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ABSTRACT

Moringa oleifera Lam (Moringaceae) is promising plant for biomedicine applications because it has an impressive
range of medicinal purposes with high nutritional value. Therefore, we investigated the therapeutic effect of
Moringa oleifera leaf extract (MOLE) on Ehrlich's solid tumor implanted mice (EST-mice). Swiss male albino mice
were implanted intramuscularly with Ehrlich ascites carcinoma (EAC). Three doses of MOLE extract (125, 250 and
500mg kg™) were administrated to EST-mice for 14 days. The standard drug vincristine (VCR) was i.p injected (0.1
mg kg") after the implantation of EST. The antitumor activity of MOLE was assessed using several tumor markers.
Modulating activity of MOLE against EST was evaluated using comet assay, micronucleus test and morphological
apoptotic changes as well as DNA fragmentation assay. The expression analysis of the inducible nitric oxide
synthase (iNOS), vascular endothelial growth factor (VEGF) and apoptosis related genes (p53, p21 and bcl2) were
evaluated. Treatment of EST-mice with the highest dose of MOLE exhibited inhibition of tumor growth and the
tumor markers in solid tumor. MOLE inhibited the apoptotic/necrotic cells, decrease of micronucleus formation and
DNA damage in EST-mice. Expression of iNOS, VEGF, p53 mutation, p21 and bcl2 genes in EST-mice were
significantly over-expressed compared with control group. These observations were markedly inhibited with the
highest dose of extract. Moringa oleifera leaf extract revealed antitumor, antigenotoxic and anticytotoxic activities
in EST-mice. The biological activities of Moringa oleifera leaf extract were discussed.
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INTRODUCTION and others were reported using the leaf of the
Moringa oleifera ™ . Ehrlich tumor is a

Plants used in folk medicine have been considered an transplantable neoplasia which corresponds to

important source of molecules with pharmacological
activity, including antitumor. Many studies have
demonstrated that plants used in traditional medicine
for treating cancer and tumors showed good
pharmacological activity in vitro and/or in vivo
studies 4. Moringa oleifera is an important tropical
crop that is used in human nutrition, medicine and in
oil production ®7  All parts of this plant are applied
in traditional medicine for the treatment of human
diseases such as asthma, spasm, enlarged liver and
spleen, infection and nervous debility, ulcer,
inflammation and for wound healing ¥ %. The
biological activities of this plant as hepatoprotective
19 hypocholesterolemia ™, antifungal ™ and anti-
tumor * are documented. These biological activities
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mammary adenocarcinoma in female mice. When
implant intraperitoneally it grows as ascitic form and
when implant subcutaneously it grows in the form of
a solid tumor. This tumor has been used to develop a
tumor model ™7 %81 Apoptosis a physiological process
resulting in cellular self-destruction of unwanted
cells. Apoptosis is accepted as the major
mechanisms by which p53 suppress tumor formation
[ Bcl-2 family proteins determine whether a cell
lives or dies by controlling the release of
mitochondrial apoptogenic factors (caspases) which
are associated with death proteases *”’. The p53 gene
is a tumor suppressor gene that acts as guardian of
the genome. The p53 protein functions as a
transcription factor, regulating downstream genes
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involved in apoptosis. Loss of p53 function caused
genomic instability, impaired apoptosis and
diminished cell cycle restraint. Therefore, p53
mutations select for certain critical features of
malignancy. Alteration of P> is the most common
mutation in human cancer .

Apoptosis can be initiated by intracellular death
signals that increase the level of p53, and also by
extracellular signals mediated by bax/bcl-2, p21,
myc, ras, and HER-2/neu complex 2224, Nitric oxide
is a free radical that is generated in animals from L-
arginine in a reaction catalyzed by nitric oxide
synthase (NOS). This enzyme has four isoforms: (e-)
endothelial, (n-) neuronal, (mit-) mitochondrial and
(i-) induced ® 2 All the NOS isoforms were
detected in tumor cells, and iNOS expression is
correlated with malignancy grade and the degree of
proliferation in breast cancer cells in humans " %1,
Increased vascularity may allow an increase in tumor
growth and enhancement of hematogenous tumor
embolization. Thus, inhibiting tumor angiogenesis
may halt tumor growth and decrease the metastatic
potential of tumors. The cytokine vascular
endothelial growth factor (VEGF) is a key regulator
of angiogenesis 1. Among the numerous pathways
contributing to the complex process of angiogenesis,
the VEGF system is essential for both physiological
and pathological angiogenesis . Hence, the
inhibition of VEGF expression by tumor cells has an
impact on angiogenesis dependent tumor growth and
metastasis.

