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that includes glutathione (GSH), catalase (CAT), superoxide 
dismutase (SOD), and GSH peroxidase, in the event of  an 
increased production of  ROS, the host antioxidant defense 
mechanisms can become overwhelmed, resulting in the oxidative 
damage of  cellular components.[2] In this regard, numerous 
chemicals have been tried, which possess dependable defenses 
against radiation‑induced damage in animals and cultured cells 
studies. However, their clinical efficacy is limited by drug toxicity 
with repeated administration. Search for the effective and 
non‑toxic radioprotective agents that are able to protect human 
beings from the ionizing radiation is of  considerable interest 
for radiation medicine, space flights, and nuclear emergencies.[3]

The uses of  medicinal plants in traditional medicine are extensive 
and they serve for the development of  the novel pharmacological 
agents.[4‑6] A number of  dietary antioxidants and medicinal plants 
have been reported for their hepatoprotective, neuroprotective, 
anti‑inflammatory and also antioxidant or radical scavenging 
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INTRODUCTION

Ionizing radiation generates free radicals that damage 
Deoxyribonucleic acid (DNA) and kill cells. Most of  the genetic 
damage is mediated by reactive oxygen species (ROS) and 
reactive nitrogen species.[1] Ionizing radiation, employed in 
radiotherapy for various cancers, this result not only in killing 
of  cancer cells, but also damage the normal cells. Though, 
living cells have an endogenous antioxidant defense mechanism 
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properties.[3,7,8] It may be therefore logical to expect that extracts 
and bioactive compounds with antioxidant potential derived from 
plants may render radioprotection to normal tissues as evidenced 
from earlier reports.[7,9‑15]

Flavonoids are polyphenolic compounds containing an unique 
C6‑C3‑C6 structure (diphenyl propane structure). More than 4,000 
varieties of  flavonoids have been found in herbs, vegetables, fruits, 
and beverages.[16] Recently, flavonoids have attracted attention 
because of  their beneficial biological activities to human health. 
Rutin’s (RUT’s) anti‑inflammatory potential has been demonstrated 
in a number of  animal studies.[16,17] In experimentally induced colitis, 
both pre‑ and post‑induction treatment with the RUT conferred 
significant preventive and healing effects.[18] Quercetin (QRT) also 
has demonstrated significant anti‑inflammatory activity because of  
direct inhibition of  several initial processes of  inflammation. For 
example, it inhibits both the production and release of  histamine 
and other allergic/inflammatory mediators.[16] In addition, it exerts 
potent antioxidant activity and vitamin‑C sparing action.[19,20] On 
the basis of  this data, the present study was undertaken to evaluate 
the radioprotective potential of  selected bioflavonoids‑RUT and 
QRT in Swiss albino mice as an in vivo model system.

MATERIALS AND METHODS

Animals
Four to six weeks old inbred mice of  Swiss Albino strain of  
either sex weighing 25‑30 g were selected, and kept in well 
ventilated polypropylene cages under standard conditions of  
temperature (23 ± 2°C), humidity (50 ± 5%) and light (10 and 14 h 
of  light and dark, respectively). Animals were allowed food and 
water ad libitum. The animal experiments were carried with the prior 
approval from the institutional animal ethics committee. Animal 
care and handling was carried out according to the guidelines issued 
by the World Health Organization, Geneva, Switzerland and the 
Indian National Science Academy, New Delhi, India.

Drug preparation and mode of administration
RUT and QRT was purchased from Himedia Laboratories Pvt. Ltd., 
Mumbai, India. RUT powder was suspended in water using 
0.5% w/v carboxy methyl cellulose (CMC) and was given once 
daily (5 ml/kg body weight), various doses of  RUT and QRT 
10‑100 mg/kg body weight orally once a day for 5 consecutive 
days. Radiation exposure was performed 1 h after the last dose 
of  RUT and QRT administration.

Radiation exposure
Unanesthetized mice were restrained in a specially designed 
well‑ventilated acrylic box and exposed to whole‑body radiation 
from 60Co gamma tele‑therapy facility (Theratron Atomic Energy 
Agency, Canada) at the Shirdi Sai Baba Cancer Hospital, Manipal, at 
a dose rate of  1.33 Gy/min and source to surface distance of  61 cm.

Selection of optimum dose of RUT and QRT against 
radiation
To study the optimum dose of  RUT and QRT for the 

radiation protection, animals were divided into following 
groups (n = 12, per group). The dose of  10 Gy was selected to 
calculate the LD50 (30) as it kills 50% of  the animals within 30 days 
both by gastrointestinal and bone marrow (BM) syndrome. The 
animals were divided into the following groups:

Radiation alone group
One hour after oral administration of  0.1 ml/kg. b. wt. of  
0.5% w/v CMC on the 5th day, the animals of  this group were 
whole body exposed to 10 Gy of  gamma radiation.

