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Abstract
Purpose of the Study:	 Rutin	 (RUT)	 and	 quercetin	 (QRT)	 which	 are	 dietary	 compounds	 were	
investigated	for	their	ability	to	protect	against	ionizing	radiation	(IR)‑induced	genotoxicity	in	human	
lymphocytes.	Materials and Methods:	 The	 radiation	 antagonistic	 potential	 of	 RUT	 and	QRT	was	
assessed	 by	 alkaline	 comet	 and	 cytokinesis‑block	micronucleus	 (CBMN)	 assay.	Results:	Treatment	
of	 lymphocytes	with	RUT	and	QRT	(25	µg/ml)	prior	exposure	 to	2	Gy	gamma	radiation	resulted	 in	
a	significant	reduction	of	frequency	of	micronuclei	as	compared	 to	 the	control	set	of	cells	evaluated	
by	CBMN	assay.	Similarly,	 treatment	of	 lymphocytes	with	RUT	and	QRT	before	radiation	exposure	
showed	 significant	 decrease	 in	 the	DNA	damage	 as	 assessed	 by	 comet	 parameters,	 such	 as	 percent	
tail	DNA	and	olive	 tail	moment.	Conclusion:	The	 study	demonstrates	 the	protective	 effect	 of	RUT	
and	QRT	 against	 IR‑induced	DNA	 damage	 in	 human	 lymphocytes,	which	may	 be	 partly	 attributed	
to	scavenging	of	IR‑induced	free	radicals	and	also	by	the	inhibition	of	IR‑induced	oxidative	stress.
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Introduction
Ionizing	 radiation	 (IR)	 is	 considered	
ubiquitous	 environmental	 carcinogen	
damaging	 DNA	 directly	 by	 energy	
deposition	 or	 indirectly	 by	 the	 generation	
of	 reactive	 oxygen	 species	 (ROS)	 and	 free	
radicals.[1]	ROS	and	free	 radicals	 react	with	
cellular	 macromolecules	 (i.e.,	 proteins,	
carbohydrates,	 lipids,	 and	 nucleic	 acids)	
leading	 to	 cell	 death	 or	 mutations	 and	
chromosome	 instability	 when	 they	 are	 not	
repaired	or	misrepaired.	Several	endogenous	
antioxidant	 enzymes	 (such	 as	 superoxide	
dismutase,	 catalase,	 and	 glutathione	
peroxidase)	are	capable	of	scavenging	ROS	
and	have	shown	pivotal	role	in	the	repair	of	
DNA	damage	induced	by	ROS.[2‑5]

The	 risk	 of	 radiation‑induced	malignancies	
as	 a	 result	 of	 genotoxicity	 to	 normal	
cells	 is	 one	 of	 the	 most	 serious	 problems	
during	 radiotherapy	 in	 patients	 with	
disease‑free	 survival.	 Tumor	 control	
without	 producing	 damage	 to	 the	
surrounding	 normal	 tissues	 through	 the	
use	 of	 chemical	 agents	 has	 a	 clinical	
relevance	 in	 radiotherapy.	 Therefore,	
protection	 of	 surrounding	 normal	 tissues	
has	 a	 practical	 relevance	 in	 improving	
the	 therapeutic	 outcome.	 Although	 many	

natural	 and	 synthetic/semi‑synthetic	
chemicals	 have	 been	 investigated	 in	 the	
recent	 past	 for	 their	 efficacy	 to	 reduce	
adverse	 effects	 of	 IR,[6,7]	 the	 inherent	
toxicity	 of	 some	 of	 the	 synthetic	 agents	
at	 their	 radioprotective	 concentrations	
necessitated	 the	 further	 search	 for	
secured	 and	 efficient	 compounds.[5]	 In	
view	 of	 these	 limitations,	 an	 approach	 to	
evaluate	 the	 radiation	 protective	 ability	 of	
nontoxic	 and	 physiologically	 acceptable	
compounds	 seems	 to	 be	 hopeful	 and	
deserves	 investigation.	 Neutralization	
of	 ROS/reactive	 nitrogen	 species	 (RNS)	
is	 one	 such	 mechanism	 by	 which	
antioxidants	 influence	 the	 indirect	 action	
of	 radiation.[6]	 Hence,	 an	 appropriate	
antioxidant	 intercession	seems	 to	 inhibit	or	
reduce	 free	 radical	 toxicity	 and	 thus	 offer	
protection	 against	 radiation.	 The	 uses	 of	
medicinal	 plants	 in	 traditional	 medicine	
are	widespread,	and	they	serve	as	 leads	for	
the	 development	 of	 novel	 pharmacological	
agents.	 A	 number	 of	 dietary	 antioxidants	
and	 medicinal	 plants	 have	 been	 reported	
for	 their	 hepatoprotective,	 neuroprotective,	
anti‑inflammatory,	 and	 also	 antioxidant	
or	 radical	 scavenging	 properties.[2‑5]	 It	
may	 be,	 therefore,	 logical	 to	 expect	 that	
extracts	 and	 bioactive	 compounds	 with	 an	
antioxidant	 potential	 derived	 from	 plants	
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may	render	 radioprotection	 to	normal	 tissues	as	evidenced	
from	earlier	reports.[7‑18]

