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Introduction                                                                     

Radiation damage is largely caused by the 
overproduction of reactive oxygen species (ROS), 
including superoxide anion (O2•−), hydroxyl 
radical (•OH) and hydrogen peroxide (H2O2) that 
overwhelm the levels of antioxidants resulting in 
oxidative stress. The most important consequences 
of oxidative stress are lipid peroxidation, protein 
oxidation and depletion of antioxidant elements. 
If these damages are irreparable then injury, 
mutagenesis and carcinogenesis accelerated 
senescence and cell death can occur (Spitz et al., 
2004).

Efficient defense and repair mechanisms 
exist in living cells to protect against oxidant 
species. Superoxide dismutase (SOD) catalyzes 
the reduction of O2 to H2O2, the majority of 
which is broken down to oxygen and water by 
catalase (CAT). In addition to CAT, glutathione 

peroxidase in the presence of an adequate amount 
of reduced glutathione (GSH) can also break 
down H2O2 (Sun et al., 1998). However, under 
abnormal conditions such as exposure to ionizing 
radiation, the antioxidant defense system is not 
fully operative.

Increased production of ROS can compromise 
essential cellular functions and probably 
contribute to brain injury (Starkov et al., 2004). 
Experimental evidence revealed that the brain 
displays numerous biochemical and functional 
alterations after exposure to ionizing radiations 
(Loganovsky & Yuryev, 2004). Since the 
monoamines; serotonin (5-HT), dopamine (DA) 
and norepinephrine (NE) play critical roles 
in consciousness, mood, thought, motivation, 
cognition, perception, and autonomic responses. 
The alteration in the metabolism of these 
monoamines leads to brain dysfunction (Jia et al., 
2010).

THIS STUDY is designed to investigate the protective effect of aqueous Panax ginseng 
extract against acute brain damage induced by gamma irradiation in rats. Animals were 

sacrificed 24h post-whole body gamma irradiation (6Gy). The results revealed oxidative 
injury denoted by a significant increase in the levels of malondialdehyde (MDA) associated 
to a significant decrease in the level of reduced glutathione (GSH), and superoxide dismutase 
(SOD) and catalase (CAT) activities in brain tissues. The administration of Panax ginseng at 
a dose of 100mg/kg body weight for 7 consecutive days before irradiation has significantly 
attenuated the severity of oxidative stress. Furthermore, Panax ginseng has significantly 
improved the decrease recorded in the level of the neurotransmitters serotonin (5-HT), dopamine 
(DA), norepinephrine (NE) and acetylcholine (Ach) induced by gamma irradiation in brain 
tissue. The oral administration of ginseng extract prior to irradiation has attenuated also a 
significant decrease in serum asymmetric dimethyl arginine (ADMA) as well as a significant 
increase in serum nitric oxide (NO) compared with the irradiated group. The histopathological 
and immunohistochemical examination substantiate the aforementioned amelioration in the 
biochemical parameters. In conclusion, the Panax ginseng extract might alleviate the oxidative 
brain damage and the alteration of neurotransmitters induced by gamma-irradiation in rats. 
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Nitric oxide (NO), a free gaseous signaling 
molecule, is involved in the regulation of the 
cardiovascular, nervous and immune system. 
The neurotransmitter function of nitric oxide is 
dependent on dynamic regulation of its biosynthetic 
enzyme, nitric oxide synthase (NOS). There are 
three types of NOS, neuronal nitric oxide synthase 
(nNOS), endothelial nitric oxide synthase (eNOS) 
and inducible nitric oxide synthase (iNOS) (Zhou 
& Zhu, 2009). Asymmetric di-methyl arginine 
(ADMA) is a by-product of amino acid metabolism 
that can interfere with nitric oxide synthesis 
by competitive inhibition of endothelial nitric 
oxide synthase (eNOS) (Langer & Shah, 2005). 
Increased levels of ADMA are associated with 
endothelial dysfunction. ADMA may contribute 
to brain dysfunction in patients with Alzheimer’s 
disease and stroke (Selley, 2003). Also, elevated 
ADMA levels found in blood of human cirrhotic 
patients correlated well with cognitive symptoms 
and brain biochemical abnormalities (Bajaj et al., 
2013). Although the neuroprotective mechanism 
of Ginseng on the central nervous system (CNS) 
is unclear there is evidence to suggest that it may 
possibly be involved in synaptic plasticity, the 
calcium cascade, and neuronal apoptosis (Cheng & 
Zhang, 2005 and Wenbin et al., 2015).

