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The flavanoid derivative troxerutin, used clinically for treating venous disorders, protected biomem-
branes and cellular DNA against the deleterious effects of γ-radiation. The peroxidation of lipids (measured
as thiobarbituric acid-reacting substances, or TBARS) in rat liver microsomal and mitochondrial membranes
resulting from γ-irradiation up to doses of 500 Gy in vitro was prevented by 0.2 mM troxerutin. The admin-
istration of troxerutin (175 mg/kg body weight) to tumor-bearing mice by ip one hour prior to 4 Gy whole-
body γ-irradiation significantly decreased the radiation-induced peroxidation of lipids in tissues such as liver
and spleen, but there was no reduction of lipid peroxidation in tumor. The effect of troxerutin in γ-radiation-
induced DNA strand breaks in different tissues of tumor-bearing mice was studied by comet assay. The
administration of troxerutin to tumor-bearing animals protected cellular DNA against radiation-induced strand
breaks. This was evidenced from decreases in comet tail length, tail moment, and percent of DNA in the tails
in cells of normal tissues such as blood leukocytes and bone marrow, and these parameters were not altered
in cells of fibrosarcoma tumor. The results revealed that troxerutin could preferentially protect normal tissues
against radiation-induced damages in tumor-bearing animals.

INTRODUCTION

There has been extensive research on radioprotective com-
pounds during the past 50 years because of the relevance of
these compounds in military, clinical, and industrial applica-
tions. Radiation protection might offer a tactical advantage on
the battlefield in the event of nuclear warfare. Radioprotectors
could reduce the cancer risk to populations exposed to radia-
tion directly or indirectly through industrial and military
applications. They are required to reduce normal tissue injury
during radiotherapy of cancer. Although a variety of com-
pounds exhibit considerable radioprotecting property in the
laboratory, most of them fail in human applications because
of toxicity and side effects. A search for more effective and
less toxic radioprotectors has led to increasing interest in nat-
ural and synthetic pharmaceutical compounds with low toxic-
ity profiles that can suppress the formation of free radicals.1–7)

A wide variety of naturally occurring and synthetic drugs
used for treating several illness exhibit efficient free radical
scavenging properties, and these could act as radioprotec-
tors.8) Recently it has been reported that histamine H2 receptor

antagonists such as cemitidine, ranitidine, and tamolidine,
besides being good inhibitors of histamine-stimulated gastric
acid secretions, could offer radiation protection in vitro and in
vivo.9)

Naturally occurring antioxidant compounds such as fla-
vanoids, polyphenols, and vitamin E offer protection against
the deleterious effects of ionizing radiation because of their
ability to scavenge free radicals.3,6,7,10,11) The flavanoid deriva-
tive troxerutin {2-[3,4-bis(2-hydroxyethoxy)phenyl]-3[(6-de-
oxy-α-L-manno-pyranosyl)-β(-D-glucopyranosyl)-oxy]-5-
hydroxy-7-(2hydroxyethoxy)-4H-1-benzo-pyran-4-one} has
been used therapeutically for treating chronic venous insuffi-
ciency (CVI),12–19) varicosity,20) and capillary fragility.21–23) It
has anti-erythrocytic, antithrombotic, fibrinolytic,13) odema-
protective,24) and rheological activity.14,17) Troxerutin scav-
enges oxygen-derived free radicals.25–28) It has been reported
that during radiotherapy of head and neck cancer, the admin-
istration of a mixture of troxerutin and coumarin offered pro-
tection to salivary glands and mucosa.29) The structure of trox-
erutin is given in Fig. 1. The present study focuses on the
effect of troxerutin on gamma-radiation-induced lipid peroxi-
dation of rat microsomal and mitochondrial membranes (in
vitro), as well as mice liver, spleen, and tumor (in vivo). The
effect of troxerutin on radiation-induced DNA damage in
mice blood, bone marrow, and tumor cells is also studied by
the use of comet assay.
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MATERIALS AND METHODS

Materials
Troxerutin, high melting point agarose, low melting point

agarose, Na2-EDTA, Triton X-100, DMSO, Trise-base, Try-
pan blue, and Propididum iodide were obtained from Sigma
Chemicals Inc. (St. Louis, MO, USA). All other chemicals
used were of analytical grade procured locally.

