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. Abstract

Oral cancer Is a global I."“f‘l”‘ problem with increased incidence and high rate of recurrence and
T vadiotherapy. ng. e -0l for treatment of cancers of the oral cavity including
S hE) vy ¢ . - 0S8 reque ¢ 10 , ae N

chemotherapy TeSults i severe adverse cflects such e e et ey, Howeter.
fatigue. hair loss, a\nd mucositis. Cyclooxegenase-2 ((‘()X-2)‘cn/ e i( . ‘p" n '(lk}rr ca.l
cancer cells an.d a'ﬂcu.‘ls a number of carcinogenesis processes 'I‘I1éyi h"-ﬂ"VU ?’;P{Tt;(%z( m’ .
COU'{1 be an intriguing  remedial target. Celecoxib ((',)'(B)” a §c|2ctlivlcm(r!(())x‘72)' —h'hc'?[ym'c'
considered an effective chemopreventive therapeutic target for :)rél carcinoma IJ;mfor'tnur:atlc?; |tI:

g,!‘n‘s:;]zgﬂliliét;gl] clisd.w‘llncrablc due to it§ poor aqueous solubility and hence, low absorption and
ioavailabifity. In addition, the systemic side effects of CXB would further limit its potential. For
these reasons, encapsulating CXB in nano-dru . .

" g delivery systems could offer a promising strategy
to circumvent these drawbacks. Additionally, loading the prepared nanocarrier on a mucoadhesive
polymer would further enhance the localized

: delivery of CXB by increasing its inti
with the buccal mucosa. Hence, this would i . . St by s

e ; ncrease the drug tissue accumulation and avoid the
systemic side effects associated with high dosing. A

The aim of the present work is to formulate and evaluate oral mucoadhesive nano-drug delivery

systems of CXB fc?r localized treatment of oral carcinoma with minimized drug dosing and reduced
associated systemic adverse effects.

The work in this thesis was divided into three chapters:

Chapter One: Development and In-vitro Evaluation of Mucoadhesive Celecoxib-loaded
Cubosomal Sponges as Novel Nanocarriers for Mucosal Drug Delivery

Different CXB-loaded cubosomes (3, 6, and 12 mg CXB) were prepared through fragmentation
method using glyceryl monooleate (GMO) and water. Poloxamer-407 was added at two different
ratios with respect to GMO (5:1, 2.5:1) in order to investigate its effect on stability of the
dispersions. The developed cubosomal dispersions were evaluated for their particle size,
polydispersity index, zeta potential, drug content, and in-vitro drug release. FT-IR spectra were
tested to study if there were any molecular interactions between CXB and GMO. TEM
micrographs were also obtained for structural examination.

Selected cubosomal dispersions containing 6, and 12 mg CXB and prepared at GMOEP-4O7
(2.5:1), were loaded on HPMC polymer to prepare mucoadhesive cubosomgl sponges .V\.'lth the
addition of mannitol and glycerol as a cryoprotectant and plas'ficizer, respectively. Additionally,
sponges loaded with CXB powder were investigated for comparison. They were evaluated for their
physical appearance, porosity, hydration capacity, and gurface pH. Solid state characterizations
were performed through XRD and FT-IR studies. SEM micrographs were obtained for topographic

examination.
Results of this chapter showed that: es in the range of 130.00 — 191.40 nm, with

d nano-sized particl s
B Ak sboscene demonstl‘at]fe lower ratio of GMO:P-407 revealed significant lower values (7

i rge. T : :
Igive sysface charg ared to those resulted by the higher ratio.

i ize as com ; . .
. a)'?é)sg:;?:g:;le?;\at thefe were no molecular interaction between CXB and GMO, or P-
i m i revealed the cubic structure of the developed cubosomal dispersions
with no aggregates.




significant slower release rate ( P < 0.05)
2 S)o

bosomes resulted in
as compared 1o the ¢

s Cul
and higher release rate

release studies of the :
frug solution

{ to the « Fug

s [n-vitro
CXB as compare
suspension.

