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ABSTRACT

This thesis focuses on the fabrication, optimization and in vitro, ex vivo as well as in vivo
testing/characterization of novel pore-requlated polymer matrices (P-RPM) for sustained
transmucosal (transbuccal) drug delivery application employing phenytoin sodium (solubility:
100mg/mL at 25°C and log P = 2.14) and carbamazepine (solubility: 0.01mg/mL at 25°C and log P
= 2.93) as model drugs. A simple and optimally efficient interphase, co-particulate-co-solvent
homogenization technique coupled with pre-freezing and lyophilization were employed for the
fabrication of the P-RPM formulations. The construction and optimization of these novel P-RPM
formulations were guided through the statistical and mathematical principles of high performance
experimental design approaches. A general introduction to the concept of this thesis is presented
at the beginning. The initial phase of this investigation employed the Box-Behnken experimental
design to demonstrate the effects of varying formulation variables on the physicochemical and
physicomechanical performances of the P-RPMs as well as to statistically optimize these
properties for the intended transbuccal drug delivery application. The impact of pore-regulation,
measured as average pore diameter and cumulative surface area of pores, on the magnitude of
relevant physicochemical and physicomechanical properties of the P-RPMs was also evaluated
using linear/non-linear mathematical expressions. Besides, the effects of the differences in the
physicochemical properties of phenytoin sodium and carbamazepine loaded unto the optimized P-
RPMs revealed their versatility and robustness. In vivo studies using animal models showed the
potential of the optimized P-RPM formulations to effectively initiate and sustain transbuccal
permeation which regulates the systemic absorption of drug molecules as visualized by outcomes
from the quantitative and qualitative assessments of collected blood plasma samples.
Furthermore, comparisons of the in vitro release and in vivo absorption characteristics of
phenytoin sodium (PS) and carbamazepine (CBZ) from the optimized P-RPM formulation with the
comparator products namely Epanutin® and Tegretol®CR respectively showed the potential of the
P-RPM formulations to attain higher and more controlled release trends at lower drug loading
levels without any dose dumping. The non-compartmental PK-PD modeling process further
revealed the differences in the performances of the PS or CBZ loaded P-RPM formulations in
comparison with their respective comparator products. The developed point-to-point level A IVIVC
model for both the PS and CBZ loaded P-RPM formulations displayed a linear trend (R? > 0.9)
indicating the possibility of applying respective in vitro dissolution profiles as substitutes for
bioequivalency testing for this set of formulations. Histological and cytological investigations
confirmed that both the placebo and drug loaded P-RPM formulations had insignificant toxic and
irritable effects on the buccal mucosal specimens and cell cultures evaluated indicating that the
optimized P-RPMs are potentially biocompatible. Experimental and computational modeling
approaches explained the mechanisms of formation of the P-RPM formulation to be based upon
structurally, non-destructive physical and mechanical transitions and the mechanism of action to
be due to the disruption of the ordered porous matrix structure by physical processes such as
disentangling, matrix swelling, plasticization and dissolution as a result of hydration. Preliminary
assessments of the impacts of scale-up processes and environmental storage conditions on the
stability of the optimized P-RPM formulations suggested that scale-up processes did not
significantly alter the physicochemical and physicomechanical performances of these formulations
and that they are most stable at conditions with regulated humidity levels, light exposure and room
temperature fluctuations.
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time, (b) cumulative drug permeation, (c) peak force of detachment, (d) drug
loading capacity, (e) matrix resilience and (f) viscosity

Graphical representation showing the direct or indirect linear mathematical
relationships between cumulative surface area of pores and: (a) mean
dissolution time, (b) cumulative drug permeation, (c) peak force of
detachment, (d) drug loading capacity, (e) matrix resilience and (f) viscosity
Calibration curves of CBZ in (a) simulated saliva (pH 6.8) and (b) simulated
plasma (pH 7.4) at 285nm (N=3 and Standard Deviation < 0.029 in all
cases)

Calibration curves of: (a) PS in pH 6.8 buffer media, (b) PS in pH 1.2 buffer
media at 206nm and (c) CBZ in pH 6.8 buffer media, (d) CBZ in pH 1.2
buffer media at 285nm (N=3 and Standard Deviation < 0.051 in all cases)
Digital photographs showing the similarity in physical appearance of the
optimized PS and CBZ loaded P-RPM formulations

Scanning electron micrographs of the (a) PS and (b) CBZ optimized P-RPM
formulations showing the characteristic pore structures, distributions and
interconnectors (magnification 1000x%)

Fractional release profiles for PS and CBZ in simulated saliva, pH 6.8 over 8
hours (N = 3 and Standard Deviation < 0.055 in all cases)

Permeation of PS and CBZ molecules into simulated plasma, pH 7.4
through the porcine buccal mucosa over 8 hours (N = 3 and Standard
Deviation < 5.77 % in all cases)
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Changes in steady state flux with time over 8 hours (N = 3 and Standard
Deviation < 2.01x10*mg cm? min™ in all cases)