Animals
Male swiss mice, 8–10 weeks old and weighing 20–25 g,

were selected from an inbred group maintained under stan-
dard conditions of temperature (25 ± 2°C) and humidity. The
animals were provided with food and water ad libitum. Usu-
ally, four animals were housed in each sterile polypropylene
cage containing sterile paddy husk as bedding.

All the animal experiments were conducted with strict
adherence to the ethical guidelines laid down by the Commit-
tee for the Purpose of Control and Supervision of Experi-
ments on Animals (CPCSEA) constituted by the Animal Wel-
fare Division of Government of India on the use of animals in
scientific research.

Tumor transplantation
For studying the influence of Troxerutin on radiation-

induced lipid peroxidation and DNA strand breaks, a serially
transplanted fibrosarcoma originally developed by a subcuta-
neous injection of 6,12-dimethylbenzo (1,2-b, 5,4-b) dithion-
aphthene was used as a test system.30) Tumors 10–15 days old
were excised and minced, and single-cell suspension was pre-
pared in a sterile environment. About 200 µl of this murine
fibrosarcoma single-cell suspension (1 × 106 cells) in phos-
phate buffered saline was transplanted by subcutaneous injec-
tion on the dorsal side of the hind limbs of the mice. When the
tumor reached a diameter of 8–10 mm, the experiment was
conducted.

Drug administration
The animals were administered troxerutin of a concentra-

tion 175 mg/kg body weight in double-distilled water (DDW)
intraperitoneally.

Isolation of mitochondria and microsomes
Rat liver mitochondrial and microsomal fractions were iso-

lated by the protocol standardarized in our laboratory.31,32) The
protein concentration of the mitochondrial and microsomal
fraction was determined by the Lowry method.33)

Irradiation
Rat liver mitochondrial and microsomal membranes were

exposed to various doses of 60Co-gamma rays (0–500 Gy) in a
Gamma Cell 220 (AECL, Canada) at a dose rate of 6.92 Gy/
min in the absence and presence of different concentrations
(0.1–0.8 mM) of Troxerutin. For whole-body gamma irradia-
tion, the animals were kept in a well-ventilated acryl box and
exposed to 4 Gy in a Junior Theratron unit with a dose rate of
approximately 0.5 Gy/min.

Analysis of membrane damage in vitro
The damage to mitochondrial and microsomal membranes

by gamma radiation was assessed in terms of lipid peroxida-
tion.34) Mitochondrial and microsomal membranes were sus-
pended in 250 µl of 10 mM potassium phosphate buffer pH
7.4 to have a protein equivalent of 200 to 300 µg and exposed
to different doses of gamma radiation in the absence and pres-
ence of different concentrations of troxerutin. After radiation
exposure, 750µl TBA reagent [0.375% thiobarbituric acid
(TBA), 0.25 M HCl, 15% trichloroacetic acid (TCA), and 6
mM EDTA] was added. The reaction mixture was incubated
at 85°C for 20 min, cooled to ambient temperature, and cen-
trifuged at 12,000 ×g for 10 min at 25°C.Thiobarbituric acid
reactive substances (TBARS) in the supernatant was esti-
mated by measuring the absorption at 535 nm by the use of a
Varian DMS 200 UV-Visible spectrophotometer. Lipid per-
oxidation values are expressed as n moles of TBARS per mg
of protein.31,32)

Effect of troxerutin on radiation-induced lipid peroxida-
tion in murine tissues

The animals were divided into the following groups:
(1) Double-distilled water (DDW) + sham irradiation
(2) DDW+ 4 Gy irradiation
(3) Troxerutin + sham irradiation
(4) Troxerutin + 4 Gy irradiation
One hour after the administration of DDW or Troxerutin,

the animals were whole-body exposed to 0 (sham irradiation)
or 4 Gy by use of a Junior Theratron unit (AECL, Canada) at
a dose rate of 0.5 Gy/min in a polycarbonated cage. After two
hours of irradiation, all the animals were sacrificed by cervi-
cal dislocation, and the liver, spleen, and tumor were removed
and kept in ice-chilled 10 mM potassium phosphate buffer
(pH 7.4). All tissues were washed in the chilled potassium
phosphate buffer to remove blood. A 10% homogenate of
liver, spleen, and tumor was made in the potassium phosphate
buffer. This homogenate was used for assaying the lipid per-
oxidation as described above.

