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ABSTRACT

Review: Oral squamous cell carcinoma (OSCC), one of the most common neoplasms in the
head and neck, is a major public health challenge. Cinnamon oils have proved to have powerful
anticancer properties. Scorpion Venoms are rich in active sources which are used for treatment
of multiple diseases including cancer. There is no evidence about the effect and the type of
pharmacological interaction in combined treatment of this cinnamon oil with scorpion venom

against cancer cells.

Aim of study: The current study aimed to unveil the cytotoxic effect and apoptotic potential of
cinnamon oil, scorpion venom and their combination on OSCC cell line.

Material and Methods: OSCC cell line was used in this study. The study design was divided
into four groups. Group I (control), group II (cinnamon oil treated), group III (scorpion venom
treated) and group IV (cinnamon oil + scorpion venom treated). Cytotoxcity was examined using
MTT assay while apoptosis was detected by calculating nuclear area factor (NAF) and BAX gene

expression of different groups.

Results: The combination group showed the lowest IC50 of all groups. It also revealed the
lowest mean NAF and the highest mean fold change in BAX gene expression

Conclusion: Combination of Cinnamon oil and Scorpion venom could be a promising
anticancer cure for OSCC as this combination showed an effective cytotoxic and pro-apoptotic
effects on OSCC cell line.
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INTRODUCTION etiology, however, tobacco and alcohol consumption
accounts for 40% of the malignancies and 60% of

Oral squamous cell carcinoma (OSCC), the sixth . . L.
q ( ) deaths M. The mechanism of carcinogenesis is a

most common neoplasm in head and neck region, complex one that involves; sustaining uncontrolled

is a major health challenge due to high morbidity  cell proliferation, evading immunity and hindering

and mortality rates. The disease has multifactorial apoptosis. The role of infectious organisms like
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Streptococcus mutans and Candida albicans in
yielding cancer should not be underestimated.
Hence, the ideal cancer therapy is not only a one
targeting malignant cells, but also targeting the
causative carcinogenic organisms 231,

Combination therapies of surgery, chemotherapy
and radiotherapy are the standard treatment for the
disease yet. Unfortunately, these procedures are
associated with a number of side effects including
esthetic and functional impairment . Herbal
therapy is being encouraged recently by researchers
as an anticancer adjuvant treatment. This could
be attributed to the anti-oxidant and antimicrobial
activities of the polyphenols, flavanoids, alkaloids
and other constituents of herbs *!.

Cinnamon is a spice of the Lauraceae family.
It is widely used in cooking and perfume industry.
Oil extracts differ from variable parts of the plant.
Oil from bark is Cinnamonaldehyde, eugenol is the
leaf oil whereas the root oil is camphor. Cinnamon
oils are powerful antimicrobial agents and strong
immunity boosters 5,

Cinnamaldehyde and Eugenol are reported to
have an anti-inflammatory and neuroprotective
effects. They decrease the production of
inflammatory mediators, cytokines, and reactive
oxygen species in diseases like Alzheimer’s disease
and gut injuries 3. In a recent preclinical study,
it was documented that cinnamaldehyde has an
antioxidant, anti-proliferative and pro-apoptotic
properties that reduced visfatin-induced breast

cancer progression 1,

Venoms are rich in pharmacologically active
molecules which are used as a cure of numerous
diseases including cancer. The venom proteins
revealed anti-proliferative, cytotoxic, pro-apoptotic,
and immuno- suppressive effects on cancer cell lines
1101 'Scorpion venom is a complex mixture of toxins,
enzymes and antimicrobial peptides. It was proved
that scorpion venom has anticarcinogenic action
through binding specifically to cell membranes
thus affecting cell proliferation and migration!.
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Moreover, it exerts an apoptotic activity by
induction of caspase-dependent apoptotic pathways
or cell cycle arrest in various cell lines as breast and
colon cancer cell lines "2,

Apoptosis is a highly programmed mechanism by
which cells die. The intrinsic pathway of apoptosis is
regulated by pro-apoptotic and anti-apoptotic genes.
BAX gene is a pro-apoptotic gene, which is targeted
by cancer therapy in an attempt to kill cancer cells
31 " Consequently, apoptosis causes morphological
changes of cells and nuclei. Nuclear area factor
(NAF) is considered a method for measuring these
morphological changes as it determines changes in

nuclear surface area and circularity ",

There is no evidence about the effect and the
type of pharmacological interaction in combined
treatment of this scorpion venom with chemothera-
peutic drugs or herbs against oral cancer and normal
oral cells. Accordingly, the aim of the present study
was to examine and compare the cytotoxic effects
and apoptotic potentials of cinnamon oil and scor-
pion venom on OSCC cell line, also to evaluate the
combined effect of both on OSCC cell line.

