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Abstract

Current research has been directed to examine the therapeutic effect of capecitabine in combination with Salinomycin
and/or graphene oxide (GO) nanoparticles on experimentally induced hamster buccal pouch carcinoma. 70 Syrian male hamsters
Sweeks old, weighing80-120g, had been split into 7groups (10 in each). GI: Animals left untreated. GII: Animals had been painted
with 0.5percent 7, 12-dimethylbenz (a) anthracene to induce cancer (three times/week/fourteen weeks). Glll: DMBA had been
applied as inGlI followed by treatment with capecitabine only. GIV: DMBA was applied as in GlI followed by treatment with
GO. GV: DMBA was applied as in Gl followed by treatment with capecitabine and salinomycin. GVI: DMBA was applied as in
GIl followed by treatment with capecitabine and GO. GVII: DMBA was applied as in Gll followed by treatment with
capecitabine, salinomycin, and GO. At the end of the experiment, animals had been euthanized, then all right pouches had been
excised, & split into 2 specimens. 1 specimen had been prepared to be examined histologically and immunohistochemistry (IHC).
Other specimens of fresh tissue had been mechanically digested, suspended, & conjugated with annexin V FITC /propodium
iodide (PI). Gross observations and histopathological examination revealed some variability of anticancer effect across the
medicated groups (GllI, GIV, GV, GVI, and GVII) contrasted to Gll, with the synergistic antitumor effect of GVII compared to
other medicated groups. According to IHC staining of ALDH1A1, cancer stem cells (CSCs) increased in Gll and reached the
highest level in GlIl. While the CSCs population decreased in other medicated groups, reached to least population in GVII.
According to flowcytometric (FCM) detection of apoptosis using annexin V /Pl assay, apoptosis increased in medicated groups
compared to GIl and reached to highest percentage in GVII. Combining three active cytotoxic agents including capecitabine,
Salinomycin, and GO improves anticancer efficacy by inhibiting growth and inducing apoptosis, targeting CSCs by differentiation
or eradication, overcoming chemoresistance, and sensitizing tumor cells.
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1. Introduction chemotherapy, surgery, or a combination thereof [3]. While

Over ninety percent of oral cancer cases worldwide are numerous chemotherapy therapies are demonstrated to elicit
oral squamous cell carcinoma, which has become more responses, increasing survival is still an unmet objective [4].
common in the present years [1]. OSCC is classified as one Chemoresistance raises the risk of metastasis & results in
of the most aggressive malignant tumors because of its poor long-term prognosis, which makes ita significant
propensity to spread & increase in recurrence [2]. There are obstacle to cancer treatment [5].

several alternatives for treatment, such as radiation,
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Tumor-initiating cells, known as cancer stem cells, are
tiny subpopulations of cancer cells that have the capacity for
both unrestricted self-renewal & tumor development [6].
These cells can self-renew & differentiate thanks to a variety
of intracellular signal transduction pathways. They may be
involved in a variety of cancers. Additionally, as they are
resistant to established treatment approaches that primarily
target most tumor cells, they play a significant role in tumor
spread & recurrence [7]. Hamster buccal pouch (HBP) has
been the most well-characterized animal model for the
development of oral cancer, even though various other
models have been created. Topical administration of 7,12-
dimethylbenz-[a]-anthracene (DMBA) for twelve to
fourteen weeks results in the development of human oral
malignancies, closely matching frequent occurrences in the
HBP model, which was first reported in the literature [8-9].
DMBA has been considered a potent chemical carcinogen as
it can induce precancerous lesions and carcinomas within a
few weeks of its topical administration [10]. One prodrug of
oral fluorouracil is capecitabine (Xeloda). It may be
transformed into 5-fluorouracil (5-FU) upon intake in the
liver & in tumor cells that have thymidine phosphorylase
(TP), which may increase intra-tumoral concentrations of
fluorouracil [11]. Capecitabine is a member of the
antimetabolite class that exhibits a cytotoxic effect by
inhibiting thymidylate synthase (TS) & allowing its
metabolites to be incorporated into ribonucleic acid
(RNA) & deoxyribonucleic acid (DNA) [12]. It has revealed
clinically meaningful antitumor activity in the spectrum of
cancer types containing OSCC [13]. Different mechanisms
have been identified accounting for cancer cells' resistance
to capecitabine, therefore, combination cancer therapies
seek to improve therapeutic responses & decrease the
likelihood of acquired resistance in individual studied cases
[14]. Salinomycin is a polyether ionophore antibiotic used in
the poultry industry [15]. Because salinomycin exhibits
strong action against a variety of cancer cell types,
particularly those that exhibit multi-drug resistance & CSC,
it is very intriguing [16]. Salinomycin may specifically
destroy CSCs through several processes, such as necrosis,
autophagy, & apoptosis [17]. In vivo & in vitro, salinomycin
effectively inhibits proliferation, induces cell death,
& suppresses metastasis in human malignancies of various
origins without having the same detrimental effects on the
body as traditional chemotherapy medicines [18]. Graphene
oxidation yields graphene oxide nanoparticles, which are
rich in carboxylic & hydroxyl functional groups [19]. GO
has demonstrated a lot of promise for biological &
therapeutic uses [20]. Some tumor cells have been reported
to be inhibited by GO. GO may target CSCs specifically. It
also induces CSC differentiation & inhibits tumor-sphere
formation in a variety of cell lines, like breast, ovarian,
prostate, lung, pancreatic, & glioblastoma. It does this by
blocking several important signaling pathways, like Wnt,
Notch, & signal transducer & activator of
transcription signaling. This phenomenon was given the
term "differentiation-based nano-therapy" by the researchers
[21]. Therefore, the main target of the present study is to
investigate the efficacy of capecitabine in combination with
salinomycin and/or GO nanoparticles on experimentally
induced HBP carcinoma.
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2. Material & methods