Fig. 1. Structure of troxerutin.
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Effect of troxerutin on radiation-induced DNA damage in
murine tissues

The animals were divided and irradiated as described
above. They were sacrificed by cervical dislocation; blood
was withdrawn from the heart with a heparinized hypodermic
syringe and collected in heparinized ependorf tubes. The
tumor was dissected and kept in phosphate-buffered saline
(PBS), and the bone marrow cells were collected by flushing
the femur bone of each animal with PBS. All the samples
were stored on ice in dark.

A single cell suspension of the tumor was prepared by use
of a cell dissociation sieve tissue grinder kit from Sigma, Bio-
chemicals & Reagents, USA, with 50 mesh screen (Cat # S-
0895, Sigma Chemicals, St. Louis, USA). Cell viability was
tested by a trypan blue dye exclusion test with 0.02% trypan
blue in PBS. To study the DNA damage in these single cell
suspensions, we performed an alkaline single-cell gel electro-
phoresis (comet assay).

Single cell gel electrophoresis (SCGE)
The comet assay carried out was based on the method of

Singh et al.35) with some modification. Fully frosted micro-
scope slides (Gold Coin, Mumbai) were covered with 200 µl
of 1% normal melting agarose (NMA) in PBS at 45°C, imme-
diately coverslipped and kept at 4°C for 10 min to allow the
agarose to solidify. The removal of the cover glass from the
agar layer was followed by the addition of a second layer of
200 µl of 0.5% low- melting agarose (LMA) containing
approximately 105 cells at 37°C. Cover glasses were placed
immediately, and the slides were placed at 4°C. After the
solidification of the LMA, the cover glasses were removed
and the slides were placed in the chilled lysing solution con-
taining 2.5 M NaCl, 100 mM Na2-EDTA, 10 mM Tris-HCl,
pH 10, and 1% DMSO, 1% Triton X100 and 1% sodium sar-
cosinate for 1 h at 4°C. The slides were removed from the lys-
ing 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 the elec-
trophoresis was carried out for 20 min at 40 V, 350 mA. After
electrophoresis, the slides were washed gently with 0.4 M
Tris-HCl buffer, pH 7.4, to remove the alkali. They were
stained by lying on the top with 20 µl of propidium iodide (PI,
20µg/ml) and visualized with a Carl Ziess Axioskop micro-
scope that had bright field-phase contrast and epi-fluores-
cence facility. The images were captured with a high-perfor-
mance JVG TK 1280E color video camera. The integral
frame grabber used in this system (Cvfbo1p) is a PC-based
card, and it accepts color composite video output of the cam-
era. The quantification of the DNA strand breaks of the stored
images was done with the imaging software SCG-Pro, devel-
oped in our research center, by which tail length, tail moment,
and% DNA in the tail could be obtained directly.36)

Statistical analysis
The results are represented as mean ± standard error of

mean (Mean ± SEM). We performed the ANOVA by using
origin 5.0. The results are significant at p ≥ 0.001, p ≥ 0.01, p
≥ 0.05, and p ≥ 0.1.

RESULTS

Protection of organelles membranes in vitro
As shown in Fig. 2, a and b, it was found that there was a

dose-dependent increase in TBARS in the mitochondrial and
microsomal membranes in response to an exposure of gamma
radiation in vitro, and the addition of troxerutin decreased
TBARS in a concentration-dependent manner. The optimum
protection in both mitochondrial and microsomal membranes
was observed at 0.2 mM. At this concentration of drug, the
peroxidation of lipids induced by 500 Gy gamma radiation

Fig. 2. Effect of Troxerutin on gamma-radiation-induced lipid
peroxidation in rat liver (a) microsomal and (b) mitochondrial mem-
branes. Each point represents the mean ± SEM (standard error of
mean).
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was decreased by 75% in microsomal membrane and 55% in
mitochondrial membrane.

Protection of membranes of murine tissues in vivo
The in vivo study showed that there was an increase in lipid

peroxidation in tissues upon an exposure to 4 Gy radiation
from that of untreated control. An administration of troxerutin
(175 mg/kg body weight) 1 h prior to irradiation decreased
the level of lipid peroxidation. The degree of protection was

found to vary in different tissues. In regard to liver, it was
found that upon whole-body exposure of 4 Gy there was
increase in the level of TBARS from 0.236 ± 0.015 to 0.329 ±
0.073, and an administration of drug to 175 mg/kg. body
weight decreased it to 0.222 ± 0.018 (Fig. 3a). An administra-
tion of drug caused a slight decrease in the level of TBARS in
the sham-irradiated group (0.184 ± 0.008). In spleen there
was increase in the level of TBARS upon whole-body expo-
sure (4 Gy) to 0.383 ± 0.017, from 0.273 ± 0.019, and an
administration of the drug resulted in a reduction in level of
TBARS to 0.314 ± 0.005 (Fig. 3b). There was increase in the
level of TBARS in the drug- administered sham-irradiated

