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Abstract: The radioprotective effects of hesperidin (HES), a flavonone glucoside, were investigated by using the 

creatine kinase (CPK), lactate dehydrogenase (LDH), asymmetric dimethylarginine (ADMA), urea, creatinine, total 

nitrate/nitrite (NO(x)), superoxide dismutase (SOD), glutathione peroxidase (GSHPx) activities, glutathione (GSH), 

malondialdehyde (MDA), calcium ion concentration and biomechanical properties of bone in rats. Eighty male 

albino rats were divided into four groups. The control group received 100 μL of sterile saline intra peritoneal. Rats 

of the second group were injected HES extract (160 mg/kg) intra peritoneal (I.P) for 3 consecutive days. Animals in 

the third group were administered vehicle by gastric tube for 3 consecutive days, then exposed to single dose 

gamma-irradiation (2Gy). The Fourth group received HES extract for 3 consecutive days; one hour later rats were 

exposed to gamma-irradiation. Our results revealed that, prior to irradiation HES extract produced a significant 

radioprotection. This was evidenced by a significant reduction in serum (CPK), (LDH), (ADMA), urea and 

creatinine levels as well as significant increase in serum nitrate/nitrite (NO(x)) level. Moreover, HES significantly 

increased renal (SOD), (GSHPx) and calcium ion concentration, and reduced (GSH) content, associated with a 

significant depletion in (MDA) and NO(x) levels compared to irradiated group. Additionally, treatment with HES 

extract led to significant break points of tibia bones compared to irradiated group. In conclusion, this study suggests 

that HES may serve as a potential protective agent against gamma-irradiation-induced cardio-nephrotoxicity via 

enhancing the antioxidant activity, biophysical mechanical properties of bone in rats and inhibition of endothelial 

dysfunction. 
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1.Introduction: 

Ionizing radiation generates reactive oxygen 

species in the cells. These free radicals can induce 

damage to critical macromolecules such as DNA. The 

cellular DNA damage leads to mutation and cancer 

(Reily, 1994) High levels of gamma irradiation can 

induce mortality in mammals. With respect to 

radiation damage to humans, it is important to protect 

biological systems from radiation induced geno 

toxicity or lethality. The main radio protective class 

is thiol synthetic compounds such as amifostine. 

Amifostine is a powerful radio protective agent 

compared with other agents, but this drug is limited 

in the use in clinical practice due to side effects and 

toxicity (Turrisi et al., 1986; Hosseinimehr et al., 

2001). The search for less-toxic radiation protectors 

has spurred interest in the development of natural 

products. Recently, we reported that citrus extract 

protects mouse bone marrow cells against gamma 

irradiation. The citrus extracts contained high 

amounts of flavonoids (Hosseinimehr et al., 2003) 

Flavonoids have wide biological properties 

including antibacterial, antiviral, anticancer, immune 

stimulant and antioxidant effects (Tiwari et al., 

2001). Flavonoids’ activities as antioxidants refer to 

their ability to transfer a hydrogen atom or an 

electron and to the possibility of their interactions 

with other antioxidants (Rice-Evans et al., 2000). 

Hesperidin (HES) is a flavonone glycoside, 

belonging to the flavonoid family. This natural 

product is found in citrus species. Hesperidin was 

reported to have many biological effects including 

anti-inflammatory, antimicrobial, anti carcinogenic 

and antioxidant effects, and decreasing capillary 

fragility (Garg et al., 2001)The flavonoid hesperidin 

may serve as a hydrogen donor for α-tocopherol 

radical (Hussein et al., 2010)thus regenerating α-

tocopherol that is a key element of redox balance in 

biosystems. Thus, herbal plants are considered a 

useful means to prevent and/or ameliorate certain 

disorders, such as diabetes, atherosclerosis, 

hepatotoxicity and other complications (Hussein et 

al., 2008) 

Bones are living tissues and continue to change 

throughout life. During child hood and adolescence, 

bone increase in size and mass, it continue to add 

more mass until around age 30 where it reached peak 

bone mass then the more bone loss will be delayed 
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with aging. Therefore, it is particularly important to 

consume adequate calcium and vitamin D throughout 

infancy, childhood, and adolescence (Liebschner, 

2004) .Bone density is generally expressed in terms 

of grams of mineral per volume or area. In any given 

individual, it is determined by peak bone mass. 

Osteoporosis is defined as a systemic bone decrease 

characterized by insufficient bone strength that 

predisposes to a higher risk of bone fracture 

(Wettergreen et al., 2005).Mechanical properties of 

bone are basic parameters, which reflect the structure, 

function of bone, and can be measured by testing 

completely anatomical units or specimens prepared to 

isolate particular structural components. Within this 

context, the fracture of bone can represent failure of 

whole bone at the structural level and bone tissue at 

the material level. The mechanical behavior of bone 

in normal physiological situations is similar to that of 

an elastic material with no visible change in external 

appearance. However, Bone can be degraded and 

retain its morphological features for an indefinite 

period. Unlike inorganic materials, bone has adaptive 

mechanisms, which give the tissue the ability to 

repair itself, altering its mechanical properties and 

morphology in response to increased or decreased 

function. (Patel, 1969).Mechanical properties vary 

significantly around the periphery and along the 

length of the bone, vary between can cellos and 

cortical bones and also between locations of the bone. 

Bone also exhibit selector mechanical effects both in 

vivo and in vitro, where an electric potential is 

generated in bone as a result of mechanical stress. 