2.1. Experimental animals

70 male Syrian hamsters, aged 5weeks & weighing
between 80 & 120 grams, had been acquired from Cairo
University's animal house in Cairo, Egypt. Experimental
animals had been kept in standard cages with sawdust
bedding under controlled temperature (22 + 2°C), humidity
(thirty to forty percent), & light (12hours of light & 12 hours
of darkness). Every experimental animal was fed a regular
meal & had access to water. Animal Research Unit of
Faculty of Pharmacy, Cairo, Boys, Al-Azhar University is
where the experiment had been carried out. experiment was
conducted in compliance with worldwide criteria for
biomedical research with animals as well as guidelines
of the Medical Research Institute [22]. The procedures had
been accepted by ethical & research committee protocol of
Faculties of Dental Medicine and Pharmacy, Cairo, Boys,
Al-Azhar University.

2.2. Materials

DMBA 0.5% (Sigma-Aldrich Company, USA),
dissolved in paraffin oil. Capecitabine had been purchased
from the pharmacy as a Xeloda tablet 500mg (Genentech
USA Inc. a member of Roche group). Salinomycin (Sigma-
Aldrich Company, USA). GO had been purchased as a nano
colloid (Sigma-Aldrich Company, USA).

2.3. Experimental design

After 1week of adaptation animals had been separated
into7 groups of 10 hamsters in each group: GI (normal
group) animals, had been fed & watered only & served as
negative controls. GII (DMBA\) in which the right HBP had
been painted with0.5 percent DMBA in liquid paraffin using
number four camel's hairbrush three times in 1week, for 14
weeks, and served as positive controls [23]. GllI
(capecitabine) in which DMBA was applied as in GlI to
induce OSCC followed by administration of capecitabine
orally by plastic oral gavage, 600mg/kg/day, daily for a
week followed by a week of rest, then a week of treatment
[24]. GIV (GO) in which animals were painted with DMBA
as in Gll then GO was injected directly into the tumor by
insulin syringe, 2 mg/kg/ day [25]. GV (capecitabine +
salinomycin) in which animals were painted with DMBA as
in Gll then capecitabine was administered as in GIII in
addition to salinomycin which was intraperitoneally injected
by insulin syringe, 10 mg/kg/ day [26]. GVI (capecitabine +
GO) in which animals were painted with DMBA as in GlI
then capecitabine was administered as in GllI in addition to
GO which was administrated as in GIV. GVII (capecitabine
+ salinomycin + GO) in which animals were painted with
DMBA as in Gll then capecitabine was administrated as in
GllII, salinomycin was administrated as in GV, in addition to
GO which was administrated as in GIV.

2.4. Gross examination, sample collection, and preparation

After end of experiment, animals had been euthanized,
& right HBPs were excised & grossly examined. Each HBP
had been split into 2 specimens. 1 specimen had been fixed
in ten percent neutral buffered formalin for 48 hours to be
prepared for histological and IHC examination.
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Another part of a specimen of fresh tissue had been
mechanically digested, suspended & conjugated with
annexin V/ Pl using an annexin staining kit as per
manufacturer’s instructions.

2.5. Histological examination

Tissues that underwent a sequence of alcohol solutions
for dissection & dehydration, xylene cleaning, paraffin wax
infiltration, & paraffin block embedding. Sections of tissue
had been cut to a thickness of 5u, &histological results had
been regularly recorded & examined using hematoxylin
& eosin (H & E) staining.

2.6. Measurement of depth of invasion

Using H & E slide, the DOI of each surgical specimen
had been ascertained. depth of tumor infiltration
was determined by calculating DOI starting from the basal
layer of surface epithelium. It has been further classified as
less invasive at < five mm, moderately invasive at6-10mm,
& extremely invasive at >10mm by the American Joint
Committee on Cancer (Figure 1) [27]. Leica QWIN V3
image  analyzer  computer  system  (Switzerland)
running Leica QWIN V3 software had been used to
calculate DOI. This had been carried out at Al-Azhar
University in Egypt's Department of Oral & Dental
Pathology, Faculty of Dental Medicine (Boys-Cairo).

2.7. Immunohistochemical examination

Paraffin blocks had been cut into four um thick sections
& mounted on positively charged glass slides. After
deparaffinizing & rehydrating slides, 0.01M citrate buffer
(pH 6.0) was used to extract the antigen. Slides were treated
for fifteen minutes in three percent aqueous hydrogen
peroxide to quench endogenous peroxidase activity, then for
20 minutes. At room temperature in Protein Block Serum-
Free (Dako, CA, USA) to reduce nonspecific binding of the
following reagents [28]. Tissue sections received 1 or 2
drops of primary antibodies (polyclonal goat anti-mouse
aldehyde  dehydrogenaselAl (ALDH1Al) antibody
(Catalog# AF5869) R & D systems, Bio-techne) in dilution
of 1:15 & incubated in humid chamber at 4°C overnight.
After that, the slides had been cleaned with distilled water &
then PBS for Sminutes. After adding the biotinylated anti-
goat secondary antibody, the mixture had been incubated for
thirty minutes at room temperature. After applying 1 or 2
drops of peroxidase-labeled streptavidin for 30 minutes at
room temperature, samples were cleaned in PBS. Finally,
the slides had been stained with DAB and hematoxylin, &
covered with plastic covers to be checked. Primary
antibody was left out of the preparation of negative controls.
Human prostate tissue was employed as ALDH1AL positive
control (Figure 2). To determinethe location of
immunostaining within tissues & frequency of positive
instances, immune stained slices were inspected under a
light microscope. A computerized image analysis method
wasalso utilized to verify area percentage of
immunostaining cells positive for ALDH1A1. This had
been carried out at Al-Azhar University in Egypt's
Department of Oral & Dental Pathology, Faculty of Dental
Medicine (Boys-Cairo). degree of positive staining for
antibodies had been assessed by well-established semi-
quantitative scoring on scale range from negative (0-5%),
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mild (6-25%), moderate (26-50%) to strong positive staining
(More than 50%).