Flavonoids	are	polyphenolic	compounds	containing	a	unique	
structure	 (diphenyl	 propane	 structure).	 Many	 varieties	 of	
flavonoids	have	been	found	in	herbs,	vegetables,	fruits,	and	
beverages.[10]	Rutin	 (RUT)	and	quercetin	 (QRT)	are	having	
anti‑inflammatory	 potential,	 which	 has	 been	 demonstrated	
in	 a	 number	 of	 animal	 studies.[10‑13]	 In	 addition,	 they	 also	
exert	 potent	 antioxidant	 activity	 and	 Vitamin	 C‑sparing	
action.[15]	 In	 spite	 of	 the	 considerable	 quantity	 of	 work	
published	 about	 flavonoids,	 little	 information	 is	 available	
about	 the	 cytogenetic	 evaluation	 of	flavonoids	 as	 protector	
agent	on	irradiated	cells.[10‑19]

The	 purpose	 of	 the	 present	 investigation	 is	 to	 evaluate	
the	 antigenotoxic	 and	 antiapoptotic	 potential	 of	 RUT	 and	
QRT	on	the	human	lymphocytes	grown in vitro exposed	to	
gamma	radiation.

Materials and Methods
Isolation of lymphocytes

In	 this	 study,	 human	 peripheral	 blood	 lymphocytes	 were	
obtained	 by	 collecting	 blood	 from	 the	 consented	 healthy	
donors.	 The	 selection	 of	 donor	 was	 done	 according	 to	
the	 current	 guidelines	 of	 the	 International	 Programme	 on	
Chemical	 Safety	 in	 humans.[20]	 Peripheral	 blood	 (4–5	 ml)	
was	 collected	 aseptically	 by	 venipuncture	 from	 healthy	
male	individuals	(mean	age	35	years)	in	heparinized	tubes.	
Lymphocytes	 were	 isolated	 using	 Ficoll‑Paque	 according	
to	 the	 manufacturer’s	 instructions.	 The	 lymphocyte	 layer	
was	 separated	 by	 centrifugation	 at	 room	 temperature	
and	 washed	 twice	 in	 phosphate‑buffered	 saline	 at	
1000	 rpm	 for	 10	 min	 each.	 Approximately	 106	 freshly	
isolated	 lymphocytes	were	 cultured	 in	 15	ml	 sterile	 tubes	
containing	 5	 ml	 of	 RPMI‑1640	 supplemented	 with	 15%	
fetal	 calf	 serum,	 L‑glutamine,	 streptomycin,	 PHA,	 and	
cultures	 were	 then	 incubated	 at	 37°C	 in	 humidified	 5%	
CO2	atmosphere.

Chemicals

The	 routine	 chemicals	 were	 procured	 from	 Qualigens	
Fine	 Chemicals	 (A	 Division	 of	 GlaxoSmithKline	
Pharmaceuticals	Limited),	Mumbai,	India.

Experimental design

A	fixed	number	 (106)	 of	 lymphocytes	were	 inoculated	 into	
several	 individual	 culture	 T‑flasks	 and	 allowed	 to	 grow.	
A	 pilot	 experiment	 was	 carried	 out	 to	 select	 the	 optimum	
concentration	of	RUT	and	QRT	wherein	 lymphocytes	were	
treated	as	follows:
1.	 Untreated	 control	 group:	The	 culture	 of	 this	 group	was	

without	RUT,	QRT,	and	radiation
2.	 RUT	 and	 QRT	 alone	 group:	 The	 culture	 of	 this	 group	

was	 treated	with	 of	 RUT	 and	QRT	 (50	µg/ml)	 for	 1	 h	
before	sham‑irradiation

3.	 Radiation	 (IR)	 alone	 group:	 The	 culture	 of	 this	 group	
was	exposed	to	2	Gy	of	gamma	radiation

4.	 RUT	and	QRT	+	IR	group:	The	cells	of	this	group	were	
treated	 with	 different	 concentrations	 (5–50	 µg/ml)	 of	
RUT	and	QRT	for	1	h	before	exposure	 to	2	Gy	gamma	
radiation.

The	 radiation	 antagonistic	 potential	 of	 optimal	 RUT	 and	
QRT	concentration	was	evaluated	 treating	 the	 lymphocytes	
as	follows.
1.	 IR	alone	group:	The	cultures	of	this	group	were	exposed	

to	different	doses	(0–4	Gy)	of	gamma	radiation
2.	 RUT	 and	QRT	 +	 IR	 group:	 The	 cultures	 in	 this	 group	

were	 treated	 with	 optimum	 concentration	 (10	 µg/ml)	
of	 RUT	 and	 QRT	 for	 1	 h	 before	 exposure	 to	 different	
doses	(0–4	Gy)	of	gamma	radiation.

