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Introduction

Botanical-based medicines, reported in ancient 
developing nations, like Egypt and China. This medicinal 
trend provides essential pharmaceutical agents that have 
been prescribed for numerous disorders over years. In 
the developed nations, people interested in alternative 
or natural therapies to avoid the burden impacts and 
high expenses of chemotherapy so they turned back 
to nature for a safe and wide alimental therapies 
(Abd-Rabou, 2011). Many studies have investigated that 
some naturally occurring phytochemical agents, such 
as phenolic compounds (e.g. alkaloids and flavonoids), 
specifically those ingested in the human beings diet, 
trigger cancer-cell death machineries and can be used as 
chemopreventive candidates against certain cancerous cell 
types (Abd-Rabou, 2016; Ahmed et al., 2015; Gao et al., 
2002; Goodman, 2000). Moringa oleifera is an important 
species of the Moringaceae, a monogeneric family. Its 
tree, the drumstick tree, was native at the sub-Himalayan 
tracts of India, Pakistan, Bangladesh and Afghanistan. 
In addition, Moringa oleifera was medically used by the 
ancient Egyptians and Greeks; after that, it was globally 
cultivated for spreading its medicinal benefits around the 
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world (Oliveira et al., 1999). 
All Moringa parts are edible and have long been 

utilized by human beings (Fuglie, 1999). Moringa oleifera 
leaves are well-known to have numerous good biological 
activities, such as antioxidant, antiatherosclerotic, 
hypolipidaemic, and preventer of cardiac disorders 
(Chumark et al., 2008; Iqbal and Bhanger, 2006), immune 
activator (Faizi et al., 1994), and tumor suppressor 
(Murakami et al., 1998). Moreover, Moringa leaves have 
been utilized for treatments of malaria, hypertension, 
asthma, diabetes, and stomach problems and to expel 
retained placenta, while a decoction of the root is 
used to treat malaria. Furthermore, the root and leave 
extracts showed activity against Trypanosoma brucei 
(Mekonnen and Gessesse, 1998), the parasite responsible 
for trypanosomiasis. Research investigators found that 
cultured HepG2 cell line revealed high sensitivity to the 
hepatotoxicant Moringa galactosamine when compared 
with in vivo experiments upon liver cancer-induced 
models (Mekonnen et al., 2005; Gomez-Lechon et al., 
1988). 

The levels of anti-oxidants in different parts of 
Moringa have been recently identified by Tesfay et al. 
There were significant differences in sugar concentration 



Ahmed A Abd-Rabou et al

Asian Pacific Journal of Cancer Prevention, Vol 182142

and anti-oxidant distribution in different parts of Moringa. 
The sucrose concentration was the dominant carbohydrate 
produced in different parts, except glucose in plant roots. 
Raffinose was detected only in leaf, stem and root, whereas 
the highest anti-oxidant concentration was also observed 
in: Total anti-oxidant (TAO) (1.8 mg), leaf-ascorbic acid 
(AsA) (2.0 mg), and total phenols (TP) (64.1 µg); stem-
TAO (1.2 mg); root-carotenoids (29.7 mg), and TP (57.3 
µg). Although Moringa had substantial amount of total 
crude protein, leaf (76.1 mg) had the highest concentration 
(Tesfay et al., 2011). 

Cancers are the leading causes of morbidity and 
mortality worldwide, with approximately 14 million new 
cases and 8.2 million cancer related deaths (Fuglie, 1999). 
The number of new cases is expected to rise by about 
70% over the next 2 decades. Among men, the 5 most 
common sites of cancer diagnosed were lung, prostate, 
colorectum, stomach, and liver cancer. Among women the 
5 most common sites diagnosed were breast, colorectum, 
lung, cervix, and stomach cancer (WHO, 2015; De Martel 
et al., 2012).

