.25 ± 0.19 
1.56 

c 

3.04 ± 0.12 
1.67 

 

3.61 ± 0.13 
3.73 

c 
 Irradiated Group (6 Gy) 
% of change 

3.18 ± 0.12 
- 2.45 

d 

2.97 ± 0.32 
- 7.19 
b,d 

3.27 ± 0.33 
9.36 

 

3.30 ± 0.25 
- 5.17 

b 
Ginseng before irradiation 
% of change 

3.44 ± 0.16 
8.18 

c 

3.57 ± 0.07 
20.20 

c,e 

3.51 ± 0.07 
7.34 

3.43 ± 0.22 
3.94 

e 
Ginseng after irradiation 
% of change 

3.28 ± 0.19 
3.14 

 

2.83 ± 0.17 
- 4.71 

d 

3.29 ± 0.29 
0.61 

3.16 ± 0.11 
- 4.24 

d 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 21:  Protective effect of Ginseng on red blood cells (RBCs) count in male albino rats  
                 irradiated with 2 Gy. 

RBCs count *106 cell / µl 
2 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 4.75 ± 0.09 4.69 ± 0.13 4.67 ± 0.17 4.78 ± 0.17 

Ginseng Group 
% of change 

4.86 ± 0.11 
2.31 

c 

4.78 ± 0.10 
1.92 

c 

4.80 ± 0.09 
2.78 
a,c 

4.82 ± 0.11 
0.84 

c 
 Irradiated Group (2 Gy) 
% of change 

3.33 ± 0.11 
- 29.89 
a,b,d 

3.19 ± 0.05  
-31.98 
a,b,d 

3.12 ± 0.08 
- 33.19 
a,b,d 

3.11 ± 0.08 
- 34.94 
a,b,d  

Ginseng before irradiation 
% of change 

3.75 ± 0.07 
12.61 

c,e 

3.59 ± 0.12 
12.54 

c,e 

3.54 ± 0.11 
13.46 

c,e 

3.63 ± 0.08 
16.72 

c,e 
Ginseng after irradiation 
% of change 

3.43 ± 0.11 
3.00 

d 

3.24 ± 0.07 
1.57 

d 

3.20 ± 0.04 
2.56 

d 

3.17 ± 0.07 
1.93 

d 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 22:  Protective effect of Ginseng on red blood cells (RBCs) count in male albino rats  
                 irradiated with 6Gy. 

RBCs count *106 cell / µl 
6Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 4.75 ± 0.09 4.69 ± 0.13 4.67 ± 0.17 4.78 ± 0.17 

Ginseng Group 
% of change 

4.86 ± 0.11 
2.31 

c 

4.78 ± 0.10 
1.92 

c 

4.80 ± 0.09 
2.78 
a,c 

4.82 ± 0.11 
0.84 

c 
 Irradiated Group (6Gy) 
% of change 

2.26 ± 0.06 
- 52.42 
a,b,d,e 

2.24 ± 0.05 
- 52.24 
a,b,d,e 

2.28 ± 0.08 
-51.17 
a,b,d,e 

2.25 ± 0.10 
- 52.93 
a,b,d,e 

Ginseng before irradiation 
% of change 

2.73 ± 0.08 
20.79 

c,e 

2.63 ±0.12 
17.41 

c,e 

2.72 ± 0.09 
19.29 

c,e 

2.59 ± 0.09 
15.11 

c,e 
Ginseng after irradiation 
% of change 

2.41 ± 0.06 
6.63 
c,d 

2.38 ± 0.07 
6.25 
c,d 

2.45 ± 0.14 
7.46 
c,d 

2.42 ± 0.17 
7.11 
c,d 

Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 23:  Protective effect of Ginseng on white blood cells (WBCs) count in male albino rats  
                 irradiated with 2 Gy. 

WBCs count *103 cell / µl 
2 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 4.11 ± 0.07 4.04 ± 0.08 4.00 ± 0.09 3.92 ± 0.04 

Ginseng Group 
% of change 

4.16 ± 0.04 
1.22 

c 

4.06 ± 0.05  
0.49 

c 

4.03 ± 0.09 
0.75 

c 

3.99 ± 0.05 
1.78 
a,c 

 Irradiated Group (2 Gy) 
% of change 

1.22 ± 0.03 
- 70.32 
a,b,d,e 

1.39 ± 0.03 
- 65.59 
a,b,d,e 

1.20 ± 0.04  
- 70.00 
a,b,d,e 

1.32 ± 0.02 
- 66.33 
a,b,d,e 

Ginseng before irradiation 
% of change 

2.41 ± 0.03 
97.54 

c,e 

2.55 ± 0.03 
83.45 

c,e 

2.26 ± 0.04 
88.33 

c,e 

2.17 ± 0.02 
64.39  

c,e 
Ginseng after irradiation 
% of change 

1.74 ± 0.04 
42.62 
c,d 

1.84 ± 0.03 
32.37 
c,d 

1.62 ± 0.05 
35.00 
c,d 

1.45 ± 0.04 
9.85 
c,d 

Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 24:  Protective effect of Ginseng on white blood cells (WBCs) count in male albino rats  
                 irradiated with 6 Gy. 

WBCs count *103 cell / µl 
6Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 4.11 ± 0.07 4.04 ± 0.08 4.00 ± 0.09 3.92 ± 0.04 

Ginseng Group 
% of change 

4.16 ± 0.04 
1.22 

c 

4.06 ± 0.05  
0.49 

c 

4.03 ± 0.09 
0.75 

c 

3.99 ± 0.05 
1.78 
a,c 

 Irradiated Group (6 Gy) 
% of change 

0.48 ± 0.04 
- 88.32 
a,b,d 

0.56 ± 0.03 
- 86.14 
a,b,d 

0.43 ± 0.04 
- 89.25 
a,b,d,e 

0.46 ± 0.02 
- 88.26 
a,b,d 

Ginseng before irradiation 
% of change 

0.92 ± 0.03  
91.67 

c,e 

0.99 ± 0.03 
80.00 

c,e 

1.04 ± 0.03 
141.86 

c,e 

1.03 ± 0.02 
123.91 

c,e 
Ginseng after irradiation 
% of change 

0.57 ± 0.11 
18.75 

d 

0.59 ± 0.07 
7.27 

d 

0.51 ± 0.08 
18.60 
c,d 

0.53 ± 0.08 
15.22 

d 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 25:  Protective effect of Ginseng on the level of hemoglobin in male albino rats  
                 irradiated with 2 Gy. 