2.8. FCM detection of apoptosis using annexin V/ P1 assay

Tissue suspension was prepared from fresh tissue
specimens according to Tribukait as stated below [29].
Biopsy specimens were transported to the laboratory in
isotone saline. Tumor tissue specimens were disaggregated
manually, gently minced, and gently squeezed through a
nylon mesh of 100um pore diameter with isotone Tris
EDTA (3.029gm of 0.1M tris hydroxymethyl aminomethane
(cat. No. T-1378, sigma chemical company), 1.022gm of
0.07M sodium chloride (ADWIC) & 0.47gm of 0.005M
EDTA (cat. No. E-6758, sigma) had been dissolved in
250mL of distilled water & pH had been adjusted at
7.5using (IN HCI). Then, cell suspension had been
centrifuged at 1800 rpm for ten min, whereupon supernatant
had been aspirated. After centrifugation & aspiration of
supernatant, cells had been fixed in ice-cold ninety-six to
one hundred percent ethanol in about one ml for each
sample.

2.9. Staining method of annexin V kit (cat. N0.556547BD
pharmingen FITC apoptosis Kit)

1- 100 pl of cells suspensions was added onto Sml test
tube & then resuspended in 100ml of1x binding buffer (1ml
of10x buffer +9ml dist. H20). 2- 100 pl of cell suspension
were taken in another Sml test tube thenSul of annexin V
(FITC label) & directly 5ul PI (Phycoerythrin label) had
been added, & then incubated in dark at room temperature
for fifteen minutes. 3- Control was prepared by incubating
cells in the absence of an inducing agent. 4- cell was ready
for acquisition on FCM. The FCM analysis was performed
on the Accruri C6 cytometer (Becton Dickinson (BD),
Sunnyvale, CA, USA) in Mansoura Children Hospital,
which is equipped with blue & red laser, 2 light scatter
detectors & 4fluorescence detectors with optical filters
optimized for recognition of numerous popular
fluorochromes, containing FITC (blue fluorescence) and PE
(red fluorescence) with laser beam 488nm wavelength.
average number of calculated nuclei per specimen had been
20.000 & the number of nuclei checked had been120/s.
Using Accuri C6 software (Becton Dickinson) for data
analysis. 4 quadrants (UL: upper left; UR: upper right; LL.:
lower left; LR: lower right) had been created for the
scatterplots. Living, non-apoptotic cells in LL quadrant are
shown to be negative for both annexin V & PI. While UR
quadrant displays late apoptosis cells positive for both
annexin V & Pl UL quadrant displays dead cells, which are
positive for Pl but negative for annexin V. Living, early
apoptotic cells are seen in LR quadrant; they are positive for
annexinV but negative for PI.

2.10. Statistical analysis

The mean & standard deviation of the data had
been computed after statistical analysis. Version 24 of
Statistical Program for Social Science (SPSS) had been used
to conduct aone-way analysis of variance (ANOVA).
ANOVA had been used in conjunction with a post hoc least
significant difference test to distinguish between more than
2 distinct groups when dealing with quantitative data
& parametric distribution.
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Pertinent probability (p-values) had been utilized to
determine significance: p < 0.05 indicates significance, p >
0.05 indicates non-significant, & p < 0.001 indicates high
significance.

3. Results

3.1. Gross observations

Gl showed no observable abnormalities. The mucosa
appeared pink in color with a smooth surface during
experiment period Fig. (3A). GlI animals revealed a whitish
membrane and roughened granular surface on pouch
mucosa, with varying degrees of erythema & multiple
exophytic nodules of variable size surrounded with area of
ulceration & bleeding Fig. (3B). Multiple nodules usually
confluent and appearing as large single mass (fungating
tumor masses). These large lesions had also spread to
contiguous tissue so that the buccal pouch was fixed and
could not be everted with the tumor Fig. (3C). Gl Animals
showed marked reduction in size & number of exophytic
masses as compared to Gll with area of bleeding in some
animals Fig. (3D). GIV animals showed relative reduction in
size & number of exophytic masses as compared to Gll, but
less than GlIl. Fig. (3E). GV animals showed marked
reduction in size & number of exophytic masses as
compared to Gll, GllI, and GIV with the absence of erosive,
inflammation, and bleeding surfaces around masses.
Animals appeared marked improvement in general health
and body weight gain was noticed Fig. (3F). GVI animals
showed marked reduction in size & number of exophytic
masses as compared to GllI, Glll, and GIV Fig. (3G). GVII
animals showed rough whitish granular surfaces, mild
erythema, and some tiny red exophytic lesions. There had
been a significant reduction in the size of exophytic masses
rather than other animals in this study with the absence of
ulceration and bleeding. All hamsters showed noticeable
improvement in general health compared to other groups
Fig. (3H).