Very recently, Al-Asmari et al., (2015) have 
investigated the remarkable effects of Moringa oleifera 
leaves and bark on breast MDA-MB-231 and colorectal 
HCT-8 cancerous cells. They found that Moringa oleifera 
extracts significantly exhibit apoptosis-mediated cell death 
and cell cycle arrest associated with remarkable changes in 
the cell phenotypic properties in both beast MDA-MB-231 
and colorectal HCT-8 cancerous cell lines. In addition, 
the analyses of these extracts using GC-MS indicated 
considerable compounds with anti-cancer prosperities 
(Al-Asmari et al., 2015; Al-Sharif et al., 2013; Sui et al., 
2005; Matsuda et al., 2007; Peng et al., 2008). On the other 
hand, Balamurugan et al., (2014) assessed the anti-tumor 
impact of the Moringa leaf and bark extracts on hepatic 
cancer cell line (HepG2) using MTT experiment. They 
found that the leaf crude extract has a significant anticancer 
effect against HepG2 cells compared to that of the bark 
extract of Moringa (Balamurugan et al., 2014). 

Due to the global ongoing interest in the nanotechnology 
with potential applications in health and drug delivery for 
cancer therapy (Shoo et al., 2007; Park et al., 2008), poly 
D-L-lactide-co-glycolide (PLGA) decorated with chitosan 
(CS) and polyethylene glycol (PEG), PLGA-CS-PEG, 
provides unique physicochemical characteristics resulting 
from the nano-size effect (Sumer and Gao, 2008; Parveen 
and Sahoo, 2011). The nanoparticles of FDA approved 
biodegradable polymer, PLGA, is widely used for the 
delivery of various natural treatments to the target site. 
However, rapid opsonization by phagocytes is a major 
challenge for achieving effective drug targeting by PLGA 
nano-formulation (Gref et al., 1995). Therefore, surface 
coating by biodegradable and biocompatible polymers 
with low toxicity such as CS and PEG were used to curb 
the phagocytic effects and to enhance the longevity of the 
nanoparticles (Hu et al., 2008; Illum, 1998; Parveen et al., 
2010). Intriguingly, the chemical modification of CS with 
PEG not only improves the biocompatibility of CS (Zhang 
et al., 2002), but also reduces the adsorption of circulating 
plasma proteins onto the material surface (Amiji, 1997). 
This important effect of nanotechnology used in the study 

to improve the effectiveness of Moringa extracts against 
cancer cell lines. Moringa oleifera nanocomposites may 
have potential for use as a natural source of anti-cancer 
compounds against different cell lines, while sparing 
normal cells with minimal inhibitory effect.

The aim of this study was to assess the potential 
anti-cancer effects of Moringa oleifera leaves (ML) as 
well as root core (Rc) and outer (Ro) parts, grown in 
Egypt, against liver, breast, and colorectal cancer cells, 
as well as normal kidney cells. Hence, the novelty of 
our research is that we have tested the leaves extract-
encapsulated PLGA-CS-PEG nanoparticles (MLn) and its 
free counterpart (ML) in addition to the plant root parts 
against these cancer types; in addition to, their impacts on 
sensitive and resistant colorectal cancerous cells. 

Materials and Methods

Plant material
The present work was carried out at the Cell Culture 

Unit of Hormones Department at the National Research 
Centre “Egypt”. The ethanolic extracts of Moringa 
oleifera leaves (ML), as well as root core (Rc) and outer 
(Ro) parts were cordially obtained from the Egyptian 
Scientific Society of Moringa (ESSM), National Research 
Centre, Dokki, Giza, Egypt. 

Preparation of Moringa leaves extract-loaded PLGA-CS-
PEG nanocomposites

A slightly modified method for nano-preparation 
was used (Parveen and Sahoo, 2011). Briefly, poly D, 
L-lactide-co-glycolide (PLGA) nanoparticles were 
prepared by oil-in-water (O/W) single emulsion solvent 
evaporation method. Briefly, 100 mg of PLGA polymer 
was dissolved in 3 ml of chloroform to form a primary 
emulsion which was further emulsified in an aqueous 
polyvinyl alcohol (PVA) solution (12 ml, 2% w/v) to 
form an O/W emulsion using a microtip probe sonicator 
(VC 505, Vibracell Sonics, Newton, USA) set at 55W 
of energy output for 2 min over an ice bath.  For the 
preparation of polyethylene glycol/ chitosan-blended 
PLGA (PLGA-CS-PEG) nano-void, 10, 20, or 30% w/w 
of CS solution in 1% glacial acetic acid and 5, 10, or 15% 
w/w of 2 kD PEG were added to the aqueous PVA solution 
prior to emulsification with the PLGA polymer to get 
PLGA-CS-PEG nano-void. The emulsion was stirred 8 h 
for the evaporation of the organic solvent. Excess amount 
of PVA was removed next day by ultracentrifugation at 50, 
602×g at 4 °C for 20 min (Sorvall Ultraspeed Centrifuge, 
USA) followed by washing twice with double distilled 
water. 

