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The present study was aimed at developing an efficient protocol for callus induction from the leaves of
Moringa oleifera and to investigate its crude extract antileukemia activity on leukemia cells. Several
secondary metabolites are present in M. oleifera as the plant serves as reservoirs for various bioactive
compounds. Callus cultures of M. oleifera were induced from leaf explants incubated on MS medium
supplemented with different concentrations of 2,4-dichloro-phenoxyacetic acid (2,4-D). The crude
extracts of the callus were evaluated in vitro for their activity against leukemia cells and
hepatocarcinoma. Among the different concentrations, 2,4-D at 0.1 mg/l induced highest frequencies of
callus growth index (7.8) when compared with other concentrations. Ethanolic extracts killed about 36%
of abnormal cells among primary cells harvested from 3 patients with acute myeloid leukemia (AML)
and hepatocarcinoma cells HpG2. These results provide an in vitro evidence and support the traditional
use of M. oleifera leaf as a potent source of anticancer. However, more researches are needed at

phytochemical and clinical levels to confirm the traditional use of this plant as anticancer.
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INTRODUCTION

Moringa (Moringa spp.) is a softwood perennial tree that
belongs to the monogeneric family, Moringaceae (order
Capparales). Among the 13 species of the genus
Moringa (Ray et al., 2006), Moringa oleifera commonly
known as drumstick tree or horseradish tree (Little and
Wadsworth, 1964; Morton, 1991) is most commonly culti-
vated in South India, Ethiopia, Philippines, Sudan and
other tropical countries (Fahey, 2005). It is a small fast
growing evergreen or deciduous tree valued mainly for its
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Abbreviations: MTT, 3-(4,5-Dimethylthiazol-2-YI)-2,5-
diphenyltetrazolium bromide; PBS, phosphate buffered saline;
AML, acute myeloid leukemia; HCC, hepatocellular carcinoma;
2,4-D, 2,4-dichloro-phenoxyacetic acid.

edible fruits, leaves, flowers, roots and seed oil, and
extensively used in traditional medicine throughout its
native and introduced ranges (Booth and Wicken, 1988;
Jahn et al, 1986; Morton, 1991; Nautiyal and
Venhatarman, 1987).

Traditional medicine has a long history of serving peo-
ples all over the world (Cheng, 2000). Medicinal plants
are an important element of indigenous medical systems
that has persisted in developing countries. The plant
kingdom was estimated to produce over 500,000 natural
products and about 40 to 80 thousand per plant species
(Bhatt, 1995). Recently, the use of traditional medicine
based on plants has received considerable interest (Han
et al., 2002). There are national and indigenous rights
over plant derived resources. Basic scientific investiga-
tions based on medicinal plants and indigenous medical
systems have increased. It has been estimated that 1 to
10% of the large diversity of 250.000 to 500.000 plant



species on the Earth have been studied chemically and
pharmacologically for their medicinal properties
(Farnsworth, 1991; Verpoorte, 2000). An examination of
the phytochemicals of Moringa species affords the oppor-
tunity to examine a range of fairly unique compounds. In
particular, this plant family is rich in compounds con-
taining anticancer activity which include 4-(4'-O-acetyl--L-
rhamnopyranosyloxy) benzyl isothiocy-anate (Abrams et
al., 1993) and 4-(-L-rhamnopyranosyloxy) benzyl gluco-
sinolate (Asres, 1995).

Different plants produce diverse products and their
production is often related to a particular developmental
stage, and is profoundly affected by seasonal variations
(Srivastava et al., 2009). Cell cultures are attractive
alternatives to whole plants for production of high value
secondary metabolites due to consistency in quality and
quantity of the desired product (Rao and Ravishankar,
2002). Moreover, it is well known that, in vitro culture is
able to provide secondary metabolite, some times even in
quantities that allow economically feasible production
(Fujita et al., 1981; Fujita, 1988; Hara et al., 1987). Fur-
thermore, tissue culture technique like callus culture
could provide an alternative supply of compounds for use
in medicine, stimulating the production or inducing the
biosynthesis of novel compounds not found in the intact
plant (Furmanowa and Glowniak, 1997; Zhao et al.,
2001). In recognition of all these important properties of
tissue culture, the present study is an attempt to develop
an efficient protocol for callus induction from the leaf
explant of M. oleifera and investigate its crude extract
antilekumeia activity on leukemia cells harvested from 3
patients with acute myeloid leukemia (AML).

