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ABSTRACT

Introduction Moringa Oleifera (MO) is a cheap source of glucosinolates, falvonoids, among 
other components that may be used in the treatment of various illnesses including cancer. Cisplatin 
is a widely used anticancer chemotherapeutic agent. More than 90% of all oral cancers are squamous 
cell carcinoma (SCC). In spite of the advances in treatment modalities the survival rates have not 
improved.

Aim of the work: The aim of the present work was to assess the anticarcinogenic potentiality 
of MO extract alone and when used in conjunction with different doses of Cisplatin in treatment of 
human squamous cell carcinoma cell line.

Materials and methods: MO leaf extract, Cisplatin® 10mg / 10 ml 1 vial and HEp2 cells 
were used in the present study. In the present study, Cisplatin 20 mg, 50 mg and MO extract were 
used independently and in combination on HEp2 cell line. The expressions of caspase 9 and Beta 
catenin, and viability were assessed after 24 and 48 hours. 

Results: Phase contrast microscopic results showed variations in morphology and number of 
cells between different subgroups. Highest Caspase 9 gene, least Beta catenin and least viability 
were noted when HEp2 cells were treated with Cisplatin 50 mg and MO for 48 hours.

Conclusions: MO has an effective anticarcinogenic role on HEp2 cell line. The combined use 
of MO and Cisplatin is more effective than either of them alone, in a dose and duration dependant 
manner.

KEYWORDS: Moringa Oleifera, Cisplatin, Squamous cell carcinoma, Reactive oxygen 
species. 
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INTRODUCTION 

Natural plants have drawn much attention for 
their pharmacological effects in the treatment and 
prevention of various diseases due to their bio-
compatibility, low toxicity, and potential biological 
activity(1). Moringa Oleifera (MO), also known as 
the ‘drumstick tree,’ is recognized as a nutritious 
and cheap source of phytochemicals. The plant has 
numerous medicinal applications and is used as a 
traditional medicine for the treatment of various ill-
nesses such as skin diseases, respiratory distress, ear 
and dental infections, hypertension, diabetes, ane-
mia, and most importantly in cancer(2,3) 

Leaves of MO constitute a rich source of glu-
cosinolates such as isothiocyanates (ITCs) and 
γ-tocopherol, falvonoids like quercetin(4). MO leaf 
extracts have been shown to be both antioxidants 
and to act as anticancer agents through the induc-
tion of reactive oxygen species (ROS) and oxidative 
stress. Exactly how the same plant can behave in 
opposing ways is yet to be discovered(5).

ROS acts as a doubled-edged sword in cancer. 
From one end, it causes DNA damage causing mu-
tations that promote carcinogenesis. Moreover, 
ROS acts in signaling pathways, thus facilitating 
cell survival and cancer progression. On the other 
hand, excessive ROS promotes cytochrome c to 
be released into the cytoplasm and triggers pro-
grammed cell death. It has been proved recently that 
the anti- cancer roles of ROS depend greatly on its 
concentration(6). Cancer cells are more vulnerable to 
oxidative stress than healthy cells, several studies 
have proved that this may be attributed to `Warburg 
effect`. The so-called Warburg effect states that tu-
mors rely heavily on glycolysis to meet their meta-
bolic demands. This process affects the homeostasis 
of ROS by affecting the concentration of reducing 
equivalents in the mitochondria, thus rendering can-
cer cells unable to cope with excessive ROS(7).

Over production of ROS can induce apoptosis 
through caspases 9 activation(8). Prolonged exposure 
to these ROS concentrations will result in P53 

activation and subsequent p21 expression which 
will then result in a G1 cell cycle arrest(9).

MO also contains ITCs which bring about 
epigenetic changes through modulation of 
DNA methylation, with a resulting activation 
or inactivation of several genes and signaling 
pathways(10). Moreover, ITC was proven to inhibit 
proliferation of cancer cells and induce apoptosis 
via caspase 9 activation. ITC upregulates apoptotic 
signaling mediated by phosphorylation of p38 and 
JNK1/2 and at the same time, down regulating anti-
apoptotic signals mediated by ERK1/2 and AKT 
phosphorylation(11). Flavonoids are other bioactive 
components especially quercetin, which has been 
proven to down regulate AKT and upregulate 
caspases and p53 as well as to contribute to the 
production of ROS(12).

Cisplatin (CisPt), cis-diammine dichloroplati-
num is one of the most widely used and effective 
anticancer chemotherpeutics. CisPt induces inter- 
and intrastrand DNA adductions. Its action is medi-
ated through the propagation of DNA damage rec-
ognition signals to downstream signaling pathways 
including ATR, p53, p73, and the mitogen-activated 
protein kinases (MAPK). Consequently, this results 
in cell cycle arrest and repair or apoptosis mediated 
by caspases including caspase 9(13). In their work, 
Levina et al, 2004, postulated that p53 causes faster 
mobilization of Axin into the B catenin degradation 
complex thereby enhancing Beta catenin destruc-
tion(14).

Nevertheless, the ability of Cispt to induce DNA 
damage does not seem to be sufficient to explain its 
high degree of effectiveness nor its effects on post-
mitotic normal tissues. Oxidative damage has been 
noted following exposure to CisPt in several tissues, 
suggesting a role for oxidative stress in the CisPt-
induced cytoxicity(15). CisPt rapidly builds up in the 
mitochondria and subsequently deteriorates the tri-
carboxylic acid cycle (TCA cycle) and glycolysis 
pathway. However, the precise mechanism of CisPt-
induced metabolic toxicity remains obscure(16).
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Dasari et al, 2014,(17) stated that CisPt alone is 
not an effective drug in treating squamous cell car-
cinomas (SCC) and that it is better used in combina-
tion with other therapeutic agents(17). Also, Shen et 
al., 2012(18), stated that in some instances CisPt re-
sistance arises through a multifactorial mechanisms 
involving reduced drug uptake, increased drug inac-
tivation, increased DNA damage repair, and inhibi-
tion of transmission of DNA damage signals to the 
apoptotic pathway(18). Other mechanisms have been 
described like the progressive activation of surviv-
al pathways, especially the PI3-K/AKT signaling 
pathway(19,20).