For therapeutic applications, Moringa leaves extract 
(ML)-encapsulated PLGA-CS-PEG nanocomposites 
(MLn) were prepared in a similar way by adding a certain 
concentration of ML prior to emulsification. The amount 
of ML extract was then measured spectrophotometrically 
(BMG Labtech, Germany) to calculate the entrapment 
efficiency.

Particle size analysis and zeta potential measurement
Particle size and zeta potential of the PLGA-CS-PEG 
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nm, using a microplate reader. The cell viability (%) was 
calculated and compared with the controls. 

Apoptosis 
Annexin V stained flipped phospholipids on the HCT 

116 and HepG2 cell membranes and used in determination 
of apoptosis after treatment with Rc, Ro, ML, MLn at 24 
h of drug incubation. Annexin V apoptosis detection kit 
purchased from (ThermoFisher Scientific). The Annexin 
V-based apoptosis of the treated and untreated HCT 116 
and HepG2 cancer cells with the IC50s of these formulations 
were analyzed in triplicate using the fluorescence module 
of the BMG LABTECH, Germany. 

Statistical analysis
Comparisons between nanocomposites and their free 

counterparts versus controls were made using a two-tailed 
Student’s t test, and values of P < 0.05 were considered 
statistically significant.

Results 

Particle size and zeta potential measurements
Three different nanocomposites of Moringa leaves 

(MLn) were prepared by varying the CS and PEG 
concentrations decorated the PLGA nanoparticles. The 
MLn (formulation 1; F1) prepared by the modified 
method mentioned in the methodology part has 
nano-size (152 ± 6 nm; Figure. 1a), nano-stability 
with zeta potential (-9.73 ± 1.5 mV and polydispersity 
index (PDI)= 0.105 ± 0.023; Figure. 2b), and well-fitted 
correlation data (Figure 1b and 2a) as illustrated 
in (Table 1).

Moringa Rc remarkably induces colon cancer cell death, 
while sparing normal cells with minimal effect

The cytotoxicity of Moringa leaves extract-loaded 
PLGA-CS-PEG nanocomposites (MLn) and its free 
counterpart, as well as the two parts of root extracts was 
tested over colon cancer HCT 116 and Caco-2 cell lines 
at different concentrations 0, 20, 40, 60, 80, 100 µM) 
using MTT assay. Data illustrated in (Figure 3) show the 
percentage of viabilities of HCT 116 and Caco-2 cells 
after 24 h incubation with treatments versus controls. 
The results revealed dose dependent decreases (P < 0.05) 
in cell viabilities of sensitive colorectal cancer HCT 116 

nanocomposites were determined by photon correlation 
spectroscopy (PCS) using a Zeta Sizer (Nano ZS, 
Malvern Instruments, UK), with a red laser of wavelength 
λo=633 nm (He–Ne, 4.0 Mw). For size measurements, 
1 mg of the nanocomposites was dissolved in 1 ml of 
water which was further diluted 10 times with water 
and measured for a minimum of 120 s. Similarly for 
zeta potential measurements, the samples were placed 
in an electrophoretic cell, where a potential of ±150 mV 
was established. Nanocomposites were maintained at a 
constant temperature of 25.0±0.1 °C.

Transmission electron microscopic (TEM) 
Particle morphology and size of the nanocomposites 

were examined by transmission electron microscopy 
(TEM, Philips CM-10, FEI Inc., Hillsboro, OR, USA). 
100 μg/ml of the nano-suspensions were dropped into 
Formvar-coated copper grids, and after complete drying, 
the samples were stained using 2% w/v uranyl acetate 
(Electron Microscopy Services, Ft. Washington, PA). 
Image capture and analysis was done using Digital 
Micrograph and Soft Imaging Viewer Software.

