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Abstract

Aim: The present study would be directed to evaluate: The effects of Pomegranate Extracts (PE) and PE loaded with
polyethylene glycol-poly lactic acid-co-glycolic acid (-PE-PEG-PLGA) on human tongue squamous cell carcinoma cell line.

Methodology: The Human tongue carcinoma cell line (HNO-97) cells were propagated and maintained under basic culture
media. Cells were grouped according to culture media to control group A and experimental groups (PE group (B1), PE - PEG-
PLGA group (B2), was tested for cell viability, Bcl-2-associated X protein (BAX) expression, caspase-3 expression, and DNA
fragmentation were all examined using (4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) real-time
polymerase chain reaction (RT-PCR) and diphenylamine (DPA) respectively.

Results: Regarding cell viability, a higher mean value at different concentrations was recorded in groups B2 and B1,
respectively. In aspects of BAX expression, caspase-3 expression, and DNA fragmentation, groups B2, and B1, had higher
mean values than control group A with a highly significant difference (p = 0.000). Regarding inhibitory concentration (1C50%)
doses, a lower dose needed to show the same effect was recorded in groups B2 and B1(1.21ug/ml and 6.41ug/ml, respectively.

Conclusions: The pomegranate plays a role in antitumor activity as alone or with nanoparticles.

Keywords: anticancer, Oral cancer, HNO-97, POMX, nanoencapsulation, nanotechnology PEG-PLGA.

1-Introduction

Worldwide, more than 350 000 oral cancer cases are diagnosed yearly; moreover, the prevalence differs according
to geographic distribution[1]. In Egypt, ~4500 cases are diagnosed yearly, with a 50% mortality rate[2]. Through
advances in surgical resection, proper chemotherapy and radiotherapy, the worldwide 5- year survival rate was
less than 65%. Consideration should therefore be given to preventing oral cancer through the study of its etiology
and therapy [3].
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Surgical intervention, radiotherapy, and chemotherapy are the primary therapeutic techniques in cancer
treatment[3]. Chemotherapeutic drugs play a valuable role in cancer treatment by killing malignant cells.
However, they cause cytotoxic damage to the together cancer and normal cells, on the other hand, cause resistance
of cancer cells to interact with chemotherapeutic treatment[4]. Thus, it is incumbent upon the scientific community
to identify a naturally occurring medicine that may be used for cancer therapy with fewer adverse effects and more
effectiveness[5].

Traditional medical herbs have been important in developing complementary medicine in cancer treatment. As a
result of the evolution and recognition pathophysiology of cancer cells, researchers are currently focusing on
separating bioactive substances from plant components and employing them in cancer cell therapy. The number
of studies focusing on the therapeutic effects of plants and their components as potential anticancer medicines is
rising[6].

Pomegranate is an important source of bioactive compounds and has been demonstrated to have anticancer
effects[7]. Pomegranate juice, peel, and oil have been proven to have anticancer activities, including reduced cell
proliferation and cell cycle, anti-metastatic effects, and anti-inflammatory effects[8]. Pomegranate characteristics'
pharmacological and phytochemistry actions revealed various clinical applications for cancer prevention and
therapy[7].

Recent research has shown that PE loaded on a nanoparticle delivery system has more anticancer efficacy than
PE alone, even though it still has to overcome the challenges of intestinal hydrolyzing sensitivity, limited
absorption, poor systemic biodistribution, and a short half-life [9,10].

2. Materials and Methods

2.1. Cell Culture and Drug Source

HNO-97 was obtained from Veterinary Serum & Vaccine Research Institute (VACSERA); it was stored in liquid
nitrogen containers at -196 C°.

Dako company provided POMXx, which is a commercial pomegranate (Punica granatum L.)-derived polyphenols-
rich extract powder. Previous reports have already described the constituent components of this POMx powder
extract[10], such as ellagitannins (punicalagin and punicalin) and ellagic acid. POMx was immediately prepared
in dimethyl sulfoxide (DMSO) before experiments and used in experiments at different concentrations
(0.01ug/ml-100ug/ml) to calculate the 1C50%.

2.2. PE PEG-PLGA nanoparticles (pomegranate nanoparticles prepared using ultra sonication nanotechnology).
2.3. Preparation and characterization of PEG-PLGA Nanoparticles

PEG-PLGA nanoparticles were prepared in the advanced materials and nanotechnology department at the
National Research Centre (Cairo, Egypt). The double emulsion—solvent evaporation method was used to formulate
PEG-PLGA nanoparticles[11].

