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Abstract

The effect of troxerutin on γ -radiation-induced DNA strand breaks in different tissues of mice in vivo and formations of the
micronuclei were studied in human peripheral blood lymphocytes ex vivo and mice blood reticulocytes in vivo. Treatments with
1 mM troxerutin significantly inhibited the micronuclei induction in the human lymphocytes. Troxerutin protected the human
peripheral blood leucocytes from radiation-induced DNA strand breaks in a concentration dependent manner under ex vivo con-
dition of irradiation (2 Gy). Intraperitoneal administration of troxerutin (175 mg/kg body weight) to mice before and after whole
body radiation exposure inhibited micronuclei formation in blood reticulocytes significantly. The administration of different
doses (75, 125 and 175 mg/kg body weight) of troxerutin 1 h prior to 4 Gy γ -radiation exposure showed dose-dependent decrease
in the yield of DNA strand breaks in murine blood leucocytes and bone marrow cells. The dose-dependent protection was more
pronounced in bone marrow cells than in blood leucocytes. Administration of 175 mg/kg body weight of the drug (i.p.) 1 h prior
or immediately after whole body irradiation of mice showed that the decrease in strand breaks depended on the post-irradiation
interval at which the analysis was done. The observed time-dependent decrease in the DNA strand breaks could be attributed
to enhanced DNA repair in troxerutin administered animals. Thus in addition to anti-erythrocytic, anti-thrombic, fibrinolytic
and oedema-protective rheological activity, troxerutin offers protection against γ -radiation-induced micronuclei formation and
DNA strand breaks and enhances repair of radiation-induced DNA strand breaks. (Mol Cell Biochem 280: 57–68, 2005)
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Introduction

One of the major challenges in radiation biology is to pro-
tect man and animals from deleterious effects of ioniz-
ing radiation [1–4]. Several plant compounds particularly
flavonoids possessing high antioxidant activity are reported
to have radio-protecting property [1, 5]. The flavonoids, api-
genin, orientin, vicenin, luteolin, etc. were shown to inhibit
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radiation-induced chromosomal aberrations and formation
of micronuclei [5–8]. Damage to haemopoetic system is
considered to be the major hazard in mammals exposed to
ionizing radiation in the low dose range. In this report we
focus our studies on the effect of troxerutin, which is a
flavonoid derivative, used for the treatment of certain dis-
orders of the vascular system, on formation of micronu-
clei in human peripheral blood lymphocytes (ex vivo) and
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mice blood reticulocytes (in vivo) exposed to γ -radiation as
well as on radiation-induced DNA damage in bone marrow
and blood leucocytes of mice exposed to 4 Gy whole body
γ -irradiation.

Troxerutin (Scheme 1), a derivative of the natural flavonoid
rutin extracted from Sophora japonica (Japanese pogoda tree)
has been commonly used in the treatment of Chronic Ve-
nous Insufficiency (CVI) disease [9–16]. It improves capil-
lary function, reduces capillary fragility [17–19] and abnor-
mal leakage, and it has anti-erythrocytic, anti-thrombotic,
fibrinolytic [10], odema-protective [20] and rheological ac-
tivity [11, 14]. Its effectiveness and safety has been evalu-
ated in both elderly patients [21] as well as pregnant women
[22], with excellent results. It scavenges oxygen derived free
radicals [23–26]. It has been reported that during radiother-
apy of head and neck cancer, administration of a mixture of
troxerutin and coumarin offered protection to salivary glands
and mucosa [27]. Earlier studies have shown that troxerutin
inhibited lipid peroxidation in membrane of sub-cellular or-
ganelles as well as normal tissues of tumour-bearing mice
exposed to γ -radiation. Further, it was found that adminis-
tration of troxerutin resulted in differential protection of DNA
in blood leucocytes and bone marrow cells and not in cells of
tumour in whole body irradiated tumour-bearing mice [28].

