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Hesperidin on Acute Radiation Damage
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ABSTRACT

Background: Oxidative stress plays an important role in the pathogenesis and
progression of y-irradiation-induced cellular damage, Lung is a radiosensitive organ
and its damage is a dose-limiting factor in radiotherapy. The administration of dietary
antioxidants has been suggested to protect against the succeeding tissue damage. The
present study aimed to evaluate the radioprotective efficacy of Hesperidin (HES)
against y-irradiation-induced tissue damage in the lung of male rats.

Materials and Methods: Thirty two rats were divided into four groups. Rats
in Group 1 received PBS and underwent sham irradiation. Rats in Group 2 received
HES and underwent sham irradiation. Rats in Group 3 received PBS and underwent
y-irradiation. Rats in Group 4 received HES and underwent y-irradiation. These rats
were exposed to y-radiation 18 Gy using a single fraction cobalt-60 unit, and were
administered HES (100 mg/kg/d, b.w, orally) for 7 days prior to irradiation. Rats in
each group were sacrificed 24 hours after radiotherapy (RT) for the determination
of superoxide dismutase (SOD), glutathione (GSH), malondialdehyde (MDA) and
histopathological evaluations.

Results: Compared to group 1, the level of SOD and GSH significantly decreased
and MDA level significantly increased in group 3 at 24 h following irradiation,
(p=0.001, p<0.001, p=0.001), respectively. A statistically significant difference in all
parameters was observed for rats in group 4 as compared to group 3 (p<0.05). Histo-
pathological results 24 hours after RT showed that radiation has increased inflamma-
tion, lymphocyte, macrophage and neutrophil compared to group 1 ( p<0.0125). Oral
administration of HES before RT significantly decreased macrophage and neutrophil
when compared to group 3 (p<0.0125), but partly there was inflammation and lym-
phocyte that indicated there was no significant difference when compared to group 3
(p>0.0125).

Conclusion: Oral administration of HES was found to offer protection against
y-irradiation- induced pulmonary damage and oxidative stress in rats, probably by

exerting a protective effect against inflammatory disorders via its free radical scav-
enging and membrane stabilizing ability.
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Introduction
adiotherapy (RT) is one of the most common and important tech-
niques for cancer treatment which is performed with the intent
to cure or to palliate [1,2]. Lung is a radiosensitive organ. In
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patients with thorax and chest wall malignan-
cies including breasts, lung, esophagus, lym-
phomas or any other mediastinal neoplasms,
irradiation of the lungs is inevitable [3]. Lung
injuries are divided into two distinct phases.
The first or early phase is called radiation
pneumonitis (acute syndrome) as evidenced
by alveolar edema, alveolar neutrophils, al-
veolar erythrocytes and foamy macrophages
according to histopathological evaluation. Ac-
cording to studies of histopathological chang-
es in this phase, extensive alveolar damage is
considered as the first symptom of a lung in-
jury [4]. The second or latent phase (chronic
syndrome) is the occurrence of pulmonary fi-
brosis months to years after RT.

However, ionizing radiation can break
chemical bonds and damage living cells due to
free radical generation during water radioly-
sis in the cells. The ruinous effect of ionizing
radiation is generally due to reactive oxygen
species (ROS) including superoxide radical
(02° ), hydroxyl radical (OH®) and hydrogen
peroxide (H202) generated by the decomposi-
tion of water [6]. One of the indices of oxida-
tive damage is the malondialdehyde (MDA)
formation as an end product of lipid peroxida-
tion. Because of the serious damaging poten-
tials of ROS, cells depend on the elaboration
of antioxidant defense system (AODS), both
enzymatic and non-enzymatic oxidant defense
mechanisms [7]. These antioxidant systems
consist of low molecular weight antioxidants
like glutathione (GSH) and various antioxi-
dant enzymes such as superoxide dismutase
(SOD), catalase (CAT) and glutathione per-
oxidase (GSH-Px). SOD enzyme catalyzes
the dismutation of O2° into H202. H202 can
be transformed into H20 and O2 by CAT and
GSH-Px enzymes. GSH acts as a substrate or
cofactor for the antioxidant enzymes, GSH
peroxidase, GSH transferase and reductase
which are involved in the termination of hy-
droperoxides [5, 6].

In spite of the improvements in the devel-

opment of clinical RT treatment planning and
treatment delivery technologies, there remains
a significant toxicity of RT to normal tissues
and organs [7]. In order to obtain better tu-
mor control with a higher dose, normal tissues
should be protected against radiation injury.
Thus, the role of radioprotective compounds
is very important in clinical RT [1]. Though, a
large variety of compounds has shown prom-
ise as radioprotectors in laboratory studies,
most of them failed even before reaching the
preclinical stage due to their toxicity and side
effects. The search for less toxic radiation pro-
tectors has spurred interest in the development
of natural products.