MATERIALS AND METHODS
Plant material

M. olifera seeds were collected from Botanical garden of Botany
and Agricultural Biotechnology Department, Faculty of Agriculture,
University of Khartoum, Sudan. Seeds were germinated in plastic
bag containing mixture of soil and sand under green house
conditions.

Explant surface sterilization and callus induction

Leaves explants (Figure 1a) obtained from 21 day-old seedlings
were sterilized by sodium hypo-chloride (Clorex® v/v 10%) for 15
min, and then rinsed five times with sterile distilled water under
aseptic conditions. The explants were then placed on MS
(Murashige and Skoog, 1962) supplemented with different concen-
trations of 2,4-D (0.1, 0.5, 1.0, 2.0 and 3.0 mg/L) for callus
induction. Cultures were incubated for six weeks at 25°C + 2 under
cool white fluorescent lamps with a 16 h photoperiod. Data were
recorded after six weeks and callus growth index was recorded
according to procedure described by Abdellatef and Khalafalla
(2008).

Callus proliferation

For callus proliferation, small sized callus of 6 weeks-old were sub

Khalafalla et al. 2747

cultured on MS basal media that is hormone-free.

Samples preparation

The extraction used 1 g of freeze-dried, powdered callus from
culture suspended in 1 ml of hot water, cold water, or 80% (v/v)
ethanol. Extracts were stirred mechanically for 12 h at room
temperature (25°C) except the hot water extract (80°C) that was
made in 3 min. Solids were removed by centrifugation (4,000, 1
min) and the supernatant was collected. The resulting extracts were
completely dried in a rotary evaporator at 40°C and the lyophilized
extracts were stored at 4°C for further process.

Viability of tumor cells

The study was performed on cells harvested from adult leukemia
patients or healthy relatives admitted to the National Cancer Insti-
tute, Cairo University. International protocols governing the ethical
treatment of patient were followed.

The viability of AML cells were calculated according to MTT
assay (Selvakumaran et al., 2003). The MTT assay is a test of
metabolic competence based upon assessment of mitochondrial
performance relying on the conversion of yellow MTT to the purple
formazan derivative by mitochondrial succinate dehydrogenase in
viable cells. Mononuclear cells were separated from other blood
cells by Ficoll hypaque density gradient (Pharmacia, Uppsala,
Sweden), according to Harbeck et al. (1982). The cytotoxicity of
each extract on AML cells was determined by the MTT assay
(Selvakumaran et al., 2003). AML were diagnosed by peripheral
blood and bone marrow examination, cytochemistry (and immuno-
logical markers in some cases). Mononuclear cells were separated
from other blood cells by Ficoll hypaque density gradient
(Pharmacia, Uppsala, Sweden). The cells were then washed with
three changes of phosphate buffered saline (PBS). The cell counts
were adjusted to 3 x 10° cell /well and plated in100 pl of
medium/well in 96-well plates (Costar Corning. Rochester, NY).
After overnight incubation, extracts were in various concentrations
(10 and 20 pg/ml) with cytotoxicity to human normal myeloid cell
line (reported in elsewhere); 3 wells were included in each
concentration. After treatment with extracts for one day, 20 pl of 5
mg/ml MTT (pH 4.7) were added per well and cultivated for another
4 h, the supernatant fluid was removed, and then 100 pl dimethy-
sulfoxide (DMSO) were added per well and shaken for 15 min. The
absorbance at 570 nm was measured with a microplate reader (Bio-
Rad, Richmond, CA), using wells without cells as blanks. All
experiments were performed in triplicate.

Calculation

The effect of extracts on the proliferation of human AML cells was
expressed as the percent cytoviability, using the following formula:

Cytoviability % = A570f treated cells / A570of control cells x 100

Viability of HpG2 cells

Hepatocellular carcinoma (HCC) cell line HpG2 was obtained from
VACSERA, Egypt. The viability of HpG2 cells in culture was calcu-
lated by the MTT assay (Selvakumaran et al.,, 2003). As with the
AML cells, the cell counts were adjusted to 3 x 10° cell /well and
plated in 100 pl of medium/well in 96-well plates (Costar Corning.
Rochester, NY). After overnight incubation, extracts were in various
concentrations (10 and 20 pug/ml) with cytotoxicity to human normal
myeloid cell line; 3 wells were included in each concentration. After
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Figure 1. M. olifera callus induction from leaves explants. a, Leaves explants obtained from 21 day-
old seedlings; b, yellowish green callus produced from leaves explants cultured on MS media
supplemented with 0.1 mg/L 2,4-D after 6 weeks of culture; c, callus proliferation on MS free

hormone media after 6 weeks of culture.

treatment with extracts for one day, 20 pl of 5 mg/ml MTT (pH 4.7)
were added per well and cultivated for another 4 h, the supernatant
fluid was removed, and then 100 pyl DMSO were added per well and
shaken for 15 min. The absorbance at 570 nm was measured with
a microplate reader (Bio-Rad, Richmond, CA), using wells without
cells as blanks. All experiments were performed in triplicate.

