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ABSTRACT

This study aimed to evaluate the anti-inflammatory effect of TQ-PLGA/PVA in treatment of
oral carcinogenesis. Nanoparticles were fabricated via emulsification-solvent technique. Their
characterization including the morphological analysis and size distribution on NPs performed
using TEM and the structure composition was carried out via the FTIR. The charge determined
via the DLS and ZP analysis. This study was carried out on 24 hamsters and divided into: group A
served as negative control, group B was painted with DMBA for 6 weeks then subdivided into three
subgroups: B, served as positive control, B, was injected with TQ, B, was injected with TQ-PLGA.
Assessment of the blood cells counts, histologically, immunohistochemically through detection of
TNF-a protein were performed. Comparisons between groups were performed using ANOVA. The
results showed proper encapsulation for TQ-PLGA, significant regression in tumors histologically,
marked improvement in blood cells and expression levels of TNF-a. protein. Conclusion: systemic

application of TQ-PLGA was considered a promising chemo-therapeutic agent in tumors regression.
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INTRODUCTION

In 2017, oral cancer appeared in 369,200 new
cases worldwide and approximately 145,328 deaths
per year. Surgical treatment is considered the most
debilitating and disfiguring line of treatment. To
preserve organ’s function, the role of chemotherapy
(CT) was investigated. The main drawback is that it
acts on normal cells that are actively reproducing.

Phytochemicals, natural plant-based compounds,

have provided great promises as novel drug com-
pounds. Thymoquinone (TQ) is the most abundant
component of black seed oil. TQ has been reported
to exhibit antioxidant, anti-inflammatory, chemo-
preventive and antiproliferative effect with mini-
mally toxicity to normal cells.” Despite these prom-
ising outcomes, the applicability of phytochemicals
to human has met with only partial success due to

poor bioavailability.
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Nano-carriers were found to modify drugs by
increasing their bioavailability, efficacy, stability,
solubility, sustaining their release and decreasing
their toxicity-associated with high doses. Synthetic
polymers such as PLGA and PVA can deliver drugs
for days or weeks rather than natural polymer as
chitosan. After degradation, they produce biocom-
patible byproducts. PLGA-encapsulated with TQ
revealed sustained release characteristics, improved
antioxidant potential, selective cytotoxic effect to
cancer cells and facilitate its transportation to attain

its target.

The carcinogen DMBA is a polycyclic aromatic

hydrocarbon. It can mediate the neoplastic
transformation by inducing DNA damage through
adduction to adenine and guanine residues in DNA
and generating excess reactive oxygen species. The
Syrian golden hamster is an excellent model for oral
carcinogenesis that closely correlates with common
events involved in the development of human oral

cancers.

Chronic inflammation is influenced by a wide
array of factors not only contribute to inflammation
and repair, but also to cancer progression.
Tumor necrosis factor (TNF-a) is involved in
many biological functions. It is considered the
master mediator of the pathogenesis of chronic
inflammation. Therefore, anti-TNF therapies have
become mainstay treatments for inflammatory
diseases. It can enhance tumor growth directly
via an inflammatory process through NF-«B
activation. In addition to, it can promote tumor
expansion by increasing the production of matrix
metallo-proteinases (MMPs) in tumor cells or its
microenvironment. This study aimed to prepare,
characterize and assess the anti-inflammatory effect
of TQ-PLGA/PVA in DMBA-induced hamster
buccal pouch carcinogenesis in comparison with

free TQ.
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MATERIALS AND METHODS

Materials

Polylactic acid/polyglycolic acid PLGA (75:25)
from Evonik Company, U.S.A. Poly (vinyl alcohol)
(PVA, MW: 30,000-70,000) and Thymoquinone
powder were purchased from Sigma-Aldrich. The
absolute ethanol (99.5-99.8%) was obtained from
Merck. Double distilled water was utilized for
preparing all aqueous solutions.

The carcinogen chemicals: 7, 12 Dimethylbenz-
[a]-anthracene (DMBA) and heavy mineral oil to
get DMBA 0.5% solution were purchased from
Sigma Chemical Company, USA.