Flavonoids are a family of polyphenolic
compounds discovered in fruits and vegeta-
bles. Flavonoids have wide biological proper-
ties including antibacterial, antiviral, antican-
cer, immunostimulant and antioxidant effects
[8]. Hesperidin (Hesperetin-7-rhamnoglu-
coside) is a flavonone glycoside belonging
to flavonoid family. Hesperidin (HES) is the
main flavonoid in sweet orange and lemon.
In young unripe oranges, it accounts for up to
14% of the fresh weight of fruit [9]. Several
investigations have demonstrated that HES
has radioprotective properties to protect nor-
mal tissue against RT [10, 12]. The present in-
vestigation was performed with the objective
of determining the protective effect of HES
against y-irradiation induced acute lung injury
and oxidative stress in the lung tissue of male
Sprague—Dawley rats.

Materials and Methods

Chemicals and Animals

All chemicals including Hesperidin [CAS
registry number: 520-26-3], phosphate buff-
ered saline tablet (PBS), thiobarbituric acid, tri-
chloroacetic acid, 1,1,3,3 tetracthoxypropane,
ethylenediaminetetraacetic acid (EDTA), eth-
ylene glycol tetraacetic acid (EGTA), HEPES
buffer, mannitol and sucrose were purchased
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from Sigma Chemical Co. (St. Louis, MO,
USA). Healthy adult male Sprague—Dawley
rats were purchased from Center of Compara-
tive and Experimental Medicine, Shiraz Uni-
versity of Medical Sciences, Shiraz, Iran. Rats
weighing 220+5 gr were housed in accordance
with the principles outlined in “The Guide for
The Care and Use of Laboratory Animals”
prepared by Shiraz University of Medical
Sciences in the university animal house, and
given standard pellet diet and water ad libi-
tum. All animals were kept under controlled
conditions of temperature (23+2°C), humid-
ity (55£5%) and light (12 h of light and dark
cycle). Four animals were housed together in
polypropylene cages containing sterile husk
bedding throughout the experiment.

Irradiation of Animals

Prior to radiation exposure, rats received an-
esthesia using ketamine at a dose of 80 mg/
kg and xylazine at a dose of 5 mg/kg via an
intraperitoneal injection. The rats were im-
mobilized in the supine position by taping the
extremities on a well-ventilated plexiglas con-
tainer. Irradiation of animals was carried out
with a cobalt-60 y-radiation source (Theratron
Phoenix, Canada) in the department of radio-
therapy, Namazi Teaching Hospital, Shiraz,
Iran. Anesthetized animals were irradiated lo-
cally on thorax in groups of five rats, simul-
taneously. The source-to-skin distance was 55
cm with a dose rate of 30 ¢cGy/min at room
temperature. The Rats were irradiated with a
single dose of 18 Gy y-rays.

Administration of HES

HES was dissolved in PBS (pH 7.6) and ad-
ministered orally using a ball tipped needle
for 7 consecutive days prior to exposure to
y-irradiation. The drug was freshly prepared
on each day. The dose 100 mg/kg of HES was
selected for this study based on the reports
of Hosseinimehr, et al. [13] where they had
shown the protective effect of various doses of

HES against y-irradiation induced damage to
mouse bone marrow cells.

Experimental Design

Male rats were randomly divided into 4
groups. Group 1 (Control): Eight rats served as
controls only received PBS for 7 days. Group 2
(HES): Eight rats were treated with HES for 7
days. Group 3 (Radiation): Eight rats received
PBS for 7 days and one hour after the last
dose of PBS exposed to y-irradiation. Group
4 (HES+R): Eight rats were treated with HES
for 7 days and one hour after the last dose of
HES exposed to y-irradiation. After the last
administration of HES or PBS on the seventh
day, the animals in Control and HES groups
were anesthetized like rats in Radiation and
HES+R groups. Rats were sacrificed 24 hours
after RT for biochemical assay and acute his-
topathological evaluation.