A leading cause of death is oral cancer. More 
than 90% of all oral cancers are squamous cell 
carcinoma (SCC). Over the past three decades the 5 
year survival rate of SCC patients has not improved, 
in spite of all the improvements in diagnostic 
techniques, and treatment modalities(21).

Cancer is a multi-step process during which 
cells undergo pronounced metabolic and behavioral 
modifications. This leads them to proliferate in an 
exaggerated and untimely manner, to escape im-
mune system surveillance, and eventually to invade 
distant tissues to form metastatic deposites(22). 

Typically, a series of mutations to Proto-onco-
genes, tumor suppressor genes, DNA repair and 
genes that control apoptosis are required for a nor-
mal cell to change into a cancer cell(7). Constitutive 
AKT activation is reported in many cancers. Acti-
vated AKT exerts its effects on a multitude of sub-
strates that ultimately orchestrate the diverse cel-
lular roles of AKT, including cell survival, growth, 
proliferation, angiogenesis, metabolism and migra-
tion. (19,20). 

It was found that AKT protein was down-regulat-
ed during apoptosis(23). In return, AKT inhibits cell 
death by preventing cytochrome c release from mi-
tochondria(24) and eventual caspase 9 activation(25).

AKT phosphorylates Beta catenin which results in 
the latter’s translocation to the nucleus, this sequence 
of events leads to cell cycle progression directly, 
and indirectly through loss of contact inhibition. 

Added to the fact that, nuclear translocation of Beta 
catenin is considered to be a step in the dreaded 
epithelial mesenchymal transition (EMT) of cancer 
cells, where cells start to acquire morphological and 
behavioral patterns that are consistent with those of 
mesenchymal cells(26).  

The multifunctional protein Beta catenin creates 
a link between the cadherin and actin cytoskeleton. 
It also has a central role in transcriptional regulation 
in the Wnt signaling pathway. It interacts with 
transcriptional activators, thus modifying target 
genes like c-MYC2 and cyclin D1. This results 
in increased proliferation, invasion and cellular 
transformation. It has been estimated that 
approximately 10% of all tissue samples sequenced 
from all cancers display mutations in the CTNNB1 
gene. Increased nuclear Beta catenin levels have also 
been noted in basal cell carcinoma (BCC), SCC(27,28). 
Mutations of Beta catenin at and surrounding these 
serine and threonine residues are frequently found in 
cancers, generating mutant beta catenin that escapes 
phosphorylation and degradation(29).

Under normal physiologic conditions, 
cytoplasmic Beta catenin is degraded by a destruction 
complex comprising APC, axin, glycogen synthase 
kinase 3β (GSK3β) and casein kinase (30-32).  It has 
also been reported that Beta catenin can be cleaved 
by protease including caspases(33).  

Levels of cytoplasmic Beta catenin are 
dynamically coordinated during the cell cycle, 
growing during S, accumulating at the G2/M and 
then sharply falling as the cells proceed into a new 
G1 phase. Simultaneously, elevated cytoplasmic 
and nuclear sublocalization of Beta catenin takes 
place during S and G2 phases. Accumulation of 
Beta catenin in epithelial cells causes a G2 arrest 
and leads to apoptosis, this supports the need for 
a tight control on beta catenin levels to guarantee 
correct progression of cells through cell cycle(34).

Genomic abnormalities result in a delay in cell cy-
cle progression along with the DNA repair response. 
Apoptosis takes place only when a cell sustains severe 
damage so much so that it cannot be repaired(34,35).
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Apoptotic programs fall broadly into either the 
extrinsic or intrinsic category. Evasion of apoptosis 
is believed to be one of the hallmarks of cancers. 
Apoptosis, is controlled by caspases, which are di-
vided into two classes: initiator (apical) caspases 
(caspase 2, 8, 9 and 10) and effector (executioner) 
caspases (caspase 3, 6 and 7)(36). 

In a resting cell, caspase 9 exists as an inactive 
monomer in the cytoplasm and is part of the intrin-
sic pathway of apoptosis. A cell experiencing stress 
first releases cytochrome c from the mitochondria. 
The binding of cytochrome c to the APAF1 mono-
mer leads to a serial conformational changes that 
activate APAF1. Then seven similarly activated 
APAF1 monomers form an oligomeric complex, 
the center of which contains the CARDs that recruit 
and activate caspase 9. The complex containing cy-
tochrome c, APAF1, and caspase 9 has been termed 
the apoptosome(37).

Cell shrinkage and pyknosis are observable by 
light microscopy early during apoptosis.  Pyknosis 
results from of chromatin condensation and is 
one of the most characteristic signs of apoptosis. 
Apoptotic cells also exhibit plasma membrane 
blebbing followed by karyorrhexis and separation 
of cell fragments into apoptotic bodies a process 
referred to as “budding.” Apoptotic bodies consist 
of cytoplasm with tightly packed organelles with or 
without a nuclear fragment(38). 

In certain types of SCCs, the inhibition of caspase 
9 activity and Apaf-1 expression may represent 
a mechanism of acquired cisplatin resistance. It 
has been reported that CisPt induced caspase 9 
activation and apoptosis in cisplatin-sensitive SCCs 
in vitro. On the contrary, the cisplatin-resistant 
SCCs analyzed were not able to activate caspase 9 
following CisPt treatment, thus not responding to 
therapy(39).

That is why the use of adjuvants with CisPt has 
been studied heavily in recent years. However, the 
effect of MO in combination with other CisPt has 
not yet been studied in depth, for these reasons, 

the following work aimed to clarify the possible 
synergistic effect of both MO and CisPt as a novel 
treatment for squamous cell carcinoma. 