Ginseng, the root and rhizome of Panax 
ginseng, a well-known medicinal herb in traditional 
Asian medicine grows in China and Korea. It was 
reported to possess a variety of beneficial biological 
actions that include anti-carcinogenic, anti-diabetic 
and anti-inflammatory as well as cardiovascular 
protection and neuroprotection (Jung et al., 2005 
and Xiang et al., 2008). The main active ingredients 
of Panax ginseng are ginsenosides which facilitated 
neurotransmission in the brain (Xue et al., 2006 
and Liu et al., 2010). In addition, ginsenosides 
have been reported to improve central cholinergic 
function and are used to treat memory deficits in 
humans (Rudakewich et al., 2001). Ginsenosides 
increased levels of dopamine and norepinephrine 
in the cerebral cortex (Itoh et al., 1989) and have 
beneficial effects on attention, cognitive processing, 
sensorimotor function and auditory reaction time in 
healthy subjects (D'angelo et al., 1986). 

Materials and Method                                                 s

Animals
Male Wistar rats (weighing 120–150g),  

6-weeks-old,  were obtained from the animal farm 
of the Egyptian Holding Company for Biological 

Products and Vaccines, Egypt. Upon arrival. The 
animals were allowed to acclimatize for 1 week 
before starting the experiment.  The animals were 
kept under standard conditions and were allowed 
free access to a standard requirement diet and 
water ad libitum. The animals were kept under a 
controlled lighting condition (light:dark, 13h-11h). 
The animals’ treatment protocol was approved by 
the Animal Care Committee of the National Center 
for Radiation Research and Technology (NCRRT), 
Atomic Energy Authority, Cairo, Egypt.

Irradiation
Whole-body gamma irradiation was performed 

at the National Centre for Radiation Research and 
Technology (NCRRT), Atomic Energy Authority, 
Cairo, Egypt, using (137 cesium) Gamma Cell-40 
biological irradiator. The animals were irradiated 
at an acute single dose level of 6 Gy delivered at a 
dose rate of 0.49Gy/min.

Chemicals
Aqueous Ginseng extract (0.933g/100ml 

as syrup) was purchased from Pharco- 
Pharmaceuticals, Alexandria, Egypt. It was 
administrated orally to rats at a dose of 100 mg/
kg body weight for 7 consecutive days (Sloley et 
al., 1999).

Experimental design
The male albino rats were divided into four 

groups, 6 rats in each group, and treated in parallel. 
In the control group (C), rats were administered 
saline orally (1ml) for 7 consecutive days. The 
second group (G) was administered ginseng 
(100mg/kg body weight) orally for 7 consecutive 
days. Rats in the third group (R) received saline 
orally for 7 consecutive days before γ-irradiation 
(6Gy). The fourth group (G+R) received ginseng 
(100mg/kg) orally for 7 consecutive days, one 
hour later rats were exposed γ-irradiation (6Gy).

Biochemical assays
Twenty-four hours after irradiation, animals 

were sacrificed, the blood samples were collected 
and serum obtained by centrifugation (Sorvall TC 
centrifuge, Hamburg, Germany) at 750xg at room 
temperature for 10min. 