RUT and QRT + radiation group
The animals of  this group were administered orally with 5, 10, 
15, 20 mg/kg. b. wt. of  RUT and QRT consecutively for 5 days 
and after the last dose, i. e., on the 5th day, animals were exposed 
to 10 Gy of  gamma radiation.

The animals were monitored daily for the development of  
symptoms of  radiation sickness, such as a reduction in the food 
and water intake, irritability, watering of  eyes, epilation, weight 
loss, emaciation, lethargy, diarrhea, facial edema etc., morbidity, 
behavioral toxicity, and mortality were recorded. The actuarial 
survival curves were drawn by Kaplan‑Meier method.[21] The 
optimum dose thus obtained was used for further investigation.

Estimation of radiation dose reduction factor (DRF)
To determine the protective role of  RUT and QRT against lethal 
gamma irradiation, the DRF was calculated. For this, animals 
were divided into following groups (n = 12, per group).

Radiation alone group
Animals of  this group were orally administered. 1 ml/kg. b. wt. 
of  0.5% w/v CMC orally for 5 consecutive days. One hour after 
of  the last administration animals were exposed to 7, 8, 9, 10 or 
11 Gy of  gamma radiation respectively.

RUT and QRT + radiation group
Animals of  this group were treated with the optimal dose 
10 mg/kg. b. wt. and 20 mg/kg. b. wt. of  RUT and QRT once 
daily for 5 consecutive days and after the last dose, i.e., on the 
5th day, animals were exposed to 7, 8, 9, 10 or 11 Gy of  gamma 
radiation respectively.

The animals of  both groups were observed daily for up to 30 days 
post‑irradiation for signs of  radiation sickness and mortality. 
The DRF was calculated according the method of  Miller and 
Tainter[22] as follows:

DRF = 
LD  of the drug + irradiation group

LD  of th
50/30

50/30 ee vehicle + irradiation group

Biochemical estimations
To understand the mechanism of  radioprotection, biochemical 
estimations were carried out. Animals were divided into groups 
of  six animals each as:
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Untreated control group
The animals of  this group were orally administered with 
0.1 ml/kg. b. wt. of  0.5% w/v CMC as a single dose.

RUT and QRT treated group
The animals of  this group were administered optimum dose of  
RUT (10 mg/kg. b. wt.) and QRT (20 mg/kg. b. wt.) orally for 
5 consecutive days.

Radiation alone group
These animals were administered with 0.1 ml/kg. b. wt. of  
0.5% w/v CMC orally once daily for 5 consecutive days. One 
hour after the last administration on the 5th day animals were 
exposed to 4.5 Gy gamma radiations.

RUT and QRT + radiation group
Here, the animals were administered with optimum dose of  
10 mg/kg. b. wt. and 20 mg/kg. b. wt. of  RUT and QRT once 
daily for 5 consecutive days and after the last dose, i.e., on the 
5th day, animals were exposed to 4.5 Gy of  gamma radiation.

All the animals were euthanized at 24 h post‑irradiation time 
intervals and their livers were perfused with ice‑cold saline and 
10% homogenate was prepared with ice‑cold PBS pH 8.0 using 
a homogenizer (Yamato LSC LH‑21, Japan).

Estimation of GSH in liver
GSH contents were measured as total non‑protein sulfhydryl 
group using the method of  Moron et al.[23] Briefly, proteins were 
precipitated with 25% trichloroacetic acid TCA, centrifuged, and 
the supernatant was collected, which was mixed with 0.2M sodium 
phosphate buffer pH 8.0, 0.06 mM 5,5‑dithiobis‑2‑nitrobenzoic 
acid and incubated for 10 min at room temperature. The 
absorbance of  the samples was read against the blank at 412 nm 
in a UV–vis. spectrophotometer (Shimadzu UV‑260, Shimadzu 
Corp., Tokyo, Japan) and the GSH concentration was calculated 
from a standard curve.

Estimation of glutathione‑S‑transferase (GST) in liver
GST was determined according to the procedure of  Habig 
et al.[24] The specific activity of  GST is expressed as µmol of  
reduced 1‑Chloro‑2,4‑Dinitrobenzene CDNB conjugate formed 
per minute per mg protein of  the tissue. The absorbance was 
recorded against blank at 340 nm.

Estimation of CAT in liver
CAT activity was determined by catalytic reduction of  hydrogen 
peroxide using a standard method.[25] Briefly, 30% hydrogen 
peroxide was added to the liver homogenate and was incubated at 
37°C. The decomposition of  hydrogen peroxide was monitored 
by recording the absorbance against blank at 240 nm.