TEM were performed on JEOL JEM-2100 high resolution transmission electron microscope at an accelerating
voltage of 200 kV. Samples were prepared by evaporating dilute suspensions of the nanoparticles in ethanol on a
copper grid coated with an amorphous carbon film. Field emission Scanning electron microscope (FESEM,
Quattro S, Thermo Scientific) was used for the purpose of imaging, finally Zeta potential measurements were
performed with a Zetasizer ZS90 instruments (Malvern Instruments, Malvern, UK) by suspending the
nanoparticles in deionized water.

2.4, Cell viability MTT assay

The MTT assay is a colorimetric assay in which the number of viable cells is determined by mitochondrial
nicotinamide adenine dinucleotide phosphate (NADPH)- dependent cellular oxidoreductase enzymes. The activity
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level measures cells' viability because MTT reduction can only occur in metabolically active cells[12]. These
mitochondrial reductase enzymes can reduce the yellow-soluble MTT stain to insoluble purple-colored formazan.
The insoluble purple formazan result is dissolved into a colored solution using an MTT solubilization solution
(acidified isopropanol). According to the MTT assay, we used a spectrophotometer to measure the degree of light
absorption of this colored solution at a certain wavelength [13].

2.5. IC50 Value Calculation

The half-maximal inhibitory concentration (IC50) represented the concentration of the tested extracts required to
inhibit a given biological activity by 50%[14].

2.6. Real-Time Polymerase Chain Reaction (RT-PCR)

RT-PCR, also known as quantitative polymerase chain reaction (QPCR, RT- qPCR), is a laboratory technique of
molecular biology based on the principle of PCR. RT-PCR is commonly used to measure gene expression of target
genes of interest with a known sequence, and it is highly sensitive in detecting small changes in expression.
Besides this benefit, RT-PCR allows the accurate quantification of nucleic acids with superior reproducibility[15].
We used PCR to quantify the expression of CASP3, BAX and GAPDH Gene.

2.7. DNA Fragmentation

Diphenylamine (DPA) assay Protocol: This approach is based on the idea that centrifugal sedimentation can
distinguish substantially fragmented double-stranded DNA from chromosomic DNA. The process includes cell
lysis and nuclear DNA release, centrifugation with two fractions (corresponding to intact and fragmented DNA,
respectively), DNA precipitation, hydrolysis, and colorimetrical quantification after staining with DPA, which
binds to deoxyribose [16]. DPA was used to determine the effect of the tested extracts on DNA fragmentation.

2.8. Statistical methodology:

IBM SPSS (Statistical Package for the Social Sciences) Version 21 will be used for the data analysis (SPSS Inc.,
Chicago, IL). Mean, standard deviation, median, and range were used to describe numerical data. Quantitative
and percentage-based descriptions are for describing the categorized information.

3. Results

3.1. Characterization of PLGA- PEG Nanopatrticles

The TEM and SEM images were revealed that formation of PLGA-PEG nanoparticles encapsulating PE in
spheroidal shape with average particle size 170+20nm with high homogeneity in size distribution and negative
charge by ZETA (fig 1).

3.2. Cell viability (cytotoxicity) assay

The HNO-97 viability was evaluated using the MTT assay. Cell viability was tested in (HNO-97) in control groups
(group A) and experimental groups (B1, B2).

Among all groups, the (B2 group) recorded the lowest cell viability at a dose of 100 ug/ml (4.36%); however, the
control group A recorded the highest % viability (100%) and the group treated with 0.01 ug/ml with pomegranate
B1 group (100%) (figure 2.A, B and C).

However, the different investigated groups showed a considerable dose-dependent reduction in their viabilities
when treated with increasing the dose from (0.01 ug/ml - 100 ug/ml). In all groups, the lowest cell viability value
was recorded by B2 and B1 groups, whereas group A (control) showed the highest value.
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3.2.1. Statistical analysis

We utilized mean and standard deviation to characterize the data using descriptive statistics. Two groups were
compared using the percentage of live cells in the concentration (100 ug/ml), and an independent t-test was utilized
for the analysis (tables (2) and fig. (3 A), which demonstrated a highly significant difference between groups.

3.3. IC50 Results

The investigations of the current study showed that the PE group presented the highest dose needed to inhibit 50%
of cancer cells (6.41ug/ml); meanwhile, the least dose needed to do the same action (1.36u/ml) was offered by
PE-PEG-PLGA group (B2). The summary of results of the different IC50% values of different groups is shown
in table (3) and fig (3B).