Aim of the work 

The aim of the present work was to;
·	 Assess the anti-carcinogenic potentiality of 

Moringa Oleifera extract in treatment of hu-
man squamous cell carcinoma.

·	 Assess the anti-carcinogenic potentiality 
of Moringa Oleifera extract in conjunction 
with different doses of Cisplatin in treat-
ment of human squamous cell carcinoma 
cell line. 
This would be assessed through;

1) 	 Inverted phase contrast microscopy
2) 	 Gene expression of caspase 9 by quantitative 

real-time reverse transcriptase PCR  
3) 	 Beta catenin protein by western blot analysis 
4) 	 Cell viability by MTT cell viability assay 

MATERIAL AND METHODS

A) Materials

I)  Moringa Oleifera leaves 

II) Cisplatin® 10mg  / 10 ML 1 VIAL (commer-
cially available)

Manufacturer: Oncotec Pharma Produktion 
GmbH - ALLEMAGN

III) Cultured HEp2 Cells purchased from 
Vacera®, Egypt

B) Methods

1-Preparation of Moringa Oleifera extract:

This procedure was performed at the National 
Research Centre Department of Pharmacology.
The air dried powdered leaves of Moringa Oleifera 
were exhaustively extracted with 80% methanol 
in H2O by percolation at room temperature. The 
hydroalcoholic extract was filtered and evaporated 



POSSIBLE SYNERGISTIC ANTI-CARCINOGENIC EFFECT OF MORINGA OLEIFERA (1563)

under reduced pressureat 40˚C to yield a dark 
residue of 400 mg MoringaOleifera extract. The 
concentration used was 10 U/mL.

2-Cultures of Human squamous cell carcinoma 
(HEp2) were purchased from the American Type 
Culture Collection (ATCC). The cells were cultured 
in a sterile 50 cm2 tissue culture flask in complete 
medium containing Dulbecco’s modified Eagle’s 
medium (DMEM) supplemented with 10% FBS 
and antibiotics (100 U/mL penicillin and 100g/mL 
streptomycin)in 95% air/5% CO2 at 37˚C. Cells 
were cultured to 100% confluence. Cells from 
passage 14 were used in this study.

3-Grouping: 

The study comprised 2 control groups and ten 
experimental groups (table 1). 

TABLE (1): Summary of control and experimental 
subgroups

Subgroup Details

Subgroup HA HEp2 after 24 hours. (control)

Subgroup HB HEp2 after 48 hours.(control)

Subgroup MA Moringa Oleifera extract after 24 hours

Subgroup MB Moringa Oleifera extract after 48 hours

Subgroup C20A Cisplatin 20 mg after 24 hours

Subgroup C20B Cisplatin 20 mg after 48 hours

Subgroup C50A Cisplatin 50 mg after 24 hours

Subgroup C50B Cisplatin 50 mg after 48 hours

 Subgroup M/C20A Moringa Oleifera extract + Cisplatin 
20 mg after 24 hours

Subgroup M/C20B Moringa Oleifera extract + Cisplatin 
20 mg after 48 hours

 Subgroup M/C50A Moringa Oleifera extract + Cisplatin 
50 mg after 24 hours

 Subgroup M/C50B Moringa Oleifera extract + Cisplatin 
50 mg after 48 hours

Where A stands for 24 hours and B stands for 48 hours.  

M stands for Moringa Oleifera extract, C20 for Cisplatin 20 

mg, C50 for Cisplatin 50 mg, M/C20 for Moringa Oleifera 

extract + Cisplatin 20 mg, M/C50 for Moringa Oleifera exract 

+ Cisplatin50 mg.

HEp2 cells were harvested for assessment of  the 
following: 

1) 	 Inverted phase contrast microscopy

2) Gene expression of caspase 9 by real-time 
quantitative reverse transcription PCR  

3) 	 Beta catenin protein by western blot analysis 

4) 	 Cell viability by MTT cell viability assay 

Real-time quantitative reverse transcription 
polymerase chain reaction (RT-qPCR)

Total RNA was extracted from cells sample 
using Qiagenekit(USA) according to a standard 
protocol. The isolated total RNA was converted 
into complementary DNA (cDNA) using Moloney 
murine leukemia virus (M-MLV) reverse 
transcriptase (Promega, Madison, USA) .Real-time 
PCR was performed using Step One Plus Real-Time 
PCR System (Applied Biosystems, Foster City, 
CA, USA) and an SYBR® Green PCR Master Mix 
(Applied Biosystems) in a final volume of 10 µl with 
the following thermal cycling conditions: 95 °C for 
10 min, followed by 40 cycles of 95 °C for 15 s and 
60 °C for 1 min. The sequences of PCR primer pairs 
used for each geneare shown in Table(2). Data were 
analyzed with the ABI Prism sequence detection 
system software and quantified using the v1·7 
Sequence Detection Software from PE Biosystems 
(Foster City, CA). Relative expression of studied 
genes was calculated using the comparative 
threshold cycle method. All values were normalized 
to the beta actin genes as an invariant endogenous 
control (reference gene). The relative quantification 
was then calculated by the expression 2-ΔΔCt .
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TABLE (2): Sequence of the primers used for real-
time PCR 

Primer sequence

Caspase 9 Forward primer :5´-TCA TTA TTCAGG CCT 
GCC GTG GTA-3´
Reverse primer:5´-TGG ATG AAC CAG GAG 
CCA TCC TTT -3’

Actin Forward primer : 
5´-TATCCTGGCCTCACTGTCCA-3´
Reverse primer:5´-
AACGCAGCTCAGTAACAGTC-3´

Pfaffl M, 2001(40)

