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ABSTRACT

Moringa oleifera (M. oleifera) is renowned for its range of essential nutrients and
bioactive compounds. However, the toxicity and potential radiation modifying effects of
extracts from its entities are not well characterized. The cytotoxic and radiomodulatory
effects of aqueous extracts obtained from seeds, leaves and flowers of M. oleifera were
evaluated. Cytotoxicity and radiation modifying effects of extracts were assessed in
apparently normal Chinese hamster lung fibroblasts (V79 cells), using the colony
forming assay. The free radical scavenging activity of each extract was also assessed,
using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay. At
relatively low concentrations of 6.25-100 pg/ml, the seed extract showed about 20%
cytotoxicity and vyielded radiation sensitizing factors ranging from 1.23+0.07 to
2.38+0.76. The leaf extract was non-toxic at concentrations of up to 50 pg/ml, but
produced ~12% cell kill at 100 pg/ml. With little or no cytotoxicity on its own, the leaf
extract was radiosensitizing, with radiation modifying factors ranging from 1.30£0.18 to
1.50£0.26. At all tested concentrations, the flower extract was non-toxic, but significantly
enhanced cell growth in unirradiated cultures, showing no effect on cellular radiation
response. With the exception of the leaf extract which had a maximum of only 9% free
radical scavenging capacity, the other extracts showed no potential as radical scavengers.
Aqueous extracts of seeds, leaves and flowers of M. oleifera may potentially be clinically
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useful as cytotoxic agents, radiosensitizers, and wound healing promoters.

Introduction

Radiation therapy is one of the most preferred treatment
modalities for cancer. Promising approaches to optimize
radiotherapy response involves concurrent therapies to
enhance the local control with both radiosensitizers and
radioprotectors [1]. Radiosensitizers may enhance the tumor-
killing efficacy of radiation whilst limiting toxicity to normal
cells. The commercial potential of radioprotectors resides in
the contexts of their dual (clinical and non-clinical) utilities.
Clinically, radioprotectors are used during radiotherapy to
ameliorate collateral radiation damage to surrounding non-
malignant tissue. Their non-clinical usage is a consequence of
unplanned irradiation incidences, such as, occupational
exposure and as a countermeasure for civil protection against
terrorist activities.

New radiosensitizers and radioprotectors with high
respective efficacies in targeting tumor or normal cells to
selectively increase tumor cell killing during radiotherapy
would bring tremendous gains into clinical radiotherapy. The
possibility of one non-toxic compound or potion acting both as
a radiosensitizer and a radioprotector in radiation therapy
would be an even more attractive and beneficial strategy,
given that systemic toxicity of current radioprotective and
radiosensitizing drugs limits their applications.

Many protectants are very efficient scavengers of water-
derived free radicals and, therefore, compounds with the
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ability to effectively quench or scavenge free radicals are good
candidates for moderating the harmful effects of ionizing
radiation [2,3]. When these pharmacological agents are
present in the biological system prior to radiological
procedures, they are capable of neutralizing highly reactive
oxygen-derived free radicals produced by ionizing radiation,
thereby obviating radiation-induced cellular damage [4,5].
Natural compounds, particularly those from edible plants, are
seen as viable candidates to screen for pharmacological
radiomodulators because they are generally safe, non-toxic
and less expensive [6]. Plants constitute an enormous
repository of natural antioxidants [7], and these reserves could
offer leads for the development of novel, effective, non-toxic,
cost-effective and attractive strategies for radiotherapy and
biological radiation protection.

Moringa oleifera (Lam), a member of the family
Moringaceae is well-known for its range of essential nutrients
and bioactive compounds. Particularly, for its rich antioxidant
pool, the fact that it is almost ubiquitous throughout the world
except for temperate regions, and its profound medicinal and
antioxidant properties are well documented [8-11].