Hemoglobin content (g /dl) 
2 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 14.27 ± 0.38  14.21 ± 0.42 14.36 ± 0.49 14.29 ± 0.38 

Ginseng Group 
% of change 

14.43 ± 0.19 
1.12 

c 

14.25 ± 0.22 
0.28 

c 

14.45 ± 0.27  
0.63 

c 

14.37 ± 0.42 
0.56 

c 
 Irradiated Group (2 Gy) 
% of change 

12.53 ± 0.31  
- 12.19 
a,b,d 

12.39 ± 0.34  
- 12.81 
a,b,d 

12.43 ± 0.46 
-13.44 
a,b,d 

12.47 ± 0.38 
-12.74 
a,b,d 

Ginseng before irradiation 
% of change 

13.19 ± 0.19 
5.26 
c,e 

13.17 ± 0.17  
6.29 
c,e 

13.24 ± 0.17  
6.52 
c,e 

13.26 ± 0.24 
6.33 

c 
Ginseng after irradiation 
% of change 

12.61 ± 0.66 
0.64 

d 

12.59 ± 0.71 
1.61 

d 

12.69 ± 0.52 
2.09 

d 

12.71 ± 0.82 
1.92 

Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 26: Protective effect of Ginseng on the level of hemoglobin in male albino rats  
                irradiated with 6 Gy. 

Hemoglobin content (g /dl) 
6 Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 14.27 ± 0.38  14.21 ± 0.42 14.36 ± 0.49 14.29 ± 0.38 

Ginseng Group 
% of change 

14.43 ± 0.19 
1.12 

c 

14.25 ± 0.22 
0.28 

c 

14.45 ± 0.27  
0.63 

c 

14.37 ± 0.42 
0.56 

c 
 Irradiated Group (6 Gy) 
% of change 

8.23 ± 0.21 
- 42.33 
a,b,d,e 

7.49 ± 0.39 
- 47.29 
a,b,d,e 

7.03 ± 0.52 
- 51.04 
a,b,d 

6.33 ± 0.19 
- 55.70 
a,b,d 

Ginseng before irradiation 
% of change 

9.27 ± 0.27 
12.64 

c,e 

8.40 ± 0.30 
12.15  

c 

7.64 ± 0.30 
8.68 

c 

7.02 ± 0.36 
10.90 

c 
Ginseng after irradiation 
% of change 

8.69 ± 0.41 
5.59 
c,d 

8.07 ± 0.25 
7.74 

c 

7.46 ± 0.25 
6.11 

6.65 ± 0.52 
5.05 

 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 27: Protective effect of Ginseng on the level of plasma erythropoietin (EPO) in male  
                 albino rats irradiated with 2Gy. 

Plasma EPO m IU/ ml 
2Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 2.63 ± 0.13 2.62 ± 0.23 2.59 ± 0.17 2.61 ± 0.18 

Ginseng Group 
% of change 

2.68 ± 0.21 
1.90 

c  

2.69 ± 0.19 
2.67 
c, e 

2.61 ± 0.29 
0.77 

c 

2.62 ± 0.23 
0.38 

c 
 Irradiated Group (2 Gy) 
% of change 

2.32 ± 0.24 
- 11.79 
a, b, d 

2.29 ± 0.16 
-12.59 
a, b, d  

2.30 ± 0.19 
-11.19 
a, b, d 

2.35 ± 0.14 
-9.96 
a, b 

Ginseng before irradiation 
% of change 

2.58 ± 0.19 
11.20 

c 

2.56 ± 0.14 
11.79 

c 

2.55 ± 0.19 
10.87 

c 

2.54 ± 0.22 
8.08 

c 
Ginseng after irradiation 
% of change 

2.52 ± 0.23 
8.62 

 

2.48 ± 0.16 
8.29 

b 

2.42 ± 0.17 
5.22 

2.47 ± 0.22 
5.11 

Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (2Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Table 28: Protective effect of Ginseng on the level of plasma erythropoietin (EPO) in male 
                 albino rats irradiated with 6Gy. 

plasma EPO m IU/ ml 
6Gy 

Groups 1st day 
Mean ± S.E 

3rd day  
Mean ± S.E 

5th day 
Mean ± S.E 

7th day 
Mean ± S.E 

Control group 2.63 ± 0.13 2.62 ± 0.23 2.59 ± 0.17 2.61 ± 0.18 

Ginseng Group 
% of change 

2.68 ± 0.21 
1.90 

c, d, e 

2.69 ± 0.19 
2.67 

c, d, e 

2.61 ± 0.29 
0.77 

c, d, e 

2.62 ± 0.23 
0.38 

c, d, e 
 Irradiated Group (6 Gy) 
% of change 

1.67 ± 0.15 
-36.50 
a, b, d 

1.55 ± 0.28 
- 40.84 

a, b, d, e 

1.58 ± 0.23 
-38.99 
a, b, d 

1.60 ± 0.29 
- 38.69 
a, b, d 

Ginseng before irradiation 
% of change 

1.92 ± 0.16 
14.97 

c 

1.99 ± 0.19 
28.39 

c 

1.89 ± 0.19 
19.62 

c 

1.93 ± 0.27 
20.62 
b, c 

Ginseng after irradiation 
% of change 

1.82 ± 0.18 
8.98 

 

1.87 ± 0.15 
20.64 

c 

1.83 ± 0.30 
15.82 

1.81 ± 0.33 
13.12 

b 
Each value represents mean ± S.E of 6 rats 
a: significant difference from control   b: significant difference from ginseng   c: significant difference from irradiation (6Gy) 
d: significant difference from ginseng before   e: significant difference from ginseng after 
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Fig. 28:  Protective effect of Ginseng on the level of plasma erythropoietin
(EPO) in male albino rats irradiated with 6 Gy. 
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Fig. 29: Bone marrow smear of control rat showing 

stages in the development of red blood cells, 

leucocytes and platelets (1) myelocyte (2) 

basophil (3) staff (4) normoblast (5) segment 

(6) lymphocyte (Leishman’s stain X 1000 oil 

immersion lens). 
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Fig. 30: Bone marrow smear of rat treated with 

Ginseng showing normal shape and size of 

different series of bone marrow cells 

(Leishman’s stain X 1000 oil immersion 

lens). 
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Fig. 31: Bone marrow smear of rat exposed to single 

dose of 2 Gy of gamma rays showing decrease 

in number of bone marrow cells and loss of 

cell border comparing to the control  

(Leishman’s stain X 1000 oil immersion lens). 
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Fig. 32: Bone marrow smear of rat treated with 

Ginseng before exposure to single dose of 2 

Gy of gamma rays showing improved 

cellularity comparing to the irradiated 

group (Leishman’s stain X 1000 oil 

immersion lens). 
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Fig. 33: Bone marrow smear of rat treated with 

Ginseng   after exposure to single dose of 2 

Gy of gamma rays showing increase in 

number of bone marrow cells (Leishman’s 

stain X 1000 oil immersion lens). 
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Fig. 34: Bone marrow smear of rat exposed to single 

dose of 6 Gy of gamma rays showing sever 

hypocellularity, loss of cell border and 

hypogranular cells comparing with control  

(Leishman’s stain X 1000 oil immersion lens). 
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Fig. 35: Bone marrow smear of rat treated with 

Ginseng before exposure to single dose of 6 

Gy of gamma rays showing improved 

cellularity comparing to the irradiated 

group (Leishman’s stain X 1000 oil 

immersion lens). 
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Fig. 36: Bone marrow smear of rat treated with 

Ginseng after exposure to single dose of 6 

Gy of gamma rays showing sever 

hypocellularity, loss of cell wall and ghosts 

of myloid series (Leishman’s stain X 1000 

oil immersion lens). 