Fig. 3. Effect of troxerutin on lipid peroxidation in tissues of mice
bearing fibrosarcoma tumor in terms of TBARS, (a) liver, (b) spleen,
and (c) tumor following whole-body gamma radiation (4 Gy) in
terms of TBARS. Results are significant at level **p > 0.1, *p >
0.01.

Fig. 4. Effect of troxerutin on DNA damage in murine leucocytes
assayed by comet assay, (a) tail moment, (b)% DNA in tail, and (c)
tail migration. Results are significant at level *p > 0.001 and **p >
0.01.
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group (0.33 ± 0.023) (Fig. 3b).
There was increase in the level of lipid peroxidation in

tumor tissue to 0.504 ± 0.02, from 0.487 ± 0.022, upon
whole-body exposure to gamma radiation (4 Gy). An admin-
istration of troxerutin 1 hour prior to irradiation resulted in no
decrease in the level of lipid peroxidation; this is evident in
Fig. 3c.

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

Whole-body exposure of tumor-bearing animals to gamma-

radiation (4Gy) resulted in an increase in the comet parame-
ters (such as% DNA in tail, tail moment, and tail migration)
of cells of various tissues and tumor as a result of damage to
cellular DNA (Fig. 4–6). When troxerutin was administered 1
h prior to irradiation, there was a significant decrease in
comet parameters in blood leukocytes and bone marrow cells,
but not in the tumor cells of irradiated animals (Fig. 6, a–c).

When animals were exposed to gamma radiation (4 Gy), in

Fig. 5. Effect of troxerutin on DNA damage in murine bone mar-
row cells assayed by comet assay, (a) tail moment, (b)% DNA in tail,
and (c) tail migration. Results are significant at level *p > 0.001. Fig. 6. Effect of troxerutin on DNA damage in fibrosarcoma

tumor grown in mice, assayed by comet assay, (a) tail moment, (b)%
DNA in tail, and (c) tail migration. Results are insignificant at level
*p > 0.05.
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blood cells tail moment increased to 19.28 ± 1.47, from 6.66
± 0.33;% DNA in tail increased to 29.81 ± 0.93, from 19.24 ±
0.42; and% DNA in tail migration increased to 55.08 ± 2.41
from 32.43 ± 0.96. But an administration of troxerutin 1 h
prior to irradiation brought down these parameters to levels of
11.53 ± 0.72, 26.42 ± 0.96, and 37.78 ± 1.07, respectively, in
the irradiated group (Fig. 4, a–c). In the bone marrow cells of
animals exposed to radiation (4 Gy), the tail moment and
the% DNA in tail and in tail migration were increased to
respective control values 6.18 ± 0.31, 19.17 ± 0.61, and 29.42
± 0.59, from 3.07 ± 0.14, 15.02 ± 0.34, and 23.32 ± 0.45,
respectively. The administration of troxerutin 1 h prior to irra-
diation brought down to levels of 3.79 ± 0.13, 15.37 ± 0.29,
and 24.21 ± 0.54 respectively, in the irradiated group (Fig. 5,
a–c). It can be seen in Fig. 6, a–c that after exposure to 4 Gy
radiation, the tumor cells showed an increase in tail moment
and% DNA in tail and in tail migration to 21.82 ± 3.14, 26.67
± 1.58, and 59.26 ± 4.14, from 9.16 ± 0.89, 21.56 ± 0.91, and
37.57 ± 1.53, respectively. But unlike the cells of blood and
bone marrow, there was no significant decrease in the comet
parameters of these cells when tumor-bearing animals were
exposed to radiation after troxerutin was administered.

DISCUSSION

The present study indicates that troxerutin, a cardiovascular
drug, besides its antierythrocytic, antithrombotic, fibrin-
olytic,13) odema-protective,24) rheological activity,14,17) exhib-
its a higher ability to protect the microsomal, mitochondrial,
and normal murine tissues, liver, and spleen than the fibrosar-
coma tumor cells against γ-radiation-induced lipid peroxida-
tion. Comet assay results indicate that in tumor-bearing ani-
mals exposed to gamma-radiation, this drug offers more
protection to cells of normal tissues, blood leucocytes, and
bone marrow, than the tumor cells against γ-radiation-induced
DNA strand breaks.