3.2. Histopathological & IHC results

e Gl lining epithelium of HBP mucosa seemed
normal and thin with three to five cells thick
keratinized  stratified squamous  epithelium,
according to histological sections stained with
H&E. There were no rete processes
and epithelium-connective tissue (CT) interface
had been comparatively flat. There had been no
damage to the basement membrane. subepithelial
CT and muscular layer had been seen Fig. (4A).
IHC staining using ALDH1A1 exhibited negative
cytoplasmic expression (mean = 4.1%) which
limited to basal & supra basal epithelial layers Fig.
(6A).

e GII: H & E stain revealed that 8 cases exhibited
well-differentiated SCC & 2 cases exhibited
moderate SCC. In well-differentiated SCC the CT
had been invaded deeply by malignant epithelial
cells and may reach to muscle layer. Invasive
epithelial cells appeared as epithelial nests with
keratin pearls. Tumor cells with hyperchromatic,
pleomorphic nuclei exposed changed
nuclear/cytoplasmic ratio. Multiple dysplastic
characteristics and basement membrane destruction
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Fig. (4B). Moderate SCC was composed of cords
or islands of neoplastic atypical epithelial cells,
oval-shaped or round which infiltrated tumoral
stroma with less keratin formation Fig. (4C). The
mean of DOI was 10.4mm. IHC staining using
ALDH1A1l exhibited moderate positive
cytoplasmic expression (mean = 26.8%) during
epithelial layers and throughout cells of tumor nests
as brownish cytoplasmic staining and notably
absent in the center of keratin pearls. The
expression was mainly scattered in separated tumor
cells or appeared as a patchy pattern Fig. (6B, C).
Glll: H & E stain revealed that 6 animals exhibited
well-differentiated SCC & 4 animals exhibited
severe dysplasia. Well-differentiated squamous
cells with invading islands to underlying CT
showed invasive SCC which did not invade deeply
into underlying CT & nests appeared less in size
with the presence of fibrosis surrounding small
epithelial tumor nests, which verified regression of
tumor Fig. (4D). The meaning of DOl was
3.18mm. IHC staining using ALDH1A1 exhibited
moderate positive cytoplasmic expression (mean =
41.1%) during epithelial layers and throughout
cells of the tumor nests. The expression was mainly
scattered in separated tumor cells or appeared as a
patchy or diffuse pattern Fig. (6D).

GIV: H & Estain revealed that 7 animals exhibited
well-differentiated SCC & 3 animals exhibited
severe dysplasia. Well-differentiated squamous
cells showed invasive SCC which did not invade
deeply into the underlying CT Fig. (4E). The mean
of DOI was 3.9mm. IHC staining using ALDH1A1
exhibited mild positive cytoplasmic expression
(mean = 17.4%) scattered during epithelial layers
and throughout cells of the tumor nests. The
expression was mainly scattered in separated tumor
cells or appeared as a patchy pattern Fig. (6E).

GV: H & E stain revealed that 3 animals exhibited
well differentiated SCC, 6 animals exhibited sever
dysplasia and 1 animal exhibited moderate
dysplasia. Well-differentiated squamous cells with
invading islands to underlying CT showed
superficial invasive SCC and often developed large
amounts of keratin Fig. (4F). The mean of DOI was
1.46 mm. The IHC staining using ALDH1Al
exhibited mild positive cytoplasmic expression
(mean = 14.2%) localized to basal and supra basal
layers and scattered around peripheral cells of
tumor nests Fig. (6F).

GVI: H & E stain revealed that 5 animals exhibited
well-differentiated SCC, 4 animals exhibited severe
dysplasia & 1 animal exhibited moderate dysplasia.
Lesions had been well-differentiated and did not
invade deeply into underlying CT Fig. (4G). The
mean of DOl was 1.93mm. IHC staining using
ALDH1Al exhibited mild positive cytoplasmic
expression (mean = 22.4%) localized to the basal &
supra basal layers and around peripheral cells of
tumor nests Fig. (6G).
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e GVII: H & E stain revealed that 2 animals
exhibited well-differentiated SCC, 4 animals
exhibited severe epithelial dysplasia, 3 animals
exhibited moderate dysplasia & animals exhibited
mild dysplasia. In 2 hamsters of SCC, dysplastic
features overlying epithelium accompanied by
destruction of basement membrane. Underlying CT
revealed keratin pearls & a superficial invasion of
malignant cells in form of well-differentiated SCC,
which had been restricted to nodules & did not
spread to deeper areas. The striated muscle layer
thickened & infiltration of inflammatory cells
decreased  noticeably. Tumor  masses  had
been mostly replaced by proliferating fibrous tissue
that had higher collagen deposition. In the 4
hamsters with severe dysplasia, the architectural
and cytological dysplastic features included
prominent  nucleoli, cellular &  nuclear
pleomorphism, and hyperchromatism  which
extended more than two-thirds of epithelial
thickness above the intact basement membrane Fig
(4H). In 3 hamsters with moderate dysplasia, the
dysplastic features extend two-thirds of epithelial
thickness above the intact basement membrane. In
hamsters with mild dysplasia, the dysplastic
features extend up to one-third of epithelial
thickness above the intact basement membrane.
The mean DOl was 0.95mm. The IHC staining
using ALDH1Al exhibited mild positive
cytoplasmic expression (mean = 7.7%) localized to
basal & supra basal layers and scattered around
peripheral cells of the tumor nests Fig. (6H).

3.3. Detection of apoptosis by (FCM)

The cell death was investigated for apoptotic activity
using the annexin-V FITC/PI assay. Concerning apoptosis
of all specimen cells, in untreated cells (Gl), 3.6% of cells
underwent apoptosis, while cells in GIl (DMBA group)
resulted in18.3% apoptosis. In treatment groups, Gllil
resulted in34.3% apoptosis, while GIV resulted in
in27.1percent apoptosis, GV resulted in61.3% apoptosis,
GVI resulted in 48.4% apoptosis, whereas cells in GVII
resulted in 71.4 as shown in Fig. (7) and Table (10).