3.4. DNA Fragmentation

Cleavage of chromosomal DNA into oligonucleosomal fragments is a biochemical hallmark of apoptosis, so the
nuclear DNA fragmentation of (HNO-97) cells after 24 h of exposure to the interventions in a complete culture
medium was done. It is generally known that the caspase family of cysteine proteases is responsible for the
chromatin condensation and DNA fragmentation that define apoptosis.

This study demonstrated that DNA fragmentation increased after treatment of (HNO97) cells with various
treatments. The apoptotic ratio, an indicator of the rate of DNA degradation, differed significantly between the
treated and untreated cells.

The PE-PEG-PLGA group showed the highest percentage of DNA fragmentation (20.51%) compared to the PE
treatment group (9.81%) and the control group (4.03%).

3.5. Apoptosis by RT-PCR

Various methods in the present study evaluated apoptosis; the detection of caspase3 and BAX were used. The
apoptosis was evaluated in (HNO-97) cells after 24 h of exposure to the intervention in a complete culture medium
by caspase 3 and BAX. It is well known that apoptosis is mediated by the cysteine protease family called caspases.

At different IC50% doses, all treated groups recorded upregulation of caspase -3 gene and BAX gene expression
relative to control. The highest folds change of caspase -3 and BAX expression was revealed in HNO cells treated
with PE- PEG-PLGA (B2) group (3.04 folds, 2.22 folds respectively), followed by the PE group (2.19 folds, 1.65
folds respectively) meanwhile the lowest folds-change of caspase-3 and BAX were found in HNO cell control (1)
(A).

3.4.1. Statistical analysis

We utilized mean and standard deviation to characterize the data using descriptive statistics. One-way ANOVA
was used to compare groups through the DNA fragmentation, caspase-3 and BAX, which showed a highly
significant difference between groups table (4) and fig (3 C).

4. Discussion

Cell cytotoxicity, apoptosis, and DNA damage were all seen in oral cancer cells cultured in the PE and PE- PEG-
PLGA groups. Further discussion is provided below on how exposure to PE or PE PEG-PLGA causes cell
cytotoxicity.

4.1. The cell viability (cytotoxicity) of PE group

The PE group showed a higher decrease in cell viability than the control group. This finding concludes that PE
interacts with tumor cells and downregulates specific carcinogenic proteins. The present work's findings
corroborate with a prior study showing that specificity protein (Sp) transcription factor downregulation underlies
the cytotoxicity of numerous botanicals (Spl, Sp3, Sp4). These transcription factors, which control essential
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functions including cell proliferation, survival, and angiogenesis, are frequently amplified in malignant
tumors[17-19].

The reduction in cell viability of cancer cell treated PE group explained by the polyphenols from pomegranate has
demonstrated anti-inflammatory and anticarcinogenic activities through enhancement of the cytotoxic activities
of cancer[20,21]. PE group expressed selective cytotoxicity of cancer cells compared to normal cells[8] . In
addition, PE significantly reduced cell viability and blocked the cell-cycle progression of a mouse mammary
cancer cell line versus control [22].

The cytotoxicity effect of PE has been demonstrated in different reports with different mechanisms and pathways.
Still, all of them confirm the therapeutic benefits of pomegranate against different types of cancers.

4.2. The apoptotic effect of PE
PE induce apoptosis in human oral cancer cells through upregulation of the caspase-3 and BAX.
4.2.1. The expression of caspase-3

The gene expression of caspase-3 is measured by RT-PCR and showed the PE-treated group was higher expressed
of proapoptotic gene caspase 3 with the IC 50% of PE than the control group (A). The available data conclude
that PE induced the apoptosis pathway by activating the caspase-3 gene. The present results are consistent with
previous studies that revealed pomegranate-induced apoptosis through the activation of caspase 3[23,24].

4.2.2. The expression of BAX

The PE-treated group expressed a higher proapoptotic genes BAX with IC 50% of PE than the control (A). This
finding concluded that Pomegranate extracts induce apoptosis by activating BAX proteins. This agrees with
previous studies that revealed the pomegranate extract induces apoptosis through BAX activation[25,26].

4.3. The DNA fragmentation percent of PE

DNA fragmentation percent of PE treated group was measured using Diphenylamine assay; the DNA
fragmentation effect of PE treated group (B1) was higher than control (A) at IC 50% concentration of PE. These
results are consistent with studies that reported that pomegranate could inhibit the proliferation of breast cancer
cells by influencing morphological changes and DNA fragments[27]and inducing Prostate cancer cell apoptosis
by induction and DNA fragmentation[28].