The fabrication of TQ-PLGA-PVA NPs

TQ-PLGA-PVA NPs were synthesized via an
emulsification-solvent
with slight modifications. Initially, the oil phase
was prepared by dissolving 45 mg of PLGA in 4

technique using S/O/W

ml of ethanol and stirred for one hour at room
temperature. After that 5 mg of natural bioactive
powder-TQ was added and stirred for 10 minutes
to generate the S/O primary emulsion solution. In
parallel, the aqueous phase was prepared in another
clean beaker, while 1% w/v of PVA as surfactant
dissolved in 20 ml deionized water. Finally, S/O was
added to W phase to emulsify under the probe ultra-
sonicator (20,000Hz), for 20 min to produce S/O/W
emulsion. Then the remaining organic solvent was
evaporated by subjecting the resulting solution to stir
for 2 hours. The formed NPs were then collected by
centrifugation for mixture solution on 10,000 R.P.M
for 30 min at 10°C. The formed NPs were stored
in the refrigerator until further characterization and
applications.

Characterization techniques for TQ-PLGA-PVA NPs

High-resolution transmission electron mi-
croscopy (HR-TEM): The morphological prop-
erties of synthesized NPs such as shape and size
was observed by the high resolution transmission
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electron microscopy (HR-TEM), model JOEL
JEM-2010, that operate with an accelerating volt-
age 200 kV and connected to Gatan digital camera
model Erlangshen ES500, the images were taken by
introducing one drop of the aqueous solution onto a
copper grid of 400 mesh with carbon film.

Energy Dispersive X-ray microanalysis
(EDX): The qualitative analysis regarding the
existence of chemical elements in prepared solid

material was provided using the EDX studies.

Fourier-transform infrared (FT-IR) spectral
analysis: demonstration the structural composition
of NPs were recognized via the Fourier-transform
infrared (FT-IR) spectral analysis, using JASCO
spectrometer in a scan range region from 4000 to
400 cm™ while a KBr disc was used as a reference.
The drug Encapsulation efficiency was detected by
measuring the absorption spectrum of suspended
NPs solution via spectrophotometer model shima-
duz RF5301PC, double beam.

Dynamic Light Scattering (DLS) was
performed for the prepared Nano sized vehicles in
order to spot light on the average size distribution of
the sample while it was reported as a poly-dispersity
index (PDI) that obtained from measuring the

distribution broadness of the particle size curve.

Zeta Potential (ZP): was evaluated via (Mal-
vern, nano-series, Zetasizer, UK), connected to a
helium-neon laser which operating at 90° scattering
angle and wavelength 633 nm at 25 °C. For each
sample a triplicate trial were analyzed then the mean
value was carefully reported. The elemental analy-
sis of NPs powder sample was measured through
Energy-dispersive X-ray spectroscopy (EDX) via
JEOL model JSM-IT100 scanning electron micro-
scope (SEM).

Experimental design

Sample size calculation was performed using
G*Power version 3.1.9.2, University Kiel, Germany.
Copyright (c) 1992-2014. The effect size was 0.99
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using alpha (o) level of 0.05 and Beta (3) level of
0.05, i.e., power = 95%; the estimated sample size
(n) was a total of 20 samples. Total sample size was
24 samples. Each group had six samples.

Animals: This study was carried out after
the approval of the ethical committee, faculty of
dentistry, Suez Canal University (Ethical approval
number 2019/238). It was carried out on twenty-
four male Syrian golden hamsters (Mesocricetus
auratus), weighing 90-100 grams. The animals were
purchased from, Tiedor Blhars Research Institute,
Cairo, Egypt. Animals were housed (six per cage)
with controlled temperature, all animals were given
water and recommended nutrient, ad libitum, and
were divided as follow:

» Group A (n=6): served as negative control and
did not receive any type of treatment.

» Group B (n=18): The animals were painted with
DMBA, three times/week on the left pouches
by using hairbrush no. 4 for 6 weeks then the
animals were subdivided into:

* Subgroup B, (n=6) were left without DMBA
application and sacrificed at the end of the 12
week of the study.