In-vitro studies
Cell culture, maintenance, and sub-culture

Human hepatoma HepG2, breast cancer MCF7, 
colorectal cancer HCT 116 and Caco-2, and normal 
kidney BHK-21 cell lines were purchased from American 
Type Culture Collection (ATCC, USA) and cultured 
using Dulbecco’s modified Eagle’s medium (DMEM), 
Roswell Park Memorial Institute (RPMI-1640) medium, 
and Hanks’ Modified Eagle (Hanks’ MEM) medium, 
supplemented with 10% fetal bovine serum (FBS), 
1% penicillin/streptomycin (P/S), and 1% L-glutamine 
obtained from Life Technologies, Gibco (Grand Island, 
NY). Cells were cultured in 5% CO2 at 37oC and then 
treated with 0.25% (w/v) trypsin/EDTA to affect cell 
release from the culture flask. After washing the cells with 
phosphate buffered saline (PBS), cells were suspended 
in the media.

Drug Screening and cytotoxicity
The anti-cancer activity and the mitochondrial-based 

cytotoxicity (Van Meerloo et al., 2011) of Moringa 
nano-leaves extract and its free counterpart and roots core 
and outer parts were evaluated by 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay 
using HepG2, MCF7, HCT 116, Caco-2, and BHK-21 
cell lines. Briefly, the cells were cultured in 96-well 
plates at a density of 5×103 cells/well. All treatments 
with different concentrations (0, 20, 40, 60, 80, 100 µM) 
were added in the media over those cells. Culture media 
with nano-void and without were added as controls for 
the treatment-loaded nanocomposites and their free 
counterparts. After a day incubation, MTT (Sigma) 
dissolved in PBS was added to each well at a final 
concentration of 5 mg/ml, and the samples were incubated 
at 37°C for 4 h. Water-insoluble dark blue formazan 
crystals that formed during MTT cleavage in actively 
metabolizing cells were then dissolved in dimethyl 
sulfoxide (DMSO). Absorbance was measured at 455 

Formulation CS
(%)

PEG
 (%)

Nano-Size 
(nm)

PDI Zeta 
potential 

(mV)

F1 10 5 152 ± 6 0.105 ± 0.023 -9.73 ± 1.5

F2 20 10 266.5 ± 18.4 0.698 ± 0.340 12.48 ± 3.19

F3 30 15 376.3 ± 12.8 1.00 ± 0.012 30.70 ± 4.62

Notes: MLn; Moringa leaves extract nanoparticles; PLGA, poly D-
L-lactide-co-glycolide; CS, Chitosan; PEG, polyethylene glycol; F1, 
formula 1 (10% CS + 5% PEG); F2, formula 2 (20% CS + 10% PEG); 
and F3, formula 3 (30% CS + 15% PEG); PDI, polydispersity index; 
S.E., standard error

Table 1. The Effect of CS: PEG Ratios on the Particle 
Size and Zeta Potential of Mln-Based PLGA-CS-PEG 
Nanoparticles (Mean ± S.E., N = 3)
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cells to 100 µM MLn reaching 71.2% compared to ML 
reaching 76.3% HCT 116 cell viability. On the contrary, 
Caco-2 cells revealed resistant to 100 µM MLn reaching 
96.4% compared to ML reaching 75.8% Caco-2 cell 
viability (Table 2).

The results of the cytotoxic effects of Moringa root 
core and outer parts revealed dose dependent decreases 

in cell viabilities of HCT 116, Caco-2, and BHK-21 cell 
lines, with IC50 values (ML: 29.14, 32.16, and >100 µM; 
MLn: 51.4, 39.5, and 49.7 µM at 24 h, respectively) 
(Table 3, Figurs 3 and 7). When comparing colorectal 
cancer cells with normal cells, the inhibitory effects of Rc 
were approximately 3 times over their effects on normal 
BHK cells, while there were no remarkable differences 
(P > 0.05) between cancer and normal cells when cells 
treated with Ro (Table 2).

Cell lines Dose (100µM)
ML MLn

Caco-2 57.8369 69.40428
HCT 116 76.37475 71.2831
HepG2 67.96117 66.01942
MCF7 74.34944 78.06691
BHK 85.9423 71.72744

Table 3. The Inhibitory Effect (IC50) of Moringa Rc and 
Ro on Various Cell Lines

Notes: ML, Moringa leaves extract; MLn, Moringa leaves extract 
nanoparticles

Table 2. The Inhibitory Effect at the Highest Dose 
(100µM) of ML and MLn on Various Cell Lines