The present study is an effort to identify and evaluate the in
vitro radioprotective and radiosensitizing effects of M. oleifera
in apparently normal Chinese hamster lung fibroblasts (V79
cells). Here, aqueous extracts of flowers, leaves and seeds
from M. oleifera were obtained by sequential exhaustive



37432

extraction (SEE) of the dried pulverized plant materials with
solvents of increasing polarity: n-hexane, dichloromethane,
ethyl acetate, and ethanol. The marc from each plant part was
then resuspended and extracted in water to afford the aqueous
extract. The extracts were also assessed for their DPPH free
radical scavenging capacities as an index of their antioxidant
potential.

Materials and methods
Chemicals

2,2-diphenyl-1-picrylhydrazyl (DPPH) (cat #: D9132) and
L-ascorbic acid (cat #: A0278) were purchased from Sigma-
Aldrich (USA). All other chemicals and reagents were of
analytical grade.

Plant material and preparation of aqueous extracts

Fresh leaves, seeds and flowers of Moringa oleifera were
collected from Bawku (Upper-East Region, Ghana),
authenticated by a certified curator, and a voucher specimen
(JAMO001/14) was prepared and deposited at the Ghana
Herbarium (University of Ghana). Samples were shade dried
at room temperature (28-31°C). To obtain the aqueous
extracts used for this study, the shade dried parts of M.
oleifera (leaves, seeds and flowers) were pulverized and
20.19, 26.21 and 18.18 g of powdered leaves, seeds and
flowers, respectively, were separately subjected to 30 cycles
of sequential exhaustive extraction (SEE) for 6 h. For each
successive cycle, 200 ml of each solvent of increasing
polarity, namely, n-hexane, dichloromethane, ethyl acetate and
ethanol were used according to the classical Soxhlet
technique. This method consists of continuous extraction of
the plant material, while fresh amounts of solvent are
delivered, leading to total extraction. Solvents were removed
from each extract under reduced pressure in a BUCHI
Rotavapor R-200 rotary evaporator (Flawil, Switzerland) to
obtain concentrated crude extracts. These extracts were then
allowed to dry in an open air oven at 31°C to constant weights
and were stored at 4°C for future use. In the current study, an
aqueous extract from each plant part was prepared by re-
suspending the spent marc, obtained after the ethanol step of
the SEE, in 200 ml distilled water on a magnetic stirrer for 24
h at room temperature. The resulting extracts were centrifuged
at 3 000 rpm for 10 min at ambient temperature, and the
supernatants were filtered through a Whatman No. 1 filter
paper and dried under reduced pressure. The dried extracts
were stored at 4°C until required.

Cell line and culture maintenance

Chinese hamster lung fibroblast (V79) cells were
routinely cultured in Eagle’s Minimum Essential Medium,
EMEM (Sigma-Aldrich, USA), containing 10% heat-
inactivated fetal bovine serum (FBS) (HyClone, UK),
penicillin (100 U/ml), streptomycin (100 pg/ml) (Lonza,
Belgium), and maintained at 37°C in a humidified atmosphere
(95% air and 5% CO,). Cultures were maintained by
passaging weekly.

Extract cytotoxicity and radiomodulatory assays
Monolayers of exponentially growing V79 cells in 25-cm?
tissue culture flasks were trypsinized to give single-cell
suspensions and seeded in 25-cm?” culture flasks. To evaluate
potential toxicity of each extract, 300 and 500 cells were
seeded per flask (in triplicate) for unirradiated cultures in the
absence and presence of extract, respectively. To determine
the radiomodulatory effects of the various extracts, a second
set of cell cultures was prepared, in which 400 and 600 cells
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were seeded per flask (in triplicate) for cultures to be
irradiated to 2 Gy without and with extract, respectively. The
cultures were then incubated for 4-5 h to allow the cells to
attach. For extract treatment, stock extract solutions were
prepared in water and sterile filtered through 0.22-um nylon
filter membranes. Each extract was then diluted in sterile
growth medium and added to the corresponding cell cultures
at concentrations of 0, 6.25, 12.5, 25, 50, and 100 pg/ml.
Crude aqueous extracts of M. oleifera from the flower (MF),
leaf (ML) and seed (MS) were evaluated. The second set of
cell cultures was immediately irradiated to 2 Gy at a dose rate
of 1 Gy/min, using a Faxitron MultiRad 160 (Faxitron
Bioptics, Tucson, AZ, USA).