After	 the	 various	 treatments,	 cells	 from	 the	 above	 groups	
were	subjected	to	micronucleus	and	comet	assays.

Cell irradiation procedure

Exponentially	 growing	 lymphocytes	 (70%–80%	
confluency)	 were	 treated	 with	 or	 without	 RUT	 and	 QRT	
prior	 exposure	 to	 gamma	 radiation	 from	 60Co	 gamma	
teletherapy	 facility	 (Theratron	 Atomic	 Energy	 Agency,	
Canada)	 at	 the	 Shirdi	 Saibaba	 Cancer	 Hospital,	 Manipal,	
at	 a	 dose	 rate	 of	 1	Gy/min	 and	 source	 to	 surface	 distance	
of	 73	 cm.	 The	 dosimeteric	 performances	 were	 routinely	
conducted	by	the	radiation	physicists.

Micronucleus assay

The	 cytokinesis‑block	 micronucleus	 (CBMN)	 assay	
was	 carried	 out	 according	 to	 the	 method	 of	 Fenech	 and	
Morley[21]	 After	 various	 treatments,	 lymphocyte	 cultures	
were	incubated	at	37°C	and	44	h	from	the	culture	initiation,	
cytochalasin	 B	 (5	 µg/ml)	 was	 added	 to	 arrest	 cytokinesis.	
The	 cultures	 were	 harvested	 at	 72	 h	 after	 initiation	 and	
cells	 were	 collected	 by	 centrifugation.	 These	 lymphocytes	
were	 subjected	 to	 a	 mild	 hypotonic	 (0.56%	 potassium	
chloride)	 treatment	 for	 2	 min,	 centrifuged	 and	 fixed	 in	
Carnoy’s	fixative	(3:1	methanol,	acetic	acid).

Comet assay (single cell gel electrophoresis) for DNA 
damage

The	 comet	 assay	 is	 a	 widely	 used	 genotoxicological	
technique	 for	 measuring	 DNA	 damage	 in	 individual	 cells	
using	 alkaline	 gel	 electrophoresis.	 On	 electrophoresis,	 the	
negatively	charged	cellular	DNA	fragments	migrate	 toward	
the	 anode,	 appear	 like	 a	 comet	 with	 tail	 and	 are	 detected	
with	 an	 image	 analysis	 system.	This	 assay	was	 performed	
under	 alkaline	 conditions	 according	 to	 the	 procedure	 of	
Singh	et al.[22]	with	minor	modifications	of	Collins	et al.[23]

Statistical analysis

The	 experimental	 data	were	 expressed	 as	mean	±	 standard	
error	 of	 the	 mean.	 The	 significance	 of	 the	 differences	
between	 treatments	 and	 respective	 controls	 was	 analyzed	
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using	 Student’s	 t‑test	 and	 one‑way	 ANOVA	 with	
Bonforroni’s	 post	 hoc	 test	 using	 GraphPad	 Prism	 5.	
(GraphPad	Software,	Inc.	La	Jolla,	CA	92037	USA).

Results
Antigenotoxic potential of rutin in human lymphocytes

Micronucleus assay

RUT	 showed	 protection	 against	 the	 radiation‑induced	
DNA	 damage,	 as	 evidenced	 by	 the	 significant	 (P	 <	 0.01)	
reduction	 in	 micronucleated	 binucleate	 cells	 (MNBNC)	
after	various	doses	of	RUT	treatment	in	human	lymphocytes	
cells.	 RUT	 by	 itself	 was	 not	 toxic	 to	 DNA.	 Pretreatment	
of	human	lymphocytes	cells	with	various	concentrations	of	
RUT	 (0–25	 µg/ml)	 for	 1	 h	 reduced	 the	 radiation‑induced	
micronuclei	(MN).

Although,	 the	 reduction	 in	 the	 yield	 of	 radiation‑induced	
MN	 was	 observed	 in	 all	 the	 doses,	 RUT	 at	 a	 dose	 of	
25	 µg/ml	 resulted	 in	 a	 maximum	 inhibition	 in	 the	 yield	
of	 MNBNC	 when	 compared	 with	 other	 RUT‑treated	
groups.	 However,	 increase	 in	 the	 dose	 of	 RUT	 did	 not	
further	 enhance	 the	 radioprotective	 potential.	 Therefore,	
25	 µg/ml	 of	 RUT	 was	 selected	 as	 an	 optimal	 dose	 for	
further	studies	[Table	1].

Cytokinesis‑blocked	 proliferation	 index	 (CBPI)	 was	
calculated	 to	 assess	 the	 effect	 of	 RUT	 on	 the	 cytotoxic	
effect	of	irradiated	human	lymphocytes	cells.	The	values	of	
CBPI	 in	 IR	 alone	 showed	 delay	 in	 cell	 proliferation.	RUT	
pretreatment	 modulated	 the	 proliferative	 activity	 in	 the	
combination	 groups	 with	 an	 increase	 in	 CBPI,	 indicating	
surmount	of	cytotoxic	effects	caused	by	IR	[Table	2].