Cell lines IC50 (µM)
Rc Ro

Caco-2 32.16 39.51147
HCT 116 29.14 51.4279
HepG2 29.1 53.9
MCF7 46.15 > 100
BHK > 100 49.75148
Caco-2 vs BHK-21 3.10 ** 1.25
HCT 116 vs BHK-21 3.43 ** 0.96
HepG2 vs BHK-21 3.43 ** 0.92
MCF7 vs BHK-21 2.16 * 0.49

Notes: Rc, Moringa root core; Ro, Moringa root outer; IC50, The half 
maximal inhibitory concentration; **, the fold change in the cytotoxic 
effects of Rc on the cancer cell lines (Caco-2, HCT 116, HepG2) were 
over 3 times of its effect on the normal BHK-21 one; *, the fold change 
in the cytotoxic effect of Rc on the breast cancer MCF7 cells was over 
2 times of its effect on the normal BHK-21 one.

Figure 1. Size Distribution by Intensity and TEM 
Imaging (a) and raw correlation data (b) of Moringa 
leaf extract-loaded PLGA PLGA-based nanoparticles (MLn). 
Size= 152 nm and PDI= 0.105.

Figure 2. Data Fitting (a) and Zeta Potential (b) of 
Moringa leaf extract-loaded PLGA-basednanoparticles (MLn). 
Zeta potential= -9.73 mV.

Figure 3. The Cytotoxic Effects of Moringa Extracts on 
HCT 116 and Caco-2 Colon Cancer Cell Lines. Moringa 
root core (Rc) and outer crust (Ro) extracts significantly 
induce colon cancer HCT 116 (a) and Caco-2 (b) cell 
death compared to Moringa leaf extract-loaded PLGA 
nanoparticles (MLn) and its free counterpart.
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The underlying apoptotic mechanism of Moringa Rc and 
Ro on HCT 116 cells

Annexin V-based apoptosis in HCT 116 cell line was 
tested up on 29.14 µM (the IC50 of Rc) and 51.4 µM 
(the IC50 of Ro) against untreated control cells after 24 h 
incubation as illustrated in (Figure. 4). It was appeared 
that the underlying mechanism of Rc and Ro was mainly 
dependent on triggering apoptosis (212% and 180%, 
respectively) compared to control (100%). Therefore, 
the analyses for apoptosis measurement using Annexin 
V showed a significant induction of apoptosis-mediated 

cell death by both root parts, especially the Moringa Rc, 
compared to the untreated cells.
Moringa nanocomposites kill liver and breast cancer cells 

The cytotoxicity of Moringa leaves extract-loaded 
PLGA-CS-PEG nanoparticles (MLn) and its free 
counterpart, as well as the two parts of root extracts 
was tested over liver cancer HepG2 cell line and breast 
cancer MCF7 cell line at different concentrations (0, 20, 
40, 60, 80, 100 µM) using MTT assay. Data illustrated in 
(Figure. 5) show the percentage of viabilities of HepG2 
and MCF7 cells after 24 h incubation with treatments 
versus controls. The results revealed dose dependent 
decreases (P < 0.05) in cell viabilities of HepG2 cells 
reaching 66% at 100 µM MLn compared to ML reaching 
67.9% HepG2 cell viability. On the contrary, MCF7 cells 
revealed a bit resistant to 100 µM MLn reaching 87% 
compared to ML reaching 74.3% MCF7 cell viability 
(Table 2).

The results of the cytotoxic effects of Moringa root 
core and outer parts revealed dose dependent decreases 
in cell viabilities of HepG2, MCF7, and BHK-21 cell 

Figure 4. Apoptosis Measurement Using Annexin V. To 
study the underlying mechanism of colon cancer HCT 
116 cell death, Moringa root core (Rc) and outer crust 
(Ro) extracts were tested upon these cells, showing a 
significant induction of apoptosis-mediated cell death by 
both root parts compared to the untreated cells (n=3).

Figure 5. The Cytotoxic Effects of Moringa Extracts on 
HepG2 and MCF7 Cancer Cell Lines. Moringa root core 
(Rc) extract significantly induces liver cancer HepG2 (a) 
and breast cancer MCF7 (b) cytotoxicity compared to 
Moringa leaf extract-loaded PLGA nanoparticles (MLn) 
and its free counterpart. While, Moringa root outer crust 
(Ro) extract significantly induces liver cancer HepG2 (a) 
cytotoxicity compared to breast cancer MCF7 (b).