Materials and methods

Materials

Troxerutin was obtained from Aldrich Chemical Company
Inc., Milwaukee, WI, USA. High melting point agarose, low
melting point agarose, Na2-EDTA, Triton X-100, DMSO,
Tris-base and Propidium iodide were obtained from Sigma
Chemical Co Inc. (St. Louis, MO, USA). All other chemicals
used were of analytical grade procured locally.

Animals

Male swiss mice, 8–10 weeks old weighing 20–25 g, were
selected from inbred group maintained under standard con-
ditions of temperature (25 ± 2 ◦C) and humidity. Animals
were provided with food and water ad libitum. Usually, four
animals were housed in each sterile polypropylene cage con-
taining sterile paddy husk as bedding.

All the animal experiments were conducted with strict ad-
herence to the ethical guidelines laid down by the Committee
for the Purpose of Control and Supervision of Experiments on
Animals (CPCSEA) constituted by the Animal Welfare Divi-
sion, Government of India on the use of animals in scientific
research.

γ -Irradiation

A 60Co-Junior Theratron Teletherapy unit (AECL, Otawa,
Canada) was used for all irradiation work. The dose rate was
0.39 Gy/min at 38 cm distance.

Drug administration

Animals were administered different doses of troxerutin (75,
125 and 175 mg/kg body weight) in double-distilled water
(DDW) intraperitoneally.

Micronuclei assay in human blood lymphocytes

Experiments were performed with blood samples from three
healthy non-smoking volunteers aged between 28 and 55
years. Peripheral blood was collected in sterile vacutainer
containing heparin as an anti-coagulant. The stock solution
of troxerutin was prepared in phosphate buffered saline (PBS,
pH 7.4) and filter sterilized using millipore syringe filter
(0.22 µm). Troxerutin (150 µl of 10 mM stock solution) was
added to the blood (1.35 ml) making the final concentra-
tion 1 mM. Blood samples were incubated for 25–30 min at
37 ◦C in CO2 incubator and subsequently exposed to 2 Gy
γ -radiation. After irradiation the lymphocytes were washed
with culture medium and the cells were cultured with mito-
gen stimulation to determine the extent of radiation-induced
genetic damage. Cultures were set up using 0.5 ml of whole
blood and 4.5 ml of RPMI 1640 medium supplemented with
15% fetal calf serum, 1% reconstituted phytohaemagglu-
tinin (PHA), 125 mM L-glutamine for 72 h. Cytochalasin B
(6 µg/ml) was added to the cultures at 44 h, after the initia-
tion of the cultures and cultures were terminated at 72 h with
mild hypotonic treatment (chilled KCl 75 mM) and fixed in
4:1 methanol–acetic acid. After three washes the cells were
gently dropped on a wet slide and stained with 2% Giemsa
in Sorenson’s buffer pH 6.8 for 10–12 min. All the slides
were coded and evaluated at 1000× magnification for the
frequency of micronuclei in cytokinesis blocked binucleated
(BN) cells with well-preserved cytoplasm. A total of 1000
BN cells were analysed from each experimental sample as
described earlier [29].

Micronuclei assay in mice blood reticulocytes in vivo

Preparation of acridine orange (AO)-coated glass slides
AO-coated slides were made according to Hayashi et al. [30].
Acridine orange was dissolved in distilled water at a con-
centration of 1 mg/ml. Ten microlitres of this solution was
placed on a pre-heated (about 70 ◦C) cleaned glass slide. The
solution was spread by moving a glass rod back and forth over
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it and dried by air. The AO-coated glass slides were stored at
room temperature under dry conditions.

Collection of peripheral blood cells from mice
for micronuclei assay
Peripheral blood was collected by tail vein puncture (at 24
and 48 h) and 5 µl aliquots of the blood were kept on AO-
coated slides and covered with cover slips. The reticulocytes
(RETs) and micronucleated reticulocytes (MN-RETs) were
monitored using a Carl Zeiss Fluorescent microscope with
Axioskop with blue filter. A suitable region of the slides was
selected under low magnification and approximately 1000
reticulocytes were scored for micronuclei.