 



133 
 

 

 



 133

Discussion 
It is well established that exposure to ionizing 

radiation either accidently or during radiotherapy disturbs 

the normal structure and function of biological systems, 

which may be considered one of the main causes of cellular 

damage. The degree of damage is variable among different 

organs depending on the organ sensitivity and exposure 

dose. Therefore, the study of the effect of radiation on the 

living biological systems is attaining a great importance due 

to the widespread use of radiation and radioactive materials 

in medicine, industry, agriculture and research. 

It is well documented that whole body gamma 

irradiation produces reactive oxygen intermediates in 

mammalian tissue (Sun et al., 1998; Kim et al., 1998; 

Valko et al., 2007 and Flora, 2007). These reactive free 

radicals alter the metabolism of various organs and cause a 

series of biochemical and physical disturbances in the 

different biological tissues. 

The strong free radical scavenging effects of Panax 

Ginseng have been extensively documented (Gillis, 1997; 

Kitts et al., 2000; Kim et al., 2002 and Valli & Giardina, 
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2002). The radioprotective effect of Panax Ginseng has been 

closely linked to its anti-oxidative capability through both 

the chelating of transitional metal ions and scavenging the 

free radicals responsible for DNA damage (Kim et al., 

1993; Kim et al., 2003 and Kumar et al., 2003). Studies 

have demonstrated that Ginseng root extracts inhibit both 

lipid-soluble and water-soluble antioxidant activity ex vivo, 

and that this antioxidant action occurs both directly through 

free radical scavenging and indirectly through upregulation 

of antioxidant enzymes (Zhang et al., 1996; Kitts et al., 

2000; Kitts & Hu, 2000 and Kim et al., 2002) leading to 

the prevention of DNA degradation (Kitts et al., 2000 and 

Keum et al., 2000). Both Cu, Zn-superoxide dismutase (Cu, 

Zn SOD) or superoxide dismutase (SOD) and catalase 

(CAT) are key enzymes involved in the metabolism of 

oxygen free radicals, and Ginsenosides (the major 

compound responsible for pharmaceutical action of 

Ginseng) have been associated with the upregulation of 

these two enzymes at the level of gene expression and 

transcription (Kitts et al., 2000; Ong & Yong, 2000 and 

Kim & Park, 2003). 



 135

High concentration of scavengers must be present at 

critical target sites within the hydration shell of DNA to be 

effective in protection against the radiation-induced damage 

from OH radicals (Littlefield et al., 1993), the 24 hours pre-

irradiation treatment of Ginseng crude water extract founded 

to be optimal in Lee et al. (2004) study, which strongly 

indicates that the Ginseng water extract should be inside the 

peripheral blood  lymphocytes (PBL) before and during the 

time of radiation exposure to confer radioprotection. 

Zhang et al. (1987) studied the relative protective 

effects of the different fractions (carbohydrates, protein and 

saponin) as well as whole Ginseng extract and concluded 

that the water soluble extract of whole Ginseng exhibited 

the best protection against -radiation. 

In the present study an attempt has been made to 

investigate the radioprotective effect of Ginseng extract by 

evaluating the effect of gamma irradiation on some 

biochemical changes and bone marrow morphological 

changes in male albino rats exposed to different doses of 

radiation. 
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Lipids:- 

In the present study, irradiation with separate doses of 

2 and 6 Gy of gamma rays induced highly significant 

increases in serum total lipid; total cholesterol, high density 

lipoprotein (HDL), and triglycerides levels began from the 

first day post irradiation and continued to the 7th day of the 

experiment. Also, significant decreases were observed in the 

level of serum low density lipoprotein (LDL) after 

irradiation with separate doses of gamma rays at 2 and 6 Gy.  

Several investigators demonstrated that gamma 

irradiation induced significant elevation in total lipid, 

cholesterol and triglycerides levels in rat serum (Stepanov, 

1989; Lennie et al., 1999 and El Missiry et al., 2007). The 

hypercholesterolemia induced by irradiation could be due to 

cholesterolgensis activation in different cell of mammalian 

organism as an early reaction to harmful effect of radiation 

for the restoration of biomembranes. It could be also 

attributed to the decrease in lecithin cholesterol acetyl 

transferase (LCAT) leading thus to decrease in cholesterol 

estrification of rat plasma (Abou Safi et al., 1999).  
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Administration of Ginseng prior to radiation exposure 

at both doses 2 or 6 Gy of gamma rays minimize the 

hazardous effect of radiation by decreasing the level of 

serum total lipid, total cholesterol, high density lipoprotein 

(HDL), triglycerides comparing with irradiated groups and 

increasing the level of serum low density lipoprotein  

(LDL). However, treatment of Ginseng after exposure to 

gamma irradiation had no effect on all lipid profile 

parameters compared to the irradiated group. 

These findings support the scientific claims that 

Ginseng has hypolipidiemic potential associated with a 

decrease in total cholesterol, triglycerides and (HDL) levels 

(Cui et al., 1999 and Kim & Park, 2003). 

Rise of total lipid, total cholesterol and triglycerides 

in rabbits were markedly inhibited by oral administration of 

Ginsenosides extracted from stems and leaves (Wen et al., 

1996). 

Also, Panax Ginseng significantly reduced the plasma 

glucose, triglycerides and creatine kinase activity (Rai et 

al., 2003). This explains the reduction in plasma 

triglycerides in stressed rats may be secondary to the effect 
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of catecholamines on the triglycerides lipase activity in the 

adipose tissue. 

Lipid Peroxidation:- 

One of the indices of oxidative damage induced by 

irradiation is the malondialdehyde (MDA) formation as an 

end product of lipid peroxidation (Avunduk et al., 2000 

and Bark et al., 2000).  

 In the present study, animals irradiated with separate 

doses of 2 and 6 Gy of gamma rays showed highly 

significant increases in serum malondialdehyde (MDA) 

levels compared to those of control groups.  

Similar findings were recorded by Nunia et al. (2007) 

and Gupta et al.  (2008) showed a significant elevation in 

lipid peroxidation level over normal in whole body gamma-

irradiated mice at dose level of 7.5 Gy. 

Since oxygen radicals have high reactivity and short 

lifetime, it is difficult to assess the involvement and extent 

of tissue damage induced by oxygen radicals. Therefore, 

this problem has been bypassed by measuring the effects of 

radicals' reactions with biological substances (i.e. lipid 
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peroxidation and /or their products as MDA) (Zeybek et al., 

2003).     

On the other hand, significant decreases were 

observed in the level of serum MDA when Ginseng 

administered prior to irradiation at both doses 2 and 6 Gy 

but the decrease in the levels of serum MDA became not 

significant when Ginseng administered after radiation 

exposure. 