Considering this, the present study was carried out to
study the hypothesis that Moringa oleifera leaf
extract have antitumor activity on mice bearing
Ehrlich solid tumor (EST- mice) using tumor growth
inhibition, apoptosis cells and DNA fragmentation
assay in EST. In addition, the study was planned to
evaluate potential protective activity of Moringa
oleifera leaf extract against DNA damage induced in
EST-mice using micronucleus and comet assay in
bone marrow cells; DNA fragmentation and
expression analysis of the iNOS, VEGF, and
apoptosis related genes (p53, p21 and bcl2) in
hepatocytes.

MATERIALS AND METHODS

Plant material: The leaves of Moringa oleifera
(MO) were collected from the farm of Egyptian
Scientific Society of Moringa. The plant was
identified by Prof. Dr. Aboelfetoh Mohammed
Abdelalla, National Research Center; Giza, Egypt.
The collected leaves was air-dried, powdered and
kept for extraction.
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Plant leaf extraction: Dry powdered Moringa
oleifera leaves (200 g) were extracted with 1L of
70% ethanol and shacked each 8 h by 24 h. After that
the hydro-alcoholic extract was filtered using a cotton
funnel and repeat four times. The extract was
concentrated using a rotator evaporator under
reduced pressure. The concentrated extracts were
Iyophilized and kept at -20°C.

Route of administration: The LD50 was found to be
more than 5000 mg kg™ per oral in acute toxicity
testing B!, Based on this, three doses of 125, 250 and
500 mg kg' were selected in the current
investigation. The doses of Moringa oleifera leaf
extract were dissolved in DMSO and administrated
by oral gavage (p.0).

Animals: Male Swiss albino mice were obtained
from National Research Center, Dokki, Giza, Egypt.
The animals were maintained under standard
environmental conditions and were fed with standard
pellet diet and water ad libitum. The mice were
housed in polypropylene cages containing paddy
husk as bedding and were acclimatized to laboratory
condition for 10 days before commencement of
experiment. All procedure described were reviewed
and approved by the Institutional Animal Ethical
Committee of National Research Centre, Dokki,
Giza, Egypt.

Experimental design

Ehrlich solid tumor (EST) as model for breast
cancer: Female Swiss mice implanted Ehrlich ascites
carcinoma (EAC) cells were originally obtained from
Egyptian National Cancer Institute, Cairo University,
Egypt. Peritoneal fluid was collected from the
abdominal cavity of Swiss female mice bearing 7-10
days old EAC cells. The number of tumor cells per
ml of ascitic fluid was determined by counting the
cells with the help of hemocytometer. All male Swiss
mice were injected intramuscularly in the right thigh
with 0.2ml of ascitic fluid containing 1x10" EAC
cells. The next day, animals were randomized and
divided into five groups (8 mice/ group). Treatment
was given as follows: Group I: Untreated mice;
Group I1I: Mice bearing EST (EST-mice); Group IlI:
Mice bearing EST + Vincristine sulfate (VCR). The
reference drug, VCR was obtained from Korea
United Pharmaceuticals and dissolved in saline
solution before injection, and then administrated i.p
at the dose 0.1mg/kg b.w after the inoculation of EST
on day 6 for five days ©*%; Groups (1V, V and VI):
Mice bearing EST were treated orally with different
doses of Moringa oleifera leaf extract (125, 250 and
500 mg kg™ b.w) for successive 14 days. The three
groups are namely EST+MOLE 125, EST+MOLE
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250 and EST+MOLE 500. At the end of treatment,
the animals were sacrificed, and samples of solid
tumor, bone marrow and hepatocytes were collected
for different assays.

Tumor growth inhibition: The antitumor potential
of MOLE was accessed by change in the tumor
volume, and tumor growth inhibition rate. Tumor
bearing thigh of each animal was shaved and longest
and shortest diameters of the tumor were measured
with the help of vernier caliper. The tumor volume of
each animal was calculated as following formula:
(length (mm) x width (mm) )/2-

The tumor-growth-inhibition ratio (I.R.) was
calculated using the following formula:

I.R. (%) = (Average tumor volume of control -
Average tumor volume of treated group) x100
Average tumor volume of the control