Effect of troxerutin on radiation-induced DNA damage
in human blood leucocytes

For studying the effect of troxerutin on human blood leuco-
cytes, blood was collected from three healthy and non-smoker
volunteers having the mean age 25 ± 2 years by finger prick
method and stored in heparinized eppendorf tubes at ice tem-
perature. Troxerutin was added to 100 µl blood, 5–10 min
before irradiation, and the blood was exposed to 2 Gy γ -
radiation. Radiation-induced damage to DNA in the blood
leucocytes was measured as strand breaks using single cell gel
electrophoresis (comet assay) based on the method of Singh
[31] with some modification [28, 32]. In brief, frosted micro-
scope slides (Gold Coin, Mumbai, India) were covered with
200 µl of 1% normal melting agarose (NMA) in PBS at 45 ◦C,
immediately coversliped and kept at 4 ◦C for 10 min to allow
the agarose to solidify. Removal of cover slip from the agar
layer was followed by addition of a second layer of 200 µl of
0.5% low melting agarose (LMA) containing approximately
105 cells at 37 ◦C. Cover slips were placed immediately and
the slides were placed at 4 ◦C. After solidification of the
LMA, the cover slips were removed and slides were placed in
the chilled lysing solution containing 2.5 M NaCl, 100 mM
Na2-EDTA, 10 mM Tris–HCl, pH 10, and 1% DMSO, 1%
Triton X100 and 1% sodium sarcosinate, for 1 h at 4 ◦C. The
slides were removed from the lysing solution and placed on
a horizontal electrophoresis tank filled with freshly prepared
alkaline buffer (300 mM NaOH, 1 mM Na2-EDTA and 0.2%
DMSO, pH ≥13.0). The slides were equilibrated in the same
buffer for 20 min and electrophoresis was carried out at 25 V,
180 mA for 20 min. After electrophoresis the slides were
washed gently with 0.4 M Tris–HCl buffer, pH 7.4, to remove
the alkali. The slides were stained with 50 µl of propidium io-
dide (PI, 20 µg/ml) and visualized using a Carl Ziess Fluores-
cent microscope (Axioskop) with bright field phase-contrast
and epi-fluorescence facility. The images (50–60 cells/slide)
were captured with high-performance JVG TK 1280E colour

video camera. The integral frame grabber used in this sys-
tem (Cvfbo1p) is a PC-based card and it accepts colour
composite video output of the camera. The quantification
of the DNA strand breaks of the stored images was done
using the CASP software by which % DNA in tail, tail
length, tail moment and Olive tail moment could be obtained
directly [33].

Effect of troxerutin on radiation-induced DNA damage
in murine tissues

The animals were divided into the following groups:

1. DDW + sham-irradiation
2. DDW + 4 Gy irradiation
3. Troxerutin (175 mg/kg body weight) + sham-irradiation
4. Troxerutin (175 mg/kg body weight) + 4 Gy irradiation

One hour after the administration of DDW or troxerutin
(175 mg/kg body weight) animals were whole body exposed
to 0 Gy (sham-irradiation) or 4 Gy in polycarbonated cage.
Animals were sacrificed by cervical dislocation 2 h after post-
irradiation; blood was withdrawn from heart using a hep-
arinized hypodermic syringe and collected in heparinized ep-
pendorf tubes, whereas bone marrow cells were collected by
flushing the femur bones of each animal with PBS (pH 7.4).
All the samples were stored on ice in dark until alkaline single
cell gel electrophoresis was carried out.