* Subgroup B, (n=6) were injected intra-
peritoneal by TQ 0.001 mg/kg three times/week
for another six weeks.

* Subgroup B, (n=6) were injected intra-peritoneal
by TQ 0.001-PLGA/PVA mg/kg three times/
week for another six weeks.

Blood samples collection: Before euthanization,
blood samples were withdrawn to determine the
white blood cells (WBC), lymphocyte (LYM),
neutrophils (NEU ), and red blood cells count
(RBC) following the standard protocol used at
Pharmacology Department, Faculty of Veterinary,
Suez Canal University. The following steps were
carried out. The animals were anesthetized by a
cotton-soaked with diethyl ether. A fine heparinized
capillary tube was introduced into the mesial angle
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of the eye. Blood samples were withdrawn into the
heparinized capillary tubes and immediately sent to
Hyah Hematology Laboratory, for counting, using
fully automatic cell counter (Heco serc, Italy), with
manual differential count.

Histopathological assessment: After animal’s
euthanization by a cotton-soaked with the lethal
dose of diethyl ether, all pouches were fixed in 10%
neutral formalin solution, processed, embedded in
soft paraffin, left to be hardened and sectioned into
Sum using a rotary microtome, mounted on glass
slides and stained with hematoxylin and eosin for
light microscopic study. The slides were diagnosed
by two pathologists and photographed by E-330
Olympus digital camera.
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Immunohistochemical assessment (IHC):

From each paraffin block, 5 ym sections were
cut and mounted on positively charged slides. The
anti-TNFa; rabbit polyclonal antibody was pur-
chased from Gene Tex International Corporation,
GTX110520. The steps of IHC were followed ac-
cording to manufacturer’s instructions. The positive
interaction was expressed as brown cytoplasmic
expression. Image analyzer computer system (im-
age J / figi 1.46) was used to count the number of
immune-positive cells as well as the number of the
remaining unstained ones. The fraction of the posi-

tive cells was calculated.
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Graphical abstract represent the synthesis, characterization and hamster buccal pouch carcinogenesis effect



EFFECT OF NANO-THYMOQUINONE ON TUMOR NECROSIS FACTOR-A IN DMBA-INDUCED

Statistical analysis:

Microsoft excel 2013 was used for data entry
and the statistical package for social science (SPSS)
version 24 was used for data analysis. All values
were expressed as mean + standard deviation.
Comparisons between groups were performed using
one-way analysis of variance (ANOVA). Probability

value less than 0.005 was considered significant.

RESULTS

The high-resolution transmission electron mi-
croscope results

The TEM images obtained represented in Figure
1 (a, b). As described form the images, the NPs
appeared with a uniform well defined spherical
shape and possessed a particle size around 200 nm.

Energy dispersive x-ray microanalysis analysis

The EDX chart for the fabricated solid
biodegradable NPs in Figure 1 (c) detected two
clear identified and strong lines corresponding to
the carbon and oxygen elements. No other emission
energies were observed as indication for the
presence of pure NPs free from any contamination.

Fourier transform infrared (ftir) spectroscopy results

The IR charts for free TQ and TQ-PLGA-
PVA NPs were represented in Figure 1 (d). The
FT-IR spectrum for the free TQ donated several
characteristic peaks, among of them peak acquired
at 2920 and 2966 cm! (C-H vibration bonds in
methylene groups), 1635.35 cm™ (carbonyl group
C=0 stretch), 1462 cm! (C-H methyl rock), 1245
cm?, 1125 em™, 1017 em™ (C-H in-plane bend’ and
687 cm™! (“oop” band C-H bend).

On the other hand, most of drug bands
were changed and showed some broadening in
their intensity after encapsulation to PLGA as
appeared from the FI-IR chart of nano emulsion.
However, the C-H in-plane bending were shifted to
1253 cm, 1192 cm™” and Also the “oop” band

(2393)

C-H bend peak of free TQ in the IR spectrum of
TQ-PLGA-PVA was appeared as very broad
band centered at 583cm™. Furthermore, new peak
appeared at 3413 cm™! attributed to the characteristic
-OH stretching band. As well as the peaks of C-O
stretching at 1050-1250 cm™ and carbonyl —-C=0
stretching at 1700-1800 cm™ was clearly identified.