Determination of serum nitric oxide and 
ADMA

Serum nitric oxide (NO) content was measured 
as total nitrates/nitrites, and this assay determines 
total NO based on the chemical reduction of 
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nitrate to nitrite (Griess reaction) according to 
the method of Miranda et al. (2001). Asymmetric 
dimethyl arginine (ADMA) was estimated using 
a standard enzyme linked immunosorbent assay 
(ELISA) method according to the manufacturer’s 
instructions (Immundiagnostik AG, Bensheim/
Germany).

Determination of oxidative stress biomarkers
Brain was quickly excised, washed with saline, 

blotted with a piece of filter paper and divided 
into two parts. The first part was homogenized 
in 5-10ml cold 50mM sodium phosphate buffer 
(100mM Na2HPO4/NaH2PO4) (pH 7.4) and 
centrifuged at 2795xg for 30min. The resulting 
supernatant was transferred into Eppendorf tubes 
and preserved at -80oC until used for biochemical 
assays. The reduced glutathione (GSH) content 
was determined photometrically at 412nm using 
5,5-dithiobis-2-nitrobenzoic acid and the results 
were expressed as µmol/g tissue using the methods 
of Beutler et al. (1963). The lipid peroxidation 
product, malondialdehyde (MDA) was measured 
by thiobarbituric acid assay, which is based on the 
reaction of MDA with thiobarbituric acid reactive 
substances (TBARS), a pink-colored complex 
exhibiting a maximum absorption at 532nm and 
the results were expressed as nmol/g tissue using 
the method of Yoshioka et al. (1979). Superoxide 
dismutase (SOD) activities were determined 
in homogenate according to the methods of 
Minami & Yoshikawa (1979) and the results were 
expressed as µg/g tissue. Catalase (CAT) activity 
was assayed by the method of Sinha (1972) and 
the results were expressed as µmol/g tissue. 

Determination of neurotransmitters
The second part of brain was weighed, and 

10% (w/v) tissue homogenates were prepared 
in 75% aqueous HPLC grade methanol. The 
homogenates were centrifuged at 1006xg for 
10min and the supernatants were separated and 
used for the neurotransmitter determination. 
The catecholamines; dopamine, norepinephrine 
and serotonin were determined according to the 
method of Pagel et al. (2000) and the concentration 
expressed in µg/g tissue. Acetylcholine (Ach) was 
measured according to the method of Oswald et 
al. (2008) based on the oxidation of free choline 
to betaine via the intermediate betaine aldehyde. 
The reaction generates products which can 
be measured at 570nm and the concentration 
expressed in µmol/g tissue.

Histological studies
Brain sections were kept in Bouin’s fixative, 

dehydrated in ascending grades of alcohol, 
cleared with xylol, embedded and impregnated 
in paraffin wax, sectioned at 5μm thick sections 
and subjected to hematoxyline and eosin: For 
studying the general structure of brain using light 
microscopy according to Drury & Wallington 
(1980).

Immunohistochemistry for eNOS
Brain sections were rehydrated and 

immunostained with primary antibodies against 
eNOS (Transduction Lab, Hercules, CA, USA; 
1:500) followed by an appropriate biotinylated 
secondary antibody. Stains were visualized 
using the ABC kit (Vector Laboratories Inc, 
CA, USA; (Lee et al., 2001), then reacted with 
diaminobenzidine (DAB; Sigma, St. Louis, 
USA) as a substrate and counterstained with 
hematoxylin. All incubation steps were performed 
in a humidified chamber.

Statistical analysis
Statistical analysis was performed by one 

way analysis of variance (ANOVA) followed by 
Duncan ’ s Multiple Range test by using statistical 
package of social science (SPSS) version 15.0 
for windows. P values <0.05 were considered 
as level of significance. Values expressed are 
means±standard error of means (SEM).