Effect of different concentrations of troxerutin on murine
tissues upon γ -radiation exposure

The animals were divided into the following groups:

(1) DDW + sham-irradiation
(2) DDW + 4 Gy irradiation
(3) Troxerutin (75 mg/kg body weight) + 4 Gy irradiation
(4) Troxerutin (125 mg/kg body weight) + 4 Gy irradiation
(5) Troxerutin (175 mg/kg body weight) + 4 Gy irradiation

One hour after the administration of DDW or different
doses of troxerutin (75, 125 and 175 mg/kg body weight)
animals were whole body exposed to 0 Gy (sham-irradiation)
or 4 Gy in polycarbonated cage. Blood was collected at 0, 30
and 60 min from tail vein of mice. Animals were sacrificed
2 h after radiation exposure in same way as mentioned earlier
and blood and bone marrow cells were taken out and alkaline
single cell gel electrophoresis was carried out.
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Table 1. Effect of troxerutin on γ -radiation induced inhibition of micronuclei formation in human blood lymphocytes (volunteers’ ages range 28–55 yrs)

Age Micronuclei/1000 Average % inhibition
Sex (Yrs) Treatments BN % Inhibition (mean ± S.E.M.)

Male 28 Control 10 43.88 41.26 ± 3.46 p < 0.01

1 mM Troxerutin 12

2 Gy 360

2 Gy + 1 mM Troxerutin 202

Male 55 Control 8 34.40

1 mM Troxerutin 12

2 Gy 366

2 Gy + 1 mM Troxerutin 240

Female 48 Control 12 45.50

1 mM Troxerutin 10

2 Gy 356

2 Gy + 1 mM Troxerutin 194

Effect of troxerutin on DNA repair of mice blood leucocytes
upon γ -radiation exposure

The mice were exposed to 4 Gy γ -radiation and blood was
collected from tail vein just after irradiation (for 0 min) and
animals were divided in two groups, one group was treated
with DDW and other group was administered 175 mg/kg
body weight of troxerutin immediately after radiation ex-
posure. Blood was collected at 15, 30 and 90 and 120 min
post-irradiation from tail vein. The blood samples were sub-
jected to alkaline comet assay as discussed above to monitor
the DNA strand breaks.

Statistical analysis

The data was imported to excel work sheets, and graphs
were made using Origin version 5.0. Kruskal-wallis non-
parametric statistics with Dunn’s multiple comparison test
was used to study the significant level. Data was significant
at p-value less than 0.05. Each point represented as mean ±
S.E.M. (standard error of mean).

Results

Effect of troxerutin on γ -radiation-induced inhibition
of micronuclei formation in human blood lymphocytes

Exposure of human peripheral blood leucocytes to 2 Gy γ -
radiation resulted in considerable increase in the induction
of micronuclei, the number of micronuclei induction in-
creased from 10 ± 1.15 to 360.7 ± 2.9 (Table 1). Lym-
phocytes treated with 1 mM troxerutin and exposed to 2 Gy

γ -radiation exhibited a significant decrease in the induction
of micronuclei. The percentage inhibition of micronuclei by
1 mM troxerutin upon 2 Gy γ -radiation exposure was 41.26.

Effect of troxerutin on γ -radiation-induced inhibition
of micronuclei formation in mice peripheral blood
reticulocytes

It can be seen in Table 2 that when animals were ex-
posed to 4 Gy γ -radiation there was an increase in the
micronuclei in blood reticulocytes at 24 and 48 h but the

Table 2. Effect of troxerutin (175 mg/kg body weight administered 1 h prior
(A) and immediately after (B) 4 Gy whole body γ -radiation exposure) on
γ -radiation-induced inhibition of micronuclei formation in mice peripheral
blood reticulocytes

Mean ± S.E.M. of
MN-RETs/1000 RETs

Groups 24 h 48 h

(A)

Control 2.5 ± 0.44 1.7 ± 0.10

Trox control 3 ± 0.41 3.15 ± 0.11

4 Gy + DW 27.30 ± 1.15∗∗ 38.67 ± 0.67∗∗

4 Gy+Trox 175 mg/kg body weight 13.62 ± 0.32∗∗ 22.90 ± 2.6
∗∗

(B)