In agreement with our results, plasma MDA levels 

were decreased in human by administration of Panax 

Ginseng extract for 8 weeks (6 g per day). The decreased 

MDA level indicating that antioxidant potential of Panax 

Ginseng extract might induce hypolipidemic effect as one of 

action mechanism (Cui et al., 1999 and Kim & Park, 

2003). 

Lipid peroxidation leads to alteration of lysosomal 

membrane permeability and results in the release of 

hydrolytic enzymes in response to radiation-induced 

damage in vivo. Panax Ginseng extract has been showed to 

inhibit lipid peroxidation through transition metal chelation 
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and scavenging of hydroxyl and superoxide radicals (Kitts 

et al., 2000 and Kitts & Hu, 2000).  

Kumar et al. (2003) studies support our results, 

which demonstrated that treatment of Ginseng before 

irradiation causes significant decrease in acid phosphatase 

and lipid peroxidation levels and significant increase in 

alkaline phosphatase activity. So, the authors concluded that 

Ginseng acts in indirect fashion to protect radical processes 

by inhibition of initiation of free radical processes and thus 

reduce the radiation damages in mice testes.   

Polyunsaturated fatty acids, when exposed to reactive 

oxygen species (ROS) can be oxidized to hydroperoxides 

that decompose to hydrocarbons and aldehydes such as 

malondialdehyde (MDA) in the present of metals 

(Matthews et al., 1994). This lipid peroxidation may cause 

severe impairment of membrane function through increasing 

membrane permeability and membrane protein oxidation 

(Logani & Davies, 1980 and Miura et al., 1997).   

Zhoa (1990) has also observed that in Ginseng 

treated group anti-lipid peroxidation activity was increased 

and thus lipid peroxidation was inhibited. 
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Ginseng extract has been reported to scavenge 

superoxide radicals, to inhibit lipid peroxidation through 

transition metal chelation (Zhang et al., 1996), and to 

reduce the oxidative DNA damage. 

A possible mechanism that could be invoked to 

explain the suppression of lipid peroxidation by Ginseng 

treatment is through the inhibition of enzymes such as 

lipoxygenase involved in the metabolism of unsaturated 

fatty acids such as arachidonic acid to prostaglandins 

(Voces et al., 2004). Furthermore, Ginseng has well–known 

anti-inflammatory actions; an effect probably caused by a 

decrease in phospholipase A2 activity (Matsuda et al., 

1990; Lish & Chu, 1999 and Cabral de Oliveira et al., 

2001).  

Kim et al. (2005) suggested that the elevation in 

catalase (CAT) and superoxide dismutase (SOD) activities 

as scavenger enzymes after Panax Ginseng extract 

administration results in decrease of MDA level as one of 

Panax Ginseng extract action mechanisms.  

          In conclusion, Ginseng administration before 

irradiation exposure markedly decreased the MDA level in 



 142

serum which might be indicated the antioxidant properties 

of Ginseng.  

Total protein, Albumin and Globulin:-  

In the present study, whole body gamma irradiation 

with separate doses (2 and 6 Gy) induced highly significant 

decreases in the levels of serum total protein, albumin and 

globulin. These decreases were observed from the first day 

and continued to the seventh day of the experiment. On the 

other hand, in the animals irradiated with 6 Gy of gamma 

rays, no significant differences were observed in the level of 

globulin throughout the experiment. 

In agreement with our results EL Missiry et al. 

(2007) recorded that the levels of serum total protein, 

albumin, and total globulins were decreased by irradiation 

exposure (2 and 4 Gy).  

The decrease in the levels of serum total protein and 

albumin in response to ionizing radiation may be attributed 

to impaired hepatic protein synthesis due to damage of liver 

cells (Srinivasan et al., 1985), by the leakage to the urine 

due to changes in the permeability of kidney, liver and other 

tissues cells (Roushdy et al., 1984) or into intestinal tract 
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(Vatistas & Horsey, 1966) and/or enhanced protein 

degradation (Reddy & Sasira, 1980 and Mahdy, 1991). 

Treatment with Ginseng before exposure to 

irradiation induced significant increases in the levels of total 

protein, albumin and globulin. The increases were continued 

to the end of the experiment in case of total protein and 

albumin levels, while in case of globulin the increases 

continued to the 5th day in animals exposed to 2 Gy of 

gamma rays and to the 3rd day in animals exposed to 6 Gy of 

gamma rays.  

Conversely, the increases in the levels of serum total 

protein, albumin and globulin in animals treated with 

Ginseng after exposure to 2 Gy of gamma rays, did not 

show any significant difference. While, serum albumin 

showed significant increases in animals treated with 

Ginseng after exposure to 6 Gy of gamma rays and this 

increase began from the 3rd day and continued to the 7th day 

of the experiment. On the other hand, serum total protein 

and globulin showed no significant increases in animals 

treated with Ginseng after exposure to 6 Gy of gamma rays. 
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In agreement with our results Shin et al. (2006), 

reported that serum total protein was significantly increased 

in mice treated with Panax Ginseng orally once a day for 7 

days. Protein measurements may reflect nutritional state, 

kidney diseases, and liver diseases and other diseases. These 

facts suggest that Panax Ginseng may act as energy source 

and biochemical modifier.  

Attele et al. (1999) reported that the ability of 

Ginsenosides to target the cell membrane and freely cross it, 

modifying its physical properties, interacting directly with 

membrane proteins and even becoming incorporating into 

membranes. 

Also, Song et al. (2004) demonstrated that Ginsan, a 

polysaccharide isolated from Panax Ginseng, treatment did 

not seem to cause hepatic injury, since serum aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), 

alkaline phosphatase (ALP) activities and levels of total 

bilirubin and serum albumin were not changed. 

brane total lipids:RBCs mem  

About 50% of erythrocyte membrane is formed of 

lipid, the amount of total lipid in 1010 cells is about 5 mg 
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which may be proportionate as about 30% of neutral lipids 

(unsaturated fatty acids, glycerides, sterols and sterol 

esters), 60% phospholipids and 10% glycolipids (Edidin, 

1987). 

The data of the present study showed significant 

increases in the lipids of RBCs membrane after irradiation 

with 2 and 6 Gy of gamma rays. While, treatment of 

Ginseng before exposure to gamma irradiation, significantly 

decreases the level of RBCs membrane lipids compared to 

the irradiated group. 

Ionizing radiation causes considerable changes in the 

content of sterols and squalene in the lymphoid tissues and 

erythrocyte membranes. The process of cholesterol 

conversion to its oxy-derivatives was increased under the 

effect of radiation. The content of some lipid components in 

the erythrocyte membrane were changed depending on the 

dose and time after irradiation. So, there is a relationship 

between the changes in the sterol composition and changes 

in the properties of erythrocyte membrane (Palamarchuk, 

1990). 
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Grzelinska et al. (1982) postulated that thiourea and 

OH scavenger reduced the gamma-radiation-induced 

changes in the rigidity of erythrocyte membrane lipids, the 

state of membrane protein and lipid peroxidation. Several 

OH scavengers, but not superoxide dismutase, also inhibit 

the radiation-induced acceleration of the transport of a 

hydrophilic non-electrolyte across the erythrocyte 

membrane. 