Changes in permeability coefficient with time over 8 hours (N = 3 and
Standard Deviation < 3.99x10° mg cm™ min™ in all cases)

Drug release profiles of the optimized P-RPM formulation loaded with PS in
simulated saliva (pH 6.8) compared with those of Epanutin® in 25mL
simulated saliva (pH 6.8), 900mL simulated gastric fluid (pH 1.2) and
simulated intestinal fluid (pH 6.8) (N = 3 and Standard Deviation < 5.67%)
Drug release profiles of the optimized P-RPM formulation loaded with CBZ
in simulated saliva (pH 6.8) compared with those of Tegretol°CR 25mL in
25mL simulated saliva (pH 6.8), 900mL simulated gastric fluid (pH 1.2) and
simulated intestinal fluid (pH 6.8) (N = 3 and Standard Deviation < 7.02%)
Digital photographs showing: (a) pig after intramuscular anaesthesia using
midazolam and ketamine; (b) maintenance of anaesthesia employing
isoflourane and oxygen by inhalation

Digital photographs taken from different angles showing the placement of
the P-RPM formulation in the non-keratinized region of the pig’s oral cavity
by veterinary experts

Photographs showing the suturing process which resulted in the formation
of a mucosal pouch which held the P-RPM formulation in place to prevent
the pig from chewing or swallowing it

Photographs showing the insertion of gastric tubing for passing the
commercially available tablet oral formulations of CBZ (Tegretol°CR) and
PS (Epanutin®) into the stomach

A schematic of WinNonlin® compiled non-compartmental pharmacokinetic
model of plasma concentration of drug versus time via extravascular
administration from the drug loaded P-RPM formulation

A schematic of WinNonlin® compiled pharmacodynamic model for drug
effect data estimation of the P-RPM formulation

Three-dimensional UPLC chromatogram of (a) PS with its internal standard,
amitriptyline hydrochloride and (b) CBZ with its internal standard,
theophylline

Calibration curves of (a) PS in plasma using amitriptyline hydrochloride as
an internal standard at 214nm and (b) CBZ in plasma using theophylline as
an internal standard at 285nm (N=3 and Standard Deviation < 0.35 in all
cases)

Plasma concentration versus time profile for the PS (50mg) loaded P-RPM
formulation and Epanutin® (100mg) (N=6)
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Plasma concentration versus time profile for the CBZ (50mg) loaded P-RPM
formulation and Tegretol°CR (200mg) (N=6)

Profiles showing the close relationships between the observed and fitted
plasma concentration-time data of: (a) PS released from the P-RPM, (b) PS
released from the Epanutin®, (c) CBZ released from the P-RPM and (d) CBZ
released from the Tegretol®CR (N=5 and Standard Deviation < 0.10 in all
cases)

Relative residual plots obtained for fitted plasma drug concentration-time
data employing the non-compartmental PK-PD model for the (a) PS loaded
P-RPM and Epanutin® and (b) CBZ loaded P-RPM and Tegretol°CR
formulations based on the first order rate constant associated with the
terminal portion of the curve (N=5 in all cases)

An illustration of the cumulative increase in PS concentration over a period
of 24 hours computed from: (a) AUC and (b) AUMC of the mean in vivo
concentration-time profiles of the PS loaded P-RPM formulation and the
comparator product, Epanutin®

An illustration of the cumulative increase in CBZ concentration over a period
of 24 hours computed from: (a) AUC and (b) AUMC of the mean in vivo
concentration-time profiles of the CBZ loaded P-RPM formulation and the
comparator product, TegretoI®CR

A point-to-point level A IVIVC model plot for the PS loaded P-RPM
formulation

A point-to-point level A IVIVC model plot for the CBZ loaded P-RPM
formulation

FTIR spectra showing the qualitative analysis of PS plasma levels over time
in comparison with blank plasma and the pure drug

FTIR spectra showing the qualitative analysis of CBZ plasma levels over
time in comparison with blank plasma and the pure drug

Calibration curves for (a) CACO-2, (b) HT-29 and (c) MCF-7 cell cultures for
MTT colorimetric assay

Micrographs of the normal porcine buccal epithelium with no formulation or
suture applied (control) (x40)

Micrographs of the sutured porcine buccal epithelium with no formulation
applied (x40).