Figure 6. Apoptosis Measurements of ML and MLn 
Using Annexin V. To study the underlying mechanism 
of liver cancer HepG2 cell death, Moringa leaves 
extract-encapsulated nanoparticles (MLn) and its free 
counterpart (ML) were tested upon HepG2 cell line, 
showing a significant induction of apoptosis-mediated 
cell death by both formulations, with a non-significant 
higher effect of MLn over ML compared to the untreated 
cells (n=3).

Figure 7. The Cytotoxic Effects of Moringa Extracts 
on BHK-21 Normal Cell Line. Moringa parts induce 
slight BHK-21 cytotoxicity compared to other cancer 
cell lines, while Moringa root outer crust (Ro) extract 
induces BHK-21 cytotoxicity with IC50= 49.7.
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hand, authors indicated that the cell death percentage 
of mononuclear leukemic and HepG2 cells treated with 
Moringa extract is approximately 75% compared to the 
control. To test the specific effect of this extract up on 
AML cells, the same concentrations of Moringa extract 
were also added up on normal mononuclear cells from 
healthy volunteers, and they resulted that there was no 
significant difference in cell vaibilities when comparing 
those treated with those untreated normal cells (Khalafalla 
et al., 2010; El-Shemy et al., 2007).

Our results of mitochondrial-based cytotoxicity also 
revealed a mitochondrial dysfunction over dose increment, 
which confirmed by Mekonnen (2005) who found that 
mitochondrial and glycolytic ATP levels in HepG2 cells 
are decreased up on Moringa extract treatment. Depletion 
of cellular ATP may have attributed to HepG2 cell injury 
and death by the included natural products of Moringa 
leaves, especially at the highest doses. On the contrary, 
it was reported that the aqueous extract of Moringa 
stenopetala leaves raises ATP levels at the highest dose, 
could be explained by the presence of high carbohydrate 
levels in the extract that may enroll in HepG2 cellular 
glycolysis and thereafter the ATP production (Kerai 
and Timbrell, 1997). All the previous experiments are 
consistent with that the Moringa extracts are cytotoxic 
to the cancer cells resulting in cell death and loss of 
ATP as well as GSH. However, it is obscure from the 
data whether this is a result or a cause of the cancer cell 
death. Intriguingly, the significant depletion of both ATP 
and GSH only seems to occur at concentrations of extract 
that cause LDH leakage and cell viability decrease, owing 
to loss of the cancer cell membrane integrity and uptake 
of trypan blue (Guevara et al., 1999; Mekonnen and 
Gebreyesus, 2000; and  Timbrell, 1998).

The intriguing inhibitory effects of Moringa leaves 
and root extracts on breast MCF7 and colorectal HCT 
116/ Caco-2 cells is owing to some natural compounds 
that are found in Moringa oleifera extracts, including 
eugenol (Al-Sharif et al., 2013), D-allose (Sui et al., 
2005), and isopropyl isothiocynate (Matsuda et al., 
2007). The first phenolic natural compound targets 
E2F1/survivin for effectively killing breast and colorectal 
cancers. These compounds possess anticancer effect 
against cancer cell lines. Very recently, Al-Asmari and 
his companions (Al-Asmari et al., 2015) investigated the 
anti-cancer effects of Moringa leaves and bark extracts 
against breast cancer MDA-MB-231 and colorectal 
cancer HCT-8 cells. In this study, the inhibitory effects 
of Rc were approximately 3 times over their effects on 
normal BHK cells when comparing colorectal cancer 
cells with normal cells, while there were no remarkable 
differences between cancer and normal cells when cells 
treated with Ro. Therefore, Moringa Rc remarkably 
induces colon cancer cell death, while sparing normal 
cells with minimal effect. This finding is supported by 
the previous study indicated that D-allose in Moringa 
extract inhibits the cancer cells proliferation and arrest G1 
cell cycle phase through specific thioredoxin interacting 
protein (TXNIP) induction and subsequent p27kip1 
protein stabilization, while sparing normal cells without 
cytotoxic effects (Yamaguchi et al., 2008). The presence 

lines, with IC50 values (ML: 29.1, 46.15, and >100 µM; 
MLn: 53.9, >100, and 49.7 µM at 24 h, respectively) 
(Table 3). When comparing liver and breast cancer cells 
with normal BHK-21 cells, the inhibitory effects of Rc 
were approximately 2-3 times over their effects on normal 
BHK cells, while there were bit differences between 
cancer and normal cells when treated with Ro (Table 2).