Supernatant Preparation

Twenty-four hours after the last dose of
specific treatment, animals were anesthetized
with ketamine and xylazine, and a laparotomy
was performed then, the chest was opened.
The lung was perfused in situ through the right
ventricle of the heart with sodium chloride 0.9
% and diced with scissors. The perfused tissue
was removed to any red blood cells and clot
with PBS, pH 7.4, and for determination of
SOD activity 0.3 gram of the lung tissue was
homogenized in 1.5 ml of cold 20 mM HEPES
buffer, pH 7.2, (containing 1 mM EGTA, 210
mM mannitol and 70 mM sucrose). The crude
homogenate was centrifuged 1500x g for
five minutes at 4°C. For determination of to-
tal GSH and MDA concentrations, 0.2 gram
of the lung tissue was homogenized in 1ml of
cold buffer (50 mM PBS, pH 7 containing 1
mM EDTA) and the crude homogenate was al-
located both MDA and GSH assay. GSH and
MDA homogenates were centrifuged 10000x
g for 15 minutes and 1500x g for 10 minutes at
4°C, respectively. Homogenate was performed
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using an IKA T 10 basic ULTRA-TURRAX
(Germany) homogenizer. And then, the clear
supernatant was used for biochemical analy-
sis.

Biochemical Assay

Total SOD activity and total GSH content
were assayed using commercial assay kits
(Cayman, USA) as per manufacturer’s in-
struction. The SOD activity was measured us-
ing a tetrazolium salt for detection of superox-
ide radicals generated by xanthine oxidase and
hypoxanthine and produced a yellow color that
was measured by absorbent reading at 440nm.
The GSH concentration was quantified using
glutathione reductase. The sulthydryl group of
GSH reacts with DTNB (5,5’-dithio-bis-2-ni-
trobenzoic acid, Ellman’s reagent) and pro-
duces a yellow colored 5-thio-2-nitrobenzoic
acid (TNB). The mixed disulfide, GSTNB
(between GSH and TNB) that is concomi-
tantly produced, is reduced by glutathione re-
ductase to recycle the GSH and produce more
TNB. Measurement of the absorbance of TNB
at 405nm provides an accurate estimation of
GSH in the sample. MDA levels were assayed
for products of lipid peroxidation according to
TBARS method. MDA content in samples and
standards reacted with TBA (Thiobarbituric
Acid) at 95°C for 20 minutes and 5 minutes
incubated at 25°C then centrifuged 5000rpm
for 15 minutes at 4°C. MDA concentration
was read spectrophotometrically at 532nm
and determined by comparison of predeter-
mined MDA standard curve. SOD activity was
expressed as U/ml and the concentrations of
GSH and MDA are expressed as pM.

Histopathological Evaluation

After the removal of lung from chest, lung
pieces were fixed, inflated with 10% neutral
buffered formalin introduced through the air-
ways, and then embedded in paraffin. Whole
mount sections of the lung were cut (5pum), pro-
cessed and stained with hematoxylin & eosin

(H&E). All histological work was performed
at the unit of pathology, Faghihee Teaching
Hospital, Shiraz, Iran. Acute histopathological
changes were evaluated under the light micro-
scope (Olympus, Japan) by personnel blinded
to the samples. Semi-quantitative scoring of
each variable was performed by a histopathol-
ogist using the following scale: 1 (no change),
2 (mild), 3 (moderate) and 4 (severe) injuries.
In the acute phase, the descriptive items for
radiation-induced lung injuries were the pres-
ence of neutrophils, macrophages, lympho-
cytes, incidence of inflammation, erythro-
cytes (RBC), hyaline arteriosclerosis, vascular
thickness, alveolar thickness and collapse.

Statistical Analysis

Data were analyzed using a commercially
available statistics software package (SPSS®
for Windows v. 19, Chicago, USA). Biochem-
ical assay was analyzed by ANOVA test and
post hoc Tukey HSD. Results are presented
as mean =+ standard error of mean (SEM); P<
0.05 was regarded as statistically significant.
Histopathological evaluations were analyzed
by Pearson Chi-square test (P< 0.05 was re-
garded as statistically significant) and a pair-
wise comparison with the Pearson Chi-square
test (P< 0.015 was regarded as statistically
significant).

Results

Effect of HES on Endogenous Anti-
oxidant Status and Lipid Peroxida-
tion

The effect of gamma irradiation with or with-
out HES on SOD activity and concentration
of GSH and MDA in lung tissue, 24 h after
y-irradiation, is shown in Table 1. The activity
of SOD and concentration of GSH in the lung
tissue significantly decreased at 24 h follow-
ing irradiation as compared to Control group
(p=0.001, p<0.001). Treatment with Hesperi-
din for 7 consecutive days prior to exposure
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Table 1: SOD Activities, GSH and MDA Levels in Control, HES, Radiation and HES+R Groups

(mean £ SEM).

