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APPENDIX B: ABSTRACTS OF CONFERENCE PROCEEDINGS

Appendix B1

A Pore-Regulated Composite Matrix for Prolonged Transmucosal Drug Delivery

Oluwatoyin A. Kolawole, Viness Pillay*, Yahya E. Choonara and Lisa C. du Toit
University of the Witwatersrand, Department of Pharmacy and Pharmacology, 7 York Road,
Johannesburg, 2193
*Correspondence: viness.pillay@wits.ac.za

Purpose: To design and evaluate a pore-regulated matrix for prolonged transmucosal drug
delivery.

Methods: Interphase homogenization and lyophilization design was employed in fabricating and
evaluating 15 pore-regulated matrices in accordance with a Box Behnken experimental design.
Physicomechanical and bioadhesive properties of the matrices were evaluated by textural
analysis. Fresh porcine buccal mucosa was employed for permeation studies using Franz
diffusion cells. Drug loading capacity (DLC) was calculated. Drug release analysis was
conducted in closed jars containing 25mL simulated saliva (20rpm; 37°C) in a shaking incubator
over 8 hours. Surface morphology was evaluated by SEM. /n vivo assessments were performed
utilizing the buccal region of 2 female, large white pigs (20+2kg) were performed.

Results: Mass distribution relative to porosity varied between formulations (121.95+5.08mg).
Matrices displayed physicomechanical and bioadhesive strength (1.014+£0.016N). SEM showed
a variety of pore structures, distributions and interconnections and drug loading of (53.14+5.19-
99.1248.54%) was achieved. Drug release displayed pseudo-zero and first-order trends. The
outcomes of in vivo animal studies are yet to be established.

Conclusions: Pore-regulated matrices were prepared and studies thus far revealed the
potential for application as a prolonged release, transmucosal drug delivery system.
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Appendix B2

Influence of formulation variables on the porosity, bioadhesion and drug release
characteristics of a pore-regulated matrix

Oluwatoyin A. Kolawole, Viness Pillay*, Yahya E. Choonara and Lisa C. du Toit
University of the Witwatersrand, Department of Pharmacy and Pharmacology, 7 York Road,
Parktown, 2193, Johannesburg, South Africa
*Correspondence: viness.pillay@wits.ac.za

Introduction

This study investigated the effects of formulation variables namely solute mass ratio and solvent
volume ratio on the release characteristics, surface morphology and bioadhesivity of three
devices employing phenytoin sodium (PS) as a model drug. Porosity-controlled matrices which
differed in terms of the concentrations of pore-forming agent and particulate components were
fabricated in order to investigate the influence of varying levels of porosity on the
micromechanical and textural behaviour of the system.

Methods

Three drug-loaded porosity-enabled devices (A, B and C) were produced by the process of
lyophilization utilizing combinations of biocompatible and biodegradable cellulose, polyacrylic
acid and amino-acid based polymers and inorganic excipients as dispersants (different mass
ratio) in a polar protic co-solvent system (volume ratio). Ex vivo bioadhesivity testing was
performed using a Texture Analyzer fitted with a cylindrical (10mm diameter) and fresh porcine
buccal mucosa (0.9+0.1mm thick and 2.25cm? surface area). Drug loading capacity (DLC) was
calculated (D,/D; x100). Drug release analysis was carried out by placing the formulation in a
closed jar containing 25mL of simulated saliva, at 20rpm and 37°C over 8 hours in a shaker
bath. Surface morphology was evaluated using scanning electron microscopy (20keV, 1000x
magnifications).

Results

Formulations A, B and C adhered to the porcine buccal mucosa with different bioadhesive force
magnitudes of 0.963+0.01N, 1.014+0.005N and 1.022+0.03N respectively. 58.99+£1.01%,
94.51+2.47% and 97.536+1.21% of drug was loaded unto A, B and C. Drug release from the
three matrices was in a controlled manner with varying rates over 8hours following a pseudo-
zero order pattern with respective MDTsqq, values of 104.00+1.45minutes, 109.40£2.01 minutes
and 225.00+3.11minutes. SEM showed an extensive, complex internal micro-pore structure.
Formulation A displayed spongy interconnections, scanty pore distribution and average pore
width of 25um; Formulation B showed denser pore distribution, circular pores with thin, web-like
interconnections and average pore width of 15um while Formulation C had sparse pore
distribution with rigid interconnections, hexagonal pore structures and an average diameter of
20um. A notable trend was that pore interconnections appeared to play major a role as regards
influencing bioadhesion, drug release and drug loading. The spongy interconnections of
Formulation A were weakest in terms of these characteristics while Formulation C with rigid
interconnections displayed a stronger behaviour.