»  The prepared :

* Incorporation of both m:m.nll !

« FT-IR spectra of the physical mixture §oop
interaction between any of the sponge mgrcdlcnls: o i

» Surface pH values of all developed sponges were n thcj raljgc ]()' saﬂlvai:y (r))f _CXB 4

«  Hvdration capacity of CXB-loaded sponges were higher than thos ubosoma|

SEM mi o porous structure of sponges loaded wi
« SEM micrographs revealed more porous st‘ruclulc of sponges

to those loaded with the cubosomal dispersions.
» In-vitro release studies of CXB-loaded cubosoma

release rate pattern with respect to CXB-loaded cubosomes. -
« Additionally, release rate profile of CXB from sponges loaded with (;XB cubosomes was

higher than that from sponges loaded with CXB powder. Thus, this indicates the efficacy of

ng and solubilizing CXB.

cubosomal dispersions for encapsulati
ded in low doses in cubosomes as nano-drug delivery

In conclusion, CXB was successfully loa
carriers that resulted in sustained drug release. Moreover, mucoadhesive CXB-loaded cubosomal

sponges were developed for further investigation in experimental in-vivo studies.

bosomal-loaded sponges Were cotton-like, with uniform weight and thicknegg
subosomal-1oi : s Heta o gy TICss,
C ol and gl\'ccl'ﬂ' resulted in more flexible and non brittle Surface.

and cubosomal-loaded sponge indicated no molecula,

th CXB as compared

| sponges showed slower and sustained

Chapter Two: Potential Application of Celecoxib-loaded Cubosomal Sponges for
management of Oral Carcinoma: Ex-vivo and In-vivo studies
Selected CXB-loaded cubosomal sponges from the previous chapter, corresponding to 6, 12 mg
CXB. were evaluated through ex-vivo residence, and ex-vivo permeation and deposition studies.
CXB-loaded cubosomes and CXB-loaded HPMC gels, at the corresponding CXB concentrations,
were also examined.
In-vivo studies were carried out on female albino rats. The tested animals were divided into 5
groups; the first group received no treatment, the second group received low dose (6 mg) CXB-
loaded HPMC gel, the third group received high dose (12 mg) CXB-loaded HPMC gel, the fourth
group received low dose (6 mg) CXB-loaded cubosomal sponges, and the fifth group received
high dose (12 mg) CXB-loaded cubosomal sponges. Induction of the tumor was performed by
local application of 0.5% w/v 4-NQO in the oral cavity. Serum samples were assessed for thé
tumor markers; CEA, SCCAg, AP, and VEGF and tissue markers were evaluated for the presence
of COX-2, and caspase-3. In addition, excised tumors were examined through histopathology by
H&E staining and Annearoth’s grading system was used for staging histopathologhy of the
fieveloped.tumors. Furthermore, immunohistochemical staining of the proliferative marker; Ki-67
in tumor tissue was assessed. i ‘
Results of this chapter showed that:
* Ex-vivo mucoadhesion residence time of the sponges loaded with cubosomal dispersi S
oy 3 - persions was
z%zlet;car:aglgle\;r (£ =0.001) than that resulted by either CXB-loaded cubosomes or CXB-
s ;
The amount of CXB deposited on the buccal mucosa from cubosomal-loaded sponges was

significantly higher (7 < 0. :
loaded HPI&)';C gel?. (# = 0.001) than that deposited from CBX-loaded cubosomes and CXB-
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sy ¢ corresponding CXB-loaded HPMC gels
Determination of VEGF in serum gq; g