Control 2.5 ± 0.44 1.7 ± 0.10

Trox 175 mg/kg body weight 3 ± 0.41 3.15 ± 0.11

4 Gy + DW 11.28 ± 0.20∗∗ 34.72 ± 2.43∗∗

4 Gy+Trox 175 mg/kg body weight 7.41 ± 0.33∗∗ 23.82 ± 2.32∗∗

Note. N = 4, ∗∗ P < 0.001.
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Fig. 1. Effect of various concentrations of troxerutin on γ -radiation (2 Gy) induced DNA damage in human blood leucocytes, estimated by comet assay.
Mean of the % DNA in tail, tail length, tail moment, and Olive tail moment of single cells of human blood leucocytes subjected to alkaline single cell gel
electrophoresis in presence of various concentrations of troxerutin are presented with ±S.E.M.

administration of troxerutin (175 mg/kg body weight) sig-
nificantly (p < 0.001) reduced the number of micronuclei
formation.

Effect of different concentrations of troxerutin on
γ -radiation-induced DNA damage in human peripheral
blood leucocytes

Exposure of human peripheral blood leucocytes to γ -
radiation causes strand breaks and other damages in the cellu-
lar DNA. Comet assay monitors strand breaks in the cellular
DNA [31]. From Fig. 1 it can be seen that when human blood
leucocytes were exposed to 2 Gy γ -radiation, there was an
increase in comet parameters, such as % DNA in tail, tail
length, tail moment and Olive tail moment, and the presence
of 0.1 mM troxerutin during irradiation significantly reduced

these parameters. The results revealed that the presence of
0.1 mM troxerutin decreased the tail length and the Olive tail
moment by 11.5 and 18.66% respectively in human blood
leucocytes exposed to 2 Gy γ -radiation. Increasing the con-
centration of troxerutin from 0.1 mM to 0.8 mM did not show
further reduction in the comet parameters. Incubation of unir-
radiated cells with troxerutin at concentrations up to 0.8 mM
did not result in any alteration of the comet parameters from
that of the control unirradiated cells.

Effect of troxerutin on γ -radiation-induced DNA damage
in murine blood leucocytes and bone marrow cells

Damage to cellular DNA in blood leucocytes and bone mar-
row cells upon whole body exposure of mice to γ -radiation
was studied after 2 h post-irradiation. Whole body exposure



62

Fig. 2. Effect of troxerutin on DNA damage in murine blood leucocytes assayed by comet assay. Mean comet parameters: % DNA in tail, tail length, tail
moment and Olive tail moment of single cells of blood leucocytes subjected to alkaline single cell gel electrophoresis after administration of 175 mg/kg body
weight troxerutin at 2 h post-radiation are presented with ± S.E.M. (N = 4, ∗∗ p < 0.001).

of mice to 4 Gy γ -radiation resulted in increase in comet
parameters as can be evidenced in Figs. 2 and 3. Adminis-
tration of troxerutin (175 mg/kg body weight) i.p. 1 h prior
to γ -radiation exposure resulted in significant (p < 0.001)
reduction of the comet parameters (Figs. 2 and 3).

When animals were exposed to γ -radiation (4 Gy), % DNA
in tail was increased from 0.894 ± 0.01 to 4.428 ± 0.26, tail
length was increased from 5.71 ± 0.03 to 15.044 ± 0.69, tail
moment was increased from 0.105 ± 0.016 to 1.021 ± 0.11
and Olive tail moment was increased from 0.298 ± 0.031 to
1.599 ± 0.11 in blood cells (Fig. 2). Intraperitoneal admin-
istration of troxerutin 1 h prior to irradiation brought down
these parameters to a level of 2.569 ± 0.18, 9.724 ± 0.42,
0.388 ± 0.04 and 0.835 ± 0.06, respectively in the irradiated
group (Fig. 2). In bone marrow cells of animals exposed to
the radiation, % DNA in tail, tail length, tail moment and

Olive tail moment were increased from the control values of
0.812 ± 0.1, 5.56 ± 0.34, 0.123 ± .02 and 0.273 ± 0.04 to
3.413 ± 0.29, 15.2 ± 1.04, 1.204 ± 0.17 and 1.384 ± 0.13,
respectively (Fig. 3). The administration of troxerutin 1 h
prior to the radiation exposure brought down these comet
parameters in bone marrow cells to 0.71 ± 0.09, 5.4 ± 0.26,
0.089 ± 0.02 and 0.242 ± 0.03 (Fig. 3).