Estimation of (SOD) activity in liver
SOD activity was assayed by the nitroblue tetrazolium (NBT) 
method.[26] NBT will be reduced to blue form by O2−, which has a 
strong absorbance at 560 nm. The presence of  SOD inhibits this 

reaction. The assay mixture consisted of  0.05 M sodium carbonate 
buffer (pH 10.2) containing 3 m Mxanthine, 0.75 mM nitroblue 
tetrazolium (NBT), 3 mM Ethylene diamine tetra‑acetic acid 
(EDTA), 1.5 mg/mL BSA and 50 µL of  liver homogenate. The 
reaction was initiated by the addition of  50 µL of  xanthine oxidase 
(0.1 mg/mL) and incubated for 30 min at room temperature. The 
reaction was stopped by the addition of  6 mM copper (II) chloride 
and centrifuged at 1500 rpm for 10 min. The absorbance of  blue 
form in the supernatants was measured at 560 nm.

Estimation of lipid peroxidation (LPO) in liver
LPO was measured using the method of  Buege and Aust.[27] Briefly, 
the tissue homogenate was mixed with TCA – thiobarbutyric acid 
TBA – HCl and the resultant mixture was heated for 15 min in 
a boiling water bath. After centrifugation, the absorbance was 
recorded at 535 nm using a UV – vis. spectrophotometer. LPO 
was expressed as nmol malondialdehyde mg−1 total protein.

Statistical analysis
All data are expressed as the mean ± standard error of  mean (SEM). 
Survival studies were determined using Kaplan‑Meier survival 
curves. For survival studies, statistical significances (P < 0.05) of  
the mean values between the treatment groups were analyzed 
using the Mantel – Cox Log Rank test although, the Student’s 
t‑test was used for all biochemical estimations.

RESULTS

Assessment of optimum protective dose of RUT and 
QRT against radiation
The administration of  various doses of  RUT (5, 10, 15, 
20 mg/kg. b. wt.) for 5 consecutive days before 10 Gy gamma 
irradiation resulted in 60, 70, 50 and 50% animal survival 
respectively [Figure 1]. Survival was significantly (P < 0.05) 
increased in all the doses of  RUT‑pre‑treated groups compared 
to the vehicle group. Since maximum survival was observed 
with 10 mg/kg. b. wt. of  RUT, this dose was considered as an 
optimal dose for radioprotection and further experiments were 
performed using this dose.

Animals exposed to 10 Gy of  gamma radiation presented 
signs of  radiation sickness such as a reduction in food and 
water intake, weight loss, diarrhea, lethargy, ruffled hair within 
2‑4 days of  post irradiation [Figure 2]. The animals pre‑treated 
with 5, 10, 15, 20 mg/kg. b. wt. of  QRT showed 50, 50, 60, 
70% survival respectively against 10 Gy gamma radiation. The 
optimum dose of  QRT (20 mg/kg. b. wt.) administered for 5 
consecutive days before exposure to 10 Gy gamma radiation 
rendered significant (P < 0.05) radiation protection as indicated 
by delayed onset of  radiation sickness, its reduced severity and 
significantly increased animal survival in post irradiation days, 
this dose of  QRT was used for further investigation.

Radiation DRF in mice treated with RUT and QRT
A dose‑dependent increase in survival was observed in RUT 
treated and irradiated mice when compared to those treated with 
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radiation alone [Figure 3]. The LD50/30 was found to be 9.1 Gy 
for radiation alone. Although, it was increased to 10.5 Gy after 
RUT treatment resulting in increased LD50/30 value by 1.4 Gy. 
The DRF of  1.15 was observed.

QRT administered group also shown dose‑dependent increase 
in survival of  mice when compared with those treated with 
radiation alone [Figure 4]. The LD50/30 was found to be 9.3 Gy 
for radiation alone. Although, it was increased to 10.4 Gy after 
RUT treatment resulting in increased LD50/30 value by 1.1 Gy. 
The DRF of  1.11 was observed.

Each group consisted of  10 mice, RUT and QRT was 
administered 5 consecutive days. One hour after the last 
administration, on the 5th day, animals were exposed to various 

doses of  gamma radiation. Values are mean ± SEM from 
10 mice per group.

DISCUSSION

Total body exposure to ionizing radiation suppresses 
hematopoiesis, which results in decreased production of  blood 
cells.[28,29] The hematopoietic, or BM syndrome is induced in the 
range of  3‑8 Gy and requires several weeks to express physical, 
visual symptoms, as radiation energy kills the immune progenitor 
cells.[30] Subsequently, many compounds have been tested for 
their ability to modify the effect of  radiation on hematological 
parameters.[11,28,29,31,32] The polyphenol compounds are considered 
as potential radioprotectors because of  their adaptogenic ability 
and abundance in the diet. Present study demonstrates the 

Figure 4: Radiation dose response curves for 30 day survival of mice after 
whole body gamma irradiation with or without Quercetin (20 mg/kg b. wt.) 
before exposure to 7‑12 Gy. The LD50 (30) for radiation is 9.3 Gy and for 
Quercetin + Irradiation group is 10.4 Gy (dose reduction factor: 1.11). Values 
are mean ± standard error of mean