Results                                                                            

Figure 1 shows the effects of ginseng, gamma-
irradiation and their combination on the levels of 
GSH and MDA, the activity of SOD and CAT 
in tissue. Gamma-irradiation exposure resulted in 
a significant decrease in GSH content, SOD and 
CAT activities and a significant increase in MDA 
level respectively, as compared to the control 
group. Treatment with ginseng for 7 consecutive 
days prior to irradiation resulted in a significant 
increase in the activities of SOD and CAT and 
in GSH content, respectively, and a significant 
decrease in MDA level compared to the irradiated 
group.

Figure 2 illustrates the effects of ginseng, 
gamma-irradiation and their combination on 
the levels of serotonin (5-HT), dopamine (DA), 
norepinephrine (NE) and acetylcholine (Ach) 
in brain tissues. Gamma-irradiation exposure 
resulted in a significant decrease in serotonin (5-
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HT), dopamine (DA), norepinephrine (NE) and 
acetylcholine (Ach) respectively, as compared to 
the control group. Treatment with ginseng for 7 
consecutive days prior to irradiation resulted in 
a significant increase in the concentrations of 
serotonin (5-HT), dopamine (DA), norepinephrine 
(NE) and acetylcholine (Ach) respectively, as 
compared with the irradiated group.

Figure 3 shows the effects of ginseng, irradiation 
and their combination on serum NO and ADMA. 
Gamma-irradiation resulted in a significant increase 
in the level of serum ADMA and significant 
decrease in serum (NO) level compared to control. 
Administration of ginseng for 7 consecutive days 
before irradiation significantly reduced the level of 
serum ADMA and the increase in serum (NO) level 
compared to the irradiated group.

Fig. 1. Effect of Ginseng (G), irradiation (R, 6Gy) and their combination (G+R) on the levels of malondialdehyde 
(MDA) and glutathione (GSH), and superoxide dismutase (SOD) and catalase (CAT) activities in rat brain 
tissue (Data are presented as mean±SEM, n= 6. * and # indicate significant changes from control and R respectively at 
P<0.05 using ANOVA followed by Duncan as a post ANOVA test).

Fig. 2. Effect of Ginseng (G), irradiation (R, 6Gy) and their combination (G+R) on the concentration of the 
neurotransmitters  serotonin (5-HT), dopamine (DA), norepinephrine (NE) and acetylcholine (Ach) in 
rat brain tissue (Data are presented as mean±SEM, n= 6. * and # indicate significant changes from control and  R 
respectively at P<0.05 using ANOVA followed by Duncan as a post ANOVA test).
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Fig. 3. Effect of Ginseng (G), irradiation (R, 6Gy) and their combination (G+R) on serum asymmetric dimethyl 
arginine (ADMA) and nitric oxide (NO) in rats (Data are presented as mean±SEM, n= 6. * and # indicate significant 
changes from control and R respectively at P< 0.05 using ANOVA followed by Duncan as a post ANOVA test).

Fig. 4. Histological examination of the cerebral cortex of rats, (a) Control group showed normal architecture (H 
& E X 400), (b) G group showed no histopathological changes (H & E X 400), (c) R group showed necrosis, 
pyknosis and atrophy of neurons (arrow) (H & E X 400) and (d) G+R group showed necrosis of sporadic 
neurons (arrow) (H & E X 400)

Histopathological examination of brain
Microscopically, the cerebral cortex of rats 

from groups C and G revealed no histopathological 
changes (Fig. 4 a & b). In contrast, brain of 
rats from group R revealed necrosis, pyknosis 

and atrophy of neurons (Fig. 4 c). Improved 
histopathological picture was observed in the 
brain of rats from group G+R, as most examined 
sections revealed no histopathological changes 
except for necrosis of sporadic neurons (Fig. 4 d).
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Immunohistochemical staining of brain sections
The effect of ginseng on the cerebral cortex 

infarction following irradiation-induced brain 
damage was examined by immunohistochemical 
analysis of e-NOS expression in the brain tissue 
(Fig. 5). Cerebral tissue of the normal control 
group (C) and G showed no expression of 
e-NOS (negative immunohistochemical reaction) 
indicating normal biological processes (Fig. 5 a 
& b). In contrast, tissue of the irradiated group 
showed a strong positive expression of e-NOS 
(immunopositivity indicated by brown color) 
indicating abnormal neurons and cerebral damage 
(Fig. 5 c). While, groups that administered  
ginseng for 7 consecutive days before irradiation 
showed a weak positive expression of e-NOS 
(immunopositivity indicated by brown color) 
indicating reduced cerebral damage comparable 
to irradiated group (Fig. 5 c) and (Fig. 5 d), 
respectively.