The underlying apoptotic mechanism of MLn and ML on 
HepG2 cells

Annexin V-based apoptosis in HepG2 cell line 
was investigated upon 50 µM of ML and MLn against 
untreated control cells after 24 h incubation as illustrated 
in (Figure. 6). The underlying mechanism of ML and 
MLn are mainly dependent on triggering apoptosis with 
increment percentages (567.5% and 608%, respectively) 
compared to control (100%). Therefore, the analyses 
for apoptosis measurement using Annexin V showed a 
significant induction of apoptosis-mediated cell death by 
both free and nano-ML formulations, especially the MLn, 
compared to the control cells.

Discussion

The main obstacle of chemotherapy is that it cannot 
spare normal cells without damaging, due to it is blinded 
compounds have no ability to differentiate between tumor 
and normal cells. This often impacts the efficacy of the 
therapy, making it impossible to cure patients suffered 
from cancer. One of the requisite of cancer therapy 
is cancer cell eradication by cell cycle arrest and/or 
induction of apoptosis with minimal toxicity up on normal 
cells (Srivastava and Gupta, 2006; Tian et al., 2006). 
Moringa oleifera, a common vegetable plant in various 
countries like Egypt, has many therapeutic compounds 
with beneficial healthcare features, including anti-cancer 
(Abd-Rabou et al., 2016) and anti-oxidant properties 
(Abdull Razis et al., 2014). This plant extracts activate 
anti-tumor potential by interfering with oncogenesis, 
cancer cell growth, and progression (Tiloke et al., 2013). 

It was reported that Moringa extract had a very 
elevated antioxidant potentiality with 77% inhibition of 
free radical production (Khalafalla et al., 2010) and the 
damageable effect of reactive oxygen species that might 
help attenuate oxidative stress (Khalafalla et al., 2010; 
Halliwell and Gutteridge, 1999). This is owing to the 
presence of flavonoids and phenolics in high levels in 
the plant extracts. These botanical products have potent 
medicinal applications, as a group of natural antioxidants 
with valuable beneficial effects on human beings’ 
healthcare (Meyer et al., 2003). 

In the current study, we indicated that increasing 
treatment concentrations with Moringa leaves extract 
and its nanocomposition, decreased the HepG2 cell 
viabilities by 67.9% and 66%, suggesting that prolonged 
interaction with this natural product augments the 
deleterious impact on HepG2 cells. This is in agreement 
with the study of Mekonnen (2005) who confirmed that 
this botanical treatment leads to increment of LDH leakage 
which approved the cytotoxic results, and GSH levels 
depleted significantly compared to control. On the other 
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of the organosulphur compound, isothiocynate, in Moringa 
bark extract attributes to potentiality of its anti-tumor 
activity. In addition, the existence of palmitic acid in all 
Moringa extracts selectively targets human leukemic cells 
(Harada et al., 2001). On the other side, previous studies 
also showed that eugenol has a strong anti-tumor activity 
against melanoma (Pisano et al., 2007), osteosarcoma 
(Shin et al., 2007), leukemia (Yoo et al., 2005), as well as 
gastric (Manikandan et al., 2011), skin (Pal et al., 2010), 
and prostate (Ghosh et al., 2009) cancers. 

When scientists tested these compounds for killing 
breast cancer MDA-MB-231 and colon cancer HCT-8 
cells, a significant decrease was observed. The effects 
of the leaves and bark extracts on cell survival were 
significantly effective within minor variation in the 
number of viable cells. This variation in the number of 
viable cells could be due to the differential cellular uptake 
mechanism in this particular set of experiment. They 
further found that the cell survival is significantly reduced 
in the presence of these extracts as compared with the 
corresponding control. The decrease in cell number can be 
attributed to the chemical compounds found in the extracts 
as discussed above, which promote the inhibition of cancer 
survival protein expression (Al-Sharif et al., 2013). All of 
the pervious findings approved that our results are in good 
agreement with previous work demonstrating Moringa 
extracts possessed anti-cancer characteristics (Jung, 2014).