Conclusions

The distinct flexible characteristics observed with the formulations imply that porosity-enabled
devices may be versatile for specialized drug delivery.
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Appendix B3

Physicochemical analysis of the formulation approach employed in constructing a
porosity-controlled drug delivery system

Oluwatoyin A. Kolawole, Viness Pillay*, Yahya E. Choonara and Lisa C. du Toit
University of the Witwatersrand, Department of Pharmacy and Pharmacology, 7 York Road,
Parktown, 2193, Johannesburg, South Africa
*Correspondence: viness.pillay@wits.ac.za

Introduction

This study evaluated the absence/existence of chemical transformations utilizing a type of
solute-solvent blending with lyophilization.

Methods

15 porosity-controlled drug carriers were lyophilized products of interphase homogenization
which formed solute-solvent, multi-component, homogenous blends. The whole process was
channeled with an experimental design. The physicochemical stability of the un-lyophilized
blends used in preparing the porous carriers were measured in terms of their rheological
behaviour as average viscosity (n) and deformation (5) at a constant shear rate of 250secs™
employing the Modular Advanced Rheometer System equipped with Haake Rheowin data and
job software and the rotor C35/1°Titan sensor type (Haake Mars, Thermo Scientific, Waltham,
MA, USA). Pre-frozen blends were subjected to lyophilization placing them into a freeze dryer
(Bench Top 2K, Virtis, New York, USA) set at -50°C and 0.42mBar for 48 hours. Post
lyophilization, produced porous carriers were assessed using the Bruker Optic FTIR
Spectrometer (Tensor 27 Spectrometer, Bruker Optics Inc. Billerica, MA, USA) equipped with
Opus V6.0 software. Samples were analyzed at wavenumbers ranging from 4000-400cm™.
Results

Viscosity values ranged between 0.789x10%+8.89mPa.s and 8.658x10%+14.04mPa.s which was
indicative of the different levels of solute and solvent incorporated into preparing the
homogenous blend. Deformation can be defined as a measure of irreversible changes due to
inter- and intra-molecular chemical transformations which may result from rearrangement of
separate particle and/or molecules with the application of an external force. Deformation values
(5 = 1.509x10*+5.556) remained constant for all the formulation blends. This implies that no
chemical changes occurred during the process of physical mixing (blending). Furthermore, the
stability of the blends even with the application of an external stress was ascertained. The FTIR
spectra of each formulation showed a similar pattern to the other with slight variations in their
peak heights which indicative of the differences in transmittance values attributable to the
variations in the concentration of each component included for the preparation of the carriers.
Characteristic vibrational frequencies of the components were identified (N-H: 2900-3080cm™,
C=N: 1617-1633cm™, C=C: 1511-1535¢m™', C=0: 1600-1900cm™, O-H: 3100-3300cm™’, C-ONa:
1354-1387cm™ and C=0=C: 3100-3500cm"".

Conclusions

Homogenization and lyophilization had no irreversible distorting influence on the stability,
flexibility and viscoelasticity of the blend. The method is efficient as carriers retained the
contributive effects of individual components.
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Appendix B4

A bioadhesive porous matrix for prolonged transbuccal delivery of phenytoin sodium
through porcine buccal mucosa

Oluwatoyin A. Kolawole, Viness Pillay*, Yahya E. Choonara and Lisa C. du Toit
University of the Witwatersrand, Department of Pharmacy and Pharmacology, 7 York Road,
Parktown, 2193, Johannesburg, South Africa
*Correspondence: viness.pillay@wits.ac.za

Introduction

This study focused on the development of an in vivo porous matrix and qualitatively analyzing
its permeation enhancing capabilities, micromechanical and textural behaviour for transbuccal
drug delivery using phenytoin sodium (PS) as the model drug.