(Brown & Ferguson., 1980) 

 

 
Figure. (1): Typical yield behavior for non-ferrous 

alloys, 1: True elastic limit, 2: Proportionality 

limit, 3: Elastic limit, 4: Offset yield strength 

(Behiri & Bonfield., 1980) 

 

Tension and compression are forces applied in a 

perpendicular to the surface or a plane within an 

object. Tensile forces result in elongation and 

narrowing deformation. Tensile testing can be one of 

the most accurate methods for measuring bone 

properties, provided that force is applied without 

inducing a coupled bending moment. However, 

compressive tests tend to be less accurate than tensile 

tests due to end effects imposed on the specimen 

during the test (Behiri & Bonfield., 1980).Young's 

modulus is the ratio between the longitudinal stress to 

the longitudinal strain 

Young's modulus (E)   = Tensile stress σ  =  F/A 

Longitudinal strain €   ∆L/L0 

Aim of the work: 

The aim of this study was to investigate the 

radio protective effect of HES against 2Gy γ-rays on 

the structural as biophysical properties of bone, 

oxidative stress and endothelial dysfunction in rats. 

 

2.Materials and methods: 

1-Experimental Animals: 

In the present work 80 male albino rats, each of 

average weight 110 ±10 gm were purchased from the 

Faculty of Veterinary Medicine, Cairo University. 

Rats were housed in accordance to the principles 

outlined in ‘‘The Guide for The Care and Use of 

Laboratory Animals’’ prepared by VACSERA -Giza-

Egypt, and given standard rats pellets and water ad 

libitum 

2-Chemicals and experimental design: 

HES were purchased from Sigma Aldrich, 

Egypt. It was in phosphate buffered saline (pH 7.6). 

Rats were injected intra peritoneal (I.P) for all 

experiments. The Fourth group received HES (160 

mg/kg) according to (Gadkariem et al.,2010) for 3 

consecutive days, one hour later rats of groups C and 

D were exposed to single dose γ-irradiation (2Gy γ-

rays) as shown in table (1). 

 

Table (1): The experimental design. 

Groups Experimental conditions 

G(A) Normal (received 100 μL of sterile 

saline by i.p*). 

G(B) Animals were injected with dose of 

HES (160 mg/ kg( i.p))  

G(C) Animals exposed into cobalt-60 γ-

radiation (total dose of 2Gy γ-rays) 

G(D) Animals were injected with dose of 

HES (160 mg/ kg ( i.p)) and exposed 

Whole body into cobalt-60 γ-radiation 

(total dose of 2Gy γ-rays) 

 

3-Gamma Radiation Facility: 

Whole-body gamma irradiation was performed 

at the National Centre for Radiation 

Research and Technology (NCRRT), Atomic 

Energy Authority, Cairo, Egypt, using a cobalt-60 γ-

radiation source. The source-to-skin distance was 80 

cm with a dose rate of 1.03 Gy /min at room 

temperature (23+2°C). The rats were irradiated with a 

total dose of 2Gy γ-rays (Hosseinimehr et al., 2006). 

4-Determination of Serum Lactate De 

hydrogenase (LDH) activity: 

http://www.lifesciencesite.com/
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Lactate dehydrogenate activity was estimated in 

serum by commercially available LDH Hesperid in 

Alleviates Doxorubicin-Induced Cardio toxicity in 

Rat skit (Linear Chemicals, S.L., Spain) according to 

the method of (Whitaker ., 1969). Using this method, 

lactate dehydrogenate (LDH) catalyzes the reduction 

of pyruvate to lactate in the presence of reduced 

nicotine amide adenine dinucleotid (NADH) at pH 

7.5. The reaction is monitored kinetically at 340 nm 

using an UV-visible spectro photometer (Shimadzu, 

Japan) by the rate of decrease in absorbance resulting 

from the oxidation of NADH to NAD+ which is 

proportional to the activity of LDH present in the 

sample. 

5-Estimation of oxidative stress biomarkers in 

cardiac tissues: 

Twenty-four hours after the last dose of the 

specific treatment, animals were anesthetized with 

ether, and blood samples were obtained by kidney 

puncture and serum was separated by centrifugation 

(Sorvall TC centrifuge, Hamburg, Germany) at 750 g 

at room temperature for 10 min. Serum urea and 

creatinine were determined according to the methods 

of (Hallet and Cook, 1971) and (Bonsenes and 

Taussky, 1945) respectively. Serum creatinin 

phosphokinase (CPK) was determined according to 

the methods of (Swanson and Wilkinson, 1972) and 

(IFCC, 1980). Serum total nitrate/nitrite (NO(x)) was 

measured as stable end product, nitrite, according to 

the method of (Miranda et al.,2001). ADMA was 

estimated using a standard enzyme linked immune 

sorbent assay (ELISA) method according to the 

manufacturer's instructions(Immunodiagnostic AG, 

Bensheim/Germany (Kidneys were quickly excised, 

washed with saline, blotted with a piece of filter 

paper and homogenized in ice-cold 0.15 MTris-KCl 

buffer (pH 7.4) to yield a 20 % (w/v) homogenate 

using a Branson sonifier (250, VWR Scientific, 

Danbury, CT, USA). The homogenates were used for 

the determination of malondialdehyde (MDA) level, 

glutathione peroxides (GSHPx) and superoxide 

dismutase (SOD) activities, total glutathione (GSH) 

content, and total nitrate/nitrite (NO(x)). The 

homogenates were centrifuged at 800 g for 5 min at 

4ºC to separate the nuclear debris. The supernatant 

obtained was centrifuged (Eppendorf AG, centrifuge 

5804R, Hamburg, Germany) at 15000g for 30 min at 

4ºC to get the post mitochondrial supernatant which 

was used to assay superoxide dismutase (SOD) 

activity. Reduced glutathione (GSH) and 

malondialdehyde (MDA) levels in kidney 

homogenates were determined 

spectrophotometrically using the methods of (Ellman, 

1959) and (Buege and Aust, 1978), respectively. 