Troxerutin has undergone numerous clinical trials, animal
studies, and in vitro studies. Even with high doses, this com-
pound had excellent safety and tolerability profiles. In in vitro
testing with Salmonella typhimurium tester strains, troxerutin
was not found to be mutagenic.37) In clinical trials, it has been
given in doses of up to 7 g per day orally for up to 6 months
with no contraindications.38) There was no clinical conse-
quence when it was given to pregnant women at a dose of 4 g
per day.39,40) Troxerutin has been shown to be safe and effec-
tive in the treatment of chronic venous insufficiency (CVI).12–

19) It has marked affinity for the venous wall.41) The highest
uptake of the drug in the outer wall region has been reported
to result from its transport through the vasorum because of the
rheological properties of the drug.42) Troxerutin inhibits plate-
let adhesion to the extracellular matrix.22) This inhibition of
platelet adhesion to the extracellular matrix22) yields an anti-
erythrocyte aggregation effect and exerts a favorable action
on the blood fibrinolytic system.13) The intramuscular admin-

istration of a combination of 150 mg of troxerutin and 1.5 mg
of carbazochrome was effective in improving hemorrhoidal
and postsurgical symptoms following surgery.43)

Membranes and DNA are the vital targets for radiation
inactivation in the biological system. One of the major lesions
in cellular membranes induced by ionizing radiation is lipid
peroxidation. It can be initiated by radiolytic products, includ-
ing hydroxyl and peroxyl radicals. When microsomal and
mitochondrial membranes were exposed to gamma radiation,
the peroxidation of lipids increased with increasing doses of
radiation. The present study revealed that troxerutin prevents
radiation-induced membrane lipid peroxidation in a concen-
tration-dependent manner. In tumor-bearing animals adminis-
tered with troxerutin, there was a significant decrease in radi-
ation-induced lipid peroxidation in liver and spleen, but no
significant reduction of lipid peroxidation in tumor cells.

Ionizing radiation-induced damages to cellular DNA is of
prime biological significance. The types of damage suffered
by DNA as a result of ionizing radiation include strand breaks
of single- and double-strand types, base damage, elimination
of bases, and sugar damage.44) Alkaline comet assay is a sen-
sitive method by which DNA strand breaks at a single-cell
level can be monitored. The comet assay results in irradiated
tumor-bearing animals (Figs. 4–6) show that an administra-
tion of troxerutin 1 h prior to whole-body gamma radiation
significantly decreased the comet parameters:% of DNA in
tail, tail moment, and tail migration, in blood leukocytes, and
in bone marrow cells, but not in tumor cells.

The present results would indicate that there could be a
preferential protection of DNA and membranes in normal
cells in comparison to the tumor cells when tumor-bearing
animals were exposed to gamma radiation after the adminis-
tration of troxerutin. Further studies on the viability of cells
from normal tissues and tumor in vivo and in vitro are needed
to ascertain whether the radioprotection by this drug is
restricted to normal tissues. However, it may be noted that the
present work is a demonstration of in vivo radioprotection of
normal tissues, which is close to the situation in radiotherapy.
The absence of discernible radioprotection in tumor cells
would suggest that either troxerutin does not protect the DNA
and membrane from radiation-induced lesions in tumor cells
because of the difference in cellular biochemistry or because
of a lack of sufficient concentration of the drug in tumor tis-
sue to elicit radioprotection. The biodistribution of this com-
pound in tumor and normal tissues, the hypoxic environment
of the tumor, the poor vasculature in the tumor, and the varia-
tions in the physiological and biochemical status of the cells
of the tumor compared to normal cells at the time of irradia-
tion, among other possibilities, could also be contributory fac-
tors for the observed differences in radioprotection in the nor-
mal and tumor cells. Further studies, however, are needed to
determine the actual mechanism underlying the preferential
radioprotection in normal tissues by this drug. Nevertheless,
the present study does indicate the potential application of
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troxerutin as an adjuvant in radiotherapy, since the adminis-
tration of this compound an hour prior to radiation exposure
results in a positive benefit to normal tissue protection.