4. Discussion

With less than sixty percent of studied cases living to be
older than five years, OSCC is a pathogenic kind of oral
cancer that presents a serious health risk. Combination
therapy is a multi-drug approach to cancer treatment. This
strategy may improve therapeutic outcomes of cancer
treatment while overcoming the drawbacks of monotherapy
[30]. Current research uses the HBP system as an oral
carcinogenesis model to evaluate efficacy of capecitabine in
combination with salinomycin &/or GO nanoparticles. The
evaluation had been based on gross observation, histological
tumor tissue changes, IHC examination utilizing CSC
marker ALDH1A1, and annexin VV FITC/ PI staining assay
using FCM. There were no discernible abnormalities in the
Gl gross observation in current research, gross observation
outcomes in Gl appeared no observable abnormalities.
mucosa appeared pink in color with a smooth surface during
experiment period. These findings agree with the studies
that reported the same findings [31-32]. This result reflected
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on H & E staining which exposed that lining epithelium of
HBP mucosa has been normally thin with3-5 cells thick
keratinized stratified squamous epithelium. The basement
membrane was intact with no rete processes. subepithelial
CT, muscular layer & areolar CT had been seen normally.
These findings agree with studies that reported the same
findings [33-35]. These results may be due to the hamster
not being exposed to the carcinogenic agent. Besides, about
apoptosis of all cancer cells, FCM of apoptosis results in Gl
revealed 3.6% underwent apoptosis [36]. In this research,
using IHC staining, Gl revealed negative cytoplasmic
expression of ALDH1A1 (mean = 4.1%). These results have
been consistent with those reported by other investigators
[37-39]. The expression had been limited to basal & supra
basal layers, where the existence & activity of oral epithelial
stem cells in basal cell layer are related to oral mucosa's
high capacity for regeneration & rapid tissue replacement
[40]. Due to the regular production of ALDHs in normal
stem cells, which have been implicated in functioning of
stem cells, such as proliferation, self-defense,
differentiation, & preserving stemness in stem cells,
ALDH1AL1 activity is associated with stemness [41]. In
current research, gross observation results in GIl (DMBA
treated group) exposed multiple exophytic nodules of
variable size surrounded by an area of ulceration &
bleeding, these tumor masses usually confluent and appear
as large single mass (fungating tumor mass), general
debilitation of animals, a significant decrease of pouches’
length, hair loss, & skin lesions, corresponding with the
outcomes of studies using same model [32,42]. This finding
was corroborated by H & E staining, which revealed that
DMBA-induced HBP tumors had been well to moderately
differentiated SCC in form of papillomatous lesions with
epithelial islands invading CT beneath. These outcomes
agree with other research works [31,43]. According to other
studies, 100% of tumors formed after 14weeks of painting
DMBA alone on HBP showed well- & moderately-
differentiated SCC, which is consistent with the findings
of the current study [32-33,44-45]. This may be attributed to
the pro-carcinogenic nature of DMBA, which induces the
expression of cytochrome P 450 enzymes that metabolize
DMBA into free radical intermediates, like superoxide,
hydrogen peroxide, & nitrogen oxide, which could generate
mutagenic DNA adduct through induction of oxidative
stress and induce carcinogenesis [46]. Regarding apoptosis
of all cancer cells, FCM of apoptosis results revealed 18.3%
underwent apoptosis of a highly proliferative cancer tissue
compared to GI. These findings concur with those of other
studies [36, 47]. These outcomes may be attributed to the
fact that apoptosis was observed to gradually increase from
normal to dysplasia to OSCC because of large tumor size &
aggressive biological behavior, tumor undergoes hypoxia
leading to increased apoptosis. These attributions have been
consistent with those described by Simila et al., (2018) [48].
In this research, using IHC staining, GIl exposed moderate
positive cytoplasmic expression (mean = 26.8%) during
epithelial layers & cells of tumor nests and notably absent in
the center of Kkeratin pearls with highly significant
expression (p-value < 0.001) compared to GIl. Compatible
finding was reported by other investigators [37, 39, 49]. Rao
et al., (2020) revealed that increased ALDH1AL expression
is frequently noted in numerous cancers & is used as a CSC
marker.
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This increase in ALDH1Al1 from oral epithelial
dysplasia to OSCC could be attributed to role of ALDH in
regulating several pathways that contribute to tumorigenesis
& stem cell signaling. They have been primarily regulated
by retinoic acid compounds & other oncogenic pathways
like Wnt/B-catenin. ALDH1Al oxidizes numerous
aldehydes participating in different signaling mechanisms,
minimizes ROS production, prevents DNA damage, &
mediates retinoic acid signaling cascades. Numerous
biological processes, including cellular proliferation,
differentiation, oncogenesis, stemness, & resistance to
chemotherapy & radiation, are impacted by these systems
[41]. In the present research, Gross observation results in
GIII presented marked reduction in size of exophytic masses
as compared to GIl with an area of bleeding in some
animals, animals presented relative improvement in general
health and there had been significant rise in pouch length in
most of animals. This finding had been checked by H&E
staining, which confirmed that 6 animals had well-
differentiated SCC & 4 animals had severe dysplasia. These
findings were in line with another study by Arjona-Sancheza
et al., (2010) [50]. These results could be described by the
fact that capecitabine isa prodrug with a cytotoxic
component that is specifically activated by tumors.
Fluorodeoxyuridine monophosphate, which is produced
when 5-FU is further broken down, binds to TS to create a
ternary complex that is covalently bonded. This binding
prevents uracil from becoming thymidylate. Lack of
thymidylate may prevent cell division since it isa
prerequisite for thymidine triphosphate, which is required to
produce DNA and induces apoptosis [51-53]. This finding
reflected on FCM of apoptosis, resulted in 34.3% apoptosis.
There had been a highly statistically significant variation
among GlIl & GII regarding apoptosis (P-value < 0.001).
These outcomes have been consistent with those reported by
other investigators [54-56]. In the current research, using
IHC staining, GIIl demonstrated moderate positive
cytoplasmic expression (mean = 41.1%) during epithelial
layers & throughout cells of tumor nests and was notably
absent in the center of keratin pearls. The result showed a