The effect of pomegranate may be attributed to polyphenols contents that may interfere with the genome of cancer
cells and entrance them to degradation[29].

Another reason is that actin is cleaved during caspase-3 activation, rendering it unable to control
deoxyribonuclease (DNase) activity and the subsequent DNA fragmentation it causes. Apoptosis, the most
common form of cell death, is mediated by caspase-3, which cleaves proteins necessary for DNA repair and
cellular stability[30].

4.4. The cell viability of PE- PEG-PLGA group.

The PE- PEG-PLGA treated group showed higher cell viability decreased (cytotoxicity) than PE and control. The
higher cytotoxic effect of PE-PEG-PLGA could be related to the smaller overall dimension of the nano-
formulation, thereby facilitating its passive transport into the cell. This finding is inconsistent with a recent study
that anticancer drug febuxostat (FBX)-loaded PEG-coated PLGA nanoparticles showed more cytotoxicity than
the febuxostat itself due to the nanoparticle size of PEG-coated PLGA nanoparticles[31] .

The enhancement; is the cytotoxicity of pomegranate loaded with PEG-coated PLGA nanoparticles[32] or solid
lipid nanoparticles[33] These results indicate that nanoparticles can transport more drugs into the cells than free
drugs, leading to decreased cell viability and increased cytotoxicity after 24 hours.
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4.5. The apoptotic effect of PE-PEG-PLGA group

PE-PEG-PLGA group induce apoptosis in human oral cancer cells through the upregulation of caspase-3 and
BAX.

4.5.1. The expression of Caspase-3 and BAX

The caspase 3 and BAX detected through RT-PCR expressed the highest expression folds. The enhancement of
intracellular drug concentration could explain these findings through an increase in the cellular uptake of drugs
loaded by the PE-PEG-PLGA group [32]. Moreover, the improvement of apoptosis potential of anticancer drugs
loaded with the PEG-PLGA due to drug entrapped may be attributed to diblock copolymer[34].

Adding hydrophilic polyethylene glycol (PEG) to nanoparticles has been found to boost their capacity to overcome
the biological barrier, as was shown in a previous explanation. As expected, PEGylation of PLGA led to a greater
uptake of larger nanoparticles than smaller, non-PEGylated nanoparticles[35].

4.6. The DNA fragmentation PE- PEG- PLGA group

DPA assay Protocol in cancer cells treated with PE- PEG- PLGA expressed a higher percent of DNA
fragmentation than other groups. The DNA fragmented in cancer cells treated with PE- PEG- PLGA group due to
intracellular accumulation of polyphenols contents in pomegranate that may interfere with the genome of cancer
cells and induce DNA degradation[29].

The increase of DNA fragmentation in cancer cell treated PE- PEG- PLGA group may be due to the promotion
of interaction of the nanoparticles with the cells and thus augments the rate and extent of internalization[32]
Another explanation may be related to the nanoparticles themselves due to the surface charges or related to the
enhancement of cell uptake [36].

In addition, other investigators explained the superior effect of nanoparticle pomegranate regarding metabolism
(bioavailability) so that the encapsulation of pomegranate polyphenols into biodegradable sustained-release
nanoparticles may enhance the bioavailability[11]. Different binding sites inside the nanoparticles' well-defined
structure (spherical shape with excellent particle size) may enable significant quantities of medication to be
integrated within the particle[37].

The potent cytotoxic effect of PE against cancer cells cannot ignore. From this point, using pomegranate loaded
by PEG-PLGA nanoparticles could provide a compound utilizing their benefits, as it could fight the cancer cell
more efficiently.

In conclusion, pomegranate is a rich source of bioactive compounds and has been demonstrated to have anti-
cancer properties. Pomegranate is high in ellagitannins, anthocyanins, and hydrolysable tannins and has high
antioxidant activity. Studies have shown pomegranates to be a natural alternative to chemical treatment because
of their capacity to fight a wide spectrum of infections.

Furthermore, it has been hypothesized that the anticancer effect of nanoparticle pomegranate (nanoparticle
delivery of pomegranate) may be related to benefits superior to pomegranate extract by overcoming sensitivity to
gastrointestinal hydrolysis, poor absorption, and limited systemic bioavailability.
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Figure caption

Fig (1).