The	 optimal	 dose	 of	 RUT,	 25	 µg/ml	 with	 the	 greatest	
reduction	 in	 MN,	 was	 further	 used	 in	 combination	
with	 various	 doses	 of	 gamma	 radiation	 (0,	 1,	 2,	 3,	 and	
4	 Gy)	 exposed	 1	 h	 after	 RUT	 treatment	 to	 assess	 the	
antigenotoxic	potential	even	at	the	higher	doses	of	radiation	
[Table	 3].	A	 linear	 dose‑dependent	MNBNC%	 increase	 in	
radiation	 alone	 group	 was	 observed	 while	 25	 µg/ml	 RUT	
significantly	 resulted	 in	 26.2%,	 25.1%,	 29.9%,	 and	 21.2%	
reduction	 of	 MNBNC,	 when	 compared	 to	 the	 respective	
radiation	alone	groups.

Comet assay

Human	 lymphocytes	 cells	 treated	 with	 2	 Gy	 of	 radiation	
caused	 a	 significant	 (P	 <	 0.01)	 DNA	 damage	 as	 evident	
by	 the	 increase	 in	 tail	DNA	and	olive	 tail	moment	 (OTM)	
when	compared	with	control	group.

The	 optimum	protective	 dose	 of	 the	RUT	was	 selected	 by	
treating	 human	 lymphocytes	 cells	 with	 0,	 5,	 10,	 25	µg/ml	
RUT	 for	 1	 h	 before	 exposure	 to	 2	Gy	of	 gamma	 radiation	
at	 60	 min	 of	 postirradiation	 time.	 Treatment	 of	 human	
lymphocytes	cells	with	different	doses	of	RUT	reduced	the	
DNA	strand	breaks	 significantly,	 the	highest	 reduction	was	
observed	at	25	µg/ml	RUT	[Table	4].

Table 2: Effect of radiation on cytokinesis blocked 
proliferation index values in the human lymphocytes 

cells exposed to 2 Gy gamma radiation
RUT (µg/mL) CBPI Cytostasis (%)
0 1.60±0.06 42.74
10 1.67±0.07 34.12
15 1.74±0.05 26.20
20 1.72±0.07 20.68
25 1.59±0.05 38.07
All	results	are	shown	as	mean±SEM	from	the	data	of	three	
independent	experiments.	CBPI:	Cytokinesis‑blocked	proliferation	
index,	RUT:	Rutin,	SEM:	Standard	error	of	mean

A	separate	experiment	was	conducted	to	study	the	influence	
of	RUT	on	the	DNA	damage	induced	by	different	doses	of	
gamma	 radiation.	Treatment	 of	 lymphocytes	with	 different	

Table 3: Frequency of micronuclei and percentage 
inhibition in human lymphocytes cells treated with 

25 µg/mL of rutin before exposure to different doses of 
gamma radiation

IR dose (Gy) Total MN/1000 BNC±SEM MN inhibition (%)
IR alone RUT+IR

0 12.90±1.47 14.090±1.38 ‑
1 109.24±2.32 81.50±1.91a 26.2
2 171.18±2.78 130.25±2.04b 25.1
3 262.05±3.24 185.75±2.28c 29.9
4 359.50±3.47 285.00±2.68b 21.2
All	 results	 are	 shown	 as	 mean±SEM	 from	 the	 data	 of	 three	
independent	experiments.	The	significant	 levels	 aP<0.05,	 bP<0.01,	
cP<0.001	 and	 no	 symbol:	Nonsignificant,	when	 compared	with	
respective	radiation	alone	group.	IR:	Radiation,	SEM:	Standard	error	
of	mean,	MN:	Micronuclei,	BNC:	Binucleated	cells,	RUT:	Rutin

Table 1: Effect of rutin on the micronuclei‑induction in 
the human lymphocytes cells exposed to 2 Gy gamma 

radiation
Group MNBC/1000 cells±SEM Total MN

One Two Multiple
Untreated 12.05±1.21 1.40±0.56 0.0±0.0 12.09±1.33
RUT	(25	µg)	
alone

11.95±1.78 1.45±0.14 0.54±0.03 12.30±1.37

IR	alone	
(2	Gy)

232.26±4.96 25.14±1.23 6.05±0.78 249.05±4.92a

RUT	(10	µg)	
+	IR

180.51±4.08 12.05±1.89 4.12±1.57 189.24±3.54b

RUT	(15	µg)	
+	IR

169.28±3.54 9.36±1.47 2.51±1.21 181.82±3.07c

RUT	(20	µg)	
+	IR

177.62±3.72 9.71±1.47 2.14±1.34 189.25±2.72c

RUT	(25	µg)	
+	IR

164.71±3.47 8.75±2.12 1.46±0.56 174.65±3.68c

All	results	are	shown	as	mean±SEM	from	the	data	of	three	independent	
experiments.	The	significant	levels	aP<0.05,	bP<0.01,	cP<0.001	and	
no	 symbol:	Nonsignificant,	when	 compared	with	 IR	 alone	group.	
RUT:	Rutin,	IR:	Radiation,	SEM:	Standard	error	of	mean,	MNBC:	
Micronuclei	in	buccal	cells,	MN:	Micronucleus
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doses	of	gamma	 radiation	caused	an	elevation	 in	 the	DNA	
damage	 in	 a	 linear	 dose‑dependent	 manner	 (r2	 =	 0.9870)	
measured	 as	 percent	 tail	DNA	 and	mean	OTM.	Treatment	
with	 optimal	 dose	 of	 RUT	 (25	 µg/ml)	 for	 1	 h	 before	
exposure	 with	 different	 doses	 of	 radiation	 caused	 a	
significant	 reduction	 (P	 <	 0.05)	 in	 the	 percentage	 of	 tail	
DNA	and	OTM	values.