Radiation therapy is one of the most common modalities of
treatment for human cancer. To obtain better tumor control
with higher doses of radiation, the normal tissues should be
protected against radiation injury. Thus radioprotecting com-
pounds are of importance in clinical radiation therapy.1)

Although a large variety of compounds have shown promise
as radioprotectors in laboratory studies, most of them failed
even before reaching the preclinical stage because of toxicity
and side effects. For a clinical application of any compound
as a radioprotector, it would require absolute certainty about
the protection factors for tumor and normal tissues to avoid
unacceptable clinical risk. The only compound currently used
as an adjuvant in radiotherapy for protecting normal tissues is
amifostine, or WR2721, though there have beebreports about
contraindications in some cases.45) Troxerutin has been used
in clinical practice for more than 3 decades to treat CVI,12–19)

capillary fragility,21–23) and varicosity.20) This compound has
been found to be safe and well tolerated at high concentra-
tions in human subjects. The present study reveals that trox-
erutin administration protects cells of normal tissues from
deleterious effects of gamma radiation while offering no pro-
tection to tumor cells in tumor-bearing animals exposed to
whole-body radiation. Thus the present work suggests that
troxerutin could be used as an ideal adjuvant in radiotherapy
to protect normal tissues.

ACKNOWLEDGEMENTS

The authors thank Mr. P. M. Gonsalves for his help in the
animal experiments.

REFERENCES

1. Nair, C. K. K., Parida, D. K. and Nomura, T. (2001) Radio-
protectors in radiotherapy. J. Radiat. Res. 42: 21–37.

2. Bors, W., Heller, W. Michel, C. and Sarn, M. (1990) Fla-
vonoids as anioxidants: Determination of radical scavenging
efficiencies. Methods Enzymol.186: 343–355.

3. Uma, Devi, P., Ganasoundari, A., Rao, B. S. S. and Srini-
vasan, K. K. (1999) In vivo radioprotection by Ocimum fla-
vonoids: survival of mice. Radiat. Res. 151: 74–78.

4. Uma, Devi, P. and Ganasoundari, A. (1999) Modulation of
antioxidant enzyme by Ocimum sanctum and it role in protec-
tion against radiation injury. Ind. J. Exp. Biol. 37: 262–268.

5. Samarth, R. M. and Kumar, A. (2003) Radioprotection of
Swiss albino mice by plant extract Mentha piperita (Linn). J.
Radiat. Res. 44: 101–109.

6. Nishimura, Y., Kim, H. S., Ikota, N., Arima, H., Bom, H. S.,
Kim, Y. H., Watanabe, Y., Yukawa, M. and Ozawa, T. (2003)
Radioprotective effect of chitosan in sub-lethally X-ray irradi-
ated mice. J. Radiat. Res. 44: 53–58.

7. Hosseinimehr, S. J., Safiee, A., Mozdarani, H. and Akhlag-

pour, S. (2001) Radioprotective effects of 2-iminothiazolidine
derivatives against lethal doses of gamma radiation in mice. J.
Radiat. Res. 42: 401–808.

8. Bardhan, K. D. (1981) Histamine H2 receptor antagonists. In:
Prespective in Duodenal Ulcer, 2nd. Ed., Ed, S., pp. 73–84,
Kline and French, Hertfordshire.

9. Mozdarani, H. (2003) Radioprotective properties of histamine
H2 receptor antagonists: present and future prospects. J.
Radiat. Res. 44: 145–149.

10. Uma, Devi, P., Ganasoundari, A., Vrinda, B., Srinivasan, K.
K. and Unnikrishnan, M. K. (2000) Radiation protection by
ocimum flavonoids orientin and vicenin: mechanism of action.
Radiat. Res 154: 455–460.

11. Konopacka, M. (1996) Vitamines as radioprotector of normal
cells. Postepy Hig. Med. Dosw. 50: 145–156.

12. Rehn, D., Golden, G., Nocker, W., Diebschlag, W. and Leh-
macher, W. (1993) Comparision between the efficacy and tol-
erability of oxerutins and troxerutin in the treatment of patients
with chronic venous insufficiency. Lrzneimittelforschung.
43(10): 1060–1063.

13. Boisseu, M. R., Taccoen, A., Garreau, C., Vergnes, C.,
Roudaut, M. F. and Garreau-Gomez, B. (1995) Fibrinolysis
and hemorheology in chronic venous insufficiency: a double
blind study of troxerutin efficiency. J. Cardiovasc. Surg.
(Torino) 36: 369–374.