highly significant expression (p-value < 0.001) compared to
Gl and GII. These outcomes did not differ much from other
studies [57-59]. Cheo et al., (2020) demonstrate that 5-FU-
based chemotherapy as capecitabine induces activation &
enrichment of CSCs in residual tumors, contributing to
recurrence after treatment.  5-FU-based chemotherapy
activates CSCs by p53-induced Wnt3 transcription, which
has been followed by activation of Wnt/B-catenin pathway
in colorectal cancer cell lines & xenograft tumors [60].
Wang et al., (2014) evaluated expression of CD133, EMT &
Wnt/B-catenin signaling pathway in tumors of mouse
xenograft models, result showed that the expression of
CD133 had been increased in5-FU group compared with the
control group, 5-FU based chemotherapy-induced EMT by
down-regulation of E-cadherin & up-regulation of vimentin
expression, in addition to activation of Wnt/B-catenin
signaling pathway induced by 5-FU [57]. Maintaining
cancer stemness is aided by Wnt overexpression & the -
catenin nuclear localization that goes along with it. EMT has
been marked by loss of E-cadherin protein, &
overexpression of this pathway outcomes in highly invasive
CSCs [61]. In this research, gross observation results in GIV
exposed a slight reduction in size & number of exophytic
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masses as compared to Gl but less than GIIl, marked
ulceration and exudates around mass surfaces were noticed
and animals presented marked improvement in general
health. This finding reflected on H & E staining in which
only 7animals exhibited well-differentiated SCC & 3animals
exhibited severe dysplasia. These outcomes have been
consistent with those reported by other investigators [62-
63]. These findings can be attributed to the anticancer
effects of GO. Wang et al., (2020) found that GO prevented
cervical cancer cells from migrating & invading [64].
Because GO therapy led to cytotoxicity, reactive ROS
generation, apoptosis, autophagy, & activation of
AMPK/mTOR/ULK1signal pathway, it greatly suppressed
tumor growth both in vitro & in vivo [65]. In contrast to the
findings of the present research, Zhu et al., (2019) showed
that low-dose GO could enhance invasion/migration &
alterations of representative EMT indicators inGO-treated
cells resulting in improved lung metastasis of cancer cells in
numerous metastasis models [66]. Latter was in line with
Zheng Z et al (2023) showing that low-dose GO promotes
tumor cell proliferation [67]. This discrepancy may be due
to using low-dose GO that causes severe damage rather than
high-dose GO. In addition, direct injection shows less
toxicity than intravenous injection. The technique of GO
production, the dose to be given, the administration route,
& nanomaterial's physicochemical characteristics all affect
how poisonous the material is [68-69]. Regarding to FCM of
apoptosis, GIV resulted in 27.1% apoptosis. There had been
a highly statistically significant variation between GIV &
GlI regarding apoptosis (P-value < 0.001). These outcomes
have been consistent with those reported by other
investigators [70-71]. Mousavi et al., (2022) revealed that
GO-based nano therapy has an apoptotic effect in the OSCC
cell line [72]. Krasteva et al., (2018) conclude that the
cytotoxic impact of GO on cancer cells may be enhanced by
generation of ROS, DNA damage, & apoptosis, hence
considerably aiding in the death of cancer cells [73]. In the
current research, using IHC staining, GIV showed mild
positive cytoplasmic expression (mean = 17.4%) during
epithelial layers & cells of tumor nests. The result showed a
highly significant expression (p-value < 0.001) compared to
GII. These outcomes did not differ much from other studies
[20,74]. Wang et al., (2020) revealed usefulness of GO to
inhibit growth & promote differentiation of CSCs, to
suppress malignancy of glioblastoma [20]. Fiorillo et al.,
(2015) revealed that these results may be attributed to that
by blocking several important signal transduction pathways,
including WNT, Notch, & STAT-signaling, GO has a
profound influence on CSCs by causing CSC differentiation.
Therefore, using differentiation-based nano-therapy to
eradicate CSCs, GO might be a useful non-toxic therapeutic
approach. According to the latter research, GO may be
utilized directly as a therapy to target CSCs, perhaps acting
as a differentiating agent [75]. In the current research, Gross
observation outcomes in GV revealed marked reduction in
size & number of exophytic masses as compared to Gll,
GllIl, and GIV with the absence of erosive, inflammation &
bleeding surfaces around masses. This result reflected on H
& E staining in which only 3animals exhibited well-
differentiated SCC with the superficial invasion of
malignant cells, 6animals exhibited severe dysplasia & 1
animal exhibited moderate dysplasia. These findings were
by several studies [57, 76].
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These results may be attributed to the chemotherapeutic
effects of capecitabine and the anticancer effect of
salinomycin by various mechanisms in different cancer
types [77-80]. Moreover, a combination of salinomycin &
capecitabine resulted in synergistic antitumor impact against
liver tumors both in vitro & in vivo [57]. Latter was in line
with Klose et al., (2019) who found that salinomycin in
combination with5-FU exerts increased antitumoral activity
in the pre-clinical colorectal cancer model compared to
common chemotherapy [76]. Regarding to FCM of
apoptosis, GV resulted in 61.3% apoptosis. There had been
a highly statistically significant variation among GV & GlI
regarding apoptosis (P-value < 0.001) and there had been
highly statistically significant variation among GV & GllI
regarding apoptosis (P-value < 0.001). Based on results,
Salinomycin in combination with capecitabine exerts
increased antitumoral activity compared to common
chemotherapy. By inhibiting P-gp, salinomycin may
overcome drug resistance in human cancer cells & restore
their sensitivity to chemotherapeutic agents [80-81]. By
using FCM analysis to assess the combined effect of Sal &
5-FU on apoptotic effects, findings demonstrated that
combination therapy markedly boosted apoptosis of
hepatocellular carcinoma cell lines [57]. In this research,
using IHC staining, GV revealed mild positive cytoplasmic
expression (mean = 14.2%) localized to basal & supra basal
layers & scattered around the peripheral cells of the tumor
nests. The result showed a highly significant expression (p-
value < 0.001) compared to the capecitabine-alone treated
group (GIII). These results have been consistent with those
reported by other investigators [61,74]. Sivanesan et al.,
(2021) revealed that salinomycin was effective in
lowering stemness markers & EMT that are associated with
5-FU resistance [61]. A compatible finding was informed by
Wang et al., (2014), who evaluated the expression of CD133