There was a progressive reduction of the comet parame-
ters due to increasing doses of troxerutin from 75 mg/kg body
weight 1 h prior to whole body γ -irradiation (Fig. 4). Admin-
istration of troxerutin at a dose of 175 mg/kg body weight did
not alter comet parameters in unirradiated animals.

The concentration-dependent radioprotection of cellular
DNA in blood leucocytes and bone marrow cells of whole
body irradiated animals were plotted for best fit statistical
model using program Micrococcal Origin 5.0. It can be seen
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Fig. 3. Effect of troxerutin on DNA damage in murine bone marrow cells assayed by comet assay. Mean comet parameters: % DNA in tail, tail length, tail
moment and Olive tail moment of single cells of bone marrow subjected to alkaline single cell gel electrophoresis after administration of 175 mg/kg body
weight troxerutin at 2 h post-radiation are presented with ± S.E.M. (N = 4, ∗∗ p < 0.001).

in Fig. 5 that the Olive tail moment in blood leucocytes de-
creased linearly with increasing doses of troxerutin adminis-
tration. This saturation value of radiation protection has not
reached in blood leucocytes even at the administering of a
dose of 175 mg/kg body weight troxerutin [R = −0.97603, Y
= 1.54 + (−0.00433X), p < 0.02], whereas in bone marrow
it decreased exponentially with increasing dose of troxerutin
as discernible in Fig. 5.

As these observations were made at 2 h post-irradiation, it
was not certain whether the observed reduction in the comet
parameters could be due to protection against initial radi-
ation damage in DNA as well as due to DNA repair. It is
evident from the Fig. 6 that troxerutin administration re-
duced the radiation-induced damage to cellular DNA as at
0 min the comet parameters were lower than that of the irra-
diated untreated group. However it could be argued that the
pronounced decrease of the comet parameters observed in
the irradiated troxerutin-treated group could be attributed the
initial low level of DNA damage rather than enhancement in

DNA repair. To resolve this and to examine the specific ef-
fect of troxerutin on DNA repair, studies on analysis of DNA
damage were undertaken following post-irradiation adminis-
tration of troxerutin.

To examine the effect of troxerutin administration on repair
of cellular DNA, the comet parameters of blood leucocytes of
whole body irradiated mice were examined at different time
intervals from 0 to 120 min. It can be seen in Fig. 6 that there
was a decrease in comet parameters with increase in time
of post-irradiation indicative of time-dependent DNA repair.
In the troxerutin-treated animals the decrease of the comet
parameters was found to be more pronounced than that of the
untreated animals.

Effect of troxerutin administration on repair
of radiation-induced damage to cellular DNA

The effect of troxerutin on DNA repair was ascertained by
examining the comet parameters of the peripheral blood
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Fig. 4. Effect of troxerutin on DNA damage in murine blood leucocytes and bone marrow cells assayed by comet assay. Mean comet parameters: % DNA in
tail, tail length, tail moment and Olive tail moment of single cells of blood leucocytes and bone marrow cells subjected to alkaline single cell gel electrophoresis
after administration of various doses of troxerutin at 2 h post-radiation are presented with ± S.E.M. (N = 4, p < 0.0001).