Effect of quercetin on radiation induced micronuclei

The	 frequencies	 of	 MN	 in	 human	 lymphocytes	 induced	
by	 QRT	 or	 in	 combination	 with	 2	 Gy	 radiation	 are	
shown	 in	 Table	 5.	 No	 significant	 increase	 in	 the	 number	
of	 MN	 and	 micronucleated	 cells	 observed	 with	 QRT	
alone	 (25	 µg/ml)	 as	 compared	 to	 the	 untreated	 group.	
After	 various	 concentrations	 of	 QRT	 treatment,	 there	
was	 no	 inhibition	 of	 lymphocyte	 divisions	 as	 the	 number	
of	 binucleated	 cells	 (BNC)	 and	 CBPI	 values	 were	 not	
significantly	 different	 from	 the	 control.	 Pretreatment	 of	
lymphocytes	with	various	concentration	of	QRT	1	h	before	
2	Gy	 gamma	 radiation	 significantly	 reduced	 the	 frequency	
of	 MN	 as	 compared	 to	 the	 control	 cells	 which	 were	
irradiated	without	 QRT	 [Table	 5].	Among	 all	 the	 doses	 of	
QRT	 screened,	 25	 µg/ml	 showed	 the	 highest	 reduction	 in	
MN	 when	 compared	 with	 other	 QRT	 pretreated	 groups.	
Therefore,	 this	concentration	of	QRT	was	considered	as	an	
optimal	 protective	 concentration	 and	 further	 experiments	
were	carried	out.

The	 frequency	 of	 MNBNC	 with	 one,	 two	 and	 multiple	
MN	 is	 presented	 in	 Table	 5.	 In	 general,	 the	 frequency	 of	
BNCs	 bearing	 MN	 increased	 in	 a	 linear	 dose‑dependent	
manner	 (r2	 =	 0.999)	 and	 the	 highest	 number	 of	 MN	 was	
observed	 at	 4	 Gy.	 Pretreatment	 of	 lymphocytes	 with	
25	µg/ml	QRT	significantly	(P	<	0.01)	reduced	the	MN	in	a	
linear	dose‑dependent	manner	 (r2	=	0.985)	when	compared	
to	the	respective	radiation	alone	group.

The	 treatment	 with	 QRT	 alone	 did	 not	 influence	 cell	
division,	 the	 number	 of	BNCs	 and	CBPI	 values	were	 not	
different	 from	 those	 found	 in	 the	 control	 [Table	 6].	 QRT	
pretreatment	 with	 irradiation	 resulted	 in	 a	 significant	
decline	 in	 the	 induction	 of	 cells	 with	 one,	 two,	 and	
multiple	 MN.	 The	 frequencies	 of	 two	 and	 multiple	
MNBNC	were	 always	 remained	 lower	 in	QRT	 pretreated	
group	[Table	6].

Effect of quercetin on radiation induced DNA damage

The	 results	 of	 the	 genotoxicity	 studies	 by	 comet	 assay	 are	
shown	 in	Table	 7,	QRT	 at	 25	µg/ml	 concentration	 did	 not	
induce	 any	 significant	 alteration	 of	 the	 comet	 parameters	
as	 compared	 with	 that	 from	 unirradiated	 control	 cells.	
Data	 from	 Table	 7	 shows	 increase	 in	 comet	 parameters,	
such	 as	 percent	 DNA	 in	 the	 tail	 and	 mean	 OTM	 of	
lymphocytes	 which	 were	 exposed	 to	 2	 Gy	 of	 gamma	
radiation.	 These	 results	 further	 revealed	 that	 the	 presence	
of	 QRT	 (10–25	 µg/ml)	 progressively	 decreased	 the	 comet	
assay	 parameters	 in	 irradiated	 lymphocytes.	 However,	 the	

Table 4: Induction of DNA damage assessed by alkaline 
comet assay (percentage tail DNA and olive tail 

moment) in human lymphocytes treated with different 
concentrations of rutin for 1 h before exposure to 2 Gy of 

gamma radiation
Group Comet parameters

Percentage tail DNA±SEM OTM±SEM
Untreated 6.07±0.21 1.58±0.27
RUT	(25	µg)	alone 6.95±0.42 4.05±0.24
IR	alone	(2Gy) 26.32±1.97 25.16±2.67
RUT	(10	µg)	+	IR 17.44±0.95a 17.12±1.25a
RUT	(15	µg)	+	IR 15.56±1.82a 17.54±1.98
RUT	(20	µg)	+	IR 15.46±2.69c 16.87±1.72c