In the present study, apoptosis in HCT 116 cells was 
investigated up on 29.14 µM (IC50 of Rc) and 51.4 µM 
(IC50 of Ro) against untreated control cells after 24 h. The 
underlying mechanism of Rc and Ro are mainly dependent 
on triggering apoptosis (212% and 180%, respectively) 
compared to control (100%). Similarly, apoptosis in 
HepG2 cells was investigated up on 50 µM of ML and MLn 
against untreated control cells after 24 h. The underlying 
mechanism of ML and MLn are mainly dependent on 
triggering apoptosis with increment percentages (567.5% 
and 608%, respectively) compared to control (100%). 
Therefore, the analyses for apoptosis detection showed a 
significant induction of apoptosis-mediated cell death by 
Moringa leaves and roots both, especially the MLn and 
the Rc, compared to the control cells. Our findings are 
close to Lacroix (2006) who reported the role of eugenol 
in MDA-MB-231 cancer cell-mediated apoptosis by 
increasing apoptotic Bax protein expression (Ghosh et 
al., 2009). Following the same mechanism of apoptosis 
caused by eugenol, Al-Sharif et al., (2013) recently found 
the possible mechanism of action of eugenol by down 
regulating the E2F1 protein which shows promising 
outcomes in breast cancer. 

Our results are also in accordance with the reports 
(Al-Asmari et al., 2015; Berkovich et al., 2013) obtained 
on leaves extract, a perceptible increase in total numbers of 
apoptotic cells was detected when the cells from breast and 
colorectal cancers were treated with leaves or bark extracts 
of Moringa oleifera. The rate of increased apoptosis is 
gradual and also dose dependent. Therefore, the increased 
apoptotic events in the presence of Moringa extracts could 
be the manifestation of down regulation of E2F1 and 
up-regulation of Bax proteins. The overall machinery of 
reduced cell viability and active participation in normal 

cellular activity could be attributed to the “shutting down” 
of various cancer survival pathways including the NF-Kβ 
signaling cascade by down regulating the important 
component p65 of NF-kβ by the active compounds of 
Moringa extracts (Berkovich et al., 2013).

Mechanistically wise, the Moringa extracts delivered 
into cancer cells using the PLGA nanocapsule labeled with 
CS and PEG which have a critical role in the protection 
against rapid phagocytosis to enhance the longevity of 
the nanoparticles. The surface coating by biodegradable 
and biocompatible polymers (CS and PEG), with low 
cytotoxicity, allows a controlled and a sustained release of 
the extracts causing cancer cell death-mediated apoptosis 
(Abd-Rabou and Ahmed, 2017). The GC-MS analysis 
of the Moringa oleifera extracts can confirm the mode 
of action of the studied extracts, where it revealed many 
known anti-cancer agents, called isopropyl isothiocynate, 
eugenol, hexadeconoic acid ethyl ester, and D-allose, all 
of which possess long chain hydrocarbons, sugar moiety 
and an aromatic ring. This proposes that the anti-cancer 
properties of Moringa oleifera could be ascribed to the 
bioactive agents present in its extracts (Al-Asmari et al., 
2015).

In conclusion, the impact of Moringa extracts on 
different cancer cell lines was investigated showing that 
Moringa root core (Rc) effectively kills all types of cancer 
HepG2, MCF7, HCT 116, and Caco-2 cell lines, sparing 
normal cells with minimal effects. On the other hand, 
Moringa root outer crust (Ro) effectively kills HepG2, 
HCT 116, and Caco-2 cell lines, while slightly inhibits 
breast cancer MCF7 cells.

In summary, Moringa ML, MLn, Rc, and Ro extracts 
act as anti-cancer agent by decreasing cell proliferation 
and exhibiting apoptosis-mediated cell death in liver 
HepG2, colon HCT 116 and Caco-2, and breast MCF7 
cancer cell lines, while Rc extract succeeded to spare 
healthy BHK-21 cell line with minimal cytotoxic effect. 
Additionally, low cell survival and high apoptosis were 
detected upon treatment with the extracts of MLn/ML 
and Rc/Ro compared to control cells. Finally, our findings 
provide a growing evidence supporting the promising role 
of Moringa extracts as anti-cancer candidates and open 
a new vista for molecular analysis of their actions on the 
predominant signaling mechanisms responsible for cancer 
development. Therefore, Moringa extracts may represent a 
valuable therapeutic approach for aggressive breast, liver, 
and colorectal carcinomas.
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