Apoptosis analysis

Morphological study with fluorescence
microscope: Apoptotic changes in ESTE! and bone
marrow cells** were determined morphologically by
fluorescent microscope after labeling with acridine
orange/Ethidium Bromide (AO/EB). Briefly, EST
was washed in PBS, chopped finely and centrifuged
at 7000 rpm for 5 min. The pellet obtained was
suspended in trypsin-EDTA (0.25%, 53 mM) in PBS
for 1 h at 37°C and smeared on clean glass slides.
Finally, ETS and bone marrow cells smears were air-
dried and fixed in a solution of methanol/acetic acid
(3:1). The slides were stained with AO/ EB mixture
25 ul of dye mixture (4pg/ml AO and 4pg/ml EB in
PBS, pH 7.4). The cells were divided into four
categories as follows: living cells with normal green
nucleus, apoptotic cells with orange-stained nuclei
and necrotic cells with red nuclei. In each group, a
total of 100 cells were examined under fluorescent
microscope  using B2A  filter and the
apoptotic/necrotic ratio was calculated as humber of
apoptotic and necrotic cells /total cell count (x 100).

Detection of internucleosomal DNA fragmentation
by electrophoresis: DNA was isolated from solid
tumor and hepatocytes by phenol chloroform
extraction method . Briefly, frozen samples of
liver were homogenized in lysis buffer containing
100 pg/ml DNase-free RNase and incubated at 37°C
for 90 min followed by incubation with proteinase K
(200 pg mit) at 50°C for 2 h. The DNA were
extracted with phenol: chloroform: isoamyl alcohol
(25:24:1) and once again with chloroform: isoamyl
alcohol (24:1). DNA was precipitated with chilled
alcohol and 0.3 M sodium acetate at 20°C overnight.
The precipitate was centrifuged at 15.000 rpm for 10
min. the DNA pellet was washed in 80% alcohol,
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dried, dissolved in a mixture of TE and loading
buffer, then, electrophoretically separated on a 1%
agarose gel containing 1mg ml™ ethidium bromide
for 1.5 h at 100V. After electrophoresis gel was
studied under gel doc system and was photographed.

DNA Damage Evaluation

Comet Assay: The comet assay was performed
according to the method developed by Singh®®, with
a few modifications. Briefly, bone marrow cells were
mixed with low-melting point agarose at a ratio of
1:10(v/v) and pipette onto normal-melting-point
agarose precoated slides. Slides were maintained flat
at 4°C in the dark for 30 min. Third layer of low-
melting point agarose was pipette on the slides and
allowed to solidify at 4°C for 30 min. Slides were
then placed in pre-chilled lysis solution at 4°C for 60
min. Slides were then immersed in freshly prepared
alkaline unwinding solution for 60 min at room in the
dark. Slides were then placed in a horizontal
electrophoresis tank and electrophoreses for 30 min
at 0.8 Vicm, 300mAmps at 4°C. After
electrophoresis, the slides were rinsed in neutralizing
solution, immersed in 70% ethanol and air-dried.
Slides were stained with ethidium bromide and
visualized using Zeiss epifluorescence microscope
(510-560 nm, barrier filter 590 nm) with a total
magnification of x400. 100 cells per animal were
scored and analyzed using DNA damage analysis
software (CometScore, TriTek corp., Sumerduck,
VA22742).

Micronucleus (MN) assay: The micronucleus assay
was performed in the OECD guidelinel". Briefly, the
bone marrow was flushed from both femurs with
fetal calf serum into a Microfuge tube using a 1ml
syringe. Marrow was gently pulled up and down the
syringe to prepare a uniform cell suspension. The
smears were prepared and allowed to air dry, prior to
fixation with methanol, and staining with May-
Grunwald/Giemsa protocol. To evaluate the
frequency of micronucleus, 2000 PCE per each
mouse were analyzed for the presence of micronuclei
by light microscopy. To evaluate the toxicity of bone
marrow, the ratio of polychromatic erythrocytes to
normochromatic  erythrocytes (PCE/NCE) was
calculated by counting a total of 500 erythrocytes.

Semi-quantitative RT-PCR:

Isolation of total RNA: RNA was isolated from
hepatocytes of treated mice by the standard TRIzol®
Reagent extraction method. RNA was dissolved in
diethylpyrocarbonate (DEPC)-water by passing
solution a several times through a pipette tip. To
digest DNA residues, RNA was treated with 1 U of
RQ1 RNase-free DNase and re-suspended in DEPC-
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water. Purity of RNA was assessed by the 260/280
nm ratio (between 1.8 and 2.1). Additionally,
integrity was confirmed with ethidium bromide-stain
analysis of 28S and 18S bands by formaldehyde-
agarose gel electrophoresis. Aliquots were used
immediately for reverse transcription (RT).