Methods

Co-particulate, co-solvent homogenization coupled with lyophilization guided through a Box-
Behnken experimental design was employed in fabricating of 15 porous PS-loaded matrices.
Biocompatible, bioadhesive and permeation enhancing polymers were used. Porosity (@) was
computed for each matrix using a density (p) related mathematical expression. A Texture
Analyzer equipped with the 2mm flat-tipped and 50m cylindrical probe respectively were used.
The micromechanical properties elucidated were the matrix resilience (R.,), matrix displacement
(®p), matrix strength (y) and fracture energy (Fe). In vivo permeation was assessed using 2
healthy female, Large White pigs (20+2kg). Formulations were applied to the non-keratinized
region of the anaesthetized pig’s buccal mucosa within a mucosal pouch sutured using nylon
3/0 sutures to prevent the pig from chewing or swallowing the formulation. Blood samples
(10mL) were taken before administering the formulation and thereafter at tin,, tanr, tenr @nd togn,
once the pig regained consciousness and was stored at -70°C. Pre-frozen plasma was
lyophilized and analysed using Fourier Transform Infra Red Spectroscopy (FTIR) at
wavenumbers between 4000cm™'-400cm™.

Results

A linear relationship was observed between the matrix porosity, displacement and fracture
energy (R?=0.98) while an inverse relationship (R?=0.45) was noted for matrix resilience and
strength. Porosity values ranged between 74-83% indicating the high level of porosity. An
increase in porosity resulted in larger matrix displacement values (7.73£0.56mm-
12.1720.72mm) and fracture energies (0.02+0.005J-0.06+0.001J) due to an elevation in matrix
entropy during probe penetration. The converse was observed for matrix resilience
(1.02+£0.15%-2.98+0.39%) and strength (3.41£0.77N/mm and 5.55+0.92N/mm). Generally, an
increase in the porogen concentrations and a decrease in co-particle levels resulted in higher
porosity. Formulations displayed the potential to dissolve through the pig’s buccal mucosa as no
remnant was observed after removing the mucosal pouch sutures. FTIR spectra revealed the
presence of PS in plasma when compared to the baseline at ton, before drug administration. The
centres of activity that spanned over N-H (3050-2925cm™), C=N (1607-1623cm™"), C=C (1501-
1515cm™) and C-ONa (1384-1367cm™) bond vibrations were characteristic of PS, were
identified in plasma samples at ti,, - tosn. Furthermore, a range of spectral transformations such
as disappearance of C=0, stretching of N-H, C=N, C=C, C-ONa bonds and peak changes
<1300cm™ were observed and may attributed to H-bonding between PS and plasma proteins.
Conclusions

The porous matrix demonstrated the capability to enhance the permeation of PS and its
applicability to transbuccal drug delivery.
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Appendix B5

Design and Characterization of a Pore-Regulated Matrix for Transmucosal Drug Delivery AM-08-02326
0. A. Kolawole, V. Pillay'. Y. E. Choonara. L. C. du Toit", V. M. Ndesendo'

'University of the Witwatersrand

Purpose.

To fabricate a pore-regulated matrix. characterize its physicochemical and physicomechanical properties for applications in
transmucosal drug delivery employing phenytoin| sodium and porcine buccal mucosa as a model drug and mucosa
respectively.

Methods.

The pore-regulated matrix (8 5mm) was produced by lyophilization utilizing combinations of cellulose. polyacrylic acid and
amino-acid based polymers. Inorganic excipients were employed as dispersants in a polar protic co-solvent system. A texture
analyzer fitted with either a eylindrical or flat-tipped steel probe were used for measuring bioadhesivity and matrix rigidity
respectively. Fresh porcine buccal mucosa (0.9£0. lnmmn thick and 15=1mm in diameter) was employed for the bioadhesivity
and permeation tests. Permeation was measured using Franz Diffusion Cells with simulated saliva (pH 6.8: 37°C) and plasma
{(pH 7.4: 37°C) as the donor and receiving compartments respectively over 8 hours, The flux of drug through the mucosa was
then caleulated: [Ty, =(Act/At)V/S]. Drug-loading capacity (DLC) was calculated (Da/Dtx100). Drug release analysis was
performed by immersing the formulation in 25mT simulated saliva in closed 100mL jars. at 20rpm and maintained at 37°C
over 8 hours in a shaker bath. Surface morphology was evaluated using SEM (20keV, 200x magnification).

Results,

Formulations adhered to the poreine buecal mucosa (1.03=0.01N). Matrix rigidity was 4.94+0.08N/mm which reflected
physicochemical stability and resistance of the matrix to deformation. Permeation of phenytoin through the porcine buceal
mucosa into the receiving compartment was evident (J4,,=1.40% 10 mg/cm’sec). A DLC value of 94.51+2.47% was achieved
from which 88.92+2.83% of phenytoin was released over 8 hours following a pseudo-zero-order pattern. SEM images
revealed a complex mternal microporous structure with irregular diffusion channels and pore diameters ranging from 20-
60pm.