leucocytes from whole body irradiated mice at different
intervals following post-irradiation after administration of
troxerutin (175 mg/kg body weight) and the results are
presented in Fig. 7. In the troxerutin-treated animals the
decrease of the comet parameters was more than that of the
untreated animals. From Fig. 7 it can be seen that during
the initial 15 min, repair of most of the DNA damages
was completed. The repair of DNA takes place at a faster
rate in troxerutin-treated animals than in untreated ones.
Both in irradiated control group and troxerutin-treated
group the comet parameters exhibited a peak at 30 min
post-irradiation, which could be due to the commencement
of excision repair process [34]. This repair system involves
removal of the DNA lesions such as radiation-induced base
modification through a process of incision and excision at
the site of damage in DNA strand leading to generation
of strands breaks [34]. Some of the breaks resulting from
excision repair process are subsequently repair. The cells

with un-repaired lesions may go for apoptotic pathway. The
increase in comet parameters in later time interval (120 min)
may be a reflection of the apoptotic process in cells having
un-repaired lesions. Thus the results would indicate that apart
from offering protection to cellular DNA against radiation,
troxerutin also enhanced the cellular DNA repair process.

Discussion

The present study reveals that troxerutin, a cardiovascular
drug, in addition to its anti-erythrocytic, anti-thrombotic,
fibrinolytic [10], odema-protective [20], rheological activity
[11, 14], has radio-protective and DNA repair enhancement
property.

Ionizing radiation-induced damages to cellular DNA is of
prime biological significance. The types of damage suffered
by DNA due to ionizing radiation include strand breaks of
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Fig. 5. Statistical analysis for best fit of Olive tail moment of single cells
of murine tissues – blood and bone marrow subjected to single cell gel
electrophoresis.

single and double-strand types, base damage, elimination of
bases and sugar damage [35]. DNA strand breaks of the dou-
ble strand type lead to the formation of micronuclei. Cy-
tokinesis block micronucleus assay is an excellent method to
monitor the micronuclei formation in the blood lymphocytes
[29]. Troxerutin inhibits radiation-induced micronuclei for-
mation in ex vivo exposed human peripheral blood lympho-
cytes. Our result showed that presence of 1 mM troxerutin
during radiation exposure (2 Gy) inhibited micronuclei by
41.26%. The in vivo study of micronuclei inhibition in the
mice blood reticulocytes also showed that troxerutin signif-
icantly (p < 0.001) inhibited the formation of micronuclei
when troxerutin was administered prior and after radiation
exposure (4 Gy).

Alkaline comet assay is a sensitive technique to monitor
DNA strand breaks and alkali labile DNA lesions, and is
widely used to study genotoxicity [36] and lesions in cel-
lular DNA such as single and double strand breaks, DNA
repair and apoptosis induced by environmental toxic agents
[37–41]. The present study demonstrates that presence of

0.1 mM of troxerutin significantly reduced the DNA strands
breaks in human peripheral blood leucocytes exposed to γ -
radiation ex vivo. The in vivo results from murine system indi-
cate that administration of troxerutin 1 h prior to whole body
γ -radiation (4 Gy) protects cellular DNA in peripheral blood
leucocytes and bone marrow cells from radiation-induced
damage in a dose-dependent manner. In peripheral blood leu-
cocytes, the damage to DNA, as evidenced by Olive tail mo-
ment, linearly decreased with increasing doses of troxerutin
administration even up to 175 mg/kg body weight, while in
bone marrow cells the decrease in Olive tail moment showed
an exponential relationship. This would suggest that admin-
istration of troxerutin up to 175 mg/kg body weight leads
to saturation level of DNA protection in bone marrow cells
while it has not reached such levels of saturation in blood
cells. This could be an inherent property of peripheral blood
leucocytes as these cells are often subjected to oxidative and
metabolic stresses which may also introduce some lesions in
cellular DNA.

No literature is available about enhancement of DNA re-
pair by radio-protectors, except tocopherol monoglucoside
(TMG), in Saccharomyces cerivisae [42]. The present results
indicate that DNA repair is enhanced in peripheral blood leu-
cocytes of whole body irradiated animals administered with
troxerutin (175 mg/kg body weight) as evidenced from the
comet parameters. The repair can be due to troxerutin or its
metabolic derivatives in the blood. At present we do not have
data with respect to the metabolic derivatives of troxerutin.