Reverse transcription: Poly (A)" RNA isolated from
hepatocytes was reverse transcribed into cDNA in a
total volume of 20 pl using RevertAid™ First Strand
cDNA Synthesis Kit. An amount of total RNA (5u9)
was used with a reaction mixture, termed as master
mix (MM). The MM was consisted of MgCl,, 5x
reverse transcription buffer, dNTPs, oligo-dT primer,
ribonuclease inhibitor and M- MuLV reverse
transcriptase. The reverse transcription (RT) reaction
was performed at 25 °C for 10 min, followed by 1 h
at 42 °C, and the reaction was stopped by heating for
5 min at 99 °C. Afterwards the reaction tubes
containing RT preparations were flash-cooled in an
ice chamber until being used for DNA amplification
through semi-quantitative real time-polymerase chain
reaction (sqRT-PCR).

Semi-Quantitative Real Time-Polymerase Chain
Reaction (sqRT-PCR): QIAGEN's real-time PCR
cycler (Rotor-Gene Q, USA) was used to determine
the cDNA copy number. PCR reactions were set up
in 25 uL reaction mixtures containing 12.5 pL 1x
SYBR® Premix Ex TaqTM, 0.5 pL 0.2 puM sense
primer, 0.5 pL 0.2 uM antisense primer, 6.5 pL
distilled water, and 5 pL of cDNA template. At the
end of each sqRT-PCR a melting curve analysis was
performed at 95.0°C to check the quality of the used
primers. Each experiment included a distilled water
control.

The semi quantitative values of RT-PCR (sqRT-
PCR) of iNOS (iNOS-F: 5'-cac ctt gga gtt cac cca gt-
3’, iNOS-R: 5'-acc act cgt act tgg gat gc-3', NCBI:
NM-010927.3); VEGF (VEGF-F: 5'-gct ctc cac gat
ttg acc at-3’, VEGF-R: 5'- atc cac cca cta ggc aac ag -
3’, NCBI: NM-001110268.1); p53 mutation (p53-F:
5'- GCG GTA CCC CAG GTC GGC GAG AAT CC-
3', p53-R: 5'- GGG CTC GAG TCT AGACTT TTG
AGA AGC-3', Qin et al ®¥ ; p21 (p21-F: 5-ACC
TCT CAG GGC CGA AAA C-3', p21-R: 5'- TAG
GGC TTC CTC TTG GAG AA-3’, Rasmy et all*”
and Bcl, (Bcl,-F: 5- CTC AGT CAT CCA CAG
GGC GA-3', Bel,-R: 5'-AGA GGG GCT ACG AGT
GGG AT-3', Khalil and Booles ™ genes were
normalized on the bases of B-actin (B-actin-F: 5'-
CAC GTG GGC CGC TCT AGG CAC CAA -3/, B-
actin-R: 5- CTC TTT GAT GTC ACG CAC GAT
TTC -3’, Khalil and Booles “”! expression.
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Calculation of Gene Expression: First the
amplification efficiency (Ef) was calculated from the
slope of the standard curve using the following
formulae (Bio-Rad 2006):

Ef = 10-1/slope

Efficiency (%) = (Ef — 1) x 100

The relative quantification of the target to the
reference was determined by using the ACT method
if Ef for the target (iNOS, VEGF, p53, p21 and bcl2)
and the reference primers (B-Actin) are the same
(Bio-Rad 2006):

Ratio (reference/ target gene) = EfCT(reference) - CT(target)
Statistical analysis: The data were expressed as
means + SE. Differences between the groups were
determined by one-way Analysis of Variance
(ANOVA) using the SPSS (Version 11.0; SPSS,
Chicago, IL, USA). The level of statistical
significance was set at P<0.05. The comparisons
among the groups were performed using Duncan’s
multiple range tests. Furthermore, gene expression
data were analyzed using the General Liner Models
(GLM) procedure of Statistical Analysis System
(SAS) followed by Scheffé-test to assess significant
differences between groups.

RESULTS

Tumor growth Inhibition: Table (1) summarizes
the results of administration of Moringa oleifera leaf
extract on solid tumor volume of EST inoculated in
male mice. The tumor volume mean were
significantly decreased by VCR drug and Moringa
oleifera leaf extract (at the doses 250 and 500mg kg™
b.w). However, the dose 125mg kg™ was ineffective
in decreasing the tumor volume. Moringa oleifera
leaf exhibited dose dependent manner in tumor
growth inhibition. Moringa oleifera leaf extract at the
doses 250 and 500 mg kg™ achieved 20.25 and 34.4
% tumor growth inhibition, whereas, the dose of 125
mg kg™ achieved 8.06 % tumor growth inhibition.
The maximal value of tumor growth inhibition was
64.2 % that achieved with VCR.