RUT	(25	µg)	+	IR 13.92±1.85b 15.77±1.36b

All	results	are	shown	as	mean±SEM	from	the	data	of	three	
independent	experiments.	The	significant	levels	aP<0.05,	bP<0.01,	
cP<0.001	and	no	symbol:	Nonsignificant,	when	compared	with	
radiation	alone	group.	OTM:	Olive	tail	moment,	IR:	Radiation,	
RUT:	Rutin,	SEM:	Standard	error	of	mean

effect	 was	 not	 dose	 dependent;	 25	 µg/ml	 showed	 better	
effect	than	other	doses.

Group Percentage MN reduction CBPI
Untreated ‑ 1.962
QRT	(25	µg)	alone ‑ 1.952
IR	alone	(2Gy) ‑ 1.729
QRT	(10	µg)	+	IR 15.15 1.632
QRT	(15	µg)	+	IR 27.80 1.655
QRT	(20	µg)	+	IR 17.90 1.642
QRT	(25	µg)	+	IR 9.10 1.597
All	results	were	shown	as	mean±SEM	from	the	data	of	three	
independent	experiments.	The	significant	levels	aP<0.05,	bP<0.01,	
cP<0.001	and	no	symbol:	Nonsignificant,	when	compared	with	
IR	alone	group.	CBPI:	Cytokinesis	blocked	proliferation	index,	
QRT:	Quercetin,	IR:	Radiation,	MNBC:	Micronuclei	in	buccal	
cells,	MN:	Micronucleus,	SEM:	Standard	error	of	mean

Table 5: Induction of micronuclei and cytokinesis 
blocked proliferation index values in human 

lymphocytes treated with different concentrations of 
quercetin (for 1 h) alone or exposed with 2 Gy of gamma 

radiation
Group MNBC/1000 cells±SEM Total MN

One Two Multiple
Untreated 15.34±0.51 1.72±0.35 0.0±0.0 17.06±1.45
QRT	(25	µg)	
alone

16.06±1.48 1.45±0.47 0.50±0.29 18.71±1.65

IR	alone	
(2Gy)

154.26±5.47 11.24±1.11 6.25±1.08 178.25±8.84a

QRT	(10	µg)	
+	IR

143.62±3.72 9.81±1.47 6.14±1.34 159.25±2.72c

QRT	(15	µg)	
+	IR

138.28±3.54 7.36±1.47 4.51±1.21 147.82±3.07c

QRT	(20	µg)	
+	IR

136.85±3.05 8.45±1.89 3.42±1.76 155.24±3.54b

QRT	(25	µg)	
+	IR

132.71±3.47 6.75±2.12 2.46±0.56 142.65±3.68c
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A	separate	experiment	was	conducted	to	study	the	influence	
of	QRT	on	 the	DNA	damage	induced	by	different	doses	of	
gamma	 radiation.	Treatment	 of	 lymphocytes	with	 different	
doses	 of	 gamma	 radiation	 caused	 elevation	 in	 the	 DNA	
damage	 in	 a	 linear	 dose	 dependent	 manner	 (r2	 =	 0.9870)	
measured	 as	 percent	 tail	DNA	 and	mean	OTM.	Treatment	
with	 25	 µg/ml	 QRT	 for	 1	 h	 before	 exposure	 to	 different	
doses	 of	 gamma	 radiation	 demonstrated	 a	 dose‑dependent	
reduction	 in	 the	 DNA	 damage	 in	 QRT	 +	 IR	 group	 when	
compared	with	irradiation	alone	treatment.	The	reduction	in	
the	DNA	damage	by	QRT	was	statistically	significant	at	all	
doses	of	IR,	when	compared	with	IR‑treatment	alone.

Discussion
IR	 is	 a	 physical	 agent	 known	 to	 induce	 mutations,	
chromosomal	 aberrations	 and	 considered	 as	 a	 Group	 I	
potential	 human	 carcinogen	 by	 the	 International	 Agency	
for	 Research	 on	 Cancer.[1‑3]	 However,	 IR	 has	 gained	 great	