Western blot analysis

Cells proteins’ were extracted using TRIzol reagent, 
and protein concentrations were estimated by the 
Bradford method. Twenty micrograms of protein per 
lane were separated with 10% SDSpolyacrylamide 
gel electrophoresis gels and electrophoretically 
transferred to polyvinylidenedifluoride (PVDF) 
membranes. Membranes were then incubated at 
room temperature for 2 h with blocking solution 
comprised of 5% nonfat dried milk in 10 mMTris-
Cl, pH 7.5, 100 mMNaCl, and 0.1%. Membranes 
were incubated overnight at 4°C with the indicated 
primary antibodies (beta catenin and beta-actin) and 
then incubated with a mouse anti-rabbit secondary 
monoclonal antibody conjugated to horseradish 
peroxidase at room temperature for 2 h. After each 
incubation, the membranes were washed four times 
with 10 mMTris-Cl, pH 7.5, 100 mMNaCl, and 0.1% 
at room temperature Chemiluminescence detection 
was performed with the Amersham detection 
kit according to the manufacturer’s protocols. 
The amount of studied protein was quantified by 
densitometric analysis using BioRadsoft ware, 
USA. Results were expressed as arbitrary units after 
normalization for β-actin protein expression.

MTT Cell viability assay

Cells in all groups were determined using the 
MTT (3-[4,5-dimethylthiazol-2-yl]-2.5-diphenyl 
tetrazolium bromide) cellproliferation kit (Trevigen 

Inc., Gaithersburg, MD, USA)as per manufacturer’s 
protocol. Briefly, cells were plated in a 96-well 
tissue culture plates in a range of 103–105 cells/
wellin a final volume of 100uL of medium and were 
allowedto attach overnight. 

The MTT reagent is added (10ulperwell) and 
the plate is incubated for 2 to 12 h to allow for 
intracellular reduction of the soluble yellow MTT to 
theinsoluble purple formazan dye. Detergent reagent 
is added toeach well to solubilize the formazan dye 
prior to measuring theabsorbance of each sample in 
a micro platereaderat550–600 nm. Six wells were 
used for each group. Cell proliferation was assessed 
as the percentage of cell proliferation comparedto 
untreated HEp2 as control cells.

Statistical Analysis 

The collected data was tabulated using Microsoft 
Excel (Microsoft Office 2007). All cases were 
included in the statistical analysis. The data was 
tabulated using the Statistical Package for Social 
Science (SPSS 15.0) Software.  The mean values and 
standard errors were calculated for each time point 
from the pooled normalized data. The statistical tests 
performed included the One Way ANOVA and the 
two-tailed Student’s T-test for comparison of means. 
The results were considered significant when the  
P value was ≤ 0.05. Graphs were performed using 
Microsoft power point software (Microsoft Office 
2007). 

RESULTS

A) Invertedphase contrast microscopic results:

Control subgroups:

After 24 hours, results of control subgroups 
showed, a relatively large number of HEp2 cells 
with few empty spaces in between, the cells were 
pleomorphic, few of which exhibited cytoplasmic 
processes (fibroblst-like) and some were closely 
packed. Fig. (1). While, after 48 hours, the results 
showed a relative confluence of the assessed HEp2 
cells. Fig.(2).
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Experimental subgroups:

Subgroups MA and MB
After 24 hours, examination of subgroup MA, 
revealed an apparently fewer number of widely 
spaced cells, the morphology of which was more 
or less polygonal with absence of cytoplasmic 
processes when compared to subgroups HA and HB 
(Fig. 3).  However, after 48 hours of MO treatment 
the cells were relatively reduced in number and 
cells appeared to have shrunken in size compared 
to those after 24 hours of the same treatment  

(Fig. 4). Also noted, were cytoplasmic pebbling, 
nuclear fragmentation and nuclear condensation of 
some of the cells in both groups.

Subgroups C20A and C20B
After 24 hours, of CisPt20mg treatment, the cells 
exhibited similar morpholgical features to those of 
the control subgroups.(Fig. 5) On the other hand, 
after 48 hours, of the same dose, the cells were 
comparetively smaller in size and much fewer 
in number and were more rounded with nuclear 
condensation(Fig.6)

Fig. (1) A photomicrograph of subgroup HA of untreated HEp2 cells 
assessed after 24 hours, showing pleomorphic cells with 
few empty spaces. Also, note fibroblast like morphology 
of some cells (black arrows). (Org.mag.X200).

Fig.(3) Photomicrograph of subgroup MA, showing a relative 
reduction of the  HEp2 cells. Note, nuclear condensation 
(red arrows) nuclear fragmentation (yellow arrows) and 
cytoplasmic pebbling (green arrows) (Org.mag.X200).

Fig.(4) Photomicrographof subgroup MBshowing a further 
reductionof HEp2 cells number and size. The cells 
exhibited nuclear fragmentation (yellow arrow) and 
cytoplasmic pebbling (green arrows).(Org.mag.X200).

Fig. (2) A photomicrograph of subgroup HB of untreated HEp2 
cells assessed after 48 hours, showing relative conflu-
ence of cells. Few cells with fibroblast like morphology 
were also noted (black arrows). (Org.mag.X200).
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Subgroups C50A and C50B

After 24 hours of CisPt50 mg treatment, the 

cells were apparently fewer in number, roundwith 

pebbling of the cytoplasm (Fig. 7). Whereas, after 

48 hours of the same treatment, the cells showed 

relatively fewer cells than subgroup C50A, with 

apparently similar morphological patterns.(Fig. 8)

Subgroups M/C20A and M/C20B
After 24 hours of MO and CisPt20 mg treatment, 
the cells seemed to be few in number, round, with 
cytoplasmic pebbling and nuclear fragmentation 
(Fig. 9). While, after 48 hours of the same 
treatment, the cells appeared to have shrunken in 
size and became more round and dense, the nuclear 
condensation and fragmentation were relatively 
more pronounced in this subgroup than in the M/
C20A subgroup.(Fig. 10)

Fig. (5) Photomicrograph of subgroup C20A, showing a 
relatively confluent HEp2 cells. (Org.mag.X200).