Detection of Apoptosis in Ehrlich Solid Tumors
and Bone Marrow Cells

Morphological study with fluorescence microscope:
To evaluate the type of cell death induced by
Moringa oleifera leaf extract in EST- mice, the
morphological changes were investigated by using
double staining cells with AO /EB. In case of solid
tumor (Fig. 1), Moringa oleifera leaf extract showed
dose dependent increase in the number of damaged
cells (orange or red) and such increase was
significantly at the highest dose. Also, VCR
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significantly increased the apoptotic cells percentage
in solid tumor of EST- mice. This result indicated
that Moringa oleifera leaf extract and VCR Kkill solid
tumor cells by induction of apoptosis compared to
control group. In bone marrow cells (Fig 2), EST-
mice induced an increase in necrosis / apoptotic ratio
in bone marrow cells compared with negative
control. However, treatment with different doses of
Moringa oleifera leaf extract caused dose dependent
reduction in the necrosis/apoptotic ratio compared
with the EST-mice. No significant differences were
observed in necrosis/apoptosis value between the
groups of VCR and Moringa oleifera leaf extract
high dose.

Detection of internucleosomal DNA fragmentation:
To assess the efficiency of MOLE leaves extract in
induction the necrosis or apoptosis which associated
with the internucleosomal DNA fragmentation in
solid tumor and hepatocytes of EST- mice, the
quality of extracted DNA was investigated on the
agarose gel. Genomic DNA isolated from solid tumor
of EST-mice treated with VCR or with the high
dose of MOLE exhibited DNA bands separated by
multiple of ~200bp which are considered to be
biochemical markers of apoptotic cells (Fig 3). These
results are compatible with the results of
morphological observations. However, DNA isolated
from hepatocytes treated with VCR or different doses
of MOLE displayed a smear typical of non-specific
degradation i.e necrosis.

DNA Damage detected by Comet assay: The
results obtained in the comet assay after treatment of
mice bearing EST with different doses of MOLE are
presented in Table (2). Computed parameters include
primary and derived measurements of comet images.
Primary measurements are obtained from primary
densitometry analysis of the comet images (DNA
profile across the comet) including (1) comet length,
(2) tail length measured from the centre of the head
to the end of the tail, (3) percentage of DNA in tail,
(4) %DNA in head. While, derived measurements are
obtained from geometric analysis of the comet image
including tail moment (% tail DNAXxtail length) and
olive moment (% Tail DNAxTail moment length).
All these parameter were used as an indicator for
DNA damage in mice bearing EST bone marrow
cells. The current findings exhibited dramatic
increase in DNA damage in bone marrow cells of
EST-mice compared with untreated control. On the
other hand, MOLE induced dose dependent decrease
in all parameters of DNA damage as compared with
their corresponding values to group bearing EST. As
shown in Fig 4, relatively undamaged cells give
comets consisting of a compact head with or without
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very short tail, indicating double-stranded DNA.
Comets originating from damaged cells have a
distinct head with a tail.

Micronucleus assessment: Dramatic increase in the
frequency of MNPCE in bone marrow cells was
observed in mice implanted EST compared with the
control group (Fig. 6). This finding indicated that
EST had potential effect to induce DNA damage in
bone marrow cells. Treatment mice inoculation EST
with different doses of Moringa oleifera leaf extract
result a reduction in the occurrence of MNPCE. Such
reduction reached its maximum decline after
treatment with the highest dose of Moringa oleifera
leaf extract. This finding implies that the increasing
dosages of Moringa oleifera leaf extract afforded
significant moderating against genotoxicity induced
by EST. Insignificant reduction in the occurrence of
MNPCE was observed after treatment mice bearing
EST with VCR compared with the highest dose of
Moringa oleifera leaf extract leaves extract (Fig. 6).