Gamma irradiation of RBCs results in the production 

of reactive oxygen capable of initiating the process of 

membrane lipid peroxidation (Barjas-Castro et al., 2002). 

Due to lipid peroxidation, lysosomal membrane 

permeability alters and thus results in release of hydrolytic 

enzymes. So, an increase in acid phosphatase was noticed 

by Kumar et al. (2003) after irradiation. The authors 

reported that the treatment of Ginseng before irradiation 

causes significant decrease in acid phosphatase and lipid 

peroxidation.  

RBCs, WBCs  count and Hemoglobin content:- 

           The data in the present study showed highly 

significant decreases in total erythrocytes and leucocytes 
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count and hemoglobin concentration in animals exposed to 

whole body gamma irradiation at both doses 2 and 6 Gy. 

Such decrease may be due to depletion in the factors needed 

for erythroblast differentiation and reticulocyte release from 

the bone marrow (Gridley et al., 2001).  

         Also, Lee & Ducoff (1994) reported that radiation 

induced haemolysis due to the destruction of erythrocyte 

membrane and intracellular components causing an increase 

in the membrane permeability, which also account for drops 

in hemoglobin and hematocrite content. 

          Several investigators have pointed out the significant 

reduction in hemoglobin level due to -irradiation exposure 

of animals with different doses level (Abdel Megied, 1991; 

Pecaut et al., 2002; Abou-seif et al., 2003 and Nunia & 

Goyal, 2004).  

           Two mechanisms were suggested to explain the 

reduction in hemoglobin concentration due to irradiation. 

Firstly, blockage of the incorporation of iron into 

hemoglobin due to disturbance in the biogeneration 

structure of the hemoglobin molecule. Secondly, oxidations 

of hemoglobin iron causing loss of the biological structure 
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and activity of hemoglobin molecule (Szweda-

Lewandowska et al., 1976).   

Similar observation was obtained by Hofer et al. 

(1989), who stated that prolonged exposure of animals to 

small doses of ionizing radiation produced a significant fall 

in leucocytes count. Also, Roushdy & Ashry (1979) and 

Seham et al. (1996) reported that leucopenia, acute 

radiation syndrome, was the cause of rapid death and the 

fall in the total leucocytes was due to the decrease in the 

lymphocytes besides the decrease in the neutrophils count. 

Hari kumar et al. (2004) demonstrated that the total 

leukocyte count, bone marrow viability and hemoglobin 

level were lowered in mice exposed to single dose of 7Gy of 

gamma radiation. 

Whole-body gamma irradiation (7.5 Gy),  resulted in 

a significant decline in erythrocytes and hemoglobin until 

the third day, following a gradual recovery in day 7 but 

these values did not reach normal values during the 

remainder of the animals' life span (Gupta et al.,2008). 

Also, total white blood cell count was lowered drastically in 



 149

irradiated mice (Sunila & Kuttan, 2005 and Manu et al., 

2007). 

On the other hand, significant increases in RBCs, 

WBCs count and hemoglobin concentration were observed 

in animals treated with Ginseng prior to radiation exposure 

at both studied 2 and 6 Gy when compared to the 

hematological values observed in the irradiated animals. 

The protective effect of Ginseng administration before 

exposure to irradiation was more than that of Ginseng 

administered after irradiation exposure. 

Wang & MA (2006) reported that Ginseng contains 

multiple components, such as saponins and polysaccharide, 

etc. the major is Ginsenosides, which more than 40 kinds of 

monomers. It has been applied to treat blood-deficiency 

syndrome, but the action mechanism still unclear. These 

saponins and polysaccharide were found to have effects on 

hematopoietic cells and regulatory factors, indicating that 

they are potential for prevention of hemocytopenia, 

protection from injury of radiotherapy/chemotherapy and 

even for transplantation of hematopoietic stem cell. 
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The radioprotective action of Ginsan, a 

polysaccharide fraction extracted from Panax Ginseng, in 

irradiated mice is partly due to rapid regeneration of 

hematopoietic cells and also due to induction of antioxidant 

enzymes. The modulatory effect of Ginsan on the cellular 

and molecular redox systems, together with the possible 

close relationship of reactive oxygen species (ROS) with 

aging, carcinogenesis and pathogenesis of variety of 

inflammatory disorders, are expected to provide antioxidant 

therapeutic strategies for the treatment of various 

detrimental conditions (Han et al., 2005). 

Total saponins of Panax Ginseng (TSPG), main 

constituents extracted from Panax Ginseng, a highly valued 

traditional Chinese medicine, have been shown to be an 

effective agent on hematopoiesis (Chen et al., 2009) who 

demonstrated that total saponin of Panax Ginseng extract 

significantly increases the hemoglobin content.  

It has been reported that hematopoietic disorders are 

one of the most clinical sequels of exposure of mammals to 

ionizing radiation. The hematopoietic symptoms that appear 

after irradiation include leucopenia, hyperemia, 

lymphopenia and hemolysis (Gridely et al., 2001). 
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Erythrocytes and leucocytes are particularly susceptible to 

oxidative damage because of their membranes rich in 

polyunsaturated fatty acids that can potentiate free radical 

reactions (Brown et al., 1996).    

Plasma erythropoietin (EPO):- 

The data recorded in the present study revealed that 

whole body irradiation with 2 and 6 Gy of gamma rays 

induced significant decreases in the level of plasma 

erythropoietin (EPO) began from the first day reaching the 

maximum at the third day and continued to the seventh day 

after irradiation.   

In agreement with our results (Samarth, 2007) study 

which postulated that exposure to gamma radiation (8 Gy) 

caused a significant decrease in the level of EPO and this 

decrease was maximal on the 5th day in comparison to 

normal. 

In contrast, Nunia et al. (2007) recorded that 

erythropoietin levels increased significantly in mice exposed 

to whole body gamma irradiation (7.5 Gy) and reached a 

maximum on the third day post-irradiation. 
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On the other hand, Ginseng treatment before exposure 

to irradiation at both doses 2 and 6 Gy induced significant 

increases in the level of plasma (EPO) comparing to the 

corresponding irradiated group. While no significant 

increases were recorded in the groups treated with Ginseng 

after exposure to both irradiated doses.   

Samarth (2007) reported that erythropoietin (EPO) 

level was increased significantly in leaf extract of Mentha 

piperita pretreated irradiated animals as compared to control 

animals (irradiated only). The latest suggest that the 

protective effects of leaf extract of Mentha piperita against 

radiation induced hematopoietic damage in the bone 

marrow may be attributed to the maintenance of EPO level 

in Swiss albino mice.  

Increase circulating catecholamines during sever 

hypoxia could mask modulations of EPO production by 

renal nerves, as suggested previously by Fink et al. (1975).  