importance	 in	 the	 treatment	 of	 different	 types	 of	 cancers.	
One	 of	 the	 biological	 effects	 of	 IR	 is	 the	 generation	
of	 ROS,	 some	 of	 which	 can	 induce	 a	 variety	 of	 DNA	
lesions[4‑6]	by	both	direct	energy	deposition	on	DNA	(direct	
effect)	 and	 reactions	with	 diffusible	water	 radicals	 leading	
to	 generation	 of	 hydroxyl	 radicals	 (indirect	 effect)[6]	which	
subsequently	 results	 in	 DNA	 damage	 (mutation)	 or	 cell	
death.[7]	 Therefore,	 the	 study	 of	 cell	 and	 tissue	 responses	
to	 IR	 is	 an	 important	 task	 in	 both	 radiation	 biology	 and	
oncology.	 Regarding	 the	 side	 effects	 caused	 by	 IR	 in	
patients	 undergoing	 radiotherapy,	 the	 radioprotectors	
undeniably	 have	 an	 important	 role	 for	 tolerance	 and	
increasing	 the	 survival	 rate	 in	 patients.[6]	 The	 potential	
applications	of	radio	protective	substances	include	their	use	
in	 the	 event	 of	 radiation	 accident	 or	 in	 radiation	 therapy	
of	 cancer	 patients	 to	 protect	 normal	 cells.	 Several	 natural	
products	have	been	shown	to	protect	cells	against	radiation	
damage	by	virtue	of	their	antioxidant	properties.[4‑9]

In	 the	 present	 study,	 we	 evaluated	 the	 efficacy	 of	 RUT	
and	 QRT	 in	 reducing	 effects	 of	 gamma	 radiation.	 RUT	
and	 QRT,	 a	 phenolic	 antioxidants,	 play	 an	 important	 role	
in	 the	 oxidation	 process	 by	 being	 preferentially	 oxidized	
by	 the	attacking	radical,	due	 to	high	redox	potential,	 it	can	
act	 as	 reducing	 agents,	 hydrogen	 donors,	 singlet	 oxygen	
quenchers,	 and	 as	 metal	 chelating	 agents,	 giving	 intrinsic	
antioxidant	 properties.[10‑15]	 To	 the	 best	 of	 our	 knowledge,	
no	 study	 has	 been	 conducted	 earlier	 to	 determine	 the	
antigenotoxic	and	 radioprotective	effects	of	RUT	and	QRT	
in	 human	 lymphocytes.	 In	 the	 present	 study,	 the	 gamma	
radiation	 damage	 on	 human	 lymphocytes	 was	 studied	
employing	MN,	comet,	and	apoptosis	assays,	each	of	which	
has	its	own	importance	in	drawing	inference.

IR,	 as	 many	 other	 cytotoxic	 agents,	 may	 induce	 whole	
chromosomes	or	 chromosome	 fragments	 that	 do	not	 attach	
to	the	spindle	apparatus	during	mitosis.	These	chromosomes	
or	fragments	then	may	be	spontaneously	enclosed	by	nuclear	
membrane,	 forming	 a	 micronucleus.	According	 to	 CBMN	
assay,	 our	 results	 clearly	 indicated	 the	 nontoxic	 nature	 of	
RUT	and	QRT	by	 itself.	They	 caused	 a	moderate	decrease	
in	 CBPI	 with	 decline	 in	 total	 number	 of	 MN	 in	 gamma	
irradiated	 samples	 at	 all	 the	 tested	 concentrations	 when	
compared	with	 IR	 alone	 group	 indicating	 its	 antigenotoxic	
potential.	 Our	 results	 are	 in	 agreement	 with	 reports	 from	
previous	 genotoxicity	 studies	 where	 treatment	 of	 human	
lymphocytes	 with	 WR‑2721	 (7	 mM)	 before	 exposure	 to	
2	 Gy	 gamma	 radiation	 significantly	 reduced	 radiation	
induced	 MN	 formation,[16,17]	 similar	 radioprotective	 effect	
was	also	observed	with	other	well‑known	antioxidants.[16‑19]

In	the	present	study,	a	significant	radioprotective	effect	was	
observed	 as	 indicated	 by	 the	 reduced	 genotoxicity	 at	 an	
optimal	 dose	 of	 25	µg/ml,	 RUT	 and	QRT	with	 no	 further	
benefit	with	 its	higher	 concentrations.	Genotoxic	 effects	of	
IR	 are	 also	mediated	 through	 formation	 of	 free	 radicals	 or	
ROS/RNS,	which	 additionally	 cause	DNA	 single‑strand	 or	

Table 6: Induction of micronuclei and cytokinesis 
blocked proliferation index values in human 

lymphocytes treated with optimum concentration of 
quercetin (25 µg/mL) for 1 h before exposure to different 

doses of gamma radiation
IR dose 
(Gy)

MNBC/1000 cells±SEM Total MN CBPI
One Two Multiple

0 17.01±0.71 1.14±0.47 0.78±0.15 19.10±1.56 1.954
1 52.06±1.48 4.92±1.26 0.45±0.47 59.30±0.29a 1.827
2 117.96±4.47 3.39±1.07 3.64±1.31 132.15±4.08a 1.765
3 137.15±3.05 18.90±2.65 12.05±1.52 171.32±6.76b 1.652
4 205.98±3.54 27.07±2.82 16.06±1.47 239.60±1.21b 1.557
All	results	were	shown	as	mean±SEM	from	the	data	of	three	independent	
experiments.	 The	 significant	 levels	 aP<0.01,	 bP<0.001,	 when	
compared	with	respective	radition	alone	group.	CBPI:	Cytokinesis	
blocked	proliferation	index,	IR:	Radiation,	MNBC:	Micronuclei	in	
buccal	cells,	MN:	Micronucleus,	SEM:	Standard	error	of	mean