gel (6 mg CXB) revealed the SiQniﬁ“pleS showed that

: — rats treated with CXB-loaded

& ' . oa HPMC
rreated groups. Meanwhile, Spag MY highest values (p < 0.001) with feSPeCet to other
VEGF.
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” . -< and
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cubosomal sponges (SP27, Spag) signiﬁcqs a proliferative marker revealed that CXB-loaded
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lusion. encapsulating i .
. poo P g CXB into mucoadhesive cubosomal sponges as novel nano-drug
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Chapter Three: 'Design of Novel Celecoxib-]
EV"“’t'o“,OfA“F?'cg“c" Efficacy, and Study of Pharmacological and Chemical Interactions
Blank f[‘?o'da“ (FCD) nanoparticles were developed through electrostatic interactions between
the posn.lvely charged chltosap (CS) and negatively charged fucoidan (FCD). Five different
formulations were pre'pared at dlfferenl CS:FCD weight ratios, and evaluated for their particle size,
PDI, and zeta potential. The optimum weight ratio was then selected for preparation of CXB-
loaded FCD NPs. The developed NPs were evaluated for PS, PDI, ZP, entrapment efficiency, and
in-vitro release of CXB. FT-IR spectra were tested to investigate if there was any interaction
between CXB and FCD and/or CS. TEM micrographs were obtained for structure elucidations.
In-vitro anticancer studies of CXB-loaded FCD NPs were carried out on SCC-4 cell lines in order
to investigate their anticancer activity against oral carcinogenesis through; MTT cell viability test,
apoptosis detection assay, detection of cell proliferation assay, and cell cycle arrest pattern. CXB
solution. FCD solution, and plain FCD nanoparticles were also tested for comparison.
Results of this chapter showed that: B
* Weight ratio of CS:FCD (1:5) demonstrated optimum values of both particle size and PDI, and
hence. it was selected for loading CXB in the developed NPs.ff ' S
s CXB-loaded vealed 76.87 = 0.81% entrapment etficiency o ; :
. The ob(ainedF'l(':EDMNt'l)l?crri);phs indicated the spherical shape of the developed NPs with an

average diameter of 218 = 4.72 nm.
* FT-IR spectra indicated the absence
R NP i f CXB from the
in-vi. lease stained release rate pattern of L
: mp:’d”;Pm ith :,t tibudri.::areslllo::sv;edasac(S)lrlnpaned to the drug solution. Additionally, CXB
S W )

release from hat from the drug suspension.
R wasefia;t g[)th:;’st was more potent (with lower doses) than that

cytotoxic activi f CXB-load .
mw "y,:\gazmizuﬁon of both CXB and FCD solutions.

oaded Fucoidan Nanoparticles: In-vitro

of any chemical molecular interaction in the prepared
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The combination index (C1) analysis of the
compared to CXB and FCD solutions
combining CXB along with FCD.

The dose reduction index (DRI) analysis of CXB-loaded FCD NP
reduction of CXB and FCD doses by 1.625
Flow cytometer assay for detection of apoptosis showed that the prepared NPs resulted in
significant increase (P < 0.001) in both carly and late apoptotic stages in SCC-4 cells ag
compared to the control untreated cells. Moreover, CXB-loaded FCD NPs at the corresponding
concentrations of CXB and FCD showed more apoptosis than that attained by both CXB and
FCD solutions.

Detection of cell proliferation by Ki-67 staining assay showed the significant inhibitory effect
of CXB-loaded FCD NPs on proliferation of SCC-4 cells with respect to that of the control
untreated cells. Meanwhile, the antiproliferative effect of SCC-4 cells obtained by either CXB
or FCD solutions wasn’t significantly different than the control untreated cells,

prepared NPs enhanced the cellular inhibit ion, ay
» and indicated the synergistic effect obtained by

s demonstrated a desirable
and 2.98 folds, respectively,

In conclusion, CXB was successfully encapsulated in FCD NPs as a novel delivery approach to
reduce CXB dose and achieve synergistic effect with FCD. The developed nanoparticles of the
combined CXB and FCD showed synergistic effect on the viability of SCC-4 cells, In addition,
they exhibited potent in-vitro anti cancer effects through induction of apoptosis, inhibition of
cellular proliferation, and cell cycle arrest.
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