in tumors of mouse xenograft models by IHC, 5-FU
combined with salinomycin decreased the proportion of
CD133 compared with 5-FU treatment group. In the same
research, salinomycin inhibited EMT by up-regulating
expression of E-cadherin. Also, 5-FU combined with
salinomycin determined that salinomycin altered EMT
induced by 5-FU. Also, the findings showed that when
compared to 5-FU alone, salinomycin alone & salinomycin
plus 5-FU both down-regulated expression of active B-
catenin. Findings showed that combination therapy changed
how 5-FU activated Wnt/B-catenin signaling pathway [57].
In the current research, Gross observation outcomes in GVI
revealed marked reduction in size & number of exophytic
masses as compared to Gl and GllI but less than GV. This
finding reflected on H & E staining in which 5animals
exhibited well-differentiated SCC superficial invasion of
malignant cells, 4 animals exhibited severe dysplasia & 1
animal exhibited moderate dysplasia. Based on the results,
GO paved new avenue to use as new class of
chemosensitizer which could be potentially applied as
adjuvant agents and strongly enhanced the sensitivity of
chemotherapeutic agents to improve the effect of
chemotherapy and overcome drug resistance of CSCs.
Compatible findings were reported by other researchers [82-
83]. Afarideh et al., (2018) presented significant inhibition
of adenocarcinoma cells using GO/5-FUcompared to free 5-
FU or GO alone [84]. Regarding to FCM of apoptosis, GVI
resulted in 48.4% apoptosis. There had been highly
statistically significant variation among GVI and Gll, GlII
& GVI regarding apoptosis (P-value < 0.001). Based on
results, the rate of apoptosis significantly increased in cells
after combination therapy of capecitabine and GO,
compared to groups treated with capecitabine or GO alone.
These outcomes did not differ much from those reported by
Sanad et al., (2019) [85].
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Figure 1: Photograph of measuring DOI, greatest invasion had been measured by dropping “plumb line” from horizon to deepest
invasive nest.
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Figure 2: A: As a positive control, expression of ALDH1AL1 antibody in prostate cancer tissue section showing positive
cytoplasmic staining. B: As a negative control, the prostate tissue section shows negative expression.
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Figure 3: Gross observations: Fig. (3A): Photograph of Gl indicating normal buccal pouch with normal mucosa (arrow). Fig.
(3B): Photograph of Gll indicating multiple large nodules (arrow) surrounded with an area of ulceration & bleeding (arrowhead).
Fig. (3C): Photograph of Gl indicating a single large nodule (fungating tumor mass) (arrow) surrounded with an area of bleeding
(arrowhead) Fig. (3D): Photograph of Gl showing multiple exophytic masses with detectable nodular growth regression (arrow)
and little bleeding and ulceration (arrow). Fig. (3E): Photograph of GIV indicating multiple exophytic masses (arrow) surrounded

with bleeding & ulcerated areas (arrowhead). Fig. (3F): Photograph of GV indicating a detectable nodular growth regression
(arrow) Fig. (3G): Photograph of GVI showing multiple nodules of a small size with little ulceration (arrows) Fig. (3H):

Photograph of GVII showing multiple variable small nodules (arrows).
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Figure 4: Gross observations & histopathological results: Fig. (4A): Gl of HBP mucosa showing a well-defined layer of stratified
squamous epithelium with flattened rete ridges (golden arrow), delicate & loose connective tissue (arrowhead) & layer of striated
muscle fibers (red arrow) (H & E stain, x200). Fig. (4B): GlI of HBP mucosa viewing well-differentiated SCC with deeply
invasive epithelial nests & keratin pearls (arrow) (H & E stain, x 200). Fig. (4C) GlI of HBP mucosa indicating moderate
differentiated SCC composed of cords or islands of neoplastic atypical epithelial cells with less keratin formation (arrow) (H & E
stain, x100) Fig. (4D): Gl of HBP mucosa indicating well-differentiated SCC with invading islands to the underlying CT which
did not invade deeply into underlying CT & nests appeared less in size (arrows). Presence of fibrous tissue surrounding nests
(arrowhead) (H & E stain, x100). Fig. (4E): GIV of HBP mucosa indicating well-differentiated SCC with invading islands to the
underlying CT which did not invade deeply into underlying CT & nests appeared less in size (arrows). (H & E stain, x200). Fig.
(4F): GV of HBP mucosa showing superficial invasive SCC and revealed residual small epithelial island (arrow). Presence of
fibrous tissue surrounding nests (arrowhead) (H & E stain, x100). Fig. (4G): GIV of HBP mucosa showing superficial invasive
SCC and revealed residual small epithelial islands (arrow). Presence of fibrous tissue surrounding nests (arrowhead) (H & E stain,
x200). Fig. (4H): GVII of HBP mucosa showing severe epithelial dysplasia with some criteria of malignancy (arrow) collagen
fibers in CT (arrowhead) (H & E stain, x200).
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Figure 5: The bar chart represents a comparison among studied groups as regards DOI level.
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Figure 6: IHC outcomes: Fig. (6A): Expression of ALDH1A1 showing negative cytoplasmic expression in basal & supra basal
epithelial layers (arrow) (Streptavidin biotin peroxidase, x200). Fig. (6B): Expression of ALDH1A1 indicating moderate positive
cytoplasmic expression scattered during cells of tumor nests as brownish cytoplasmic staining and notably absent in the center of