14. Vin, F., Chabanel, A., Taccoen, A., Ducros, J., Gruffaz, J.,
Hutinel, B., Maillet, P. and Samama, M. (1992) Action of the
troxerutin on clinical parameters, plethysmographics and rheo-
logics of venous insufficiency of the lower limbs: A placebo-
controled trial. Arteres et. Veines 11: 333–342.

15. Vin, F., Chabanel, A., Taccoen, A., Ducros, J., Gruffaz, J.,
Hutinel, B., Maillet, P. and Samama, M. (1994) Double blind
trial of the efficacy of troxerutin in chronic venous insuffi-
ciency. Phlebology 9: 71–78.

16. Incandela, L., De, Sanctis, M. T., Cesarone, M. R., Laurora,
G., Belcaro, G., Taccoen, A. and Gerentes, I. (1996) Efficacy
of troxerutin in patients with chronic venous insufficiency: a
double-blind, placebo-controlled study. Advances in Therapy
13(3): 161–166.

17. Biosseau, M., Freyburger, G., Beylot, C. and Busquet, M.
(1986) Erythrocyte aggregation and parameters hemorheologic
at the insufficiency venous influence of the troxerutin. Arteries
et veins. 5(3): 231–234.

18. Wadworth, A. and Faulds, D. (1992) Hydroxyethylrutosides.
A review of its pharmacology, and therapeutic efficacy in
venous insufficiency and related disorders. Drugs 44: 1013–
1032.

19. Auteri, A., Blardi, P., Frigerio, C., de, Lillo, L. and di, Perri,
T. (1990) Pharmacodynamics of troxerutine in patients with
chronic venous insufficiency: correlations with plasma drug
levels. Int. J. Clin. Pharmacol. Res. 10: 235–41.

20. Schuller-Petrovic, S., Wolzt, M., Bohler, K., Jilma, B. and
Eichler, H. G. (1994) Studies on the effect of short-term oral
dihydroergotamine and troxerutin in patients with varicose
veins. Clin. Pharmacol. Ther. 56: 452–459.

21. Glacet-Bernard, A., Coscas, G., Chabanel, A., Zourdani, A.,
Lelong, F. and Samama, M. M. (1994) A randomized, double-
masked study on the treatment of retinal vein occlusion with



D. K. Maurya et al.

J. Radiat. Res., Vol. 45, No. 2 (2004); http://jrr.jstage.jst.go.jp

228

troxerutin. Am. J. Ophthalmol. 118: 421–429.
22. Krupinski, K., Giedrojc, J. and Bielawiec, M. (1996) Effect of

troxerutin on laser-induced thrombus formation in rat mesen-
teric vessels, coagulation parameter and platelet function. Pol.
J. Pharmacol. 48: 335–339.

23. Gueguen-Duchesne, M., Durand, F., Le, Goff, M. C. and
Genetet, B. (1988) Effects of troxerutin on the hemorhhologi-
cal parameters of patients with moderate arterial hypertension.
Prog. Clin. Biol. Res. Centre 280: 401–406.

24. Vanscheidt, W., Rabe, E., Naser-Hijazi, B., Ramelet, A. A.,
Partsch, H., Diehm, C, Schultz-Ehrenburg, U., Spengel, F.,
Wirsching, M., Gotz, V., Schnitker, J. and Henneicke-von,
Zepelin, H. H. (2002) The efficacy and safety of a coumarin-/
troxerutin-combination (SB-LOT) in patients with chronic
venous insufficiency: a double blind placebo-controlled ran-
domized study. Vasa 31: 185–190.

25. Kessler, M., Ubeaud, G., Walter, T., Sturm, F. and Jung, L.
(2002) Free radical scavenging and skin penetration on trox-
erutin and vitamin derivatives. Dermatolog. Treat. 13: 133–
141.

26. Blasig, I. E., Loewe, H. and Elbert, B. (1987) Radical trapping
and lipid peroxidation during myocardial reperfusion injury—
radical scavenging by troxerutin in comprision to mannitol.
Biomed. Biochim. Acta. 47: S539–S544.

27. Blasig, I. E., Loewe, H. and Elbert, B. (1988) Effect of trox-
erutin and methionine on spin trapping of free oxy-radicals.
Biomed. Biochim. Acta. 47: S252–S255.

28. Wenisch, C. (2001) Effect of bioflavonoids (trihydroxyethyl-
rutin and disodium flavodate) in vitro on neutrophil reactive
oxygen production and phagocytotic ability to assessed by
flow cytometry. Curr. Med. Res. Opan. 17: 123–127.