Cytotoxicity and modulation of radiosensitivity in V79
cells was assessed on the basis of clonogenic cell survival.
Immediately after treatment with extracts and irradiation, the
cell cultures were re-incubated for 6 days. Cultures were then
terminated and colonies fixed in glacial acetic
acid:methanol:water (1:1:8, v/v/v), stained in 0.01% amido
black in fixative, washed in tap water, air-dried, and counted.
Three independent experiments were performed for each dose
point and the mean (*SE) surviving fractions were
determined. The interaction between extracts and X-irradiation
(2 Gy) was expressed as a radiation modifying factor (RMF),
defined as the ratio of the mean cell surviving fractions (SF) in
the absence and presence of inhibitors, as follows:

RMF = SF(2 Gy)/SF([extract] + 2 Gy) 1)

The criteria for inhibition, no effect, and enhancement of
radiosensitivity by inhibitors are RMF<1.0, RMF=1.0 and
RMF>1.0, respectively.

DPPH free radical scavenging assay

To evaluate the crude extracts for their potential as free
radical scavengers, a modified version of the method reported
by Abderrahim and colleagues was employed [12]. Stock
solutions of the aqueous extracts were prepared by dissolving
the dried crude extract powders in water and the resultant
solutions were sterilized by filtration. Ten microliters of a
working stock of each extract in EMEM was dispensed into
corresponding wells in 96-well Corning microplates, on ice,
and 200 pl of a 0.06 mM solution of 2,2-diphenyl-1-
picrylhydrazyl (DPPH) in ethanol was added to give final
extract concentrations of 0, 6.25, 12.5, 25, 50 and 100 pg/ml.
The decrease in absorbance after 30 min incubation at room
temperature was determined at 517 nm, using a Synergy
Multidetection Multiplate Reader (Bio-Tek Instruments Inc.,
Vermont, USA). L-ascorbic acid, at the same concentrations
as extracts, was used as a positive control for antioxidants. For
each agent and concentration, triplicate wells were prepared
and the mean absorbance was used to calculate the percent
free radical scavenging, as follows:

%DPPH scavenging activity = [(A¢-A1)/Aq]x100%  (2)

where A, and A; represent the DPPH absorbance in the
absence and presence of extract, respectively.

Data analysis

Statistical analyses were performed using the GraphPad
Prism (GraphPad Software, San Diego, CA, USA) computer
program. Unless otherwise stated, data were presented as the
mean (xSE) from at least 3 independent experiments. For each
experiment and data point, 3 replicates were assessed.
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Results
Cytotoxicity and radiomodulatory effects of crude aqueous
extracts of M. oleifera
Cytotoxicity data for the V79 cells, based on clonogenic
cell survival, in the presence and absence of the seed extract of
M. oleifera at varying concentrations with or without
radiation exposure are presented in Fig. 1. In unirradiated
cultures, the extract was found to be toxic at all
concentrations, with an average of about 20% cell Kkill.
Exposure of cell cultures to seed extract prior to irradiation to
2 Gy resulted in an extract concentration-dependent reduction
in cell survival. The SF2 decreased from 0.60 to 0.33 when
extract concentration increased from 0 to 100 pg/ml (Fig. 1).
This elevation in radiosensitivity translated to significant
radiation modifying factors ranging from 1.23+0.07 at 6.25
pg/ml of extract to 2.38+0.76 at 100 pg/ml (Table 1).
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Figure 1. Cytotoxicity and radiomodulation of varying
concentrations of an aqueous extract of M. oleifera seeds in
V79 cells. Cell cultures were pre-treated with extract and
immediately irradiated with X-rays to 0 and 2 Gy,
respectively, and cell survival was assessed on the basis of
colony forming efficiency. Symbols represent the mean
surviving fraction + SE from three independent
experiments