Micrographs of the porcine buccal epithelium after removal of minute
remnants of the placebo (drug-free) loaded pore-regulated formulation (x40)
Micrographs of the porcine buccal epithelium after removal of minute
remnants of the PS loaded pore-regulated formulation (x40)
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Micrographs of the porcine buccal epithelium after removal of minute
remnants of the CBZ loaded pore-regulated formulation (x40)

A graphical representation of the percentage cell viability after a 48 hour
separate exposure to the PS and CBZ loaded P-RPM formulation relative to
the positive and negatives controls using the CACO-2 cell culture

A graphical representation of the percentage cell viability after a 48 hour
separate exposure to the PS and CBZ loaded P-RPM formulation relative to
the positive and negative controls using the HT-29 cell culture

A graphical representation of the percentage cell viability after a 48 hour
separate exposure to the PS and CBZ loaded P-RPM formulation relative to
the positive and negatives controls using the MCF-7 cell culture

FTIR spectra of the optimized, un-lyophilized co-particulate homogenous
blend loaded with PS

FTIR spectra of the optimized, lyophilized P-RPM formulation loaded with
PS

Different thermograms of the un-lyophilized homogenous co-particulate
blend showing the: (a) C-DSC curve, (b), (c), (d) and (e) TM-DSC curves
with the endothermic and exothermic peaks generated from the reversible,
non-reversible and total heat flows at varying temperature ranges

Diversified thermograms of the lyophilized P-RPM formulation showing the:
(a) C-DSC curve, (b) and (c) TM-DSC curves with the endothermic and
exothermic peaks generated from the reversible, non-reversible and total
heat flows at specific temperature cycles

Quantification of gravimetric weight changes at strategic points during the
fabrication of the P-RPM formulation (n = 3 and Standard Deviation <
8.95mg in all cases)

Superimposed FTIR spectra of the hydrated and unhydrated P-RPM
formulations

Scanning electron micrographs showing the changes in matrix surface
geometry over the duration of hydration

Changes in matrix fractional mass over the duration of exposure to the
dissolution medium (n = 3 and Standard Deviation < 0.02 in all cases)
Linear relationship between fractional drug release and fractional mass loss
Changes in matrix physicomechanical texture due to hydration: (a) Matrix
firmness and (b) Energy of matrix distortion

Textural analysis profiles showing the changes in matrix physicomechanical
texture over time due to hydration
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A computationally modeled illustration of the processes of formation of the
drug-loaded homogenous co-particulate blend showing: (a) different
polymer's strands, scattered solvent molecules (stars) in independent
hydrophilic interactions, (b) the presence of the drug molecules (squared
dots), associations of drug with the gelatin molecules (eccentric circular
dots) and solutes particles in the mixed medium containing ethanol (free
space/void), (c) a drug loaded homogenous blend before freeze-drying

A computationally modeled three-dimensional mesh showing interaction
between the solvent centres (red circles) and solute strands (greenish
circles) forming hydrophilic-natured pockets (whitish spaces)
Computationally modeled depiction of layering due to strong hydrophilic
solute-solvent interactions (Region A) and scattered solvent molecules
(Region B) around lesser affinity groups, molecules, polymers and drugs
Computationally modeled representation of solute-solvent interactions
resulting in the formation of cavities (whitish, asymmetric circular portions
within the network labeled ‘c’)

Computationally modeled illustration of multiple solute strands in interaction
with solvent molecules resulting in the evolution of inter-strand, multiple
cavities (labeled ‘c’)

A computationally modeled schematic showing the formation of
interconnected cavities forming the channels: (a) drug-loaded, homogenized
blend, (b) multiple strands undergoing physicochemical interactions along
with drug molecules (as squared dots), (c) physicochemical interactive
associations (represented as broken and solid lines) between solute-solute
strands interconnectors, (d) a foot-print view of the associations and channel
cavity and (e) a three-dimensional view of inter-strand networked channels
(ordered porous structure) with drug molecules loaded unto the matrix
Computational models showing the construction of the drug loaded P-RPM
formulation: (a) drug loaded water-based co-particulate dispersion showing
several solute strands, drug molecules (colored circles) undergoing
hydrophilic physicochemical interactions (white circles) and molecules of the
water (star-shaped entities) scattered within the matrix, (b) the ethanol
based co-particulate dispersion with the solutes depicted as broken lines
and elongated double lines, ethanol molecules as y-shaped figurines
scattered in the preparatory matrix, (c) a mixture of (a) and (b) with span 80
(reduction of interfacial tension) to form the homogenous co-particulate
blend characterized by as increased volume density of the constituents, (d)
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the freeze-dried or lyophilized matrix devoid of free floating water, water
pockets, ethanol and ethanol-water associative entities which gave rise to a
homogenized and ordered porous matrix showing solute strands from both
the water-based and ethanol-based co-particulate dispersions origins as
well as evenly distributed drug molecules and other associated adds-up of
the blend (physical interaction)

A computationally modeled compressive disruption of the ordered porous
structure

The: (a) Qualitative representation of averaged typical energy, E against
time, T of the porous matrix (solid line) and energy of the homogenized
blend (broken lines), (b) Energy decay over time in a regressive pattern
Drug release profiles comparing Batch A (laboratory scale) with the scale-up
(Batches B and C) formulations (N = 3 and Standard Deviation < 4.92% in
all cases)

Comparison of the permeation of PS molecules through the porcine buccal
mucosa over 8 hours for the laboratory scale and scale-up formulations (N =
3 and Standard Deviation <4.02 % in all cases)

Scanning electron micrographs showing the surface porous structure of the
laboratory scale and scale-up P-RPM formulations (magnification 1000x)
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