RESULTS AND DISCUSSION

Callus cultures were induced from M. olifera leaf explants
incubated on MS medium supplemented with different
concentrations of 2,4-dichloro-phenoxyacetic acid (2,4-
D). The leaf explants induced callus in the presence of
2,4-D, but failed to produce callus in hormone free media.
This showed that, the presence of 2,4-D was capable of
inducing callus. Many researchers observed 2, 4- D as
the best auxin for callus induction as common in monocot
and even in dicot (Evans et al., 1984; Ho and Vasil, 1983;
Jaiswal and Naryan, 1985; Chee, 1990; Mamun et al.,
1996). The callusing responses, callusing degree and
callus appearance are concentration dependant (Table
1). Among the different concentrations tested, 2,4-dichloro-
phenoxyacetic acid (2,4-D) at 0.1mg/L induced the
highest callusing rate (7.8 = 0.1) and best callus appea-

rance (Table 1) (Figure 1b). Several types of callus were
distinguishable based on the physical appearance. Callus
induced on MS medium containing 0.1 mg/L 2,4-D was
initially healthy green yellowish and more granular when
compared to other concentrations. In vitro derived callus
were proliferated on MS-hormone free media (Figure 1c).

Recently, cell cultures have been used for the produc-
tion of various groups of secondary metabolites
(Alfermann and Petersen, 1995). Competence of undiffe-
rentiated callus cultures is critical for production of
secondary metabolites (Wewetzer, 1998; Kuruvilla et al.,
1999; Prakash et al., 2002). As plant cells are bio-
synthetically totipotent; that is, cells in culture retain
complete genetic information, consequently, they are
capable of producing metabolites found in the mother
plant (Rao and Ravishankar, 2002). Heterogeneity in
biochemical activity within a population of cells derived
from the same plant species or even various explants
from the same plant can be exploited to obtain highly
productive cell lines (Evans et al., 1984). After 24 h incu-
bation of the mononuclear AML cells with callus extract,
ethanolic extract at 60 pug /ml score the highest cell death
(36%) when compared to cold water extract and hot
water extract at the same concentration which gave 9.6%
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Table 1. Effect of 2,4-D on callus induction from leaves explants obtained from 21 days old seedlings of M. olifera

after 6 weeks of culture.

2,4-D (mg/L) Callusing response (%) Callus growth index (Mean 1SE) Callus color
0.1 100 7.8+0.1 Green yellowish
0.5 100 7.0+0.1 Green yellowish
1 100 6.0£0.1 Yellow
2 100 5.5+0.0 Yellow
3 84 5.3+0.1 Yellow

Table 2. The effect of Moringa callus extracts on AML cells after incubation for 24 h.

Concentration (ug/ml)

Extracts 20 40 60
Dead (%) Dead (%) Dead (%)
Ethanolic (80%) 20.4 28.6 36.7
Hot water 2.9 5.3 3.7
Cold water 3.4 6.4 9.6

Table 3. The effect of Moringa callus extract on HpG2 cells after incubation for 24 h.

Concentration (ug/ml)

Extracts 20 40 60
Dead (%) Dead (%) Dead (%)
Ethanolic (80%) 12.6 16.8 28.8
Hot water 10.9 26.3 11.6
Cold water 19.4 22.6 22.3

and 3.6% cell death, respectively (Table 2). In a similar
way, the viability of HpG2 cells, after incubation with ex-
tracts was affected. Ethanol extracts at 60 pg /ml gave
the best result (28.8%) (Table 3). From this observation,
it is clear that the antitumor activity of the leaf callus was
mostly due to compounds that were ethanol soluble. A
previous report of plant derived antileukemia treatment
showed that allamandin derivatives that were extracted
with ethanol from Allamanda catharica (Apocynaceae)
had significant activity in vivo against the p-388 leukemia
in the mouse (Kupchan et al., 1976). In this study, the
major destructive effect on AML cells was obtained by
ethanol fractions. The phenolic compounds, mostly glyco-
sides, dissolve in ethanol solutions (Bravo, 1988). There-
fore, these groups of compounds may contain the major
active components for the destruction of leukemia and
carcinoma cells (EI-Shemy et al., 2007; Khalafalla et al.,
2009). A number of food components have been identi-
fied that inhibit the initiation and progression of cancer or
otherwise influence the potential for disease outcome (Hu
et al., 1997). For example, some epidemiological studies
showed a close association between low incidence of
coronary heart disease and breast cancer (Renaud and
Lorgeril, 1992).