When the cell cultures were treated with leaf extract
alone, no cytotoxic effect was seen for extract concentrations
of up to 50 pg/ml (Fig. 2). A 12% cell kill was, however,
apparent at 100 pg/ml. In the presence of non-toxic extract
concentrations (6.25-50 pg/ml), cells were radiosensitized,
yielding radiation modifying factors ranging from 1.30+0.18
to 1.50+0.26 (Table 1). A higher leaf extract concentration of
100 pg/ml did not result in an increase in radiosensitization.
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Figure 2. Cytotoxicity and radiomodulation of varying
concentrations of an aqueous extract of M. oleifera leaves
in V79 cells. Cell cultures were pre-treated with extract
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and immediately irradiated with X-rays to 0 and 2 Gy,
respectively, and cell survival was assessed on the basis of
colony forming efficiency. Symbols represent the mean
surviving fraction + SE from three independent
experiments

Table 1. Summary of radiation dose-modifying data for
V79 cells treated with three agueous extracts from
Moringa oleifera. RMF, denotes the radiation modifying
factor at 2 Gy, presented as the mean + SE from three
independent experiments

Extract | Concentration | RMF,
(Hg/ml)
6.25 1.23+0.07
125 1.96 £0.71
Seed 25 2.00£0.78
50 2.26 £0.75
100 2.38+0.76
6.25 1.30+0.18
125 1.50 £ 0.26
Leaf 25 1.32£0.15
50 1.30+0.14
100 1.37+£0.18
6.25 1.08 +0.01
125 1.06 £0.01
Flower | 25 1.06 +0.06
50 1.09 £0.03
100 1.00 £ 0.06

Over the entire concentration range employed in this
study, the flower extract of M. oleifera was observed to be
non-toxic and was found to enhance cell growth in
unirradiated cultures (Fig. 3). Treatment of cell cultures with
flower extract, at concentrations of 6.25-100 pg/ml, yielded
about 25% higher plating efficiency in comparison with
untreated cultures. Exposure of cells to flower extract prior to
irradiation did not affect radiosensitivity, with the SF2 being
constant at about 0.75 regardless of extract concentration. The
corresponding radiation modifying factors were essentially
constant and were found to range between 1.00+0.06 to

1.09+0.03 (Table 1).
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Figure 3. Cytotoxicity and radiomodulation of varying
concentrations of an aqueous extract of M. oleifera flowers
in V79 cells. Cell cultures were pre-treated with extract
and immediately irradiated with X-rays to 0 and 2 Gy,
respectively, and cell survival was assessed on the basis of
colony forming efficiency. Symbols represent the mean
surviving fraction + SE from three independent
experiments
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Assessment of different extracts as DPPH free radical
scavengers
To evaluate potential free radical scavenging activities of
the M. oleifera extracts, samples were tested for their capacity
to scavenge 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals.
L-ascorbic acid was used as a standard reference antioxidant.
The data presented in Fig. 4 demonstrates the highly efficient
free radical scavenging activity of the standard antioxidant
(ascorbic acid). The percentage of DPPH free radicals
scavenged rose sharply with increasing ascorbic acid
concentration to reach a plateau of ~97% at 50 pg/ml. The
seed and flower extracts displayed no scavenging activity at
all, while the leaf extract demonstrated a weak free radical
scavenging ability, reaching a maximum of 9% at the highest
extract concentration tested (Fig. 4).
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Figure 4. Cytotoxicity and radiomodulation of varying
concentrations of an aqueous extract of M. oleifera flowers
in V79 cells. Cell cultures were pre-treated with extract
and immediately irradiated with X-rays to 0 and 2 Gy,
respectively, and cell survival was assessed on the basis of
colony forming efficiency. Symbols represent the mean
surviving fraction + SE from three independent
experiments

Discussion

M. oleifera extracts have been studied extensively for
their antioxidant properties [10]. Several benefits have been
demonstrated for M. oleifera extracts. Leaf extracts of M.
oleifera have been reported to protect against radiation-
induced damage [8], and promote wound healing [13]. One of
the basic goals of radiation oncology is to selectively increase
the real or effective dose of radiation to the tumor to enhance
therapeutic gain. Pharmacologically, this objective is
attainable either through differential radiosensitization of
tumor cells relative to normal tissue, or radioprotection of
surrounding normal tissues relative to malignant tissues. On
the radiation protection front, radioprotectors are being
proposed as pharmacological countermeasures to minimize
radiation-induced damage to individuals chronically exposed
to low doses of ionizing radiation as a complementary line of
protection [3-5], and to protect the civilian population against
inadvertent and maliciously planned radiological events.