Dynamic light scattering results

The DLS measurement of the synthesized NPs
in comparison with the pure TQ was introduced
in Figure 1 (e, f). As indicated form the results,
the polydispersity value for the TQ is 0.27 and
the average particle size was 191nm while Nano
emulsion of TQ-PLGA-PVA NPs has PDI value 0.14
with average particle size 168 nm. The PDI value
is for NPs less than the original plant extract that
means particles in more dispersity and to somewhat
not agglomerated, this may be probably attributed
to the presence of PVA as surfactant.

Zeta-potential results

The measurement of the synthesized NPs and
pure TQ were shown in Figure 1 (g, h). The average
zeta potential value for free TQ was 0.546 mV
while the TQ-PLGA-PVA NPs exhibited -6.11mV,
suggesting a moderate stability of NPs.

Blood samples results:

The results revealed significant difference
among these groups in WBC, LYM, NEU, and RBC
count. Descriptive statistical analysis of means and
standard deviations were summarized in table 1.
The mean difference was significant at p < 0.05.
The statistically significant differences between
groups were described in different letters. There
was statistically significant increase in WBC and
LYM total count in the subgroup B, (DMBA 12w)
compared to all other groups. There was statistically
significant increase in NEU, and RBCs total count
in subgroup B, (DMBA 6 w/TQ-PLGA 6 w) near to
negative control group compared to B, (DMBA 6 w/
TQ 6 w) subgroup.
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TABLE (1) Descriptive statistical analysis of means and standard deviations. The mean difference is
significant at p < 0.05 (+ Standard deviation)

WBC x10° cell/l | LYM x10° cell/l | NEU x10° cell/l | RBC x10° cell/l P value
Negative group (A) 5.6+0.6® 5.1+0.69 45+08® 82+0.1®
Positive group (B,) 13.1+1.1@ 8.1+0.8w 25489 48+0.3@
DMBA+TQ (B,) 6.9 +0.1© 52+0.7® 40+2.1® 6.4 +0.5® <005
DMBA+TQ-PLGA (B,) 54+0.6® 4.5 +0.6© 53+£25@ 1.1 +0.1®
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Fig. (1) (a, b) TEM images with different magnification scale for synthesized TQ-PLGA-PVA NPs. (¢) The EDS spectra of TQ-
PLGA-PVANPs. (d) The FT-IR spectra for the free TQ and the synthesized TQ-PLGA-PVA NP. (e, f) The DLS measurement
for the pure TQ and TQ-PLGA-PVA NPs. (g, h) the zeta potential results for pure TQ and TQ-PLGA-PVA NPs

Histopathological and Immunohistochemical re-
sults: Figure 2, Table 2

Left pouches of the negative control group

showed  normal-appearing  hamster  buccal
pouch’s (HBP) mucous membrane. Thin stratified
squamous epithelium formed of two to four cell
layers lacking rete ridges, and thin keratin surface
layer. The underlying connective tissue (c.t.)
shows non inflamed loose connective tissue, with
thin vascular spaces immediately below surface
epithelium. Deeper c.t. layers formed of larger
vessels and longitudinal striated muscle layer.
revealed mild

Immunohistochemical results

cytoplasmic expression of TNF.

Left pouches of the animal group painted with
DMBA for 6w then left untreated till 12w (positive
control) revealed well differentiated squamous
cell carcinomas in the form of large papillomatous
lesions with invaded islands of epithelium into
underlying connective tissue. Severe dysplastic
epithelial changes were observed in the form of

drop-shaped rete ridges, basilar hyperplasia, altered

nuclear/cytoplasmic ratio, prominent nucleoli,
hyperchromatism with cellular and nuclear
pleomorphism.  Immunohistochemical  results

revealed highly significant increase in cytoplasmic
expression of TNF extending all over epithelial
thickness.