Conclusion.

The investigated physicochemical and physicomechanical properties revealed the potential of the pore-regulated matrix to be
applied for prolonged transmucosal diug delivery.
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Appendix B6

The influence of pore morphology on the matrix integrity, drug loading and drug release from a
porous delivery platform (AM-08-02371)

0. A Kolawole!, V. Pi].lﬂ}'l, Y. E. Choonara’, L. C. du Toit'. V. M. Ndesendo'

"University of the Witwatersrand

Purpose.

To mvestigate the influence of pore morphology on the matnix integrity, drug loading capacity and drmug release from a
porous drug delivery platform employing phenytom sodium as a model drug.

Methods.

Interphase homogenization guided through a Box-Behnken experimental design was employed for the preparation of 15
porous drug delivery platforms. The effect of pore morphology on the matnix integrity, drug loading capacity and drug
release behaviour was assessed. Each phenytoin-loaded porous platform (1.2x0.4cm) was formulated from a co-particulate,
homogenous polvmeric blend using specialized polystyrene moulds and lyophilization. The physicomechanical properties
were elucidated in terms of matrix firmness (MF), matrix fracture energy (MF.) and matrix resilience (MR) utilizing a texture
analyzer. The nature of pores and mterconnections were evaluated employing SEM. The Dmg-Loading Capacity (DLC) was
computed using the relationship; Dy/Dy<100. A closed system contaimning 25mL of PBS (pH 6.8; 37°C), placed i a shaker
bath set at 20rpm was utilized for drug release studies over 8§ hours.

Results.

The individual masses of the 15 formulations averaged 121 95£5 08mg. Mass distribution relative to porosity varied between
formulations. The platforms demonstrated a resistance to deformation despite their porous nature (MF values ranged between
3.67+1.1-5.98+0 4Nmm-1; MF~0.02+0.005-0.06+0.01J; MR=1 16+0.6-3.35£1%). SEM showed a variety of pore
distributions (scattered. dense and aligned) and interconnections (rigid. web-like_ thread-like and spongy). The DLC values
showed desirable flexibility in drug-loading. A general trend observed was that formulations displaving scattered pore
distributions and web-like/spongy interconnections had lower DLC wvalues (51.29+5.19%) as compared to dense/aligned pore
distributions and thread-like/rigid interconnections which had higher DLC values (93.22+8 54%). Phenytomn was released
over § hours in a pseudo-zero-order or first-order manner which was dependant on the pore morphology. A cumulative
release of phenytoin ranging between 81 22+5 51-91 48+1 2% was obtained over the 8 hour period.

Conclusion.

The impact of pore morphology on the matrix mtegrity, drug loadmng capacity and drug release was established. Results from
this study may be promising for the development of porous drug delivery platforms.
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Appendix B7

In Vitro and In Vivo Evaluation of a Bioadhesive Porous Composite for the Sustained Transbuccal
Delivery of Phenytoin

0. A. Adeleke!, V. Pillay’, Y. E. Choonara’, L. C. du Toit’

"niversity of the Witwatersrand

Purpose

To prepare and evaluate a bioadhesive, porosity-enabled composite device (PCD) for application as a transbuccal drug
delivery system displaying sustained release of phenytoin sodium as a model drug.

Methods

The PCD was produced by interphase homogenization and lyophilization utilizing various polymeric combinations and the
model drug phenytoin sodium (PS). Ex vive drug permeation was mvestigated using Franz diffusion cells with simulated
saliva (pH 6.8) and plasma (pH 7.4) at 37°C over 8 hours. A Texture Analyzer fitted with a 10mm cylindrical probe was used
to measure the ex vive bioadhesivity of the PCD. Fresh porcme buccal mucosa (0.9+£0. 1lmm) was excised for bioadhesivity
and permeation tests. The drug loading capacity was computed and PS release analysis was performed in a closed vessel with
25mL of simulated saliva (20rpm; 37°C) over 8 hours in a shaking incubator. The surface morphology was evaluated by
SEM and average pore width was measured with a porosity analyzer. In vivo studies were conducted using 5 healthy female
Large White pigs (36=3kg) and each formulation was applied to the non-keratimized region of the buccal mucosa and blood
was sampled over 24 hours and analyzed by Ultra Performance Liquid Chromatography (UPLC).