In the present study, crude aqueous extracts obtained from
flowers, leaves, and seeds of M. oleifera, were evaluated for
their potential cytotoxicity and radiomodulatory properties.
For this, we assessed V79 cell survival using the colony
forming assay. From the data presented in Fig. 1, the crude
seed extract of M. oleifera is toxic to V79 cells and
significantly enhances cellular radiation response, giving dose-
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modifying factors of ~1.23-2.38 (Table 1). Significantly high
cytotoxicity has been demonstrated for aqueous seed extracts
of M. oleifera in a fish model [14] and a variety of microbial
systems [15], albeit at much higher extract concentrations. The
radiosensitization seen here is consistent with the finding that
aqueous seed extract of M. oleifera has no free radical
scavenging capacity (Fig. 4), and therefore does not protect
cells from the cytotoxic effects of ionizing radiation (Fig. 1).

Of note is the finding that the crude aqueous leaf extract
of M. oleifera is non-toxic in V79 cells at concentrations of up
to 50 pg/ml, but renders the cells more radiosensitive (Fig. 2).
A marginal free radical scavenging activity was also noted
(Fig. 4). The current findings for leaf extract of M. oleifera
contrast with several studies demonstrating significant
antiproliferative and cytotoxic effects in human tumor cells
[16], strong antioxidant properties in both in vitro and in vivo
systems [17], and radioprotection in a mouse model [18,19].
The attractive property of the radiosensitizing effect of the leaf
extract, as depicted in Fig. 2, is that it occurs at low
concentrations. These results seem to highlight the potential
utility of leaf extract of M. oleifera as a radiosensitizer at sub-
cytotoxic concentrations, and are consistent with a report by
Berkovich et al. that leaf extracts of M. oleifera increase the
efficacy of the chemotherapeutic drug cisplatin in human
pancreatic cancer cells [20]. However, in the investigations of
Berkovich and co-workers, leaf extract concentrations of over
a 100-fold of those used in the current study were employed
[20]. The radiosensitization seen at non-toxic concentrations is
of significant clinical interest, and further investigations to
explain the possible underlying mechanisms are warranted.
One plausible reason for the observed radiosensitization is that
at low concentrations the principles responsible for the
radiosensitization may be present in active monomeric entities
but may dimerize at higher extract concentrations, thereby,
dousing out their bioactivity. However, this notion cannot be
corroborated by the radiosensitization illustrated for very high
leaf extract concentrations [20]. Also, the present data are not
supported by the radioprotection exhibited by the leaf extract
of M. oleifera in a murine model [8]. The possibility of the
leaf extract of M. oleifera possessing both radiosensitizing and
radioprotecting modes of action, akin to those reported for
Curcumin [21], requires further elucidation.

The data presented in Fig. 3 clearly show that the flower
extract is not only non-toxic on its own, but also enhances cell
survival and proliferation. Furthermore, pre-treatment of cell
cultures with flower extract of M. oleifera does not affect
radiosensitivity (Table 1). The absence of a radiomodulatory
effect for the flower extract is supported by the lack of a free
radical scavenging activity, as demonstrated in Fig. 4. The
pro-proliferative and pro-survival properties of the flower
extract might have significant implications for wound
management, especially in preoperative radiotherapy which is
often besieged with quantifiable negative wound healing
complications [22-25]. All concentrations of aqueous flower
extracts tested here were sub-cytotoxic and appeared to
provide cells with a biologically favorable environment for
survival and proliferation. Although enhanced fibroblast
proliferation in an unirradiated wound might promote healing,
accelerated proliferation following radiation exposure appears
to correlate with the development of wound healing morbidity
or subcutaneous fibrosis [26]. The absence of a
radiomodulatory effect when V79 cells were pre-treated with
the flower extract (Fig. 3) seems to suggest that its presence
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may not adversely affect the capacity of irradiated fibroblasts
to contribute to wound healing. Significant wound healing
activity has been demonstrated for the aqueous extract of M.
oleifera leaves [13]. For now, the mechanism of action for the
observed pro-proliferative and pro-survival activity of the
flower extract is unclear and warrants further investigation.