Treatment SOD (U/ml) GSH (uM) MDA (uM)
Control 0.7330.080 0.349+0.002 0.0607+ 0.0016
HES 0.767+0.083 0.350+0.004 0.0605+0.0015
Radiation 0.462+0.066 0.257+0.004 0.08170.0044
HES+R 0.699+0.059 0.326+0.006 0.0628+0.0030

of y-irradiation significantly increased level
of HES+R group to near normal compared to
Radiation group (p=0.015, p=0.005) and Con-
trol group (p<0.001, p=0.007) (Figure 1, A
and B). MDA levels in radiation group of lung
tissue showed a significant increase (p=0.001)
compared to control. Hesperidin-treated rats
showed significantly decreased (p=0.002) lev-
els of MDA in HES+R group compared to Ra-
diation group. In addition, we observed Hes-
peridin alone treatment significant difference
(p<0.001, p<0.001, p<0.001) when compared
to control (Figure 1, C).

Radiation Damage and Effects of
HES in Acute Phase

The histopathological observation of lung
sections of the Control, HES, Radiation and
HES+R groups at 24 hrs post irradiation were
evaluated (Figure 2). The descriptive factors

were examined including the presence of neu-
trophils, macrophages, lymphocytes, incidence
of inflammation, erythrocytes (RBC), hyaline
arteriosclerosis, vascular thickness, alveolar
thickness and collapse. P-values less than 0.05
refer to significant differences between the
groups by Pearson Chi-Square test. According
to the results, only a significant difference was
observed in the inflammation, lymphocyte,
macrophage and neutrophil (p=0.003, p=0.01,
p=0.001, p<0.001), respectively. Among
groups, analysis was performed by a pair-wise
comparison with Pearson Chi-square test and
p-value <0.0125, which indicates a significant
difference (Table 2). The results showed sig-
nificant increases in inflammation, lympho-
cyte, macrophage and neutrophil frequency
in R group compared with control group
(p=0.004, p=0.004, p=0.005 and p=0.004). In
HES+R group, treatment with HES resulted in

Table 2: Effect of HES Treatment at 24 hrs Post Irradiation on Histopathological Factors in the

Lung Tissue of Rats

Control HES Radiation HES+R

Inflammation 1.13+0.354 1.75+0.886 3.13+0.8352 1.63+0.518
Lymphocyte 1.13+0.354 1.75+0.886 3.13+0.835 2 1.88+0.835
Macrophage 1.38+0.744 2.13+0.835 3.63+0.518 @ 1.75+0.707 P
Neutrophil 1.25+0.463 1.38+0.518 3.95+0.707 2 163+0.518 P

Values are expressed as mean + S.D. P< 0.0125, statistically significant comparison between
groups versus a Control group, or b Radiation group.
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Figure 1: Changes in SOD activities (A), GSH
concentrations (B) and MDA Level (C) in the
lung tissue of male rats in Control, HES, Radi-
ation and HES+R groups, 24 hrs after the last
treatment. Values were expressed as mean +
SEM (n = 8).

a. Indicated significant difference when each
group is compared to control group (p<
0.05).

b. Indicated significant difference when
HES+R group is compared to Radiation group
(p< 0.05).

Radiation HES+R

a decrease in these factors to near normal com-
pared to Radiation group. Macrophage and
neutrophil significantly decreased (p<0.0125)
but partly, there were remains of inflamma-
tion and lymphocyte indicating there was no
significant difference (p=0.036, p=0.053). In
addition, in HES and HES+R groups, a signifi-
cant difference was not observed when com-
pared to control (p>0.0125).

Conclusion

The effects of ionizing radiation are medi-
ated through the generation of ROS in cells as
a result of water radiolysis and also the deple-
tion of endogenous antioxidants [14]. ROS
can increase the expression of chemokines,
cytokines and endothelial leukocyte adhesion
molecules amplifying the cascade eliciting in-
flammatory response [15]. Since ROS plays
a major role in radiation toxicity, supplemen-
tation of antioxidants will be of great signifi-
cance to patients undergoing RT to prevent
damage to normal tissues.

Free radicals generated by radiation attack
the fatty acid component of membrane lipids
leading to lipid peroxidation and finally re-
sulting in cell death [16]. In accordance with
previous reports [10,17,18], our results indi-
cated that lipid peroxidation increased in the
lung tissues after localized irradiation. On the
other hand, the observed lowered levels of
MDA level upon oral administration of HES
indicated its ability to scavenge ROS which
in-turn prevents further peroxidation of mem-
brane lipids. It was also reported that hesperi-
din offers protection by terminating the lipid
peroxidative side chain rather than scavenging
extra cellular non-lipid radicals that initiate
lipid peroxidation [19].