Fig.(7) Photomicrograph of subgroup C50A. The HEp2 cells 
were relatively fewer compared to the MA and C20A 
subgroups. Also note, the cells were round and exhibited 
cytoplasmic pebbling (green arrow). (Org.mag.X200).

Fig. (6) Photomicrograph of subgroup C20B. Observed was 
nuclear condensation (red arrow) in some HEp2 cells 
(Org.mag.X200).

Fig.(8) Photomicrograph of subgroup C50B, showing relative 
reduction in the number of cells and cytoplasmic 
pebbling (green arrow) (Org.mag.X200).
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Subgroups M/C50A and M/C50B
After 24 and 48 hours of MO and CisPt50 mg 
treatment, the cells appeared to morphologically 
resemble those noted in subgroups M/C20A and  

M/C20B, respectively (Fig. 11,12) but this subgroup 
exhibited the least number of cells per field among 
all the studied subgroups.

Fig.(9) Photomicrograph of subgroup M/C20A. The HEp 2 
cells appeared to be even fewer than those of subgroup 
C50B. Also observed were, cytoplasmic pebbling 
(green arrow), nuclear condensation (red arrow) and 
fragmentation (yellow arrow) (Org.mag.X200).

Fig. (11) Photomicrograph of subgroup M/C50A. The cells 
appear to morphologically resemble those noted in 
subgroups M/C20A with cytoplasmic pebbling (green 
arrow) (Org.mag.X200).

Fig.(10) Photomicrograph of subgroup M/C20B. The cells 
exhibited nuclear condensation (red arrow) and 
fragmentation (yellow arrow). (Org.mag.X200).

Fig. (12) Photomicrograph of subgroup M/CB50. Also noted 
were cells with nuclear condensation (red arrow) and 
fragmentation (yellow arrow) (Org.mag.X200).
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B) STATISTICAL RESULTS

I ) PCR: Caspase 9: 

TABLE (3) ANOVA test between subgroups after 24 
hours for Caspase 9 gene expression

ANOVA Sig.

Caspase 9 Between Subgroups 23.781 .000

TABLE (4)  Mean values of Caspase 9 expression 
after 24 hours

Subgroup Mean gene expression

HA 1.0250

MA 8.2750

C20A 6.2825

C50A 11.6000

M/C20A 14.8000

M/C50A 19.8750

TABLE (5)  T- test between subgroups tested after 24 
hrs for Caspase 9 gene expression

Subgroups P- value

HA MA .021

HA C20A .205

HA C50A .000

HA M/C20A .000

HA M/C50A .000

MA C20A 1.000

MA C50A 1.000

MA M/C20A .049

MA M/C50A .000

C20A C50A .191

C20A M/C20A .005

C20A M/C50A .000

C50A M/C20A 1.000

C50A M/C50A .006

M/C20A M/C50A .250

TABLE (6) ANOVA between subgroups tested after 
48 hours for Caspase 9 gene expression

ANOVA Sig.

Caspase 9 Between subgroups 39.242 .000

TABLE (7): Caspase 9 gene expression after 48 hours

Subgroup Mean gene expression

HB 1.0275

MB 10.7750

C20B 9.6000

C50B 15.2000

M/C20B 19.4000

M/C50B 23.5500

TABLE (8) T- test between subgroups tested after 48 
hrs for Caspase 9 gene expression

Subgroups P-value

HB MB .001

HB C20B .002

HB C50B .000

HB M/C20B .000

HB M/C50B .000

MB C20B 1.000

MB C50B .361

MB M/C20B .002

MB M/C50B .000

C20B C50B .089

C20B M/C20B .001

C20B M/C50B .000

C50B M/C20B .467

C50B M/C50B .003

M/C20B M/C50B .494
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TABLE (9)  T-test between the same subgroups at 
the two durations for Caspase 9 gene 
expression

Subgroups P-value
HA HB 0. 911
MA MB 0.134
C20A C20B 0.121
C50A C50B 0.019
M/C20A M/C20B 0.074
M/C50A M/C50B 0.279

Tables (4 and 7) and fig (13) showed the mean 
caspase 9 gene expression in each culture after 24 

and 48 hours, respectively. Tables (3 and 6) showed 
the significance of difference in caspase 9 gene 
expression between the studied cultures after 24 and 
48 hours, respectively, using One Way ANOVA test.

Tables (4 and 7), revealed that caspase 9 expres-
sion was lowest in the HA subgroup = 1.0250), fol-
lowed by the HB subgroup = 1.0275, respectively, 
but the difference between them was insignificant 
(P= 0.911), using the student T-test. (Table 9)

Then came the C20A subgroup = 6.2825, 
followed by the MA subgroup = 8.2750 (table 4), 
and the difference between these two was also 
insignificant (P= 1.00), using the student T-test. 
(Table 5).  Also, the difference between the HA and 
C20A was insignificant (table 5)

The highest expression was M/C50B subgroup 
= 23.5500 and the M/C20B subgroup = 19.4000,  
(table 7) but the difference between these two 
groups was insignificant (P = 0.494), using the 
student T-test. (table 8)

Table (9), showed that the mean difference in 
caspase 9 gene expression values were insignificant 
when the duration was increased from 24 hours to 48 
hours except, in the control subgroups ( P =0.019), 
using the student T-test. For each group the Caspase  
gene expression always increased when the duration 
increased from 24 to 48 hours.

Fig. (13) Bar chart showing mean values of caspase 9 
gene expression in the studied subgroups.

Fig. (14)  Beta catenin protein assessed after 24 hours by western blotting, the thickest band width was noted in the HA and MA 
subgroups.

Fig. (15) β actin protein
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II- Western blot: Beta catenin

Beta catenin protein after 24 hours

TABLE (10) ANOVA between subgroups tested after 
24 hours for Beta catenin protein

ANOVA Sig.