Conclusion

The present investigation has demonstrated the possibility
that at relatively low concentrations, the aqueous extract of M.
oleifera seeds may potentially act both as a cytotoxic agent
and radiosensitizer. It is also shown that at low concentrations,
the leaf extract is non-toxic, but appears to exhibit a
radiosensitizing effect and could potentially be used as a safe
tumor radiosensitizer. The study further highlights that the
aqueous extract of M. oleifera flowers promotes cell growth
and does not interfere with cellular radiosensitivity, making it
a potential candidate agent for the management of wound
healing.

Acknowledgments

Financial support from the South African National
Research Foundation (SA-NRF) (grants: No. 85703 and No.
92741) to J.M.A. is acknowledged. A fellowship from the
Faculty of Medicine and Health Sciences (Stellenbosch
University) to D.G.A. is also acknowledged.

Conflict of interest
The authors report no conflicts of interest.

References

[1] J. M. Yuhas, M. Yurconic, M. M. Kligerman, G. West, and D.
R. Peterson. Combined use of radioprotective and radiosensitizing
drugs in experimental radiotherapy. Radiat. Res., 1977, 70: 433-
443,

[2] K. N. Prasad, W. C. Cole, and G. M. Haase. Radiation
protection in humans: extending the concept of as low as
reasonably achievable (ALARA) from dose to biological damage.
Br. J. Radiol., 2004, 77: 97-99.

[31 K. N. Prasad. Rationale for using multiple antioxidants in
protecting humans against low doses of ionizing radiation. Br. J.
Radiol., 2005, 78: 485-492.

[4] M. I. Koukourakis. Radiation damage and radioprotectants:
new concepts in the era of molecular medicine. Br. J. Radiol.,
2012, 85: 313-330.

[5] M. A. Kuefner, M. Brand, J. Ehrlich, L. Braga, M. Uder, and
R. C. Semelka. Effect of antioxidants on X-ray—induced y-H2AX
foci in human blood lymphocytes: preliminary observations.
Radiol., 2012, 264: 59-67.

[6] F. Shahidi. Antioxidants in food and food antioxidants.
Nahrung., 2000, 44: 158-163.

[7] D. E. Pratt. “Natural antioxidants from plant material,” in:
Phenolic compounds in food and their effects on health, 1. M. T.
Huang, C. T. Ho and C. Y. Lee, Eds. New York: American
Chemical Society, 1992, pp. 54-72.

[8] A. V. Rao, P. Uma Devi, and R. Kamath. In vivo radio-
protective effect of Moringa oleifera leaves. Indian J. Exp. Biol.,
2001, 39: 858-863.

[9] P. Siddhuraju and K. Becker. Antioxidant properties of
various solvent extracts of total phenolic constituents from three
different agroclimatic origins of drumstick tree (Moringa oleifera
Lam) leaves. J. Agric. Food Chem., 2003, 51: 2144-2145,

Daniel G. Achel et al./ Elixir Biosciences 90 (2016) 37431-37435

[10] S. Sreelatha and P. R. Padma. Antioxidant activity and total
phenolic content of Moringa oleifera leaves in two stages of
maturity. Plant Foods Hum. Nutr., 2009, 64: 303-311.

[11] A. Roloff, H. Weisgerber, U. Lang, and B. Stimm. Moringa
oleifera LAM., 1785. Wiley-VCH Verlag GmbH & Co. KGaA:
Weinheim, 20009.