SOD constitutes the first enzymatic antioxi-
dant defense and GSH constitutes one of the
major non-enzymatic antioxidant defenses
converting active oxygen molecules into non-
toxic compounds. Exposure to 18 Gy radiation
decreased the activities of these antioxidant
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Figure 2: Histopathological investigation of radioprotective effects of HES and radiation dam-
age in the acute phase (24 hours). Inflammation and an increase in lymphocyte, macrophages
and neutrophils are significant at 18 Gy of y-irradiation. Flashes indicate an accumulation of
lymphocyte, macrophages and neutrophils in lung tissue. (Magnification x100, H& E staining).

A: Control, B: HES, C: Radiation, D: HES+R.

enzymes in the lung indicative of oxidative
stress. The decline in the levels of these en-
zymes in the present study could be elucidated
by the fact that excessive superoxide radicals
may inactivate H202 scavengers, thus result-
ing in the inactivation of SOD [20]. Depletion
of GSH in vitro and in vivo is known to cause
an inhibition of the glutathione peroxidase
activity and has been shown to increase lipid
peroxidation [21, 22]. Oral administration of
HES restored the activities of these enzymes
in the lung tissue exposed to radiation. Thus,
HES contributes significantly to the intracel-

lular antioxidant defense system by acting as
a powerful consumer of superoxide anion and
hydroxyl radicals which induced oxidative
stress in the lung. Hesperidin has also been re-
ported to act as a powerful consumer of super-
oxide, singlet oxygen and hydroxyl radicals
[10, 22], thereby contributing significantly to
the intracellular antioxidant defense system.
Thus, the increase in antioxidant status during
HES pre-administration might have further
decreased the attack of free radicals on bio-
molecules including DNA and membrane lip-
ids thereby decreasing the deleterious effects
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of radiation on lung tissue.

Radiation-induced inflammatory response is
associated with several molecular and cellu-
lar pathways. Molecular pathways bearing se-
cretion of some cytokines include IL-1, IL-6,
IL-8, TNFa, INFy and TGFp. These cytokines
increase the expression of MAPKs, NFkB,
NADPH Oxidase, iNOS and COX-2. NADPH
Oxidase is produced by neutrophils, and iNOS
is produced by macrophages [23]. Inflamma-
tion response in lung tissue is characterized by
vascular thickness change, leukocytes infiltra-
tion and increased number of macrophages,
neutrophils and lymphocytes.

In the current study, radiation increased the
number of macrophages, neutrophils, lympho-
cytes which resulted in the incidence of in-
flammation at 24h after lung exposure (Table
2). Supplementation with HES prior to expo-
sure to radiation reduces macrophages, neutro-
phils (Figure 2). This shows HES can reduce
acute inflammation pathways induced by high
exposure radiation. These results demonstrate
that HES administration alleviates inflamma-
tion signs including reduction of macrophages
accumulated especially. Macrophages have
an important role in acute inflammation and
oxidative damages in lung tissues. So, ad-
ministration of supplements that ameliorate
macrophage activity can be very useful. On
the other hand, HES has been reported to ex-
ert a protective effect that includes modulate
expression of pro-inflammatory cytokines and
chemokines, reduction of polymorphonuclear
neutrophils secretion in the airway and im-
proved pulmonary edema and lung morpholo-
gy. Hesperidin effectively reduces pulmonary
vascular permeability leading to amelioration
of pulmonary edema [24]. So, HES may pro-
tect the integrity of alveolar membrane result-
ing in the prevention of inflammatory cells
and significantly improved lung morphology.
Some studies showed HES supplement reduc-
es oxidative and pathologic damages induced
by ionizing radiation in liver [10, 11]. Thus,

HES has anti-inflammatory and specific pro-
tective effects against inflammatory disorders
done through a mechanism involving the anti-
oxidant activity of free radicals.

According to the reports, HES contains
pharmacological effects that include antioxi-
dant, anti-inflammatory and anticarcinogenic
actions. The results of the current study show
that HES significantly diminishes y-radiation-
induced damage in the lung tissue of rats. Hes-
peridin acts by scavenging free radicals and by
maintaining intracellular SOD and GSH lev-
els, thereby preventing lipid peroxidation and
subsequent tissue damage. It seems that HES
may be used as a natural radiaoprotector with
anti-inflammatory and antioxidant role to pre-
vent oxidative stress damage caused by ioniz-
ing radiation in a short time after exposure of
lung tissue. Based on the results of our study,
we conclude that HES can be a candidate for
treating and preventing radiation-induced
damage to the tissues particularly for patients
undergoing RT. The results of the present
study could be a basis for further studies that
attempt to reduce lung injuries in patients who
have undergone thorax irradiation. However,
further experiments are required to investigate
the molecular mechanisms related to the ra-
dioprotective functions of HES in lung.
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