Because it has been proposed that the central nervous 

system is involved in the regulation of EPO secretion (Von 

Wussow et al., 2005), the interrupted input of afferent renal 

nerve discharge for 7 days may have discrete effects on the 
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central nervous system-dependent control of EPO secretion 

(Gebhard et al., 2006).  

In animals and human studies, elevation of plasma 

rennin activity or administration of angiotensin II was 

shown to increase EPO secretion (Freudenthaler et al., 

1999 and Gossmann et al., 2001). Furthermore, Kato et al. 

(2005) reported that an overproduction of EPO in mice 

harboring the human rennin and human angiotensin genes. 

Gebhard et al. (2006) observed that rats responded to 

600 ppm Co exposure with a reduced EPO secretion. This 

observation could be in line with the above mentioned 

findings that angiotensin II can stimulate EPO secretion. 

The lack of tight correlation between EPO levels and 

mRNA in maximal NaCl loading rats may be due to 1) 

simple data scatter or 2) reflect a reduced translational 

efficiency of EPO m RNA or 3) a diminished half life of 

EPO in the blood under this high salt loading condition. 

Cell morphology of bone marrow: 

In the present study, bone marrow smear of rats 

exposed to 2 Gy of gamma rays showed decreased in the 

number of bone marrow cells. 
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Our data revealed that administration of Ginseng 

before exposure to 2 Gy of gamma radiation improve the 

cellularity comparing to the irradiated one. Also, 

administration of Ginseng after exposure to 2 Gy of gamma 

radiation increase the number of bone marrow cells but still 

less than that recorded in rats treated with Ginseng before 

exposure to the same dose of gamma radiation. 

Irradiation with single dose of gamma rays (6 Gy) 

showing sever hypocellularity, loss of cell border and 

hypogranular cells comparing to the control. 

In agreement with our results Sunila & Kuttan 

(2005) who demonstrated that whole-body exposure of 

Swiss albino mice to gamma-rays (6 Gy) reduced the 

number of bone marrow cells to 12.2 x 10(6) cells/femur. 

Also, Nunia et al. (2007) recorded that, whole body 

gamma-irradiation (7.5 Gy) resulted in a significant decline 

in different bone marrow cells (pro- and normoblasts). Pro- 

and normoblasts values showed a significant decline until 

day 3, following a gradual recovery from day 7, but normal 

values were not recorded until 28 days post-exposure. 
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Treatment with Ginseng prior exposure to 6 Gy of 

gamma rays improved the cellularity of bone marrow cells 

comparing to the irradiated group. While administration of 

Ginseng after exposure to radiation had no effect and 

showed sever hypocellularity and loss cell wall.  

Hsu et al. (1996) have shown that, in mice, 

application of P. Ginseng before whole body irradiation 

significantly protected both bone marrow stem cells and 

peripheral hematocytes, thereby reducing the magnitude of 

radiation induced regression in the immune-hematopoietic 

system. In addition, recent reports have demonstrated that, 

in irradiated mice, the polysaccharide fraction isolated from 

the aqueous extract of P. Ginseng (termed Ginsan) reported 

by Song et al. (2002 and 2003) and P. quinquefolius 

(termed CVT-E002) reported by Wang et al. (2004) 

significantly increased GM-CSF (granulocyte and monocyte 

colony stimulating factor), CFU-S (colony-forming unit in 

spleen) and GM- CFC (granulocyte-macrophage colony 

forming cells) marrow precursor populations, and 

circulating neutronphils, lymphocytes and platelets. Finally, 

a growing body of recent evidence suggest that cytokines 

and growth factors can influence the cellular response to 
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ionizing radiation (Mc Bride et al., 2004) and that the 

introduction of recombinant hematopoietic growth factors 

has the potential to reduce the hematopoietic toxicity 

associated with radiation therapy or chemotherapy (Song et 

al., 2003). Hence, Ginseng may be exerting its 

radioprotective effects through upregulation of these 

immune-modulating cytokines. For instance, P. Ginseng and 

P.quinquefolius have been reported to upregulate the 

production of cytokines, such as IL-1, IL-2, IL-4, IL-6, IL-

10, IL-12, GM-CSF, interferon (IFN) - and tumor necrosis 

factor (TNF)-α in animal models (Wang et al., 2001; Song 

et al., 2002; Block & Mead, 2003; Song et al., 2003; 

Chang et al., 2003 and Liou et al., 2004).  

Immunomodulatory effects of Ginseng in vivo have 

also been found in mice and rats (Liu et al., 1982 and Liu 

& Zhang, 1995) by increased neutrophil phagocytosis and 

lymphocyte proliferation.  

The exact underlying radioprotective mechanism of 

Ginseng crud water extract is unclear (Liu et al., 2000 and 

Kim et al., 1996), although Ginsenosides have the ability to 

interchalate into the plasma membrane, this leads to changes 
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in membrane fluidity, and thus affects membranes function, 

eliciting a cellular responses to cytotoxic stresses (Attele et 

al., 1999). 

In agreement with our results the studies of Song et 

al. (2003) which demonstrated that the administration of 

Ginsan protected mice from the lethal effects of radiation 

and significantly increased the numbers of bone marrow 

cells and spleen cells and bone marrow GM-CFU when it 

was administered intra-peritoneal 24 hour prior to 

irradiation. Also, it is well known that the time of 

administration of radioprotective agent is critically 

important in both diminishing the hemopoietic damage and 

increasing the rate of survival.  

The injection of Ginsan 48 hours before irradiation or 

0, 3or 24 hours after irradiation was less effective than 

pretreatment at 24 hours; an important thing that Ginsan 

was still effective when given 24 hours after irradiation 

(Song et al., 2003). So, the authors concluded that Ginsan 

confers a strong radioprotection through two major 

mechanisms. One is the ability to stimulate CFC-S (Colony 

forming unit-stimulant), the crucial cells for reconstitution 

of hematopoiesis, toward proliferation and CFU-S-renewal. 
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The other mechanism is the elevation of endogenous 

production of radioprotective cytokines. 

An increase in pronormoblasts and normoblasts were 

observed by Samarth (2007) in leaf extract of Mentha 

Piperita pretreated irradiated animals, which show that leaf 

extract of Mentha Piperita maintain a high erythropoietin 

(EPO) level, that is responsible for an increase in the 

number of these bone marrow cells. Samarth (2007) 

suggested that the protective effects of leaf extract of 

Mentha Piperita against radiation induced hematopoietic 

damage in bone marrow may be attributed to the 

maintenance of EPO level in Swiss albino mice. 

Tamura et al. (2008) concluded that treatment of 

Ginsenosides Rd (one of the effective compound 

responsible for pharmaceutical action of Ginseng) before -

irradiation inhibited irradiation-induced apoptosis in IEC-6 

(Intestinal Epithelial Cells). Also, administration of 

Ginsenosides Rd after irradiation inhibited the apoptosis in 

these cells. 