Expression analysis of iINOS, VEGF, p53, p21 and
bcl2 genes: Results of the expression analysis of
iINOS, VEGF, and apoptosis related genes (p53
mutation, p21 and bcl2) in hepatocytes of EST-mice
are shown in Figures 7-11. The results showed that
iNOS, VEGF, p53 mutation, p21 and bcl2 genes in
the hepatocytes collected from EST-mice were
significantly over-expressed compared with control
and all other groups (Figures 7-11, respectively).
However, treatment of EST-mice with VCR
decreased significantly the expression of iINOS,
VEGF, p53 mutation, p21 and bcl2 genes in the
hepatocytes compared with those in EST-mice
(Figures 7-11, respectively). On the other hand, the
expression levels of iINOS, VEGF, p53 mutation, p21
and bcl2 genes in the hepatocytes of EST-mice
administered orally with low dose of MOLE, were
relatively similar to those in EST-mice (Figures 7-11,
respectively). Treatment of EST bearing mice with
medium dose of MOLE decreased significantly the
expression of iINOS and VEGF genes in the
hepatocytes compared with those in EST- mice
(Figures 7 and 8, respectively). However, the
medium dose of MOLE did not decrease significantly
the expression of the apoptosis related genes (p53
mutation, p21 and bcl2) in the hepatocytes of EST-
mice compared with those in EST- mice (Figures 9-
11, respectively). In the same trend, treatment of
EST- mice with the highest dose of MOLE decreased
significantly the expression of iNOS, VEGF and p53
genes in the hepatocytes compared with those in
EST-mice (Figures 7-9, respectively). However, the
highest dose of MOLE did not decrease significantly
the expression of the apoptosis related genes (p21
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and bcl2) in the hepatocytes of EST- mice compared
with those in mice bearing EST (Figures 10-11,
respectively).

DISCUSSION

Moringa oleifera Phytochemical properties play an
important role in its mode of action against
diseases™®. In the present investigation, the
antiproliferative activity of Moringa oleifera leaf
extract was estimated by determining its ability to
reduce tumor growth and induce apoptosis in solid
tumor of EST-mice. Anin vivostudy on the
anticancer activity of Moringa oleifera leaf extract on
B16 F10 melanoma tumors in mice revealed that
treatment at 500 mg kg'bw could delay tumor
growth?, The anticancer activity was attributed to
the phytochemicals quercetin, niazimicin and
niaziminin®!. Moringa oleifera leaf extracts have
been shown to disrupt proliferation of cancer cells 4
and induced apoptosis in ovarian cancer cells %, KB
carcinoma cells"® and A549 lung cells 7.
Antiproliferative effect of Moringa oleifera extract
may be due to the phytochemicals (e.g.,
isothiocyanates,  niazimicin,  niaziminin  and
quercetin) in the plant leaves 7. Our results showed
that Moringa oleifera leaf extract produced a
significant reduction of tumor volume and increase
the incidence of apoptosis/necrosis in a dose-
dependent manner. To confirm the apoptotic action
of Moringa oleifera leaf extract DNA agarose gel
electrophoresis followed by AO/EB staining was
conducted to discriminate between apoptotic,
internucleosomal DNA  fragmentation  which
resulting in the so-called DNA ladder.
Internucleosomal DNA  fragmentation are
represented by DNA fragments of 180 bp and
multiples thereof (360, 540, etc) and necrotic,
nonspecific DNA degradation resulting in a smear of
randomly degraded DNA ¥, In the present study,
Moringa oleifera leaf extract at the dose 125 and 250
mg kg™ exhibited degradation of EST-mice genomic
DNA, which was visible as DNA smear that is
hallmark of necrosis. However, 500 mg kg™ Moringa
oleifera leaf extract exhibited internucleosomal DNA
fragmentation into a 200 bp ladder which is
considered a biochemical hallmark of apoptosis.
These results indicated that MOLE exerts in vivo
antitumor activity through cytostatic and cytotoxic
effect. Indeed, cell division was active in the solid
tumor group than in the groups of Moringa oleifera
leaf extract, a fact probably due to the blocking of the
progression of the cell cycle and possibly associated
to the activation of the P21 gene which together with
the inactivation of the bcl-2, induce to apoptosist®..
Similar results revealed that MOLE exhibited in vitro
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antitumor activity against human liver cancer cell®®,
leukemia ®Yand human tumor (KB) cell line®?.

Additional objective of the present study is
assessment of the antigenotoxic activity of Moringa
oleifera leaf extract against DNA damage induced by
EST model. Many cancer chemopreventive agents
possess antioxidant potential due to their bioactive
phytochemicals that may play a vital role in
protecting the cell from oxidative stress 5%,
Moreover, the effectiveness of potential antioxidants
in tumor treatment may depend on the nature of the
antioxidant, the type and stage of cancer being
treated™" %!, Quantitative analysis of comet assay and
micronucleus test showed high degree of DNA
damage in bone marrow cells of EST-mice. These
findings imply that EST caused loss in chromatin as
results of a damage to either chromosome structure
(fragmentation) or dysfunction of the spindle
apparatus or centromere kinetochore complexes ¢,
Significant reduction in all parameters of DNA
damage was observed after treatment with VCR and
the two highest doses of Moringa oleifera leaf
extract. Sathya et al.’”! showed that M. oleifera leaf
ethanolic extract have a dose dependent modulatory
effect on CP-induced DNA damage. The protective
effect may be attributed to the potential involvement
of the phytomolecules of the extract to interfere with
the enzymes participating in the biotransformation of
CP to cytotoxic metabolites.