Beta catenin
between 

subgroups
25.521 .000

TABLE (11) Beta catenin protein after 24 hours

Subgroup Mean Beta catenin protein

HA 1.0225

MA .6225

C20A .6675

C50A .4350

M/C20A .3500

M/C50A .2500

TABLE (12)  T- test between subgroups tested after 

24 hrs for Beta catenin protein

Subgroups P-value

HA MA .001

HA C20A .004

HA C50A .000

HA M/C20A .000

HA M/C50A .000

MA C20A 1.000

MA C50A .400

MA M/C20A .038

MA M/C50A .002

C20A C50A .117

C20A M/C20A .010

C20A M/C50A .001

C50A M/C20A 1.000

C50A M/C50A .428

M/C20A M/C50A 1.000

Fig. (16): Beta catenin protein assessed after 48  hours by western blotting, the thickest band width was noted in the HB and MB 
subgroups.

Fig. (17):  β actin protein
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TABLE (13) ANOVA between subgroups tested after 
48 hours for Beta catenin protein

ANOVA Sig.

Beta catenin Between subroups 32.032 .000

TABLE (14) Mean Beta catenin protein after 48 
hours

Subgroup Mean Beta catenin protein

HB 1.0250

MB .6525

C20B .7250

C50B .2875

M/C20B .1725

M/C50B .1350

TABLE (15) T- test between subgroups tested after 
48 hrs for Beta catenin protein

Subgroups P-values

HB MB .008

HB C20B .051

HB C50B .000

HB M/C20B .000

HB M/C50B .000

MB C20B 1.000

MB C50B .010

MB M/C20B .001

MB M/C50B .000

C20B C50B .002

C20B M/C20B .000

C20B M/C50B .000

C50B M/C20B 1.000

C50B M/C50B 1.000

M/C20B M/C50B 1.000

TABLE (16) T- test between the same subgroup at 
the two durations for Beta catenin protein

Subgroups P-value

HA HB .935

MA MB .822

C20A C20B .468

C50A C50B .215.

M/C20A M/C20B .039

M/C50A M/C50B .097

Tables (11 and 14) and fig (18) showed the mean 
Beta catenin protein in each group after 24 and 48 
hours, respectively. Tables (10 and 13) show the 
significance of difference in Beta catenin protein 
between the studied groups after 24 and 48 hours, 
respectively, using One Way ANOVA test.

The results showed that Beta catenin protein was 
highest in the HB subgroup = 1.0250, (table 14) 
followed by HA subgroup = 1.0225 (table 11), and 
the difference between them was insignificant (P= 
0.935), using the student T-test.(table 16) 

Then came the C20B = 0.7250 (table 14), 
followed by C20A = 0.6675 (table 11), and the 
difference between these two was insignificant (P= 
0.468), using the student T-test. (table 16)

Fig. (18): Bar chart showing mean values of Beta catenin 
protein in the studied subgroups.
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The lowest expression was seen in M/C50B 
= 0.1350 and the M/C20B= 0.1725 (Table 14), 
but the difference between these two groups was 
insignificant (P = 1.000), using the student T-test.
(table 15)

Table (16), showed that the mean difference in 
Beta catenin expression values were insignificant 
when the duration was increased from 24 hours to 48 
hours except for C20 (P = 0.039), using the student 
T-test. For each group the Beta catenin protein 
always increased when the duration increased from 
24 to 48 hours.

III) MTT assay mean values

Table (17) ANOVA between subgroups tested after 
24 hours MTT assay

ANOVA Sig.

MTT Between Subgroups 11.127 .000

Table (18): MTT mean values after 24 hours

Subgroup Mean MTT value

HA 98.150

MA 84.075

C20A 85.950

C50A 79.450

M/C20A 70.825

M/C50A 65.475

TABLE (19) T-test between subgroups tested after 24 
hrs for MTT assay

Subgroups P-value

HA MA .157

HA C20A .350

HA C50A .020

HA M/C20A .000

HA M/C50A .000

MA C20A 1.000

MA C50A 1.000

MA M/C20A .224

MA M/C50A .021

C20A C50A 1.000

C20A M/C20A .099

C20A M/C50A .009

C50A M/C20A 1.000

C50A M/C50A .164

M/C20A M/C50A 1.000

TABLE (20) ANOVA between subgroups tested after 
24 hours MTT assay

ANOVA Sig.

MTT Between Subgroups 47.045 .000

TABLE (21): MTT mean values After 48 hours

Subgroups Mean MTT values after 48 hours

HB 99.025

MB 78.625

C20B 76.675

C50B 57.650

M/C20B 54.050

M/C50B 47.650
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TABLE (22) T- test between subgroups tested after 
48 hrs for MTT assay

Subgroups P-value

HB MB .001

HB C20B .000

HB C50B .000

HB M/C20B .000

HB M/C50B .000

MB C20B 1.000

MB C50B .001

MB M/C20B .000

MB M/C50B .000

C20B C50B .002

C20B M/C20B .000

C20B M/C50B .000

C50B M/C20B 1.000

C50B M/C50B .325

M/C20B M/C50B 1.000

TABLE (23) T- test between the same subgroups at 
the two durations for MTT assay

Subgroup P-value

HA HB .314

MA MB .216

C20A C20B .068

C50A C50B .001

M/C20A M/C20B .036

M/C50A M/C50B .024

Tables (18 and 21) and fig (19) show the mean 
MTT assay values in each subgroups after 24 and 
48 hours, respectively. Tables (17 and 20) show 
the significance of difference in MTT assay values 
between the studied subgroups after 24 and 48 
hours, respectively, using One Way ANOVA test.

The results showed that MTT assay values was 
highest in the HB = 99.025 (table 21), followed by 
C20A = 85.950 (table 18). Then came the MA = 
84.075, followed by the C50A = 79.450 (table 18), 
and the difference between latter three subgroups 
was insignificant (P= 1.000), using the student 
T-test. (table19)

The lowest MTT assay value was seen in M/
C50B = 47.650 and M/C20B= 54.050 (table 21), 
but the difference between these two subgroups was 
insignificant (P = 1.000), using the student T-test. 
(table 22)

Table (23), shows that the mean MTT assay 
values for the same subgroup always decreased from 
24 to 48 hours except for the H subgroup (control 
group). The mean difference in MTT assay values 
were significant when the duration was increased 
from 24 hours to 48 hours, in the C50 subgroup (P 
=0.001), M and C20 subgroups (P =0.036) and M/
C50 subgroup (P =0.024), using the student T-test.