Discussion                                                                    

The steady increasing use of radiation 
technologies in medicine, industry, agriculture 
and scientific research has been paralleled 
with the increase of its potential risk factors. 
Furthermore, advanced research in the activity 
of the radio-protective plants and herbal extracts 
against ionizing radiation disorders, free radicals 
and oxidative stress has achieved more interest in 
the last decades (Jagetia, 2007). 

Experimental evidence has considered the 
brain a radiosensitive organ because of its high O2 
utilization rate, its high content of polyunsaturated 
fatty acids, which are prone to lipid peroxidation, 
and its high content of iron which through the 
Fenton reactions increases the formation of free 
radicals (Halliwell, 2001). In addition, relative to 
other organs, brain tissues are poor in antioxidants 
(Sherki et al., 2001).

Fig. 5. Immunohistochemical staining of e-NOS in the cerebral cortex of rat, (a) Control group showed no 
expression of e-NOS (negative immunohistochemical reaction) (X 400), (b) G group showed no expression 
of e-NOS (negative immunohistochemical reaction) (X 400), (c) R group showed strong positive expression 
of e-NOS (immunopositivity indicated by brown color) (arrow) (X 400) and (d) G+R group showed weak 
positive expression of e-NOS (immunopositivity indicated by brown color) (arrow) (X 400)
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Antioxidant enzymes are influenced by 
oxidation status, and changes in their activity can 
serve as a biomarker for oxidative stress (Voss & 
Siems, 2006). In the present study, whole body 
exposure of male albino rats to gamma irradiation 
(6Gy) has provoked an imbalance between 
oxidant and antioxidant species in the brain of rats. 
Significant increase in MDA level accompanied 
by significant decrease of SOD, CAT activities 
and GSH content were recorded.

The elevation of brain MDA level is probably 
due to the interaction of •OH resulting as a by-
product of water radiolysis, upon exposure of rats 
to ionizing radiation, with the polyunsaturated 
fatty acids present in the phospholipids portion 
of cellular membranes suggests the participation 
of free-radical-induced oxidative cell injury 
in mediating the toxicity of ionizing radiation 
(IR) (Saada et al., 2003). Deloncle et al. (1999) 
reported that the neurotoxicity of IR is due to the 
increase in lipid peroxidation and damage of the 
blood–brain barrier. The increase in MDA level 
in the brain suggests enhanced peroxidation 
leading to tissue damage and failure of the 
antioxidant mechanisms to prevent the production 
of excessive free radicals. Similar results were 
previously reported in kidney (Ogeturk et al., 
2005) and liver (Yang et al., 2008) tissues.

Lipids are the macromolecules the most 
susceptible to oxidative stress, which play a major 
role in the production of MDA (Nazam et al., 
2008). The level of MDA in the homogenate of the 
cerebral cortex of rats was measured to evaluate 
the oxidative stress induced by irradiation. 
The results showed that treatment with Panax 
ginseng extract markedly reduced the MDA level 
in the brain tissue affected by irradiation injury 
indicating the efficiency of Panax ginseng in 
decreasing the oxidative stress of irradiation. 

