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INTRODUCTION 

It is well established that exposure to ionising radiation by direct 

ionisation and through generation of toxic free radicals causes DNA damage 

(single strand breaks, double strand breaks, oxidative damage to sugar and 

base residues, chromosomal aberration and mutations as well as dose 

dependent series of potentially fatal physiologic and morphologic changes, 

known as hematopoietic syndrome [1,2]. Destruction of lymphoid and 

hematopoietic systems is the primary cause of septicemia and death. 

Chemical radioprotectors (AET, WR2721, WR 1065, etc.) express 

toxic side effects that limit their use in medical practice [3]. Investigations 

for effective and non toxic compounds with radioprotection capability led to 

increasing interest in naturally occurring antioxidants.  

Antioxidant activity of flavonoids is based on their ability of direct 

free radicals scavenging or stabilizing the reactive oxygen species (ROS) by 

interacting with the reactive compound of the radical. Because of the high 

reactivity of the hydroxyl substituents of flavonoids, radicals are made 

inactive [4-6]. Flavonoids can also increase the function of the endogenous 

antioxidant enzyme systems: superoxide dismutase (SOD), catalase (CAT), 

glutathione peroxidase (GPx), glutathione reductase (GR) and gluthation 

[7]. Antioxidant effects may be also a combined result of radical scavenging 

and interaction with enzyme functions. Flavonoids induce activities of the 

immune system as well [8]. Increased hematopoietic activity could account 

for the improved hematopoietic tolerance to radiotherapy [9, 10] 

The aim of this study was to evaluate radioprotective effects of 

selected flavonoids (caffeic acid, chrysin, naringin and quercetin) 

administered to mice prior to whole-body irradiation with γ-rays. The 

survival analysis and alkaline comet assay on white blood cells were 

employed both on irradiated and non-irradiated animals. 
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MATERIALS AND METHODS 

Animal studies were carried out according to the guidelines in force in 

Republic of Croatia (Law of the Animal protection, 2006) Male and female 

CBA inbred mice from our conventional animal facility were used. Mice 

were three months old, approximately 20 g body weight at the initiation of 

the experiment, and were housed at 22 ± 1 
o
C and 50-70 % humidity with a 

12 / 12 h light/dark cycle photoperiod. All animals were maintained on a 

standard diet (4 RF 21, Mucedola s.r.l., Italy and water ad libitum).  

Whole-body irradiation (WBI) was performed using a 
60

Co γ-ray 

source (situated at the RuĎer Bošković Institute, Zagreb, Croatia). Mice 

were placed in Plexiglas
®
 cages and irradiated in groups of five animals 

simultaneously. The source-to-skin distance was 291 cm with a dose 

0.0233 Gy/sec. Absorbed dose was 9 Gy. 

For the survival analysis, mice (n = 11 per group) were treated with 

test components (i. p. at a dose of 100 mg kg
-1

 body weight) for 

3 consecutive days, before lethal WBI. Endpoint of experiment was 

determined either by spontaneous death of animals or by elective killing of 

the animal showing signs of pain or suffering according to established 

criteria. Results are expressed as percent of mean survival time of treated 

animals over mean survival time of the control group (treated vs. control, 

T / C %). The percentage of increased lifespan (ILS %) was calculated 

according to the formula: 

ILS % = (T - C) / C  100  

where T represents mean survival time of treated animals; C represents 

mean survival time of the control group. 

The alkaline comet assay was performed on whole blood samples 

taken 30 min. after irradiation. Appropriate negative and positive control 

groups (administered chemical radioprotector AET, S-(2-Aminoethyl) 

isothiouronium bromide hydrobromide, i. p. at a dose of 281 mg kg
-1

 

body weight) were also selected and handled in the same manner. 

Experimental groups were composed of 5 mice each. 

The comet assay was carried out under alkaline conditions [11]. Two 

slides per animal were prepared. A total of 50 comets per animal were 

scored (25 from each of the two replicate slides). Random fields were 

selected, at a constant depth of the gel, avoiding the edges, and occasional 

dead cells, and the comets were captured. Microscope image was transferred 

to a computer-based image analysis system (Comet Assay II, Perceptive 

Instruments Ltd. Suffolk, UK) using a black and white camera. Three main 
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comet parameters were evaluated: tail length (presented in micrometers), tail 

intensity (DNA % in comet tail) and tail moment.  

Statistical analyses were carried out using Statistica 7.0 software 

(StatSoft, Tulsa, USA). Each sample was characterized for the extent of 

DNA damage by considering the mean (± standard error of the mean), 

median and range for the comet parameters measured. In order to normalize 

distribution and to equalize the variances, a logarithmic transformation of 

data was applied. Multiple comparisons between groups were done by 

means of the analysis of variance (ANOVA) on log-transformed data. Post-

hoc analysis of differences was done by Scheffé test. The level of statistical 

significance was set at p < 0.05. Treatment-dose specific survival curves 

were calculated according to Kaplan-Meier method and log rank test 

(p < 0.05). 