One of our prominent finding is that a decrease in the
expression levels of apoptosis related genes (p53
mutation, p21 and bcl2) due to supplementation with
Moringa oleifera leaf extract.. Although, the tumor
suppressor gene p53 is involved in the control of cell
proliferation, particularly in stressed cells, our results
were deeply agree the observations of Abo-Elwafa et
al ¥ and Barisik et al ', who found that p53 gene
mutations are the most frequent genetic event found
in various types of cancers. High-grade serous tumors
tended to be p53 positive and p53 positivity is related
to the survival rate. Furthermore, Fauvet et al’®! have
reported that borderline tumors have higher p21
expression than benign tumors. In that study, they
suggested that over-expression of p21 is specific for
serous tumors. Several studies have highlighted the
role of Bcl-2 proteins as important regulators of the
apoptotic pathway in several cell typest®®®d. A
number of theories based on experimental
observations have tried to explain how Bcl-2
functions as a death regulator. These observations
suggested its role as an antioxidant® ! and a
regulator ~ of intracellular  calcium®  °¢
Supplementation of Moringa oleifera leaf extract
showed decrease in the expression of INOS and
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VEGF genes to the values approximating these
observed in normal cells. Nitric oxide participates not
only in gene expression regulation, especially those
transcription factors®, but it also participates in the
process of nitrosylation of cysteine, glutathione
(GSH) and proteins & ® The chemotactic effects of
VEGF-A are mediated through binding of VEGF
receptor 2 (VEGFR2) and stimulation of a signaling
pathway involving phosphatidyl inositol-3-kinase
(PI3K), Akt, and activation of eNOS and nitric oxide
(NO) formation™ ™. Langstont suggested that
VEGF induces angiogenesis and eNOS activity via
modulation of intracellular GSH status. Therefore,
the role of Moringa oleifera leaf extract in decreasing
the tumor activity through down-regulation the
expression of apoptosis related genes (p53 mutation,
p21 and bcl2) as well as iINOS and VEGF genes in
the current study may be attributed to increase the
antioxidant enzymes activity and/or regulation the
intracellular calcium.

Based on our findings, it was clear that, tumor cells
are capable to generation of DNA damage inducing-
singles. There are several possible explanations by
which the presence of a tumor may lead to elevated
levels of DNA damage in distant tissues. The tumors
were found to be infiltrated with matured
macrophages and lymphocytes which could be
activated by contact with the tumor cells to secrete
substances in various tissues that induce DNA
damage™. In addition, the tumor cells themselves
are known to be capable of secreting a variety of

ISSN 2249-1848

cytokines and other factors such as ROS which may
also activate resident or distant immune cells that
move throughout the body and secretes substance in
various tissues and induce DNA damage are
responsible for the distant DNA damage!™.

The mechanism of action of Moringa Oleifera leaf
extract is unclear and, possibly, multiple compounds
in the extract are involved. The preliminary
phytochemical profile of MO indicated presence of
various phytochemicals like carotenoids, vitamins,
minerals,  glycosides, alkaloids, flavonoids,
moringine, moringinine, and polyphenols > .
These compounds are known to exhibit strong
antioxidant activities which help in radical
scavenging and prevention of oxidative cell
damage®®” ™. The extract could have exerted its
actions by some unknown mechanism either alone or
in combination. The crude extract has compounds
that would work synergistically and thus result in
weaker anti-carcinogenic activity when separated
than when used together in the intact crude extract.

Basically, there are two main groups of protective
mechanisms for DNA, desmutagenic and bio-
antimutagenic according to mode of action.
Desmutagenesis could be detected with pre-
treatment, while bio-antimutagenicity could be better
detected with post-treatment!’”. According to our
results, Moringa oleifera leaf extract exerts its ability
to reduce the DNA damage induced by EST
suggesting act as bio-antimutagenic agents.