Fig. (19) Bar chart showing mean values of MTT assay in the 
studied groups.
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DISCUSSION

MO is a tree that is grown in many tropical 
countries. The pods, leaves and flowers of this 
tree are used widely in the Asian diet. Added to its 
amazing nutritional components, it is easily grown 
even in poor soils and dry weathers, and studies have 
also shown that extracts of MO leaves can be used 
to inhibit the proliferation of cancer cells. Moreover, 
MO was proven to increase ROS production that is 
specific and targets only cancer cells, thus making it 
an ideal anticancer agent(5). That is why in this study 
MO was assessed as a potential natural treatment 
or adjunct to the traditional chemotherapeutic 
treatment of cancer.

CisPt is an anti-cancer chemotherapeutic 
agent that has been widely used to treat SCC 
for several years(41).  The side effects and drug 
resistance are concerns when this drug is pre-
scribed. CisPt mechanism of action, is mainly 
through cell cycle arrest induced by DNA dam-
age. Side effects develop because this DNA 
damage is not restricted to cancer cells; but the 
continuously proliferating normal cells are af-
fected as well(15). 

CisPt can cause severe kidney problems 
or allergic reactions. Hearing problems (more 
common in children), bone marrow suppres-
sion, or severe nausea and vomiting may also 
occur. The risk of developing these side effects 
increases as the dose or total amount of CisPt 
used over time increases(42). This study focused 
on whether the use of MO will potentiate the 
effect of CisPt and thus maybe allowing a re-
duction in the CisPt dose and associated side 
effects.  In this study the cancer cell line was as-
sessed after 24 hours then again after 48 hours 
to evaluate whether the out-come changed when 
treatment continued for another day, this was in 
accordance to the work done by Andriani et al, 
2006 ;  Bae-jump et al, 2009(43,44).

Researchers have been testing the effective-
ness of using CisPt at 20 mg with other treatment 

modalities(45). Recently, it was stated that there is a 
known steep dose toxicity relationship for platinum 
compounds specifically beyond 50 mg/m2 due to 
CisPt renal toxicity(46). Thus, it is best to try not to 
exceed this dose. Also several studies have stated 
that the side effects of CisPt especially the neph-
rotoxicity are cumulative, thus if the dose could be 
reduced, there will be an overall cumulative reduc-
tion. This study was done to assess whether the ef-
fectiveness of the higher CisPt dose (50 mg) could 
be attained using the lower CisPt dose (20 mg) and 
MO. Not just that, but there is an assumption that 
the vitamin E components of MO reduce the CisPt 
induced nephrotoxicity, this is beyond the scope of 
this study(47).

The vast majority of the head and neck cancers 
are squamous cell carcinomas (SCC). Although 
treatments have greatly improved in the past few 
years, the survival rate in patients with advanced 
SCC is still poor. For these reasons SCC cell line 
(HEp2) was used in this study.

The results of this study showed that the lowest 
caspase 9 gene expression, highest Beta catenin 
protein and highest cell viability was always noted 
in HB followed by the HA subgroups, and the 
differences between them was always insignificant.

The reasons for this low caspase 9 gene 
expression may be due to AKT activation which has 
been proved to down regulate caspase 9 in human 
cancers, however, the exact mechanism is not yet 
fully elucidated(48). As for the increased Beta catenin 
protein, the reason may be that mutations of Beta 
catenin are frequently encountered in cancers, 
generating mutant Beta catenin that escapes 
phosphorylation and degradation(29).

Phase contrast microscopic results showed that, 
the highest relative cellular density among all the 
studied subgroups to be in the control subgroups. 
Also, noted were some cells exhibiting fibroblast 
like morphology, this may be a sign of epithelial 
mesenchymal transition (EMT) that may be 
attributed to the elevated Beta catenin protein and 
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translocation from cell membrane that is associated 
with several cancers (14,26,49). 

The results of this study, illustrated that MO 
upregulatedcaspase 9 gene expression, reduced Beta 
catenin protein and reduced the viability of cancer 
cells when compared to the control subgroups.The 
reason behind this may be attributed to its high 
content of flavonoids like quercetin, glucosinolates 
such as ITCs, γ-tocopherol and the release of 
ROS(5,50,51). 

The results observed in this study when the cell 
line was treated with MO may be due to the fact that 
flavonoids can cause cell cycle arrest and induce 
apoptosis(50,52,53). Quercetin as well as γ-tocopherols 
are able to interact with Beta catenin and block 
binding between Beta catenin and TCF and thus 
reducing proliferation and EMT(52,54,55).  It has also 
been demonstrated that quercetin induces apoptosis 
through a caspase 3 and caspase 9 dependent mech-
anism by releasing cytochrome c(56).  Furthermore, 
Quercetin was proved to block the AKT signaling 
pathway and thus upregulated caspases 9(52). In ad-
dition, ITCs in MO inhibits proliferation of cancer 
cells  also through AKT down regulation and induc-
es apoptosis through caspase 9 upregulation(11).

MO was also proved to induce ROS which 
subsequently resulted in DNA damage and 
apoptosis which may explain the upregulation of 
caspases 9, recorded in this subgroup as opposed 
to the control subgroups(5). In addition, ROS maybe 
one of the reasons behind the reduced Beta catenin 
protein noted in this subgroup beyond the control 
subgroups. According to Boonstra et al, 2004(9) 
and Olmeda et al, 2003(34), who stated that ROS 
production resulted in a G1 phase cell cycle arrest 
with subsequent low Beta catenin levels as the latter 
is rapidly declined in this phase of the cell cycle. 