 

RESULTS 

Survival analysis showed statistically significant difference in 

surviving time of WBI mice pre-treated with test components as compared 

with positive and negative control (Table 1, Figure 1). The most effective 

component was quercetin showing the protection similar to that achieved by 

 

Table 1. Survival of mice after exposure to whole-body gamma irradiation  

Group
a
 

Mean survival 

time in days 

(range) 

ILS % T / C% 

Long-term 

survivors  

(LTS %) 

Caffeic acid 25.54  (7–60)* 189.97 289.96 3 (27.27) 

Chrysin   23.54  (10–60)* 158.96 258.96 2 (18.18) 

Naringin   33.81  (11–60)* 390.64 371.94 5 (45.45) 

Quercetin   47.27 (12–60)* 435.31 148.66 8 (72.72) 

Negative control 9.09 (5–12)    

Positive control 

(AET) 
 52.09  (16–60)* 473.01 537.04 9 (81.82) 

a
Mice (n = 11) were exposed to an acute whole–body gamma radiation dose of 

9 Gy; test components were given to mice i. p. before irradiation, daily for 

3 consecutive days, and the daily dose contained 100 mg kg
-1

 body weight  

T / C, treated vs. control; ILS % (increased life span %) = (T - C)  / C  100  

T – mean survival days of treated group; C – mean survival days of control group 

LTS –  Long-term survivors; mice surviving more than 60 days after treatment 
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the AET; such a huge protective effect of quercetin could result from its 

chemical structure having the most suitable form for scavenging free 

radicals. All other polyphenolic compounds were also effective in protection 

against radiation induced damage.  

A single whole-body exposure to ionizing radiation results in a 

complex set of symptoms whose onset, nature, and severity are a function of 

both, total radiation dose and radiation quality. The hematopoietic syndrome 

occurs at dose 2.5 – 8 Gy; it is manifested by hematopoietic stem cell 

depletion, and ultimately by depletion of mature hemopoetic and immune 

cells. In this study, the pathological cellular emptiness of bone marrow and 

spleen in mice which died at day fifth after lethal WBI indicated that their 

death could have been prescribed to the hemopoetic syndrome. 
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Figure 1. The Kaplan-Meier survival curves for mice (n = 11) treated with 

caffeic acid, chrysin, naringin and quercetin before irradiation. The test 

compounds were given to mice i.  p. daily for 3 consecutive days, and the 

daily dose contained 100 mg/kg body weight; one hour after the last 

treatment, mice were exposed to an acute whole-body gamma radiation dose 

of 9 Gy. Positive control was treated with AET (281 mg kg
-1

). The results of 

log rank test show that test substances significantly reduced the total body 

injury on the level of organism (p < 0.05) and increased life span of mice 

after irradiation with dose of 9 Gy. 
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Tail intensity (DNA %) values measured in mice treated preventively 

with tested compounds were significantly lower as compared to irradiated 

negative control (p < 0.05, ANOVA with Scheffé test). Based on the results 

obtained with comet assay, tested flavonoids were not genotoxic to non-

irradiated mice. There were some, but not significant inter-group differences 

observed (Table 2). 

 

Table 2. Tail intensity (DNA %) estimated by the alkaline comet assay in 

peripheral blood leukocytes of mice 

Group 

Irradiated
a
 Non-irradiated

b
 

Tail intensity (DNA %) 

Mean±S.E. M Range Mean±S.E M Range 

Caffeic acid  3.12±0.23* 1.91 0 - 20.33 2.90±0.31 1.05 0 - 31.47 

Chrysin 5.36±0.27 4.24 0 - 23.29 2.55±0.27 0.95 0 - 34.43 

Naringin 6.44±0.35 5.11 0 - 31.27 2.30±0.30 0.47 0 - 42.47 

Quercetin 4.66±0.27 3.23 0 - 32.38 2.82±0.35 1.01 0 - 37.76 

Positive control
c)
  4.32±0.24* 3.41 0 - 23.77 3.00±0.31 0.97 0 - 32.08 

Negative control
d)
 5.96±0.39 3.66 0 - 36.17 2.19±0.23 0.72 0 - 30.25 

a) Test components were given to mice (n = 5) i.  p. before irradiation (9 Gy), daily for 

3 consecutive days, and the daily dose contained 100 mg kg 
-1
 body weight.  

b) Test components were given to mice (n = 5) i. p. daily for 3 consecutive days, and the daily 

dose contained 100 mg kg 
-1
 body weight. 250 comets per group were evaluated. *p < 0.05 as 

compared to negative control (ANOVA).  

c) Positive control, AET (281 mg kg 
-1
).  

d) Negative control, mice irradiated only. 

 

CONCLUSION 

Since flavonoids evaluated here showed effectiveness in 

radioprotection, it appears that they should be considered as promising non-

toxic dietary supplements to be further tested for administration in patients 

exposed to radiation as well as to subjects working in hazardous 

occupational settings.  
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