[12] F. Abderrahim, S. M. Arribas, M. C. Gonzalez, L. Condezo-
Hoyos. Rapid high-throughput assay to assess scavenging
capacity index using DPPH. Food Chem., 2013, 141: 788-794.
[13] B. S. Rathi, S. L. Bodhankar, and A. M. Baheti. Evaluation
of aqueous leaves extract of Moringa oleifera Lam for wound
healing in albino rats. Indian J. Exp. Biol., 2006, 44: 898-901.
[14] C. Kavitha, M. Ramesh, S. S. Kumaran, and S. A. Lakshmi.
Toxicity of Moringa oleifera seed extract on some hematological
and biochemical profiles in a freshwater fish, Cyprinus carpio.
Exp. Toxicol. Pathol., 2012, 64: 681-687.

[15] G. H. Ali, G. E. El-Taweel, and M. A. Ali. The cytotoxicity
and antimicrobial efficiency of Moringa oleifera seeds extracts.
Int. J. Environ. Stud., 2004, 61: 699-708.

[16] S. Sreelatha, A. Jeyachitra, and P. R. Padma.
Antiproliferation and induction of apoptosis by Moringa oleifera
leaf extract on human cancer cells. Food Chem. Toxicol., 2011,
49: 1270-1275.

[17] A. R. Verma, M. Vijayakumar, C. S. Mathela, and C. V.
Rao. In vitro and in vivo antioxidant properties of different
fractions of Moringa oleifera leaves. Food Chem. Toxicol., 2009,
47: 2196-2201.

[18] M. Sinha, D. K. Das, S. Bhattacharjee, S. Majumdar, and S
Dey. Leaf extract of Moringa oleifera prevents ionizing radiation-
induced oxidative stress in mice. J. Med. Food, 2011, 14: 1167-
1172.

[19] M. Sinha, D. K. Das, S. Datta, S. Ghosh, and S. Dey.
Amelioration of ionizing radiation induced lipid peroxidation in
mouse liver by Moringa oleifera Lam. leaf extract. Indian J. Exp.
Biol., 2012, 50: 209-215.

[20] L. Berkovich, G. Earon, I. Ron, A. Rimmon, A. Vexler, and
S. Lev-Ari. Moringa oleifera aqueous leaf extract down-regulates
nuclear factor-kappaB and increases cytotoxic effect of
chemotherapy in pancreatic cancer cells. BMC Complement.
Altern. Med., 2013, 13: 212.

[21]1 G. C. Jagetia. Radioprotection and radiosensitization by
curcumin. Adv. Exp. Med. Biol., 2007, 595: 301-320.

[22] K. Bujko, H. D. Suit, D. S. Springfield, and K. Convey.
Wound healing after pre-operative radiation for sarcoma of soft
tissue. Surg. Gynecol. Obstet., 1993, 176: 124-134.

[23] Q. Gu, D. Wang, C. Cui, Y. Gao, G. Xia, and X. Cui. Effects
of radiation on wound healing. J. Environ. Pathol. Toxicol.
Oncol., 1998, 17: 117-23.

[24] T. Kunisada, S. Y. Ngan, G. Powell, and P. F. M. Choong.
Wound complications following pre-operative radiotherapy for
soft tissue sarcoma. Eur. J. Surg. Oncol., 2002, 28: 75-79.

[25] F. A. Mendelsohn, C. M. Divino, E. D. Reis, and M. D.
Kerstein. Wound care after radiation therapy. Adv. Skin Wound
Care, 2002, 15: 216-224.

[26] J. M. Akudugu, R. S. Bell, C. Catton, A. M. Davis, B.
O’Sullivan, J. Waldron, J. S. Wunder, and R. P. Hill. Clonogenic
survival and cytokinesis-blocked binucleation of skin fibroblasts
and normal tissue complications in soft tissue sarcoma patients
treated with preoperative radiotherapy. Radiother. Oncol., 2004,
72:103-112.