In conclusion, the active ingredients that were easily
dissolved in ethanol from drumstick tree (M. oleifera) leaf
callus could be used as natural antitumor medicines.
They were active against leukemia and hepatocarcinoma
cells in vitro. The metabolites within the extract and their
role in killing of cancer cells will be identified. Also, the
result substantiates the value of callus cultures as source
of high value metabolites.

REFERENCES

Abdellatef E, Khalafalla MM (2008). Influence of growth regulators on
callus induction from hypocotyls of medium staple cotton (Gossypium
hirsutum ). cultivar Barac b -67. J. Soil Nat. 2(1): 17-22.

Abrams BD, Duncan D, Hertz-Piccioto | (1993). A prospective study of
dietary intake and acquired immune deficiency syndrome in HIV-
sero-positive homosexual men. J. Acquired Immune Deficiency
Syndrome, 8: 949-958.

Alfermann AW, Petersen M (1995). Natural product formation by plant
cell biotechnology. Plant Cell, Tissue Organ Cult. 43: 199-205.

Asres K (1995). The major constituents of the acetone fraction of
Ethiopian Moringa stenopetala leave Mansoura. J. Pharmacol. Sci.
11(1): 55-64.

Bhatt KKS (1995). Medicinal Plant Information Databases. FAO-Food
and Organisation of the United Nations Italy.

Booth FEM, Wicken GE (1988). Non- tomber uses of selected arid zone
trees and shrubs in Africa. FAO Conservation Guide 19 Rome: Food



2750 Afr. J. Biotechnol.

and Agriculture Organization 176.

Bravo L (1988). Polyphenols: chemistry, dietary sources, metabolism,
and nutritional significance. Nutr. Rev. 56: 317-333.

Chee PP (1990). High frequency of somatic embryogenesis and
recovery of fertile cucumber plants. Hort. Sci. 25: 792-793.

Cheng JT (2000). Drug therapy in Chinese traditional medicine. J. Clin.
Pharmacol. 40: 445-450.

El-Shemy HA, Aboul-Enein AM, Aboul-Enein KMI, Fujita K (2007).
Willow leaves extracts contains anti-tumor agents effective against
three cells types. PLoS ONE, 2(1): e178.

Evans DA, Sharp WR, Medina-Filho HP (1984). Somaclonal and
gametoclonal variation. Am. J. Bot. 71: 759-774.

Fahey JW (2005). Moringa oleifera: A Review of the Medical Evidence
for Its Nutritional, Therapeutic, and Prophylactic Properties. Part1.
Trees Lifed. 1:p. 5

Farnsworth NR (1991). Biological and phytochemical screening of

plants. J. Pharmacol. Sci. 55: 225-276.

Fujita Y (1988). Industrial production of shikonin and berberine in: Bock G
and Marsh J (Eds.). Applications of plant cell and tissue culture. John
Wiley and Sons Ltd., Chichester, UK. pp. 228-235.

Fujita Y, Hara Y, Ogino T, Suga C (1981). Production of shikonin
derivatives by cell suspension cultures of Lithospermum
erythrorhizon. Plant Cell Rep. 1: 59-60.

Furmanowa M, Glowniak K (1997). Effect of picloram and methyl
jasmonate on growth and taxane accumulation in callus culture of
Taxus x media var. Hatfieldii. Plant Cell, Tissue Organ Cult. 49: 75-
79.

Han SS, Keum YS, Seo HJ, Surh, YJ (2002). Curcumin suppresses
activation of NF-kB and AP-1 induced by phorbol ester in cultured
human promyelocytic leukemia cells. J. Biochem. Mol. Biol. 35: 337-
342.

Hara Y, Morimoto T, Fujita Y (1987). Production of shikonin derivatives
by cell suspension cultures. Plant Cell Rep. 6: 8-11.

Harbeck RJ, Hoffman AA, Redecker S, Biundo T, Kurnick J (1982). The
isolation and functional activity of polymorphonuclear leukocytes and
lymphocytes separated from whole blood on a single Percoll density
gradient. Clin. J. Immunol. Immunopathol. 23: p. 682.