The animal group painted with DMBA for
6w then injected intra-peritoneal with TQ for 6w
revealed carcinoma in situ (CIS). The epithelium
typically showed severe cellular and architectural
changes, basilar hyperplasia, hyperchromatism and
streaming of prickle cell layer. Immunohistochemical
results revealed significant moderate increase in
cytoplasmic expression of TNF.

The animal group painted with DMBA for 6w
then injected intra-peritoneal with TQ-PLGA/
PVA for 6w revealed mild to moderate dysplastic
criteria with hyperplasia and hyperkeratinization.
Immunohistochemical results revealed significant
decrease in cytoplasmic expression of TNF.
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Fig. (2): Photomicrographs showing (A) normal epithelial lining of hamster buccal pouch in group A (H&E x 40), (B) low TNF
immuno-reactivity (IHC x40), (C) DMBA-treated animals (B)) showing invasive well differentiated SCC (H&E x 20)
(D) high power of Figure C showing multiple signs of dysplasia. (E) Intense TNF immuno-reactivity (IHC x40).
(F) Group B, (DMBA 6w/TQ 6w) showing carcinoma in situ (H&E x 20). (G) Intense TNF immuno-reactivity (IHC x40).
(H) Group B, (DMBA 6w/TQ-PLGA 6w) showing moderate dysplasia (H&E x 20). (I) low immuno-reactivity (THC x40).

TABLE (2): One-way ANOVA test showing the mean + standard deviations of TNF expression between
negative group, DMBA group, TQ, and TQ-PLGA.

Groups Mean + standard deviation P-value
Negative group (A) 97.19+9.69 ¢
Positive group (B)) 208.02 +13.43 ¢ (<0.05)

150.99 £ 11.11°
100.11 £4.45¢

DMBA+TQ (B,)
DMBA+TQ-PLGA (B,)

Nl | | 2
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DISCUSSION

During the last few decades, nanotechnology has
established many essential applications for cancer
treatment. Despite the excellent anticancer activity
of phytochemicals, they have limited applications
in the clinic due to low aqueous solubility, poor
bioavailability, and poor cell penetration. This study
aimed to overcome these draw backs through loading
of thymoquinone on PLGA-PVA nano-formulation
in treatment of OSCC induced in hamster buccal
pouch. The best result was associated with TQ-
PLGA in comparison with TQ alone. The possible
explanation of the different outcomes could be
attributed to the fact that nanoparticles can passively
target tumor cells through the accumulation and
trapping process known as enhanced permeability
and retention (EPR) impact. An effect mediated
through angiogenic vessels, and extravasation
through leaky blood vessels (gaps~600nm), and
improper lymphatic flow, seen mostly in solid
tumors.

The physicochemical properties such as shape,
size, morphology and charge are considered as the
critical factors that may influenced the functional
performance of any NPs based delivery design.
The morphology specifications of the NPs play
a significant role in assessment their adhesion,
interaction and absorption with the body cells. The
TEM results were consistent with the particle sizes
measured by the particle analyzer. Furthermore,
previous work which introduced the PLGA/PVA
encapsulated Rhodamine B presented the TEM
for prepared NPs with sizes 200 nm which was
matched with present results. Additionally, another
report attributed that the difference in the size and
morphology due to the high molecular weight of
polymers used PLGA and PVA."!

For demonstration, the nature of the molecular
interactions within the PLGA and TQ solid, FT-IR
spectroscopy was used. The FT-IR spectrum for the
free TQ was matched with those obtained recently.
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The shift in the C-H in-plane band and “oop” C-H
band indicating occurred in the encapsulated form
rather than free TQ, suggested the involving of these
groups in the TQ during the encapsulation process
into PLGA and hence ensured the interaction of the
TQ to the PLGA carrier.

From PDI values, the addition surfactant fulfilled
an important role through the emulsification
process and accordingly protected the formed
particles from coalescence. However, recent studies
utilizing similar synthesis emulsification method
using an emulsifier and polymer composition for
hydrophobic compounds entrapment, obtained their
polydispersity values oscillating from 0.2 to 0.3
which meant that their NPs were likely to aggregate.
Previously Nallamuthu et al'! had prepared TQ-
PLGA-PVA NPs, but he obtained the PDI value
of 0.2 which meant that our prepared NPs by the
modification done through preparation led to a
significant increase in the particle stability.