Troxerutin has undergone numerous clinical trials in hu-
man subjects. Even with high doses, troxerutin had excellent
safety and tolerability profiles [17, 21, 22]. In in vitro test-
ing with Salmonella typhimurium tester strains, troxerutin
did not show any mutagenicity [43]. In our studies on mi-
cronuclei induction also corroborate that troxerutin does not
have genotoxicity as the drug did not significantly increase
the micronuclei in controls. Radiation-induced micronuclei
induction was inhibited by troxerutin under in vitro (human
peripheral lymphocytes) and under in vivo condition (mice
blood reticulocytes) indicating ability of troxerutin to protect
from radiation-induced genomic instability. In clinical trials,
troxerutin has been given in doses up to 7 g per day orally
for up to 6 months with no contraindications [17]. There
was no clinical consequence when troxerutin was given to
pregnant women at a dose of 4 g per day [21, 22]. Trox-
erutin have been shown to be safe and effective in treatment
of chronic venous insufficiency (CVI) disease [9–16]. It has
marked affinity for the venous wall [44]. The highest uptake
of the drug in the outer wall region has been reported to result
from its transport through the vasorum due to the rheolog-
ical properties of the drug [45]. Troxerutin inhibits platelet
adhesion to the extracellular matrix [18]. This inhibition of
platelets adhesion to the extracellular matrix [18] yields an
anti-erythrocyte aggregation effect and exerts a favourable
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Fig. 6. Effect of troxerutin (175 mg/kg body weight) on repair of murine blood leucocytes DNA strands breaks at different time interval after exposure of
4 Gy γ -radiation in term of decrease in comet parameters: % DNA in tail, tail length, tail moment and Olive tail moment. Each point represent mean ± S.E.M.
(N = 4).

action on the blood fibrinolytic system [10]. Intramuscular
administration of combination of 150 mg of troxerutin and
1.5 mg of carbazochrome was effective in improving hemor-
rhoidal and post-surgical symptoms following surgery [46].

The present study reveals its use as a safe and effective
radio-protector for human application in accident or inten-
tional exposures to ionizing radiation. Recent reports indicate
that there is a higher incident of malignancy due to diagnostic
exposures to X-rays [47]. This drug could be an ideal radio-
protector to be administered prior or after X-ray exposure to
protect deleterious genotoxic effects.

Radiation therapy is one of the most common modalities
of treatment for human cancers. In order to obtain better tu-
mour control with higher doses of radiation, the normal tis-
sues should be protected against radiation injury. Thus radio-
protecting compounds are of importance in clinical radiation

therapy [2]. Though a large variety of compounds have shown
promise as radio-protector in laboratory studies, few could
pass the transition from bench to bed side as most of them
failed even before reaching the preclinical stage due to toxic-
ity and side effects. For clinical application of any compound
as radio-protector, it would require absolute certainty about
the protection factors for tumour and normal tissues to avoid
unacceptable clinical risk. The only one compound that is
currently used as an adjuvant in radiotherapy for protecting
normal tissues is amifostine or WR2721 even though there
are reports about contraindications in some cases [48]. Trox-
erutin has been found to be safe and well tolerated at high
concentrations in human subjects. It has been reported earlier
that troxerutin protect normal tissues preferentially and does
not protect fibrosarcoma-tumour in tumour-bearing animals
[28]. Thus the present work suggests that troxerutin could
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Fig. 7. Effect of troxerutin (175 mg/kg body weight) on murine blood leucocytes DNA strands breaks at different time interval after exposure of 4 Gy γ -radiation
in term of decrease in comet parameters: % DNA in tail, tail length, tail moment and Olive tail moment. Each point represent mean ± S.E.M. (N = 3).

be used as an ideal adjuvant in the radiotherapy to protect
normal tissues.
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