29. Grotz, A. A., Henneicke-vonZepelin, H. H., Khnen, R., al-
Nawas, B., Bockisch, A., Kutzner, J., Wustenberg, P., Naser-
Hijazi, B., Belz, G. G. and Wagner, W. (1999) Prospective
double-blind study of radioxerostomia with coumarin/troxeru-
tine in patients with head and neck cancer. Strahlenther. Onkol.
175: 397–404.

30. Waravdekar, S. S. and Ranadive, K. J. (1957) Biological test-
ing of sulfur isosteres of carcinogenic hydrocarbons. J. Natl.
Cancer Inst. 18: 555–559.

31. Gandhi, N. M., Gopalaswamy, U. V. and Nair, C. K. K.
(2003) Radiation protection by Disulfiram. J. Radiat. Res. 44:
(In Press)

32. Shetty, T. K., Satav, J. G. and Nair, C. K. K. (2002) Protection
of DNA and microsomal membranes in vitro by Glycyrrhizia
glabra L., against gamma irradiation. Phytother. Res. 16: 576–
578.

33. Lowry, O. H., Rosenbrough, N. J., Farr, A. L. and Randall, R.

J. (1951) Protein measurement with the Folin phenol reasent. J.
Biol. Chem. 193: 265–275.

34. Beuge, J. A. and Aust, S. D. (1978) Microsomal lipid peroxi-
dation. Meth. Enzymol. 52: 302–310.

35. Singh, N. P. (2000) Microgels for estimation of DNA strand
breaks, DNA protein crosslinks and apoptosis. Mutat. Res.
455: 111–127.

36. Chaubey, R. C., Bhilwade, H. N., Rajagopalan, R. and Ban-
nur, S. V. (2001) Gamma ray-induced DNA damage in human
and mouse leukocytes measured by SCGE-Pro: a software
developed for automated image analysis and data processing
for comet assay. Mutat. Res. 490: 187–197.

37. Marzin, D., Phi, H. V., Olivier, P. and Sauzieres, J. (1987)
Study of the mutagenic activity of troxerutin, a flavonoid
derivatives. Toxicol. Lett. 35(2–3): 297–305.

38. Glacet-Bernard, A., Coscas, G., Chabanel, A., Zaurdani, A.,
Lelong, F. and Samama, M. M. (1994) A randomized double-
masked study on the treatment of retinal vein occlusion with
troxerutin. Am. J. Ophthalmol. 15: 421–429.

39. Marhic, C. (1991) Clinical and rheological efficacy of troxeru-
tin in obstetric gynecology. Gynecol. Obstet. 86: 209–212.

40. Wijayanegara, H., Moses, J. C., Achmad, L., Sobama, R. and
Permadi, W. (1992) A clinical trial of hydroxyethylrotusides in
treatment of hemorrhoids of pregnancy. J. Int. Med. Res. 20:
54–60.

41. Patwardhan, A., Carlsson, K., Poullain, J. C., Taccoen, A.
and Gerentes, I. (1995) The affinity of troxerutin for the
venous wall measured by laser scanning microscopy. J. Car-
diovascular. Surg. (Torino) 36: 381–385.

42. Carlson, K., Patwardhan, A., Poullain, J. C. and Gerentes, I.
(1996) Transport et fixation de la troxerutine dans la paroi
veineuse. J. Mal. Vasc. 21 (Suppl C): 270–274.

43. Basile, M., Gidaro, S., Pacella, M., Biffignandi, P. M. and
Gidaro, G. S. (2001) Parental troxerutin and carbazochrome-
combination in the treatment of post-hemorrhoidectomy status:
A randomized, double blind, placebo-controlled, phase IV
study. Curr. Med. Res. Opin. 17: 256–261.

44. Belli, M., Sapora, O. and, Antonella, M. (2002) Molecular tar-
gets in cellular response to ionizing radiation and implications
in space radiation protection. J. Radiat. Res. 43: S13–S19.

45. Tannehill, S. P. and Mehta, M. P. (1996) Amifostine and radi-
ation therapy: past, present and future. Semin. Oncol. 23
(Suppl. 8): 69–77.

Received on September 18, 2003
1st Revision on October 31, 2003

2nd Revision on December 9, 2003
3rd Revision on January 19, 2004

Accepted on January 20, 2004