The colloidal stability of fabricated NPs was
demonstrated by the zeta-potential measurements.
In general, it was reported that zeta potential
values more than +30mV or less than —30mV were
considered as a standard value to provide enough
repulsion force to avoid particle aggregation."
Our results matched with the previously detected
by Mura et al*® who reported the influence of zeta
potential when coating PLGA surface with different
stabilizer polymers; whereas zeta potential value for
PLA/PVA -5Mv.

In the present study, there were statistically
significant increase in WBC and LYM counts
in DMBA-painted group in comparison with
phytochemical-treated  groups. This finding
indicated that the systemic toxic effect of DMBA
resulting in non-reduction of WBC counts. DMBA
is a potent immunosuppressive agent by lowering
significantly, neutrophils as well as red blood cells
(RBCs) which is a common complication with
inflammatory diseases including cancer. While
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of interest, neutrophils and RBCs counts were
improved in group B, (TQ-PLGA) in a statistically
significant level, which indicate the more immune-
enhancing effect. Comparable finding were reported
in many studies. Other study confirmed that the
elevation of WBC count is highly associated with
cancer mortality. During tumor development,
mononuclear inflammatory cells (MICs) are often
present at the early stages in close association with
areas of hyperplasia and cellular atypia. These
findings supported the concept that MICs are the
driving force for tumor initiation and/or progression.
Also, mast cells and neutrophils can also support
tumor development by leading to up-regulation of
pro-inflammatory cytokines, such as interferon-vy,
tumor necrosis factor (TNF), and interleukin (IL)-1,
which were observed in patients with oral cancer.

The histopathological changes followed DMBA
painting showed well differentiated SCC seen in
the 12" week of the study. This finding was in line
with other studies.” Manoharan et al had supported
that DMBA might have induced oral carcinogenesis
through chronic inflammation in the hamster buccal
pouch. The promising result was attributed to TQ-
PLGA group, which showed histopathological
improvement in the form of moderate dysplasia
while TQ-treated group showed carcinoma in situ.
This improvement insures proper anti-neoplastic
effect of TQ especially when loaded on PLGA.
Several studies in agreement with these results using
various phytochemicals in nano-formulations.'”

As for evaluating the immunohistochemical re-
sults, there was highly significant increase in TNF
cytoplasmic expression in DMBA-painted and TQ-
treated groups. This finding confirmed that cyto-
kines such as tumor necrosis factor-o. (TNF-a) exert
biological effects on tumor development which pro-
duced by variety of cells including macrophages, fi-
broblasts and endothelial cells, as well as neoplastic
cells. TNF-a binds to cell surface receptors (TNF-a)
to initiate multiple signal transduction pathways, in-
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cluding mitogen activated protein (MAP) kinases,
and the driving gene nuclear factor kappa B (NF-
#B) pathways. Recent study suggested that TNF-a
enhanced the invasion and metastasis ability of
OSCC cells via the NF-#B signaling pathway. Of
great interest, the significant decrease in TNF cyto-
plasmic expression which noticed with TQ-PLGA
group. This finding was in line with the theory that,
TQ has immune-modulatory activity. Other study
reported that oral administration of TQ significantly
reduced the serum levels of IL-1p and TNF-a as
well as a number of inflammatory mediators. Krish-
nan et al correlated the concentration of the TNF- a
levels with histological differentiation of OSCC in
comparison with premalignant oral lesions. Deepthi
G et al supported the utility of salivary TNF- a as
an indicator for the neoplastic transformation from
oral potentially malignant lesions to oral squamous
cell carcinoma.

CONCLUSIONS

Nano-encapsulation for TQ was successfully
performed and effectively characterized. The nano-
emulsion overcame the poor bioavailability for
thymoquinone. Systemic application of TQ-PLGA
was considered a promising chemo-therapeutic
agent in tumors regression and TNF — a could be
used as a prognostic biomarker of OSCC.
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