MATERIALS AND METHODS

The material used in this study

e Cellline: SCC2S5 cell line of the American Type
Culture Collection (ATCC) was obtained from
NAWAH scientific, Cairo, Egypt. The cells were
grown in Dulbeco’s Modified Eagle’s Medium
(DMEM) (Sigma-Aldrich) at PH=7.2 and 10%
fetal bovine serum (FBS) (Sigma-Aldrich) at
37¢c.

* Scorpion
scorpion venom was a gift from Dr. Ali Fahmy

venom: Leiurusquinquestriatus

at Scientific and Biotechnology Research
Center-Al Azhar University.
e Cinnamon Oil 100% natural pure bark

oil (Cinnamaldehyde) was purchased from
MAKIN-Pharmaceuticals Egypt.
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METHODS

MTT assay for Determination of IC-50

e The half maximal inhibitory concentration
(IC50) of scorpion venom and cinnamon oil was
obtained using (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) tetrazolium
reduction (MTT) assay, briefly the cells were
seeded in 96-well plate in a volume of 100xl
complete growth medium and placed in CO2
incubator at 37°C for 24 hrs. Each test included
a blank well containing complete medium
without cells. Serial concentrations, of 100, 10,
1,0.1 and 0.01 pg/ml of each drug, were added
individually and in combination. The plate was
incubated at 37°C for 24 and 48 h.

* MTT reagent was added to the wells and the
cultures were returned to the incubator for
12 h. After the incubation period, cultures were
removed from the incubator and the resulting
purple formazan crystals were dissolved by
MTT solubilization solution. The optical density
(OD) of each well was spectrophotometrically
measured at a wave length of 570 nm with an
ELISA microplate reader (BIOLINE ELIZA
READER). The IC50 for 24 and 48h were

calculated using Excel.

Hematoxylin and Eosin (H and E) Staining

Cells were seeded in 6 well plate for 24 h then
the IC50 doses at 48 h of venom, cinnamon oil, a
combination of both were applied to the cells. After
48 h the cells were trypsinized, centrifuged and
a pellet was formed. Cells from each group were
applied on a glass slide, fixed with methanol 10%
and stained with H and E. The slides were then
examined by a light microscope (BX60, Olympus,
Japan) and 10 photos of each group were captured by
digital camera (C5060, Olympus, Japan) mounted

on the microscope.
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Measurement of Nuclear Area Factor (NAF)

Images were transferred to the computer system
for analysis. The circularity and surface area of nuclei
of cells in each image were measured using Image
J, 1.41a, (NIH, USA) image analysis software. This
was performed in the Precision Measurement Unit,
Oral Pathology Department, Faculty of Dentistry,
Ain Shams University. The NAF was calculated
as circularity multiplied by surface area. The mean
NAF of cells in each slide was then obtained.

Quantitative Real Time Polymerase Chain Reac-
tion (QRT-PCR) of BAX Gene Expression

QRT-PCR was performed to measure the quantity
of BAX RNA. Genomic RNA was isolated from
cells of each group using (Qiagen RNA extraction
kit). The extracted RNA was stored at -80c. BAX and
[-actin RNA was amplified separately by incubating
on a Step One (Applied Biosystem). The reaction
mixture (25 uL) contained 100 ng of genomic RNA,
0.25 wmol/L of the primer, and SYBR green reagent
supermix (Bio-Rad laboratories, Hercules, CA). All
PCR reactions were performed in sets of triplets.
The primer sequence for the studied target gene
(BAX) and reference housekeeping gene ([-actin)
was as follows:

BAX F:5-ATG GAC GGG TCC GGG GAG-3’
BAX R:5-ATC CAG CCCAACAGC CGC-3°

B-actin F:5’-ATC GTG GGG CGC CCC AGG
CAC-3’

After the qRT-PCR run the data were expressed
in cycle threshold (Ct). The PCR data sheet includes
Ct values of assessed gene (BAX) and the house
keeping gene (PB-actin). The relative quantitation
(RQ) of each target gene is quantified according
to the calculation of delta-delta Ct (AACt). We
calculated the RQ of each gene by taking 2-AACt
as following:

B-actin R:5’-CTC CTT AAT GTC ACG CAC
GAT TTC-3°
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AACt=[(Ct target, sample)-(Ct ref, sample)]-
[(Ct target, control)-(Ct ref, control)]

Where: Ct target, control=Ct value of gene of
interest in control DNA

Ct ref, control=Ct value of reference gene in
control DNA

Ct target, sample =Ct value of gene of interest in
tested sample

Ct ref, sample=Ct value of reference gene in
tested sample

Statistical Analysis

Data were coded and entered using the statistical
package for the Social Sciences (SPSS) version
26 (IBM Corp., Armonk, NY, USA). Data were
summarized using mean, standard deviation and
standard error of the mean. Comparisons between
groups were done using analysis of variance
(ANOVA) with multiple comparisons post hoc
Tukey test U3 P-values less than 0.05 were
considered as statistically significant.