The presence of numerous antioxidant enzymes 
in the brain, including SOD and CAT, protects 
these tissues from oxidative damage caused by 
the formation of free radicals (Cui et al., 2004). 
SOD reacts with superoxide radicals to form H2O2 
and CAT, which is found at very low levels in 
the brain, detoxifies H2O2 into H2O. Oxidative 
stress reduces the activity of these enzymes. In 
the current study the activity of the endogenous 
antioxidant enzymes, SOD, and CAT, decreased 
significantly following irradiation. Administration 
of the Panax ginseng extract increased the activity 

of the endogenous antioxidant enzymes to the 
control levels. The activity of the Panax ginseng 
extract appears to work by restoring the altered 
antioxidant enzyme activity and decreasing the 
rate of lipid peroxidation.

 The decrease in the activities of SOD and 
the decreased level of GSH might be due to 
their utilization by the enhanced production of 
ROS, which interacts with the enzyme molecules 
causing their denaturation and partial inactivation 
(Maurya et al., 2006 and Kregel & Zhang, 2007). 
Under normal conditions, the inherent defense 
system, including glutathione and the antioxidant 
enzymes, protects against oxidative damage. 
GSH, a well-known antioxidant, provides major 
protection in oxidative injury by participating in 
the cellular system of defense against oxidative 
damage (Şener et al., 2006).

GSH is involved in several defense processes 
against oxidative damage. It protects cells against 
free radicals, peroxides and other toxic compounds 
(Sies, 1999). Indeed, glutathione depletion 
increases the sensitivity of cells to various insults 
and also has several metabolic effects. It is widely 
known that a deficiency of GSH within living 
organisms can lead to tissue disorder and injury 
(Limón-Pacheco et al., 2007).

Administration of ginseng markedly elevated 
the levels of antioxidant enzymes indicating the 
antioxidant potential of the ginseng. This might 
be due to metabolized ginsenosides, which protect 
the outer membrane of mammalian cells (Block 
& Mead, 2003 and Lee et al., 2009) scavenge 
free radicals, restore the GSH level and inhibit 
NO production (Zhu et al., 2009 and Zhang et 
al., 2014). Panax ginseng extract has been shown 
to inhibit lipid peroxidation through transition 
metal chelation and scavenging of hydroxyl 
and superoxide radicals (Kitts et al., 2000). The 
antioxidant action of this Panax ginseng extract 
is due to its components, the flavonol glycosides, 
which are known for scavenging superoxide 
and then preventing anion and hydroxyl radical 
lipid peroxidation in the membranes (Attele et 
al., 1999). It has been also reported that Panax 
ginseng administration increased the activity of 
the antioxidant enzymes SOD, CAT and GSH 
content in rats (Sun, 2011 and Sena et al., 2012). 

In the present study, whole body exposure 
of male albino rats to gamma irradiation (6Gy) 
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induced a significant decrease of monoamine levels 
in brain that could be attributed to radiation-induced 
oxidative stress and oxidation of monoamines. 
Oxidative stress and inflammation cause 
deficiencies of many of the major neurotransmitters; 
serotonin, norepinephrine, acetylcholine and also 
deplete dopamine (Crockett et al., 2008). However, 
the decrease of monoamine levels may be due to 
alterations in the dopaminergic system (Delgado 
et al., 2000) or might be attributed to decreased 
synthesis resulting from radiation-induced damage 
to the ileal mucosa and reduction in net ilea 
absorption, where a decrease in the absorption 
of tryptophan would reduce the synthesis of 
serotonin, while a decrease in absorption of 
L-tyrosine may diminish the production of DA, 
NE and EPI (Martin et al., 2001). Oxidative stress 
significantly induced an alteration in electrolyte 
concentrations that probably reflects a significant 
decrease in all studied neurotransmitter levels 
(Bardov et al., 1990). Furthermore, significant 
alterations of brain neurotransmitters (DA, 5-HT, 
NE and ACh) in irradiated rats may be attributed 
to the increased rate of formation of O2•− and 
H2O2 in the hippocampus and may be responsible 
for exerting neurodegenerative diseases and Lewy 
bodies aggregations (Burke et al., 2004).