Total nitrate/nitrite (NO(x)) was measured as the 

stable end product, nitrite, according to the method of 

(Miranda et al., 2001). The activities of GSHPx and 

SOD were determined according to the methods of 

(Lawrence and Burk 1976) and (Minami and 

Yoshikawa (1979), respectively. 

6-Bone Calcium Concentration: 

Bone specimens are extracted for calcium 

assays and put in furnace to obtain bone ash. Each 

specimen is weighted before analysis then prepared 

by dissolving in 10% nitric acid over a period of 24 

hrs. Calcium assays are preformed via Atomic 

Absorption Spectrophotometer. Calcium ions form a 

violet complex with o-cresolophthale in complex one 

in alkaline solution. The intensity of violet color of 

this complex measured at 560 nm is proportional to 

the calcium concentration in the sample. 

(Wettergreen et al.,2005). 

7-Biomechanical Measurement: 

Biomechanical properties measurements of 

biomaterials such as bone are ascertained by 

performing carefully designed laboratory instrument 

that replicates as nearly as possible the service 

conditions. Many factors should be considered during 

the test as nature of the biomaterial, the type of the 

applied stress and its duration, and also the 

environmental conditions. Special local hand-made 

instrument is manufactured according to bone 

biomechanical characteristics and its visco elastic 

properties. The main role of this instrumental 

structure was to determine the stress-strain behavior 

curves of the bone specimens and its load-unload 

hysteresis loops. The system is consisted of electronic 

digital input circuit connected to rotating capacitor 

coaxial with a frictionless wheel. Special rope of 

negligible expansion was wrapped around the wheel 

with two free ends; one end connected to the pan of 

the loads and the other end was fastened to the bone 

specimen which was clamped to a fixed point. (An., 

2000). 

1-Stress-Strain Behavior: 

Each bone specimen diameter is measured at 

three levels by Vernier caliperin (mm± 0.01mm) then 

average diameter is considered (Mensun, 1991).The 

mass of the loads (in Kg) is multiplied by the 

acceleration due to gravity 9.80m/s
2
 to get the axial 

applied force. The axial stress calculated by dividing 

the axial force by the cross sectional area (חr
2
) of the 

bone specimen and given by 

Tensile Stress (σ) =Force /area (N/m
2
) 

The tensile force is applied by uploading of 

loads on the pan and calculating its stress value. This 

applied stress leaded to extend the bone specimen 

length, and due to this extension the wheel rotated 

and changed the effective area of the capacitor and in 

turn the frequency is also changed. Calculate the 

axial changes on the bone specimen length in terms 

of frequency and by dividing these value by the 
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original length in term of frequency also, one can get 

the longitudinal strain. It is produced due to the 

tensile stress and given by 

Longitudinal Strain (€)  = Change in 

length/original length  

  €  =  ∆L/L0 

The stress-strain behavior for each bone sample 

is performed by applying tensile stress on bone 

specimen till the breaking point and measure the 

strain then plotting the stress values on y-axis and its 

corresponding strain values on the x-axis. 

8-Statistical analysis: 

Results were expressed as mean ± SEM. The 

intergroup variation was measured byone way 

analysis of variance (ANOVA) followed by Turkey's 

Multiple comparison test. Statistical significance was 

considered at p < 0.05. 

 

3.Results: 

Table 2 shows the effects of HES, 2Gy γ-

irradiation and their combination on serum creatinine 

phosphor kinase (CPK), lactate dehydrogenate 

(LDH), creatinine and urea. Gamma-irradiation (2Gy 

γ-rays) induced a significant increase in CPK and 

LDH activities and significant increase in the levels 

of serum urea and serum creatinine compared to 

control (P < 0.001). Administration of HES for 3 

consecutive days before irradiation significantly 

reduced the activities of CPK and LDH, and the 

levels of urea and creatinine in serum (P < 0.001) 

compared to the irradiated group (Table 2). 

 

Table 2: Effect of HES irradiation (IR, 2Gy γ-rays) and their combination on serum creatine phosphokinase (CPK) 

and lactate dehydro genase (LDH) activities, creatinine and urea levels 

Groups LDH 

 (IU/L) 

CPK  

(IU/L) 

Urea  

(mg/dl) 

Creatinine (mg/dl) 

G(A)Control 1080+50.12 477+40.2 59+2.6 0.91+0.03 

G(B) HES 1099+26.9
#
 401.5 +20.2

#
 50.9+0.654

#
 0.92+0.02

#
 

G(C) IR 2256+151.3
*
 995.3 +22.2

*
 69.9+3.0

*
 3.9+0.09

*
 

G(D)HES+IR 1335+96.9
#
 454.5 +30.2

#
 50.8+0.64

#
 1.391+0.08

#
 

Data are presented as mean ± SEM, n = 20. * and # indicate significant changes from control and IR respectively at 

P ≤ 0.05 using ANOVA followed by Tukey-Kramer as a post ANOVA test. 