Table 7: Induction of DNA damage assessed by alkaline 
comet assay (percentage tail DNA and olive tail 

moment) in human lymphocytes treated with different 
concentrations of quercetin for 1 h before exposure to 

2 Gy of gamma radiation
Group Comet parameters

Percentage tail DNA±SEM OTM±SEM
Untreated 7.07±0.51 1.72±0.35
QRT	(25	µg)	alone 7.45±0.48 3.85±0.47
IR	alone	(2Gy) 25.26±2.47 24.24±2.11
QRT	(10	µg)	+	IR 19.71±1.47a 17.75±2.12
QRT	(15	µg)	+	IR 16.95±1.05a 16.65±1.89a
QRT	(20	µg)	+	IR 15.62±3.72c 16.22±1.47c

QRT	(25	µg)	+	IR 14.28±1.54b 15.36±1.47b

All	 results	 are	 shown	 as	 mean±SEM	 from	 the	 data	 of	 three	
independent	experiments.	The	significant	 levels	 aP<0.05,	 bP<0.01,	
cP<0.001	 and	 no	 symbol:	Nonsignificant,	when	 compared	with	
radiation	alone	group.	OTM:	Olive	 tail	moment,	QRT:	Quercetin,	
IR:	Radiation,	SEM:	Standard	error	of	mean
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double‑strand	 breaks,	 alkali‑labile,	 and	 in	 excision	 repair	
sites.[24‑26]	 All	 the	 above‑mentioned	 lesions	 significantly	
contribute	 to	 the	 increased	 levels	of	primary	DNA	damage	
that	could	be	detected	by	the	alkaline	comet	assay.

The	 antigenotoxic	 potential	 of	 RUT	 and	 QRT	 were	 also	
further	 confirmed	 using	 alkaline	 single‑cell	 electrophoresis	
assay	 (comet	 assay).	 This	 assay	 is	 highly	 sensitive,	
single‑cell‑based,	 rapid,	 and	 reproducible,	 needs	 only	 a	
small	number	of	cells	and	therefore	used	extensively	for	the	
evaluation	 of	 DNA	 damage	 and	 repair	 studies.[18‑20]	As	 the	
DNA	 damage	 produced	 is	 directly	 related	 to	 the	 radiation	
dose,	any	change	 in	 radiation	dose	should	be	 revealed	 in	a	
proportional	 change	 in	 the	 comet	 measurement.	 Thus,	 the	
size	 and	 shape	 of	 the	 comet	 and	 the	 distribution	 of	 DNA	
within	 the	 comet	 have	 been	 correlated	 with	 the	 extent	 of	
DNA	damage.[18]	The	results	of	present	alkaline	comet	study	
indicate	 that	 RUT	 and	 QRT	 without	 being	 toxic	 to	 cells	
at	 the	 concentrations	 used,	 have	 the	 ability	 to	 reduce	 the	
comet	 parameters	 such	 as	 tail	DNA	and	OTM	which	were	
induced	in	 lymphocytes	following	various	doses	of	gamma	
rays.	 These	 results	 are	 in	 agreement	 with	 observation	 of	
earlier	 author	 that	 amifostine	 decreased	 radiation‑induced	
DNA	 damage	 in	 lymphocytes	 assessed	 by	 comet	 assay.[22]	
So	 far,	 several	 antioxidants	 and	 free	 radical	 scavengers	
have	 been	 found	 to	 attenuate	 IR‑induced	 apoptosis	 and	
exhibited	radioprotection.[10‑15]

This	 is	 in	 agreement	 with	 our	 findings	 in	 the	 present	
study.	 We	 observed	 apoptotic	 morphological	 changes	
and	 DNA	 fragmentation	 in	 irradiated	 lymphocytes.	
Pretreatment	 of	 lymphocytes	 with	 RUT	 and	 QRT	 alone	
was	 found	 to	 be	 nontoxic	 at	 the	 concentration	used	 and	 in	
combination	 with	 IR	 showed	 a	 significant	 suppression	 of	
morphological	 changes	 with	 a	 reduction	 in	 MN	 induction	
and	 DNA	 damage.	 These	 findings	 are	 in	 agreement	 with	
earlier	 observations	 for	 hesperidin	 and	 cimetidine	 in	
cultured	 human	 peripheral	 blood	 lymphocytes	 exposed	 to	
irradiation.[26‑30]	The	studies	are	 in	progress	 to	elucidate	 the	
exact	mechanism	of	 antigenotoxic	 effect	of	RUT	and	QRT	
in	human	lymphocytes.	

Conclusion
To	 conclude,	 the	 antigenotoxic	 effects	 rendered	 by	 the	
RUT	and	QRT	to	mitigate	 the	radiation	induced	damage	in	
human	lymphocytes	may	be	partly	attributed	to	scavenging	
of	 radiation	 induced	 ROS	 and	 also	 by	 the	 inhibition	 of	
radiation	induced	oxidative	stress.
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