The active ingredients of ginseng extracts 
initiate multiple actions in the brain tissue areas 
interacting with the neuronal circuit through the 
effect on neurotransmitter levels to maintain 
homeostasis on the neuronal function and may add 
to its beneficial effects on the neurodegenerative 
diseases especially on the memory dysfunction. 
Sun et al. (2013) demonstrated that Panax ginseng 
treatment at 100mg/kg per day attenuated the 
decrease in the levels of serotonin, dopamine, 
norepinephrine and acetylcholine in the prefrontal 
cortex of mice exposed to chronic mild stress 
(CMS). They showed that chronic treatment 
with Panax ginseng (100mg/kg) reversed the 
reduction of ACh levels in the prefrontal cortex, 
which implied that it might improve cognition by 
modulating the cholinergic system.

In the present study, the γ-irradiated rats 
showed a significant increase in serum ADMA 
concomitantly with a significant decrease in NO 
level. This effect is probably mediated by oxidative 
stress (Maas et al., 2007). In agreement with our 
results, previous studies of Ueda et al. (2007) and 
Wilcox (2012) have reported elevated ADMA levels 
and decreased NO levels in states of cardiovascular 

diseases and chronic kidney disease in human and 
rat and also in the response of endothelial cells to 
ionizing radiation (Lanza et al., 2007). Elevated 
levels of ADMA inhibit NO synthesis and therefore 
impair endothelial function (Sibal et al., 2010). 
Reduction of NO(x) levels might be due to both 
decreased production and increased consumption, 
with possible endothelial dysfunction and vascular 
impairment (Soloviev et al., 2003). Consistent 
with previous studies (Kim & Lee, 2010 and Pan 
et al., 2012) ADMA increase and its association 
with stroke outcome might represent not only a 
marker, but also a mediator for brain injury after 
acute stroke. One effect of ADMA might be the 
restriction of cerebral blood flow (CBF). ADMA 
could play an important role on cerebrovascular 
compliance and CBF in resting conditions and after 
the acute stroke by inhibition of NOS, since NO 
is the most important endogenous vasodilator for 
regulation of CBF (Iadecola et al., 1994). A cell 
culture study showed that ADMA inhibited NO 
production from neuronal nitric oxide synthase 
(nNOS) and protected neurons from overexpressed 
NO mediated injury. Therefore, ADMA might 
have a protective effect on the central nervous 
system (CNS) (Cardounel & Zweier, 2002). 

The present study showed that the endothelial 
NO(x) and ADMA levels were ameliorated by the 
administration of ginseng. Kim et al. (2009) and 
Shah et al. (2005) reported that administration of 
ginseng to rats offered marked protection against 
ischemia/reperfusion-induced brain damage, as 
evidenced by a significant reversal of enzymatic 
alterations. Pan et al. (2012) observed that, ginseng 
reduced ROS production and increased NO levels, 
thus ameliorating endothelial dysfunction. Panax 
ginseng was reported to improve the release of 
inflammatory mediators such as NOS (Huang et 
al., 2016) and thus enhance the release of nitric 
oxide (NO) from endothelial cells of the rat aorta 
and kidney. It was mentioned also  to protect the 
heart from injury via up-regulation of endothelial 
NO synthase (eNOS) expression (Hare & Stamler, 
2005 and Wu et al., 2011), resulting in Ca2+ channel 
inhibition, activation of cardiac potassium channels 
and protection against ischemia-reperfusion injury 
(Wang et al., 2008 and Szelid et al., 2010). The 
protection afforded by ginseng was attributed 
to its role in reducing oxidative stress, Kim & 
Lee (2010) suggesting that some of the observed 
effects of ginseng are possibly mediated through its 
antioxidant property. 
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In accordance with the previous biochemical 
profile, the histopathological and immune-
histochemical examinations of brain sections 
obtained from the irradiation group (R) revealed 
necrosis, pyknosis and atrophy of neurons (Fig. 
4 & 5 c). The results corroborate the previous 
findings of Hornsey et al. (1981) and Mansour 
et al. (2011). Brain sections from the ginseng 
group showed preserved normal architecture of 
the brain (cerebral cortex). The administration of 
ginseng to the irradiated rats, as shown in G+R 
group resulted in the amelioration of changes 
elicited by irradiation, and suggested that ginseng 
is neuroprotective. The results are in line with the 
observations of Jiang & Qian (1995) and Wen et 
al. (1995) who attributed the protective effects of 
ginseng to the antioxidant role of ginsenosides 
on survival of neurons, which may be mediated 
through improving the energy metabolism and 
preserving the structural integrity of neurons 
in the prevention of delayed neuronal death. In 
vivo or in vitro studies previously discussed the 
ginsenosides rescue possibility on neuronal cells 
by increasing cell survival, extending neurite 
growth and rescuing neurons from death (Radad 
et al., 2006 and Rausch et al., 2006). Moreover, 
Hu et al. (2008) recorded that ginsenoside 
significantly reduced the scores for neurological 
deficits and brain edema, improved the activities 
of superoxide dismutase (SOD), lowered the 
content of malondialdehyde (MDA) and reduced 
the cerebral infraction area. 