 

Table 3 shows the effects of HES, 2Gy γ-

irradiation and their combination on levels of GSH, 

MDA, and NO(x), the activity of SOD and GSHPx in 

kidney tissues. Gamma-irradiation exposure resulted 

in significant (59.9 %, 20 % and 44.3 %)decrease in 

SOD and GSHPx activities and GSH content and 

significant (69.5 % and 119 %) increase in MDA and 

NO(x), respectively, as compared to the control 

group. Treatment with HES for 3 consecutive days 

prior to irradiation resulted in a significant (98.9 %, 

20.3 % and 65.9 %)increase in the activities of SOD 

and GSHPx and in GSH content, respectively, as 

compared with the irradiated group, and significant 

(33.6 % and 50.1 %) decrease in MDA and NO(x) 

levels, respectively, compared to the irradiated group. 

 

Table 3: Effect of HES irradiation (IR, 2 Gy γ-rays) and their combination on the levels of malondialdehyde 

(MDA), total nitrate/nitrite (NO(x)) and reduced glutathione (GSH), Superoxide dismutase (SOD) and Glutathione 

peroxidase (GSHPx) activities in rat kidney tissue. 

 

Groups 

MDA 

 (nmol/g 

tissue) 

SOD 

 (µg/g tissue) 

GSH 

 (µmol/g 

tissue) 

GSHPx 

 (mol/min/g 

tissue) 

NO(x) 

 (µmol/g 

tissue) 

G(A)Control 178.3+2.1 99.36+1.7 0.159+0.001 0.47+0.003 27.9+0.7 

G(B) HES 159.5+3.9
#
 95.6+1.9

#
 0.163+0.001

#
 0.46+0.002

#
 28.8+1.8

#
 

G(C) IR 299.3+8.3
*
 49.3+0.8

*
 0.096+0.001

*
 0.44+0.001

*
 59.9+1.6

*
 

G(D) HES+IR 200.5+11.9
#
 89.9+1.9

*#
 0.152+0.001*

#
 0.46+0.003 36.9+1.5

#
 

Data are presented as mean ± SEM, n = 20. * and # indicate significant changes from control and IR respectively at 

P ≤ 0.05 using ANOVA followed by Tukey-Kramer as a post ANOVA test. 

 

Figures 2 and 3 show the effects of HES, 

irradiation and their combination on serum NO(x) 

and ADMA. Gamma-irradiation exposure resulted in 

a significant increase in the level of serum ADMA 

and significant decrease in serum NO(x) level 

compared to control (P < 0.001). Administration of 

HES for 3 consecutive days before irradiation 

significantly reduced the level of serum ADMA and 

the increase in serum NO(x) level (P < 0.001) 

compared to the irradiated group. 
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 Life Science Journal 2013;10(4)       http://www.lifesciencesite.com 

 

2861 

 

 
Figure 2: Effect of HES, irradiation (IR, 2 Gy γ-rays) and their combination on serum total nitrate nitrite NO(x)).) 

 

Data are presented as mean ± SEM, n = 20*.and # indicate significant changes from control and IR 

respectively at P ≤ 0.05 using ANOVA followed by Tukey-Kramer as a post ANOVA test. 

 

 
Figure 3: Effect of HES, irradiation (IR, 2 Gy γ-rays) and their combination on serum asymmetric dimethyl arginine 

(ADMA). 

 

Data are presented as mean ± SEM, n = 20*.and # indicate significant changes from control and IR 

respectively at P ≤ 0.05 using ANOVA followed by Tukey-Kramer as a post ANOVA test. 

 

Table 4 shows the effects of HES, 2Gy γ 

irradiation and their combination on levels of calcium 

concentration (mg/dl) in bone .Gamma-irradiation 

exposure resulted in significant (47.2 % ) decrease in 

average Ca
+2

 concentration (mg/dl) as compared to 

the control group. Treatment with HES for 3 

consecutive days prior to irradiation resulted in a 

significant (90.9 %) increase in average Ca
+2

 

concentration (mg/dl),as compared with the irradiated 

group. The effect of gamma irradiation with or 

without HES on the induction of the average value of 

break points of tibia bones for each group is shown in 

Table 4. The frequency of break points of tibia bones 

for each group was increased in group (D) of rats 

irradiated with 2 Gy γ-irradiation compared with the 

control treated with normal saline. There was a drug 

dose–response effect of HES in the reduction of 

break points of tibia bones for group (D).The 

maximum reduced break points of tibia bones for  

group was observed in rats treated with HES at a dose 

of 160 mg/kg (Figure 4). All these changes in the 

calcium ion concentration affected the mechanical 

properties of the bone and caused stiffness of bone as 

can be noticed from table (4), figures(4&5). 
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Table (4): Average calcium concentration (mg/dl) in bone & average break point values for each group. 

Treatment Calcium (mg/dl) 

(mean+S.E.M) 

Average break points (Stress/10
5
 

N/m
2
) (mean+S.E.M) 

Longitudinal Strain /10
-3 

(mean+S.E.M) 

G(A) 11.12+0.12 1.66+ 0.09 2.45+0.06 

G(B) 6.98+0.66 1.75+ 0.18 2.11+0.21 

G(C) 5.32+0.65 0.8+ 0.09 0.9 +0.05 

G(D) 10.11+0.01 1.55+ 0.19 1.999+0.11 

Data are presented as mean ± SEM, n = 20*.and # indicate significant changes from control and IR respectively at P 

≤ 0.0001 using ANOVA followed by Tukey-Kramer as a post ANOVA test. 