Ho W, Vasil IK (1983). Somatic embryogenesis in sugarcane
(Saccharum officinarum L.). Growth and regeneration from
embryogenic cell suspension cultures. Annu. Bot. 51: 719-726.

Hu FB, Stampfer MJ, Manson JE, Rimm E, Colditz GA, Rosner BA,
Hennekens CH, Willett WC (1997). Dietary fat intake and the risk of
coronary heart disease in women. Nutr. Engl. J. Med. 337: 1491-
1499.

Jahn SA, Musnad HA, Burgstaller H (1986). The tree that purifies water:
cultivating multipurpose Moringaceae in the Sudan. Unasylva, 38(2):
23-28.

Jaiswal VS, Naryan P (1985). Regeneration of plantlets from the callus
of stem segment of adult plants of Fucus religosia L. Plant Cell Rep.
4: 256-258.

Khalafalla MM, Abdellatef E, Daffalla HM, Nassrallah AA, Aboul-Enein
KM, Lightfoot DA, Cocchetto A, EI-Shemy HA (2009). Antileukemia
activity from root cultures of Vernonia amygdalina. J. Med. Plants
Res. 3(8): 556-562.

Kupchan MS, Uchida |, Branfman AR, Caily RG, Yufei B (1976).
Antileukemic principles isolated from Euphorbiaceae plants. Science,
191: 571-572.

Kuruvilla T, Komaraiah P, Ramakrishna SV (1999). Enhanced secretion
of azadirachtin by permeabilized margosa (Azadirachta indica) cells.
Indian J. Exp. Bot. 37: 89-91

Little EL, Wadsworth FH (1964). Common trees of Puerto Rico and
Virgin Islands. Agric. Handbook. 249. Washimgto, DC: U.S.
Department of Agriculture. p. 548.

Mamun ANK, Islam R, Reza MA, Joadar Ol (1996). In vitro
differentiation of plantlet of tissue culture of Samonea saman. Plant
Tissue Cult. 6: 1-5.

Morton JF (1991). The horseradish. Moringa pterygosperma
(Moringaceae)-A boon arid lands? Econ. Bot. 45(3): 318- 333.

Murashige T, Skoog F (1962). Revised Medium for Rapid Growth and
Bioassays with tobacco tissue culture. Physiologia Plantarum, 15:
473-479.

Nautiyal BP, Venhatarman KG (1987). Moringa (Drumstick)-An ideal
tree for social forestry. 1: Growing conditions and uses. Myforest,
23(1): 563-58.

Prakash G, Bhojwani SS, Srivastava AK (2002). Production of
azadirachtin from plant tissue culture-state of the art and future
prospects. Biotechnol. Bioprocess Eng. 7:185-193.

Rao SR, Ravishankar GA (2002). Plant cell cultures: chemical factories
of secondary metabolites. Biotechnol. Adv. 20: 101-153.

Ray RY, Tsou SCS, Lee TC, Chang LC, Kuo G, Lai PY (2006).
Moringa, a novel plant rich in antioxidants, bioavailable iron and
nutrients. In Wang M (ed). Herbs: Challenges in Chemistry and
Biology of Herbs, Am. Chem. Soc. USA, pp. 224-239.

Renaud S, Lorgeril M (1992). Wine, alcohol, platelets, and the French
paradox for coronary heart disease. Lancet, 339: 1523-1526.

Selvakumaran M, Pisarcik DA, Bao R, Yeung AT, Hamilton TC (2003).
Enhanced cisplatin cytotoxicity by disturbing the nucleotide excision
repair pathway in ovarian cancer cell lines. Cancer Res. 63: 1311-
1316.

Srivastava P, Kasoju N, Bora U, Chaturvedi R (2009). Dedifferentiation
of leaf explants and cytotoxic activity of an aqueous extract of cell
cultures of Lantana camara L. Plant Cell, Tissue Organ Cult. 99: 1-7.

Verpoorte R (2000). Pharmacognosy in the new millennium: lead finding
and biotechnology. J. Pharm. Pharmacol. 52: 253-262.

Wewetzer A (1998). Callus cultures of Azadirachta indica and their
potential for the production of azadirachtin. Phytoparasitica, 26: 47-
52.

Zhao J, Hu Q, Guo YQ, Zhu WH (2001). Effects of stress factors,
bioregulators, and synthetic precursors on indole alkaloid production
in compact callus clusters cultures of Catharanthus roseus. Appl.
Microbiol. Biotechnol. 55: 693-698.