Table (1): Antitumor activity of Moringa oleifera leaves extract against Ehrlich solid tumor mice model

Treatment groups

Tumor Weight

Inhibition Rate %

EST 1.48+0.12°
EST+VCR 0.54+0.08°
EST+MO 125 1.37+0.08°
EST+MO 250 1.25+0.04°
EST+MO 500 0.95+0.05"

0.00°
64.2°
8.06
20.25"
34.98°

Values followed by different superscript letters are significantly different from one another within the same columns

(p<0.05).
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Table (2): Assessment of DNA damage by comet assay in mouse bone marrow cells after exposure mice bearing

Ehrlich solid tumor to Moringa oleifera leaves extract

Comet Length %DNA in Tail Length

Treatment groups (um) Head () %DNA in Tail  Tail Moment  Olive Moment
Control 130.0+4.14° 93.5+0 .50° 1.5+0.54° 6.5+0.50° 1.3+0.21° 1.2+0.12°
EST 194.8+5.93 71.9 +0.96° 48.3 +2.97° 28.1+0.96° 10.1+0.85° 11.7+0.61°
EST+VCR 181.8+6.66° 83.60.96 ° 27.2+2.50° 16.4+0.96° 4.1+0.56° 5.5+0.48°
EST+MO125 190.1#5.42° 73.0 £1.05° 43.1+2.69° 27.0+1.04° 8.5+0.78° 10.0+0.54°
EST+MO250 142.1+3.61° 78.7+1.16" 25.6+4.19" 21.3+1.16" 4.4+0.49 " 5.1+0.36°
EST+MO500 17.9+4.23° 82.3+1.06 ° 20.2+1.54° 17.7+1.06° 3.4+0.34° 4.2+0.33°

Data expressed as mean%=SE. Values followed by different superscript letters are significantly different from one another

within the same columns (p<0.05).
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Control EST+VCR EST+MO 125EST+MO 250 EST+MO S00
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Necrotic/apoptosis rate
b -]

N

Treatment groups

Figure (1): Induction of necrotic/apoptotic rate by Moringa oleifera leaf extract in solid tumor of EST- mice model.

Data expressed as mean + SE. Means with different letters are significantly different from one another (p<0.05).

www.pharmascholars.com 75


http://www.pharmascholars.com/

Wagdy K. B. Khalil, et al. Int J Pharm 2014, 4(3): 68-82 ISSN 2249-1848

14 -

12

10
8 4—
6 -
4
2
0

EST+VCR EST+MO 125 EST+MO 250 EST+MO 500

Necrotic/apoptotic rate

Treatment groups

Figure (2): Induction of necrotic/apoptotic rate by Moringa oleifera leaf extract in bone marrow cells of EST-mice
model. Data expressed as mean +SE. Means with different letters are significantly different from one another
(p<0.05).

mM EST EST EST EST EST
- VCR +MO 500 + MO 250 + MO 125

Figure (3). Agarose gel electrophoresis of DNA extracted from solid tumor of EST-mice after exposure to different

doses of Moringa oleifera leaf extract, lane M: molecular marker.
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Figure (4). Fluorescence photomicrographs of bone marrow cells showing undamaged and damaged nuclei:

A) nuclei without damage; B) moderated damage; C) highly damaged nucleus (hedgehog appearance).
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Figure (5). Evaluation of DNA damage by induction of MNPCE in bone marrow cells of mice after exposure EST-

mice to Moringa oleifera leaf extract.
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Figure (6). Effect of Moringa oleifera leaf extract on the PCE/NCE ratio in the bone marrow of EST-mice model.
Data expressed as mean mean = SE. Means with different letters are significantly different from one another (p<

0.05).
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Figure (7). Effect of different doses of Moringa oleifera leaf extract on the expression of iNOS gene in hepatocytes
of EST- mice using semi-quantitative Real Time-PCR analysis. Means with different letters, within tissue, differ
significantly (P < 0.05).
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Figure (8). Effect of different doses of Moringa oleifera leaf extract on the expression of VEGF gene in hepatocytes
of EST- mice using semi-quantitative Real Time-PCR analysis. Means with different letters, within tissue, differ

significantly (P < 0.05). VC: vincrystine.
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Figure (9). Effect of different doses of Moringa oleifera leaf extract on the expression of p53 gene in hepatocytes of
EST using semi-quantitative Real Time-PCR analysis. Means with different letters, within tissue, differ significantly
(P <0.05).
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Figure (10). Effect of different doses of Moringa oleifera leaf extract on the expression of p21 gene in hepatocytes
of EST-mice using semi-quantitative Real Time-PCR analysis. Means with different letters, within tissue, differ
significantly (P < 0.05).
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Figure (11). Effect of different doses of Moringa oleifera leaf extract on the expression of Bcl2 gene in hepatocytes
tissues of EST-mice using semi-quantitative Real Time-PCR analysis. Means with different letters, within tissue,
differ significantly (P < 0.05).
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