Figure 1: Kaplan‑Meier’s estimate of survival for mice treated with different doses 
of Rutin (5‑20 mg/kg. b. wt.) administered orally for 5 consecutive days. One 
hour after the last administration, on the 5th day, animals were exposed to 10 Gy 
of gamma radiation. Values are mean ± standard error of mean

Figure 2: Kaplan‑Meier survival curves of mice exposed to 10 Gy of gamma 
radiation following oral administration of Quercetin (5‑20 mg/kg. b. wt.). Values 
are mean ± standard error of mean

Figure 3: Radiation dose response curves for 30‑day survival of mice after whole 
body gamma irradiation with or without Rutin (10 mg/kg b. wt.) before exposure 
to 7‑12 Gy. The LD50 (30) for radiation is 9.1 Gy and for Rutin + Irradiation group is 
10.5 Gy (dose reduction factor: 1.15). Values are mean ± standard error of mean
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potential of  RUT and QRT, a dietary polyphenol in ameliorating 
radiation induced toxicity under in vivo condition.

In the assessment of  optimum protective dose of  RUT and 
QRT against gamma radiation, mice exposed to 10 Gy gamma 
rays developed typical radiation symptoms such as a reduction in 
the food and water intake, irritability, watering of  eyes, epilation, 
weight loss, emaciation, lethargy, diarrhea, facial edema etc., 
with an anticipated mortality. The survival of  animals even 
after this sub‑lethal dose may be attributed to the multi‑system 
efforts of  animals in combating infection, maintaining vital 
functions, and thereby the wholesome integrity of  body during 
the period of  repair at the cellular level. Administration of  RUT 
(10 mg/kg. b. wt. for 5 consecutive days) and QRT (20 mg/kg. b. 
wt. for 5 consecutive days) prior to irradiation enhanced survival 
of  mice with an optimum survival rate of  69.7% and 69.2% 
respectively, further increment in the RUT and QRT dose did 
not result in an increased survival. This observation is consistent 
with several other antioxidant radioprotectors in vivo such as 
2‑mercapto‑propionylglycine, dimethyl sulphoxide DMSO, 
Orientin and Vicenin, and Zingerone.[13,33‑35]

In animal studies, irradiating mice with and without administered 
agent at a range of  radiation doses and then comparing the 
endpoint of  interest typically determine DRF or dose modifying 
factor. The DRF clearly gives an indication of  the quantitative 
capacity of  the radioprotective agent to enhance the tolerance 
of  tissues and its ability to palliate radiation‑induced sickness 
and mortality. In the present investigation, mice exposed to 
radiation the LD50/30 dose was found to be 9.1 Gy, whereas the 
combination of  RUT and Irradiation increased to 10.59 Gy 
giving a dose DRF value of  1.15. In QRT treated group QRT 
administered mice exposed to radiation has shown LD50/30 10.43 
giving a dose DRF value 1.11. Further, the combination 
treatment (drug + irradiation) was also delayed the appearance 
of  the radiation sickness such as weight loss, irritability, lethargy, 
ruffling of  hair, emaciation, and epilation.[36] The DRF of  RUT 
and QRT is 1.15 and 1.11 respectively, this clearly demonstrate 
the radioprotecive potential of  RUT and QRT in Swiss mice.

Irradiation of  mice with different doses of  gamma radiation 
resulted in a dose dependent decline in GSH, GST, glutathione 
peroxidase GPx, SOD, and CAT activities in the mice liver 
[Tables 1 and 2]. While the LPO, which results from a cascade of  
events induced by ionizing radiation increased. SOD dismutases 
the superoxide into hydrogen peroxide thus minimizing the 
deleterious effects. CAT is another intracellular antioxidant, 
which takes care of  hydrogen peroxide by converting it into the 
water and minimizes the radiation toxicity by preventing the 
formation of  OH. In this study, it is observed that decrease in 
the levels of  antioxidants such as SOD, CAT, GST, and GSH 
in liver of  irradiated mice; this decrease in the intracellular 
antioxidants was normalized to some extent with RUT and 
QRT [Tables 1 and 2]. This may be attributed to the scavenging 
of  free radicals formed during irradiation resulting in decreased 
oxidative stress in animals.

Results obtained on gamma irradiated mice pre‑treated for 5 
consecutive days with RUT and QRT showed radioprotective 
potential and increase in the survivability of  the animals. The 
observed effect may be attributed to the possible mechanisms 
such as normalization of  intracellular antioxidant levels, anti‑lipid 
peroxidative effect as well as free radical scavenging activity. Further, 
investigations are essential for the promotion of  RUT and QRT 
as a radiation antagonistic agent for its detailed mechanistic study.
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