 

 
Figure (4): Effect of HES, irradiation (IR, 2Gyγ-rays) and average calcium concentration (mg/dl) in bone for each 

group. 

 

Data are presented as mean ± SEM, n = 20*.and # indicate significant changes from control and IR 

respectively at P ≤ 0.0001 using ANOVA followed by Tukey-Kramer as a post ANOVA test. 

 

 
Figure (5): Effect of HES, irradiation (IR, 2Gyγ-rays) and average break point for each group. 

 

Data are presented as mean ± SEM, n = 20*.and # indicate significant changes from control and IR 

respectively at P ≤ 0.0001 using ANOVA followed by Tukey-Kramer as a post ANOVA test. 

 

4.Discussion: 

The results of this study demonstrated the 

protective effects of HES, a flavonone, against 

genotoxicity and toxicity induced by γ-irradiation in 

rat bone marrow cells. However, synthetic 

compounds, mainly thiol compounds, have good 

radio protective effects, but they are limited in their 

use by side effects. Natural compounds, including 

flavonoids, may play a role in scavenging free 

radicals, such as hydroxyl radicals generated by γ-

rays in cells. Ionizing radiation generates free radical 

damage in DNA and induces genotoxic effects and 

http://www.lifesciencesite.com/
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death in the cells (Reily ., 1994 and Pietta 2000) 

There is a possibility that pre-treatment with 

flavonoids could induce protection against oxidative 

stress. Orienting and Vicenin, two flavonoids, protect 

rats against chromosomal aberration induced by γ-

irradiation when administrated before 2 Gy γ-rays 

(Devi et al., 1998) 

Ionizing radiation is known to induce oxidative 

stress through generation of ROS in an imbalance in 

pro-oxidant, anti oxidant status in the cells (Bhosle et 

al., 2005). In the present study, Gamma-irradiation 

caused a marked increase in serum activities of LDH 

and CPK, levels of creatinine,urea and ADMA in 

parallel with a significant decrease in NO(x) level. 

These data agree with that reported in previous 

studies, which reported that IRR caused a significant 

increase in CPK and LDH activities (Sridharan and 

Shyamaladevi, 2002) .The excessive production of 

free radicals and lipid per oxides might have caused 

the leakage of cytosolic enzymes such as lactate 

dehydrogenase, creatine kinase and phosphates. Also, 

it could induce lipid per oxidation of cell membranes 

structure by oxygen derived free radicals leading to 

ionic leakage through cellular membranes and 

excessive calcium influx with ensuring cellular 

dysfunction and death from calcium overload 

(Ramadan et al., 1997). Increase in serum urea was 

due to increase in glutamate de hydrogenase enzyme 

as a result of irradiation and this may increase 

carbamoyl phosphate synthetics activity leading to 

increase in urea concentration (Ramadan et al., 

2001).Treatment with HES for 3 consecutive days 

prior to irradiation ameliorated the activates of serum 

CPK and LDH and the levels of serum creatinine and 

urea. 

In the present study, the γ-irradiated rats showed 

a significant increase in serum ADMA concomitantly 

with a significant decrease in NO(x) level. The effect 

is probably mediated by oxidative stress (Maas et al., 

2007,Heba., 2013).In agreement with our results, 

previous studies of (Schnabel et al., 2005;Busch et 

al., 2006; Ueda et al.,  2007) and Wilcox 2012) have 

reported elevated ADMA levels and decreased NO(x) 

levels in states of cardiovascular diseases and chronic 

kidney disease in human and rat and also in 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).In 

addition to improvement of serum cardiac enzymes 

like LDH and CK, hesperidin also ameliorated the 

altered oxidative stress biomarkers. Hesperidin 

markedly increased the reduced glutathione (GSH) 

levels and augmented the superoxide dismutase 

(SOD) activity in heart tissues that was attenuated by 

doxorubic in treatment. Our results are matched with 

that of (Tirkey et al., 2005, Heba., 2013). 

HES is known to enhance the release of nitric 

oxide (NO) from endothelial cells of the rat aorta and 

kidney, and to protect the heart from injury via up-

regulation of endothelial NO synthesis (eNOS) 

expression (Razavi et al., 2005; Hare and Stamler, 

2005), resulting in Ca
 +2

 channel inhibition, activation 

of cardiac potassium channels and protection against 

ischemia-reperfusion injury (Wilcox., 2012; Szelid et 

al., 2010). These findings suggest that some of the 

observed effects of HES are possibly mediated 

through its antioxidant property. Consistent with 

previous studies (Mansour and Hafez, 2012; Pradeep 

et al., 2012), the present study showed a significant 

depletion in the antioxidant system accompanied by 

enhancement of lipid peroxides and NO(x) levels in 

renal tissues after whole body gamma-irradiation. In 

agreement with previous studies and in line with the 

findings derived from human studies, doxorubicin in 

our model led to severe cardio myopathy as indicated 

from the increase in serum activities of cardiac 

enzymes such as lactate dehydrogenase and creatine 

kinase (Gómez et al., 1998;Mohamad et al., 

2009).Ionizing radiation is known to induce oxidative 

stress through generation of ROS in an imbalance in 

pro-oxidant, anti oxidant status in the cells (Bhosle et 

al., 2005 ;Heba., 2013). The increase in lipid 

peroxidation levels in γ-irradiated rats might be due 

to the interaction of free radicals with poly un 

saturated fatty acids in the phospholipids portion of 

cellular membranes (Spitz et al., 2004;Prasad et al., 

2005). The decrease in the activities of SOD and 

GSHPx 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 

(Kregel and Zhang, 2007). Among naturally 

occurring flavonoids, HES has been 

pharmacologically evaluated as a potential anti 

carcinogenic agent because of its antioxidant activity 

(Yang et al., 1997: Tanaka et al., 2000). Other 

biological effects include immune-modulation, 

treatment of venous in sufficiency and scavenging of 

peroxy nitrite as a reactive oxidant (Garg et al., 2001: 