A. Photomicrograph showing the size of PE-loaded in PEG-PLGA through TEM.

B. Photomicrograph showing the shape of PE-loaded in PEG-PLGA through SEM.

C. Photomicrograph showing the zeta potential of PE through ZETA.

D. Photomicrograph showing the zeta potential of PE-loaded in PEG-PLGA through ZETA

Fig (2).

A. Photomicrograph showing many malignant epithelial cells with prominent cell outlines or boundaries on HNO-
97 oral squamous cell line without any treatment. (x10 inverted phase Contrast Microscope filter).

B. Photomicrograph showing the cell viability of on the (HNO-97) cell line that was treated with different
concentrations of PE t for 24 h. the reduction in cell numbers loss cell outline (cell activity) is increase with PE
dose increase. (X10 magnification of inverted phase contrast microscope filter).

C. Photomicrograph showing the cell viability of on the (HNO-97) cells were treated with different concentrations
of PE- PEG-PLGA for 24 h. The reduction in cell numbers loss cell outline (cell activity) is increase with dose
increase. (X10 magnification of inverted phase contrast microscope filter)

Fig (3)
A. A clustered column chart comparing the viability % across the PE group and PE-PEG-PLGA group.

B. bar chart illustrated the different IC50% values of PE group and PE-PEG-PLGA group.

- Journal of Pharmaceutical Negative Results | Volume 14 | Regular Issue 02 | 2023 @




C. bar chart illustrated the DNA fragmentation percent, caspase-3 and BAX among the PE group and PE-PEG-
PLGA group.
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Table (). Primers sequence of CASP3, BAX and GAPDH Gene

DNA fragmentation

RT-PCR (Caspase3
Fold)
1

2.19
3.04

W PEgroup = PE- PEG- PLGA group

afitl =afl

RT-PCR (BAX fold)

1.65
2.22

Primer Sequence from 5'- 3'
CASP3 F 5-CTCGGTCTGGTACAGATGTCGA-3’
R 5-CATGGCTCAGAAGCACACAAAC-3
BAX F 5'-GTGTATGAGCGTGTTCGT-3'
R 5-GAGTCGGCTGAAGATTAGAG-3'
GAPDH F 5-GCAAGTTCAACGGCACGATCAAG-3'
R 5-CTACTCAGCACCAGCATCACC-3’

Table (11). Mean and SD of cell viability of cancer cell treated with 0.01-100 ug/ml of different drugs (independent

t - test).

Viability Test at 0.01-100 ug/ml

Concentration

PE

PE-PEG-PLGA

Independent t-test

Mean (%) +S.D Mean (%) +S.D t p-value
0.01 100+1.99 99.92+1.41 0.080 0.938
0.1 99.69+1.19 89.30+1.16 15.215 0.000**
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1 90.67+1.16 59.12+1.15 47.312 0.000**
10 37.54+0.92 11.65+0.22 67.068 0.000**
100 4.36+0.12 4.36+0.12 0.0001 1.000

(Table 111): Mean and SD of IC50% in different groups (Independent t-test).

IC 50%
Groups Mean £S. D Independent t-test

t p-value
PE group 6.41+0.06 34.834 0.000**
PE-PEG-PLGA group 1.36+0.35

Table (VI): Mean and SD of DNA fragmentation, caspase-3 and BAX different groups (One-way ANOVA -

test).

DNA fragmentation
Groups Mean (%) | MW One way ANOVA Multiple comparison (Tuckey test)

+5.D ug/mol | F p-value
Control group 4.03+0.22 | --—----- 1569.999 | 0.000** | Control vs. PE - 0.000**
PE group 9.81+0.56 6.41 Control vs. PE-PEG-PLGA —>0.000**
PE-PEG-PLGA 20.51+1.16 1.36 PE vs. PE-PEG-PLGA —>0.000**
group
RT-PCR (Caspase3 Fold)
Control group N 803.528 0.000** | Control vs. PE - 0.000**
PE group 2.19+0.14 6.41 Control vs. PE-PEG-PLGA —>0.000**
PE-PEG-PLGA 3.04+0.06 1.36 PE vs. PE-PEG-PLGA ->0.000**
group
RT-PCR (BAX fold)
Control group N 231.275 0.000** | Control vs. PE - 0.000**
PE group 1.65+0.15 6.41 Control vs. PE-PEG-PLGA -0.000**
PE-PEG-PLGA 2.22+0.08 1.36 PE vs. PE-PEG-PLGA ->0.000**
group

There is a significant at P-value< 0.05 (*), and highly significant at P-value< 0.000 (**).

Journal of Pharmaceutical Negative Results | Volume 14 | Regular Issue 02 | 2023