Han et al. (2005) observations showed that Ginsan (a 

polysaccharide fraction isolated from the Ginseng) itself did 
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not alter antioxidant systems in vivo. However, under 

stressful circumstances such as exposure to radiation which 

cause redox-state disturbance, Ginsan may modulate the 

oxidant and antioxidant status by not only increasing 

superoxide dismutase (SODs) and glutathione peroxidase 

(GPx) but also by decreasing heme oxygenase (HO) activity 

and the main intracellular non-protein thiol (NP-SH) 

contents. Polysaccharides, widely distributed in animals, 

plant and fungi have been suggested to play an important 

role as dietary radical scavenger to prevent oxidative 

damage in living systems (Jun et al., 1993 and Pang et al., 

1999), and Ginsan also exhibites weak scavenging activity 

against 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radicals. 

Nevertheless, the antioxidant effect of Ginsan does not seem 

to be due to direct scavenging of free radicals, since the 

antioxidant enzymes activities were induced on the fifth day 

after irradiation. 

In fact, Ginseng extract contains several groups of 

compounds other than Ginsenosides, such as Phenolic 

substances (maltol, salicylic acid, vanillic acid) with direct 

and indirect consequences in terms of antioxidant activity 

(Huong et al., 1998 and Mahady et al., 2000). Therefore, 
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the exact mechanism of action of Ginseng remains unclear 

because of the complex composition of the extract (Voces et 

al., 2004).  Further studies to fully investigate this potential 

mechanism of Ginseng are certainly warranted. 

Conclusion:          

This study indicates that treatment of  rats by Ginseng 

extract before exposure to irradiation protect them from 

damage induced by irradiation through the hypolipidimic 

effect of Ginseng and inhibition of lipid peroxidation 

process.  Also, this radioprotective effect of Ginseng was 

obviously demonstrated as an effective agent on 

hematopoiesis. 

The radioprotective effect of Ginseng administered 

before exposure to gamma irradiation was more effective 

than that of Ginseng administered after exposure to 

irradiation.  
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Summary 

The present work was carried out to evaluate the 

possible protective role of Ginseng as a natural product on 

some biochemical, hematological and morphological 

parameters in adult male albino rats irradiated with high and 

low dose of γ-radiation. 

Male albino rats, were divided into four groups under 

investigation, the data were expressed as mean ± S.E. and 

analyzed using one way analysis of variance. 

I- Control group:   Group received dist. water orally. 

II- Treated group: Group treated with Ginseng 100 mgkg    

body weight orally. 

III- Irradiated group: 

a- Group subjected to (2 Gy) γ-irradiation.  

b- Group subjected to (6 Gy) γ-irradiation. 

IV – Protected group: 

a- Group treated with Ginseng before being subjected to 

(2 Gy) γ-irradiation by 24 hour. 
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b- Group treated with Ginseng after being subjected to 

(2 Gy) γ-irradiation by 24 hour. 

c- Group treated with Ginseng before being subjected 

to (6 Gy) γ-irradiation by 24 hour. 

d- Group treated with Ginseng after being subjected to 

(6 Gy) γ-irradiation by 24 hour. 

 Blood samples were collected by cardiac puncture in dry 

sterile tubes; after the 1, 3, 5 and 7 days of gamma irradiation 

and/or Ginseng treatment. Blood serum was used for 

determination of total lipids, total cholesterol, high density 

lipoprotein (HDL), low density lipoprotein (LDL), 

triglycerides, malondialdehyde, total protein, albumin, and 

globulin.  

 The remaining volume of blood was collected in tube 

containing (EDTA) to determine the following parameters: 

RBCS membrane total lipids, RBCS count, WBCs count, 

hemoglobin and plasma erythropoietin. 

Exposure to γ-irradiation with separate doses of 2 and 6 

Gy induced increases in the level of total lipid, total 

cholesterol, high density lipoprotein (HDL), triglycerides, 

malondialdehyde (MDA) and lipids of RBCs membrane.  
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On the other hand, decreases were observed in the level of 

low density lipoprotein (LDL), total protein, albumin, 

globulin, RBCs count, WBCs count, hemoglobin content, and 

erythropoietin levels in rats irradiation with separate doses 2 

and 6 Gy of γ-irradiation.  While, in the animals irradiated with 

6 Gy of gamma rays, no significant differences were observed 

in the level of globulin throughout the experiment. 

Administration of Ginseng prior to radiation exposure at 

both doses 2 or 6 Gy of gamma rays minimize the hazardous 

effect of radiation by decreasing the level of total lipid, total 

cholesterol, high density lipoprotein (HDL), triglycerides, 

MDA and lipids of RBCS membrane. Also, Ginseng treatment 

before exposure to separate doses 2 and 6 Gy of γ- rays 

increasing the levels of low density lipoprotein (LDL), total 

protein, albumin, globulin, RBCs count, WBCs count, 

hemoglobin content and erythropoietin. 

Morphological studies of bone marrow revealed that 

administration of Ginseng before exposure to 2 and 6 Gy of γ-

radiation improve the cellularity compared to the irradiated 

one. While administration of Ginseng after exposure to 6 Gy 

of γ-rays had no effect and showed sever hypocellularity and 

loss cell wall.  
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The radioprotective effect of Ginseng was obviously 

investigated as an effective agent on hematopoiesis. Also, the 

protective effect of Ginseng administration before exposure to 

irradiation was more effective than that of Ginseng 

administered after exposure to irradiation. 
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  الملخص العربي

كمنتج   یح الدور الوقائي المحتمل للجنسنجتوض دراسةال ةذھالغرض من 

المشععة إما بجرعة عالیة من أشعة  البالغةالبیضاء  انذالجر كورذ طبیعي على

  .جاما أوبجرعة منخفضة من نفس األشعة

  :ولقد تم تقسیم المجموعات على النحو التالى

  :الضابطة اتالمجموع

 .ان تناولت الجرعة المحددة من الماءذلجرمجموعة من ا  - أ

  .ان تناولت الجرعة المحددة من الجنسنجذمجموعة من الجر  - ب

  :المشععة المجموعات

 .جراى ٢أشعة جاما تعرضت إلى  انذمجموعة من الجر    - أ

 .جراى ٦ان تعرضت إلى أشعة جاما ذمجموعة من الجر   - ب

  :المجموعات المحمیة

 .جراى ٢قبل التعرض ألشعة جاما  ان تناولت الجنسنجذمجموعة من الجر - 1

 .جراى ٢ان تناولت الجنسنج بعد التعرض ألشعة جاما ذمجموعة من الجر - 2

 .جراى ٦ان تناولت الجنسنج قبل التعرض ألشعة جاما ذمجموعة من الجر - 3

 .جراى ٦ان تناولت الجنسنج بعد التعرض ألشعة جاما ذمجموعة من الجر - 4

األول والثالث والخامس والسابع بعد  تم تجمیع عینات الدم والمصل عند الیوم

إلشعاع أو تناول الجنسنج حیث كانت عینات الدم تجمع بسحبھا من لالتعرض 

  :جزئینعینات الدم إلى قسمت  دوق. القلب
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 : تیھ فى مصل الدماالتم عمل كل من القیاسات  - 1