Kim et al., 2004). HES has also protected against 

photo induced breakage of DNA (Yoshikawa et al., 

2004). However, the antioxidant capacity of HES is 

not as high as that of other flavonoids such as 

quercetin and myricetin (Rice-Evans et al., 1996; 

Bonina et al., 1996) Other mechanisms probably 

contribute to its radio protective effects. Thus, further 

experiments are needed to explain the molecular 

mechanism of HES protective effects. All these 
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changes in the calcium ion concentration affected the 

mechanical properties of the bone and caused 

stiffness of bone as can be noticed from table (4) and 

figures (4&5).The molecular mechanism of the radio 

protective effects of HES is not clear. It has been 

reported that flavonoids have antioxidant and 

chelating properties. These poly phenols are excellent 

scavengers of free radicals due to the high reactivity 

of their hydroxyl substituent (Pietta et al., 2000). 

Free-radical scavenging is apparently responsible for 

the inhibitory effect of flavonoids such as rutin, 

morin, quercetin and genestin on the clastogenic 

activity induced by γ-irradiation in mice (Shimoi et 

al., 1994). Among naturally occurring flavonoids, 

HES has been pharmacologically evaluated as a 

potential anti carcinogenic agent because of its 

antioxidant activity (Yang et al., 1997; Tanaka et al., 

2000).Other biological effects include immune-

modulation, treatment of venous insufficiency and 

scavenging of peroxy nitrite as a reactive oxidant 

(Garg et al.,  2001; Kim et al., 2004). HES has also 

protected against photo induced breakage of DNA 

(Yang et al., 1997; Heba., 2013). It is possible that 

HES protects bone marrow cells with its antioxidant 

activity. However, the antioxidant capacity of HES is 

not as high as that of other flavonoids such as 

quercetin and myricetin (Rice- et al., 1996; Bonina et 

al., 1996).Other mechanisms probably contribute to 

its radio protective effects. Thus, further experiments 

are needed to explain the molecular mechanism of 

HESs protective effects. 

 

In Conclusion: 

Our results demonstrate that HES gives 

significant protection to rats bone against the 

clastogenic effects of gamma irradiation. 

 

References: 
1. An,Y.H (2000):Mechanical properties of bone. In 

mechanical testing of bone and the bone –implant interface, 

pp, 41-63.CRC press,Boca,Florida,U.S.A. 
2. Behiri, J.C and Bonfield, W (1980): Crack velocity 

dependence of longitudinal fracture in bone. J, 

Master.Sci:15; 1841-1849. 
3. Brown. T. D. and Ferguson, A. B. (I 980) Mechanical 

property distribution in the cancellous bone of the human 

proximal femur. Acru Orthop. St and. 51, 429-437.  
 

4. Busch M, Fleck C, Wolf G, Stein G. Asymmetrical 

(ADMA) and symmetrical dimethyl arginine (SDMA) as 
potential risk factors for cardiovascular and renal outcome in 

chronic kidney disease-possible candidates for paradoxical 

epidemiology? Amino Acids 2006; 30:225-32. 
5. Bonina F, Lanza M, Montenegro L, Puglisi C, Tomaino 

A.Flavonoids as potential protective agents against 

photooxidative skin damage. Int J Pharm 1996; 145:87–94. 
6. Bonsenes RW, Taussky HN. On the colorimetric 

determination of creatinine by the Jaffe reaction. J Biol 

Chem 1945; 158:587-91. 

7. Buege JA, Aust SD. Microsomal lipid peroxidation. 

Methods Enzymol 1978;52:302-10. 
8. Bhosle SM, Huilgol NG, Mishra KP. Enhancement of 

radiation-induced oxidative stress and cytotoxicity in tumor 

cells by ellagicacid. ClinChimActa 2005;359:89-100. 
9. Devi PU, Bisht KS, Vinitha M. A comparative study of 

radio protection by ocimum flavonoids and synthetic 

aminothiol protectors. Br J Radiol 1998;71:782–4. 
10. Ellman GL. Tissue sulfhydryl groups. Arch Biochem 

Biophys 1959;17:214-26. 

11. Garg A, Garg S, Zaneveled JD, Singla AK. Chemistry and 
pharmacology of the citrus bioflavonoid 

hesperidin.Phytotherapy Res. 2001; 15: 655–69. 

12. Gadkariem EA, Al-Ashban RA, Babikir LB, Al-Joher HI. 
Toxicity study of Korean HES herbal medicine. Res J 

Pharmacol 2010;4(4):86-90 

13. Gómez H, Hidalgo M, Casanova L, Colomer R, PenDL, 
Otero J, et al. Risk factors for treatment-relateddeath in 

elderly patients with aggressive non-Hodgkin's lymphoma: 

results of a multivariate analysis. J ClinOncol. 1998, 16: 
2065-9. 

14. Hare JM, Stamler JS. NO/redox dis equilibrium in the 

failing heart and cardiovascular system. J Clin Invest 2005; 
115:509–17. 