Treating the HEp2 cell line with CisPt resulted 
in upregulation of caspase 9 gene expression, 
downregulation of Beta catenin protein and 
reduction of the overall HEp2 cell viability when 
compared to the control subgroups in this study. 

It should be noted never the less, that these results 
appeared to be time and dose dependant, the results 
improved (increased caspase 9 and reduced Beta 
catenin and cell viability) with increase in dose and 
time. 

This correlated with the inverted phase 
microscope results for these subgroups, where 
there was a relative reduction in cellular density 
per examined fields and in the C/20B, C50A 
and C/20B subgroups there were morphological 
changes noted that are consistent with apoptosis. 
Similar morphological changes were also reported 
by Karim et al, 2016(57), in a study about MO.

In this study however, for the C/20A subgroup, 
the cellular density appeared to be close to that 
observed in the control subgroups, this may be due 
to the fact that the CisPt20mg dose is not effective in 
a single dose and that the cumulative effect after two 
consecutive days proved to be more effective. Also 
some cells in this subgroup exhibited fibroblast like 
morphology similar to those noted in the HA and 
HB subgroups, this correlated with the fact that in 
this group also the Beta catenin protein still showed 
a relatively high expression as compared to the rest 
of the subgroups.

CisPt`s mechanism of action is by forming DNA 
adducts, which eventually activates apoptosis, this 
explains why caspase 9 gene expression was ob-
served to be high in the subgroups treated with Cis-
Pt. These results were consistent with Kuwahara et 
al, 2000(58), who stated that CisPt induced apoptosis 
in SCC cell lines, through Caspase 3, 8 and 9 ac-
tivation, in a dose-dependent manner(58). Moreover, 
activation of the P53 protein by damage recognition 
proteins results in, BAX activation, cytochrome C 
release and upregulation of caspase 9, also, activat-
ed p53 can downregulate Beta catenin by a inducing 
the formation of the degradation complex(13,14).

CisPt also induces ROS that trigger cell death. 
Omori et al, 2011(59), proved that ROS resulted in 
caspase dependent Beta catenin degradation which 
may be another mechanism for the reduction of 
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Beta catenin protein observed in this study, after 
CisPt treatment(59).

CisPt and MO combined application on HEp2 
cell line, in this study, resulted in better outcomes 
than when either of them was used separately. The 
highest caspase 9 and the least Beta catenin protein 
and viability was recorded in the M/C50B subgroup. 
Also, the results demonstrated that even though the 
M/C50B showed better results the differences be-
tween it and the M/C20 B was always insignificant. 
This shows that the addition of MO potentiated the 
effectiveness of CisPt on the cancer cell line.

Several researchers have proved that, AKT and B 
catenin upregulation by cancer cells cause resistance 
to CisPt effectiveness(19,20), thus it may be postulated 
that as MO reduces the expression of these proteins 
it helps CisPt by lowering the resistance.

The fact that MO induces ROS and so does CisPt, 
may explain why the results of this study show that, 
MO potentiates the action of CisPt. ROS`s influence 
on cell cycle progression depends upon the amount 
and duration of ROS exposure(9). Excessive ROS 
promotes cytochrome c to be released into the 
cytoplasm and triggers programmed cell death. It 
has been proved recently that the anti-cancer roles 
of ROS depend greatly on its concentration(6).

Cancer cells are selectively sensitive to 
the damaging effects of ROS.This may be a 
consequence of the Warburg Effect that may affect 
the homeostasis of ROS generation by affecting 
the concentration of reducing equivalents in the 
mitochondria(60). 

Moreover, MO is rich in ITCs. These compounds 
have recently been proved to exert an epigenetic 
effect via modulation of DNA methylation. A 
study by Lu et al., 2008, examined the effect 
of ITC on myeloma cells, where it was found 
to induce DNA demethylation of the p16 gene, 
which led to reactivation of this tumor suppressor 
gene in myeloma cells. A similar mechanism may 
have taken place in this study and thus allowing 
CisPt induced apoptosis to be potentiated via the 
epigenetic changes in the HEp2 cells(61).

Phase contrast microscopic results in this study 
revealed that HEp2 cells treated of the combined 
treatments (different doses and different durations) 
revealed apparent morphological changes from the 
control subgroups, this observation was consisted 
with those of Sethi et al, 2012, who observed 
nuclear and cytoplasmic vacuolation , shrinkage of 
tumor cells with nuclear changes that are consistent 
with apoptosis, like karyorrhexis, pyknosis and 
karyolysis, in cancer cells when  treated with a 
neoadjuvnt chemotherapeutic agent. These changes 
are all associated with degenerative changes of the 
cancer cells(62).

Despite the fact that, the best results (highest 
caspase 9, lowest Beta catenin and lowest viability) 
were obtained when the HEp 2 cells were treated 
with CisPt  50 mg and MO and when the HEp 2 
cells were treated with CisPt 50 mg, treatment 
using MO and CisPt 20 mg should be thoroughly 
considered for the following reasons. First of all 
the difference in results between these groups was 
always insignificant (when treated for the same 
duration) and secondly the lowered dose of CisPt 
and the use of MO is a huge benefit in itself, as the 
latter is an excellent source of vitamins, potassium 
among other nutrients.

CONCLUSIONS

1-	 MO extract has an effective anti-carcino-
genic role in the treatment of squamous cell 
carcinoma

2-	 CisPt 50 mg is more effective in the treat-
ment of cancer than CisPt 20 mg

3-	 The combined use of both MO and CisPt 
is more effective in the treatment of squa-
mous cell carcinoma, than the use of either 
of them separately, in a dose and duration 
dependant manner.

4-	 MO can be used combined with CisPt 20 
mg for 48 hrs to achieve similar effective-
ness but fewer side effects than when using 
CisPt 50 mg for the same duration.
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RECOMMENDATIONS

MO is a health friendly plant that should be 
consumed on a daily basis in our diet
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