RESULTS

IC50 Results

The detected IC50s for cinnamon oil were 90.40
and 42.95, scorpion venom were 37.20 and 8.27,
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Fig. (1) A bar chart of the measured IC50 of scorpion venom,
cinnamon oil and combination at 24 and 48h.
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while that of the combination were 4.93 and 4.40
for 24 and 48h respectively (Fig.1)

Hematoxylin and Eosin Results

Cells of the control group revealed signs of
dysplasia of cellular and nuclear pleomorphism
and hyperchromatic nuclei (Fig. 2 a). Early
apoptotic features of cellular and nuclear shrinkage,
peripheral condensation of chromatin, nuclear and
cellular membrane irregularities and cell membrane
blebbing were observed in cinnamon, venom and
combination groups (Fig 2 b, c,,d.e.f,g). Apoptotic
bodies which characterize late apoptosis were
detected in cinnamon and combination groups (Fig.
2c, 2g) whereas, necrotic cells were noticed in

venom and combination groups (Fig.2e, 2f)
Statistical Results:

A) Nuclear Area Factor results

Regarding mean NAF, a statistically significant
difference between all groups could be detected (P
value<0.001). There was a statistically significant
reduction in mean NAF in the treated groups
compared to the control group. The combination
group revealed the least mean NAF value (8576.16)
with no statistically significant difference between
all treated groups (Table 1).

B) BAX gene expression results

The mean BAX gene expression statistically
significantly changed between different groups (P
value<0.001). A statistically significant increase in
the mean gene expression between the control group
and all the treatment groups could be observed. The
combination group showed the highest mean value
(9.35) while the oil group showed the least mean
value (6.14) with statistically significant difference
between the three treatment groups (Table 1).
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Fig. (2): A photomicrograph showing a: control group, b.c: cinnamon oil group, d.e: scorpion venom group, f, g: combination
group. In all groups the red arrows show apoptotic cells with cellular and nuclear shrinkage, yellow arrows show peripheral
condensation of chromatin, black arrow reveal cell membrane blebbing, blue arrows point to the apoptotic bodies and
orange arrows reveal the necrotic cells (H and E, Original magnification 100 X, Oil).
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TABLE (1): Means, SD, SEM, values with different superscript letters denote a statistically significant

difference, values < 0.05 were considered statistically significant.

Control il Venom Combination P value
Mean 33427.18 10803.722 8892.60? 8576.16*
Nuclear area factor
SD 3230.24 3056.64 4768.77 3145.46 <0.001
(NAF) after 48h
SEM 1076.75 1018.88 1589.59 1048.49
Mean 1.00? 6.14> 7.31¢ 9.35¢
PCR of BAX Gene
K SD 0.00 0.18 0.39 047 <0.001
Expression after 48h
SEM 0.00 0.10 0.23 0.27
DISCUSSION to detect the apoptotic changes. The calculation

Oral squamous cell carcinoma is a type of cancer
with high morbidity and mortality rates. It has a
higher range of occurrence in developing countries.
Herbs are rich sources of phytochemicals with
variable anticancer and chemopreventive effects
due to their antioxidant and antimicrobial properties
1181 Tn the present study, cinnamon oil was chosen
due to the easy availability, and the use of this herb
is well documented. Scorpion venom was used
in our study as a biological anticancer agent that
was previously proved to affect epithelial cancer
cells like breast cancer cell lines with no obvious
cytotoxic effect on normal cells 17181,

Combination therapies have evolved in attempt
to increase the efficacy and reduce the side effects
of chemo and radiotherapies in addition to surgical
intervention ™, In our study, we evaluated and
compared the cytotoxic effect of cinnamon oil,
scorpion venom and their combinations on OSCC
cell line by using state of the art techniques; MTT
assay and RT-PCR. Concerning RT-PCR, its
increased sensitivity and specificity renders it a
favorable option for quantitative analysis of cancer
markers even with low copy targets 12,

Moreover, the parameters used for nuclear
morphometry in this study were thought to be useful

of what is called NAF seemed to be a sensitive
indicator for apoptotic changes. It could precisely
measure the changes in surface area and circularity
automatically by the software !4,

In this study, an in vitro anticancer efficacy of
cinnamon oil and scorpion venom against OSCC
cell line was determined. The IC50 concentration
exhibited by cinnamon oil extract was 90.40 pg/
mL, 4295 ug/mL / 24h, 48h respectively, this
is in accordance with previous studies which
reported that the cinnamon oil Cinnamaldehyde
exhibited cytotoxic effects on OSCC ! and breast
cancer MDA-MB-231 2, Tt significantly inhibited
proliferation, migration and invasion ability of
cancer cells 21221,