keratin pearls (arrow) (Streptavidin biotin peroxidase, x200). Fig. (6C): Expression of ALDH1A1 indicating moderate positive
cytoplasmic expression scattered during cells of tumor nests (arrow) (Streptavidin biotin peroxidase, x200). Fig. (6D): Expression

of ALDH1AL1 indicating moderate positive cytoplasmic expression scattered or diffuse in cells of the tumor nests (arrows)
(Streptavidin biotin peroxidase, x200). Fig. (6E): Expression of ALDH1AL1 indicating mild positive cytoplasmic expression
scattered in cells of tumor nests and scattered around the peripheral cells of the tumor nests (arrow) (Streptavidin biotin
peroxidase, x200). Fig. (6F): Expression of ALDH1A1 indicating mild positive cytoplasmic expression localized to basal& supra
basal layers & scattered around peripheral cells of the tumor nests (arrow) (Streptavidin biotin peroxidase, x200). Fig. (6G):
Expression of ALDH1A1 indicating mild positive cytoplasmic expression localized to basal & supra basal layers & scattered
around peripheral cells of the tumor nests (arrow) (Streptavidin biotin peroxidase, x200). Fig. (6H): Expression of ALDH1A1
indicating mild positive cytoplasmic expression localized to basal & supra basal layers (arrow) (Streptavidin biotin peroxidase,
x200).
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Figure 7: The bar chart represents a comparison between studied groups as regards ALDH1A1.
Aly et al., 2023 547



80

70

60

50

40

30

20

10

Aly et al., 2023

1JCBS, 24(11) (2023): 538-553

Q1-UR
2 17.0%
@1-LR
A
Gl GII
1“0 . (1-UR
0% W01% M
%
) b
AT .
4
_ L O1-LR) O1LR
aa e X oY
FLAH
GVI
Figure 8: Scatterplots for detection apoptosis of Gl, Gll, GllI, GIV, GV, GVI & GVII.
114
613
48 4
343
271
183
36
GI GII GII GIV GV GVI G VII

Figure 9: The bar chart represents a comparison between studied groups as regards Apoptosis %.

548



1JCBS, 24(11) (2023): 538-553

In the current research, using IHC staining, GVI
revealed mild positive cytoplasmic expression (mean =
22.4%) localized to basal & supra basal layers and scattered
around peripheral cells of the tumor nests. The result
showed a highly significant expression compared to Gl (p-
value < 0.001). The outcomes have been based on facts of
effective non-toxic therapeutic strategy of GO for
eradication of CSCs, by differentiation-based nano-therapy
[75]. Combination with capecitabine promoted the killing of
differentiated cancer cells. These results did not differ much
from the study of Lin et al.,, (2018) that revealed a
combination of GO & chemotherapeutic agents promoted
the killing of colon cancer, ovarian, cervical, & prostate
cancer cells [82]. In the current research, Gross observation
findings in GVII confirmed various changes: rough whitish
granular surface, mild erythema, and some tiny red
exophytic lesions. There had been a significant reduction in
the size of exophytic masses rather than other animals in this
study with the absence of ulceration & bleeding. These
results reflected on the H & E stain showed that 2 animals
exhibited well-differentiated SCC with the superficial
invasion of the malignant cells, 4 animals exhibited severe
epithelial dysplasia, 3 animals exhibited moderate dysplasia
& 1 animal exhibited mild dysplasia. Regarding to FCM of
apoptosis, GVII resulted in 71.4% apoptosis. There had been
a highly statistically significant variation among GVII &
other medicated groups regarding apoptosis (P-value <
0.001). Based on the results, these combinatorial treatments
strongly induced apoptosis. These results may be attributed
to that each therapeutic agent has the potential for cancer
therapy and induces apoptosis by different pathways.
Besides, a combination of salinomycin & capecitabine
resulted in synergistic antitumor effect against liver tumors
both in vitro & in vivo [61]. Moreover, a combination of GO
and salinomycin induced apoptosis 5-fold higher level than
each treatment alone and sensitizing tumor cells [74]. In this
study, using IHC staining, GVII revealed mild positive
cytoplasmic expression (mean = 7.7%) localized to the basal
and supra basal layers and weakly scattered around the
peripheral cells of the tumor nests. The result showed a
highly significant expression (p-value < 0.001) compared
with GlII, GIV, GV, GVI, or GVII. The findings are
predicated on the likelihood that therapeutic targeting of
CSCs will be difficult since both bulk tumor cells & CSCs
should be eradicated, possibly necessitating combined
medication treatments. The previous results of using tri-
therapeutic agents did not differ much from other studies
that used three-drug combinations, the observed responses
of these studies reveal significant enhancement and efficacy
of cancer treatment [86-87]. Combination therapy is
preferred over single-agent chemotherapy because of the
synergistic effects of the combination therapy which can
target multiple cancer signaling pathways, less toxicity, and
due to the heterogeneity of tumors, there are increased
chances for overcoming chemoresistance.

5. Conclusions

Combining three active cytotoxic agents including
capecitabine, salinomycin, and GO improves anticancer
efficacy by inhibiting growth and inducing apoptosis,
targeting CSCs by differentiation or eradication, overcoming
chemoresistance, and sensitizing tumor cells.

Aly et al., 2023
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