15. Hallet CJ, Cook JG. Reduced nicotinamide adenine 

dinucleotide-coupled reaction for emergency blood urea 
estimation. Clin Chim Acta 1971; 35:33-7. 

16. Heba Hosny Mansour :Protective effect of ginseng against 
gamma-irradiation –induce oxidative stress and endothelial 

dysfunction in rats. EXCLI Journal 2013; 12:766-777 

17. Hossinimehr S J, and Nemati A: (2006) Radio protective 
effects of hesperidin against gamma irradiation in mouse 

bone marrow cells The British Journal of Radiology, 79, 

415–418 
18. Hussein MA, Samir M. Othman. Structure antioxidant 

activity relationship and free radical scavenging capacity of 

hesperidin. IJPI’s Journal of Medicinal Chemistry. 2010; 
1:7-20. 

19. Hussein MA.Anti diabetic and antioxidant activity of 

Jasonia Montana extract in Streptozotocin induced diabetic 
rats. Saudi Pharmaceutical Journal, 2008; 16:2 14-221. 

20. Hosseinimehr SJ, Shafiee A, Mozdarani H, Akhlagpour S. 

Radio protective effects of 2-iminothiazolidine derivatives 
against lethal dose of gamma radiation in mice. J Radiat Res 

2001; 42:401–8. 

21. Hosseinimehr SJ, Tavakoli H, Pourheidari GR, Sobhani 
A,Shafiee A. Radio protective effects of citrus extract 

against gamma irradiation in mouse bone marrow cell. J 

Radiat Res2003;44:237–41. 
22. IFCC. Measurement of  lactate dehydrogenase in serum. J 

Clin Chem Clin Biochem 1980; 18:521. 

23. Kim JY, Jung KJ, Choi JS, Chung HY. Hesperetin: a 
potentantial oxidant against peroxynitrite. Free Radic 

Res2004; 38:761–9. 

24. Kregel KC, Zhang HJ. An integrated view of oxidative 
stress in aging: basic mechanisms, functional effects, and 

pathological considerations. Am J Physiol Regul Integr 

Comp Physiol 2007; 292:18-36 
25. Lawrence RA, Burk RF. Glutathione peroxidase activity in 

selenium-deficient rat liver. Biochem Biophys Res 

Commune 1976;71: 952-8. 
26. Lanza V, Fadda P, Iannone C, NegriR. Low-dose ionizing 

radiation stimulates transcription and production of 

endothelin by human vein endothelial cells. Radiat Res., 
2007; 168:193-8. 

27. Liebschner M. Biomechanical considerations of animal 

models used to tissue engineer bone. Biomaterials, Special 
Issue, Apr 2004; 25(9):1697–1714. 

28. Maas R, Schulze F, Baumert J, LowelH,Hamraz K, 

Schwedhelm E et al. Asymmetric 

http://www.lifesciencesite.com/


 Life Science Journal 2013;10(4)       http://www.lifesciencesite.com 

 

2865 

29. Di methyl arginine, smoking, and risk of coronary heart 

disease in apparently healthy 
30. men: prospective analysis from the population-based 

monitoring of trends and determinants in cardiovascular 

disease. Clin Chem 2007;53:693-701. 
31. Mansour HH, Hafez HF. Protective effect of with 

aniasomnifera against radiation induced hepato toxicity in 

rats. Ecotoxicol Environ Saf 2012;80:14-9. 
32. Mensun B. (1991): The Giglio wreck: a wreck of the 

Archaic period (c. 600 BC) off the Tuscany island of Giglio, 

Hellenic Institute of Marine Archaeology, Athens, p.27 - 31 . 
33. Minami M, Yoshikawa H. A simplified assay method of 

superoxide dismutase activity for clinical use. Clin Chim 

Acta 1979; 92:337-42. 
34. Miranda KM, Espey MG, Wink DA. A rapid, simple 

spectrophotometric method for simultaneous detection of 

nitrate and nitrite. Nitric Oxide 2001;5:62-71. 
35. Mohamad RH, El-Bastawesy AM, Zekry ZK, Al-Mehdar 

HA, Al-Said MG, Aly SS, et al. The role of Curcuma longa 

against doxorubicin (adriamycin)-induced toxicity in rats. J 
Med Food.2009, 12: 394-402. 

36. Patel, M. R. (1969):The deformation and fracture of rigid 

cellular plastics under multiaxial stress. Ph.D. Thesis, 
University of California, Berkeley.  

37. Prasad NR, Menon VP, Vasudev V, Pugalendi KV. 

Radioprotective effect of sesamol 
38. on γ-radiation induced DNA damage, lipid peroxidation and 

antioxidants levels in cultured human lymphocytes. 
Toxicology 2005; 209:225-35. 

39. Pietta PG. Flavonoids as antioxidants. J Nat Prod 

2000;63:1035–42. 
40. Pradeep K, Ko KC, Choi MH, Kang JA,Chung YJ, Park SH. 

Protective effect of hesperidin, a citrus flavano glycone, 

against γ-radiation-induced tissue damage in Sprague-
Dawley rats. J Med Food 2012; 15:419-27. 

41. Ramadan LA, Moustafa AMA, El-Sayed EM. A possible 

protecting activity of diltiazem against irradiation hazards 
on the cardiac muscle. Az J Pharm Sci 1997; 19:1-8. 

42. Ramadan LA, Shouman SA, Sayed-Ahmed MM, El-Habit 

OH. Modulation of radiation-induced organs toxicity by 
cremophorelin experimental animals. Pharmacol Res 2001; 

43:185-91. 