In addition, the venom had a promising cytotoxic
effect against OSCC cell line with IC50 37.20 and
8.27/ 24h,48h respectively. This goes in accordance
with Ding et al., 2014 who found that scorpion
venom molecules revealed a potent cytotoxic
action®, Also, Zargan et al., 2011 reported that
Androctonuscrassicauda scorpion venom inhibited
the growth of human adenocarcinoma cell line
(MCF-7) by exposure to different concentrations of
the venom (10, 25, 50, 100, and 200 mg/mL) due to
arresting S-phase of the cell cycle 24,
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Results of the present study revealed a potential
cytotoxic effect of combined use of cinnamon oil
with scorpion venom than the use of single agent
with IC50 =4. 93 pg/mL, 4.40 pg/mL / 24h, 48h
respectively. This may be attributed to the fact that
the combination of natural products potentiates
the cytotoxic effect of individual product. This
is consistent with another study conducted by
Nazhvani et al., 2020 on OSCC cell line. They
found that the combination of four herbal natural
products had more effect than the combinations of
two or three products, which by their turn had more
effect than each one, individually. Interestingly,
they also revealed that the combinations contained
cinnamon had the highest effect in comparison to
other studied combinations 231

In the present study, the data recorded from

nuclear morphometric analysis revealed a
statistically significant reduction in mean NAF in
the treated groups compared to the control group.
Early apoptotic features were observed in cinnamon,
venom and combination treated groups. These data
suggested that calculation of the NAF for cells
in culture appears to be a useful morphological
indicator of the early apoptotic process. This could
be attributed to the proapototic effect of all treatment

groups.

In agreement with our results, Herdwiani 2016
reported that cinnamon acts as an anti-cancer agent
against various types of cancer cells such as basal
cell carcinoma, breast cancer cell line (MCF7),
epidermoid carcinoma (A431), and human OSCC
(Ca9-22 and SCCI12) 281, The anti-cancer effect
of cinnamon extract was directly related to the
augmentation of apoptosis and inhibition of NFxB
and AP1 activity ", Another in vitro study detected
early and late stages of apoptosis or necrosis in the
adenocarcinoma cell lines (MDA-MB-231) and
early apoptotic stage in MCF-7 cells using Annexin
V/PI staining %1,
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Moreover our results goes in accordance with,
Al-Asmari et al., 2018 who revealed that scorpion
venom-induced apoptosis in MDA- MB-231 cells
when morphologically observed through fluorescent
staining DAPI. The scorpion venom-treated group
showed shrunken and marginated nuclei in cancer
cells in contrast to large nucleus in the untreated
cells 21, Another study by Panja et al., 2021 used
BmKn-2, a scorpion venom peptide, at 30 pg/mL
to treat canine mammary gland tumors (CMGT)
cell line. They found many apoptotic cells and
few necrotic cells in CMGT treated cells; these
results suggested that scorpion venom induced
apoptotic cell death and created less inflammatory
response 1,

The combination group in the present study
revealed the least NAF value in all treated groups,
with no statistically significantdifference between all
treated groups. Apoptotic bodies which characterize
late apoptosis were detected in cinnamon and
combination groups whereas; necrotic cells were
noticed in venom and combination groups.

In addition, we observed a statistically significant
increase in the mean BAX gene expression between
the control group and all the treatment groups. The
combination group showed the highest mean value
(9.35) while the oil group showed the least mean
value (6.14) with statistically significant difference
between the three treatment groups. This goes
in accordance with Li et al. 2016 who detected a
significant effect of Cinnamaldehyde in increasing
Bax gene expression and inducing apoptosis in
human colorectal cancer cells 3%,

Moreover, venoms and their toxins are known to
induce cell cycle arrest at early stages in the G1,
G2, and S phases, thereby avoiding the uncontrolled
proliferation of cancer cells and inducing apoptotic
cell death ">24 In his study Diaz- Garcia et al.,
2013 also found that Rhopalurusjunceus over-
expressed Bax, caspase 3, and caspase 9 in Hela
cervical cancer cell lines ", BmKn-2 peptide
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and Rhopalurus junceus also were found to up-
regulate the pro-apoptotic genes p53 and Bax and
down- regulate the anti-apoptotic gene Bcl-2 in oral
cancer B! and triple negative breast cancer B2,
respectively.

The mechanism of action of the combination of
cinnamon oil with scorpion venom could be possibly
due to the effect of both compounds on mitochondrial
pathway of apoptosis which was examined here by
their effect on BAX gene expression.

CONCLUSION

The present study clearly demonstrated high
success rate of cinnamon oil and scorpion venom as
an efficient anticancer agents on OSCC cells. The
present data highlights the pro-apoptotic potential
of cinnamon oil and scorpion venoms. Moreover,
this study suggests the possibility of using the
combined agents as apotential novel complementary
or alternative therapies for OSCC.
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