الدھون الكلیة و الكولیسترول الكلى واللیبوبروتینات العالیة الكثافة  

 وبروتینات المنخفضة الكثافة والجلیسیریدات الثالثیةواللیب

  . األلبیومین و الجلوبیولنالملونالدھید والبروتین الكلى وو

 : تیھاالتم عمل كل من القیاسات كما  - 2

الدھون الكلیة في أغشیة خالیا كرات الدم الحمراء و عدد كرات الدم 

  بیوتینوریثرالحمراء و عدد كرات الدم البیضاء و الھیموجلوبین واإل

 .في البالزما

سبب جراى  ٦و ٢أظھرت النتائج أن التعرض ألشعة جاما بجرعات 

الكولیسترول الكلى واللیبوبروتینات العالیة  زیادة في مستویات الدھون الكلیة و

الدھون الكلیة في أغشیة خالیا  الكثافة و والجلیسیریدات الثالثیة و الملونالدھید و

قد  بنفس الجرعات من ناحیة أخرى فأن التعرض ألشعة جاماو. كرات الدم الحمراء

البروتین الكلى و  و اللیبوبروتینات المنخفضة الكثافة أدى إلى نقص في مستویات

األلبیومین و الجلوبیولن و عدد كرات الدم الحمراء و عدد كرات الدم البیضاء و 

في مستوى الجلوبیولین بینما لم یظھر أي تأثیر في . بیوتینوالھیموجلوبین واإلریثر

  . جراى ٦ الحیوانات التى تعرضت ألشعة جاما بجرعة

 ٦و  ٢بینت النتائج أن تناول الجنسنج قبل التعرض ألشعة جاما بجرعات 

الكولیسترول الكلى  جراى أدى إلى نقص في مستویات الدھون الكلیة و

الدھون  ملونالدھید وواللیبوبروتینات العالیة الكثافة و والجلیسیریدات الثالثیة و ال

في مستویات الكلیة في أغشیة خالیا كرات الدم الحمراء بینما أدى إلى زیادة 
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اللیبوبروتینات المنخفضة الكثافة و البروتین الكلى و األلبیومین و الجلوبیولن و 

عدد كرات الدم الحمراء و عدد كرات الدم البیضاء و الھیموجلوبین 

ضافة إلى أن التغیرات المورفولوجیة لخالیا النخاع قد باإل اذھ   .بیوتینوواإلریثر

 النخاع أوضحت أن تناول الجنسنج قبل التعرض ألشعة جاما یحسن عدد خالیا

بینما تناول الجنسنج بعد التعرض ألشعة . عندما تقارن بالمجموعات المشععة فقط

جراى لم یحدث أى تأثیر معنوي وأظھر انخفاض حاد في عدد  ٦جاما بجرعة 

  . للخالیا الخالیا وفقدان الجدار الخارجي

انتھت الدراسة إلى أن تناول الجنسنج قبل التعرض ألشعة جاما أدى إلى 

انخفاض التأثیرات الضارة لألشعة وكان التأثیر الوقائى لتناول الجنسنج قبل 

    .التعرض ألشعة جاما أقوى من تأثیر تناول الجنسنج بعد التعرض لألشعاع
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  دراسات فسیولوجیة وبیوكیمیائیة على الدور الوقائى 

  انذكور الجرذالمحتمل للجنسنج في  

  البیضاء المشععة 
  رسالة مقدمة من

  شیرین محمد السعید الكیكي

  للحصول على درجة  دكتوراة الفلسفة في العلوم

  )علم الحیوان(

  تحت إشراف

  عبد هللا إسكندر  ناجى/ د .أ     عبد الرحیم مكى          نفیسة / د .أ

  بحوثلبقسم ا الكیمیاء الحیویة  ذأستا                       بقسم علم الحیوانالفسیولوجى  ذأستا

  بالمركز القومي لبحوث  الصحیة                             جامعة عین شمس -العلوم كلیة 

  ریةذھیئة الطاقة ال - شعاع اإلوتكنولوجیا                                                                   

  إیھاب توفیق محمد/ د .م.أ                  محمد عزة عبد هللا/ د .م.أ

  میاء الحیویةیالك مساعد  ذأستا                        الباثولوجیا اإلكلینیكیةمساعد  ذأستا

  بالمركز القومي لبحوث وتكنولوجیا                 بالمركز القومي لبحوث وتكنولوجیا       

  ریة     ذھیئة الطاقة ال -شعاع اإل                               ریةذھیئة الطاقة ال -شعاع اإل
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  العربي المستخلص
  شیرین محمد السعید الكیكي:    أسم الباحث   

تمل للجنسنج في دراسات فسیولوجیة وبیوكیمیائیة على الدور الوقائى المح:  عنوان الرسالة
  .ان البیضاء المشععةذكور الجرذ

  جامعة عین شمس -كلیة العلوم –)علم الحیوان(الفلسفة في العلوم دكتوراه :   الدرجة العلمیة

الدھون  -البروتین  – الدھون المؤكسدة - الدھون- جنسنج -أشعة جاما:الكلمات المفتاحیة
      النخاع العظمى -وبیوتین اإلریثر –الكلیة في أغشیة  كرات الدم الحمراء 

كمنتج   الھدف من ھذة الرسالة توضیح الدور الوقائي المحتمل للجنسنج

ان البیضاء الیافعة المشععة إما بجرعة عالیة من أشعة ذكور الجرذطبیعي على 

  .جاما أوبجرعة منخفضة من نفس األشعة

 6و  2 بینت النتائج أن تناول الجنسنج قبل التعرض ألشعة جاما بجرعات

جراى أدى إلى نقص في مستویات الدھون الكلیة و الكولیسترول الكلى 

واللیبوبروتینات العالیة الكثافة و والجلیسیریدات الثالثیة و الملونالدھید و الدھون 

الكلیة في أغشیة خالیا كرات الدم الحمراء بینما أدى إلى زیادة في مستویات 

لبروتین الكلى و الأللبیومین و الجلوبیولن و اللیبوبروتینات المنخفضة الكثافة و ا

عدد كرات الدم الحمراء و عدد كرات الدم البیضاء و الھیموجلوبین 

ھذا باإلضافة إلى أن التغیرات المورفولوجیة لخالیا النخاع قد    .واإلریثربیوتین

أوضحت أن تناول الجنسنج قبل التعرض ألشعة جاما یحسن عدد خالیا النخاع 

  .ارن بالمجموعات المشععة فقطعندما تق

الدراسة أن تناول الجنسنج قبل التعرض ألشعة جاما أدى إلى  أظھرت

انخفاض التأثیرات الضارة لألشعة وكان التأثیر الوقائى لتناول الجنسنج قبل 

  .  التعرض ألشعة جاما أقوى من تأثیر تناول الجنسنج بعد التعرض لألشعاع
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