Conclusion                                                                      

Panax ginseng has shown a significant radio-
protective effect against ionizing radiation-
induced oxidative stress and brain injury may 
be due to scavenging the free radicals and 
by increasing the antioxidant status. Thus, 
supplementation with Panax ginseng may help 
in safer application of irradiation technology 
in medicine as well as in many other aspects of 
nowadays life. 
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تهدف هذه الدراسة إلى التعرف على التأثيرات الوقائية  لنبات الجينسنج ضد الأضرار الدماغية الناجمة عن أشعة 
جاما في الجرذان. وقد أسفرت النتائج عن حدوث إجهاد تأكسدي نجم عن التعرض لأشعة جاما وأثبت بزيادة 
في مستويات مالون داي الديهيد )MDA( ونقص في مستوى الجلوتاثيون المختزل )GSH( و سوبرالأكسيد 

ديزموتيز )SOD( و الكتاليز)CAT( في نسيج المخ. 

و قد أوضحت النتائج ان تناول مستخلص الجينسنج )100 مللى جرام/كجم( عن طريق الفم لمدة 7 أيام متتالية 
قبل التعرض للأشعاع أحدث تأثيرا ملحوظا حيث أنه حسن الإنخفاض الذى لوحظ في مستويات الناقلات العصبية 
سيروتونين)HT-5( و الدوبامين )DA( والنورابينفرين)NE( والأستيل كولين )Ach( نتيجة للتعرض لأشعة 
جاما. وعلاوة على ذلك، أظهر الجينسنج تأثيرا وقائيا على المخ عند تناوله قبل التعرض للإشعاع وهو ما يتضح 
النيتريت/ )ADMA( فى المصل وزيادة  الغير متماثل  المعنوى في مستوى دايميثيل ارجينين  من الإنخفاض 
نترات ))NO(x( مقارنة بالمجموعه المشععة و قد أكد الفحص النسيجي والمناعي التحسن المذكور في نتائج 

القياسات البيوكيميائية.

ونستخلص من الدراسة بأن الجينسنج يلعب دورا وقائيا فعالا حيث أنه يخفف من التلف التأكسدي للأنسجه 
الدماغية و الأضطراب في مستويات الناقلات العصبية الناجم عن التعرض لأشعة جاما في الجرذان.

الجرذان  الناجمة عن أشعة جاما في ذكور  الدماغية  الجينسنج يحسن الأضرار  مستخلص 
البيضاء

شيرين محمد الكيكى و شيرين محمد جلال
قسم البحوث الصحيه الأشعاعية - المركز القومى لبحوث و تكنولوجيا الأشعاع - هيئة الطاقة الذريه -القاهرة- 

مصر.