43. Razavi HM, Hamilton JA, Feng Q. Modulation of apoptosis 
by nitric oxide: implicationsin myocardial ischemia and 

heart failure. Pharmacol Ther 2005; 147:160-2. 

44. Reily PA. Free radicals in biology: oxidative stress and the 
effect of ionizing radiation. Int J RadiatBiol 1994; 65:27–33. 

45. Rice-Evans C. Wake up to flavonoids. London: The Royal 

Society of Medicine Press Limited, 2000:75-93. 
46. Rice-Evans CA, Miller NJ. Antioxidant activities of 

flavonoids as bioactive components of food. Biochem Soc 

Trans1996; 24:790–5. 
47. Swanson JR, Wilkinson JH. Measurement of creatine kinase 

in serum. In: Cooper GR (ed.): Standard method of clinical 

chemistry, Vol. 7 (pp 33-42). New York: Academic Press, 
1972. 

48. Sridharan S, Shyamaladevi CS. Protective effect of N-

acetylcysteine against gamma ray induced damages in rats 
biochemical evaluations. Indian J ExpBiol 2002; 40: 181-6. 

49. Schnabel R, Blankenberg S, LubosE,Lackner KJ, Rupprecht 

HJ, Espinola-KleinC et al. Asymmetric dimethyl arginine 
and the risk of cardiovascular events and deathin patients 

with coronary artery disease: results from the Athero Gene 

Study. Circ Res2005; 97:e53–9. 

50. Sibal L, Agarwal SC, Home PD, Boger RH. The role of 

asymmetric dimethyl arginine (ADMA) in endothelial 
dysfunction and cardiovascular disease. CurrCardiol 

Rev2010; 6:82-90. 

51. Shimoi K, Masuda S, Furugori M, Esaki S, Kinae N.Radio 
protective effect on anti oxidative flavonoids in γ-ray 

irradiated mice. Carcino genesis 1994; 15:2669–72. 

52. Soloviev AI, Tishkin SM, ParshikovAV,Ivanova IV, 
Goncharov EV, Gurney AM. Mechanisms of endothelial 

dysfunction after ionized radiation: selective impairment of 

the nitric oxide component of endothelium dependent 
vasodilation. Br J Pharmacol2003; 138:837-44. 

53. Szelid Z, Pokreisz P, Liu X, VermeerschP, Marsboom G, 

Gillijns H et al. Cardio selective nitric oxide synthase 3 gene 
transfer protects against myocardial reperfusion injury. 

Basic Res Cardiol 2010;105:169–79. 

54. Spitz DR, Azzam EI, Li JJ, Gius D. Metabolic 
oxidation/reduction reactions and cellular responses to 

ionizing radiation: A unifying concept in stress response 

biology. Cancer Metast Rev 2004; 23:311-22. 
55. Tanaka T, Kohno H, Murakami M, Shimada R, Kagami S, 

Sumida T, et al. Suppression of azoxymethane-induced 

colon carcinogenesis in male F344 rats by mandarin juice in 
b-cryptoxanthin and hesperidin. Int J Cancer 2000; 88:146–

50. 

56. Tiwari AK. Imbalance in antioxidant defense and human 
diseases: multiple approach of natural antioxidants therapy. 

CurrSci 2001; 81: 1179–87.  
57. Tirkey N, Pilkhwal S, Kuhad A, Chopra K. Hesperidin,a 

citrus bioflavonoid, decreases the oxidative stress produced 

by carbon tetrachloride in rat liver and kidney. BMC 
Pharmacol.2005, 5: 1-8. 

58. Turrisi AT, Glover DG, Hurwitz S, et al.: The final reports 

ofthe phase I trial of single dose WR-2721, s-2-(3-
aminoprpylamino) ethyl phosphorothioic acid. Cancer Treat 

Rep1986; 70:1389–93. 

59. Ueda S, Yamagishi S, Matsumoto Y, FukamiK, Okuda S. 
Asymmetric dimethyl arginine (ADMA) is a novel emerging 

risk factor for cardiovascular disease and the development of 

renal injury in chronic kidney disease. Clin Exp Nephrol 
2007; 11:115-21. 

60. Whitaker JE. A general colorimetric produced for the 

estimation of enzymes which are linked the NADHNAD 
System.ClinChimActa.1969, 24: 23-27. 

61. Wettergreen M, Bucklen B, Starly B, Yuksel E, Sun W, 

Liebschner M. Unit block library of basic architectures for 
use in computer-aided tissue engineering of bone 

replacement scaffolds. IMECE 2005, Advances in Bio-

Manufacturing, IMECE2005-81984, 2005. 
62. Wilcox CS. Asymmetric dimethyl arginine and reactive 

oxygen species .Un welcome twin visitors to the 

cardiovascular and kidney disease tables. Hypertension 
2012; 59:375-81. 

63. Yang M, Tanaka T, Hirose Y, Deguchi T, Mori H, 

KawadaY. Chemo preventive effects of diosmin and 
hesperidin on N-butyl-N-(4-hydroxybutyl) nitrosamine-

induced urinary bladder carcinogenesis in male ICR mice. 

Int J Cancer1997;73:719–24. 
64. Yoshikawa Y, Suzuki M, Yamada N, Yoshikawa K. Double 

strand break of giant DNA: protection by glucosyl 

hesperidin as evidenced through direct observation on 
individual DNA molecules. FEBS Lett 2004; 566:39–42. 

 

12/11/2013 

http://www.lifesciencesite.com/