Results

PCDs (8<4mm) had an average mass of 128+3 49mg and bioadhered to the buccal mucosa (1.03=0 01N). 89.98+2 34% of
drmug permeated through the mucosa into simulated plasma. 94 51£2 47% of PS was loaded into the matrix and 90 92=2 83%
was released in a controlled manner over 8 hours following pseudo-zero order kinetics. The PCDs were mesoporous
(86.01+4.04A) with an extensive mternal pore structure and asymmetrical inter-pore connections. The tested formulations
were well tolerated by the pigs indicating that the formulation may be potentially non-toxic. In vive drug release profiles were
conirolled and biphasic with maxmmum plasma concentrations of 20.73+5.09nug/mL achieved at tg ..

Conclusions

In vitro and in vive studies revealed the potential of the PCD to function as a bioadhesive delivery system for the sustained
transbuccal release of PS.
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Appendix B8

Histomorphological Evaluation of a Mucoadhesive, Porous Matrix for Controlled
Transbuccal Drug Delivery

Oluwatoyin A. Adeleke, Viness Pillay*, Yahya E. Choonara and Lisa C. du Toit
University of the Witwatersrand, Department of Pharmacy and Pharmacology, 7 York Road, Parktown, 2193,
Johannesburg, South Africa
*Corresponding Author: viness.pillay@wits.ac.za

Purpose

This study focused on designing a mucoadhesive porous matrix, assessing its ex vivo drug
permeation initiating and sustaining kinetics as well as evaluating the buccal mucosal histology
post administration using the pig model.

Methods

The porous matrix was prepared by homogenizing both polymeric and non-polymeric release
modifying, permeation enhancing, and mucoadhesive compounds dispersed in a co-solvent
system to produce a homogenous blend that was lyophilized. Ex vivo drug permeation was
investigated using Franz Diffusion Cells with simulated saliva (pH 6.8) and plasma (pH 7.4) at
37°C over 8 hours. A Texture Analyzer fitted with a 10mm cylindrical probe was employed for
measuring the ex vivo bioadhesivity of the formulation. Fresh porcine buccal mucosa
(0.9£0.1mm thick) was employed for the bioadhesivity and permeation tests. Drug loading
capacity was computed and the surface morphology was evaluated using SEM and porosity was
measured by porositometric analysis. /n vivo histomorphological studies were conducted using 3
healthy Large White Pigs (36+3kg) and a drug-loaded and placebo formulation was applied to
the non-keratinized region of the buccal mucosa. Experimental biopsy samples and their
controls, about 3mm deep (1mm? area), were taken from the administration site and control sites.
The specimens were stored in 10% formalin for analysis. They were processed with routine
histological methodology in an automated tissue processor after which tissue blocks were
sectioned at Sum and the slides that were produced stained using haematoxylin and eosin in an
automated stainer before evaluation under the electron microscope.

Results and Discussion

The formulation bio-adhered to the buccal mucosa (1.07+0.02N). 90.05+1.15% of
carbamazepine was loaded into the matrix and 83.56+3.62% permeated through the porcine
tissue in a controlled manner over 8 hours following pseudo-zero kinetics. The formulation was
mesoporous in nature (80.12+3.42A) and presented with a widespread internal spherical pore
structure with asymmetrical channels. The pig model employed tolerated the formulation well
indicating its non-toxicity. SEM images revealed that the formulation had minimal, non
significant pathological effects on the buccal epithelium and lamina propria of the porcine buccal
mucosal epithelium. This implied that the polymeric, non-polymeric and active drug components
of the porous matrix formulation had no irritable or toxic effects on the porcine buccal mucosa
thereby making it potentially suitable for its intended transbuccal delivery application.
Conclusions

The porous matrix displayed the potential to initiate and sustain tissue permeation of drug
molecules in a controlled manner for possible transbuccal drug delivery applications.
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APPENDIX C: UNIVERSITY OF THE WITWATERSRAND ANIMAL ETHICS CLEARANCE
CERTIFICATE

AESC 3
UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG
STRICTLY CONFIDENTIAL

ANIMAL ETHICS SCREENING COMMITTEE (AESC)

CLEARANCE CERTIFICATE NO. 2007/42'05

APPLICANT: OA Kolawole

SCHOOL: Pharmacy and Pharmacclogy
DEPARTMENT:

LOCATION: Medical School

PROJECT TITLE: An in vivo assessment of novel pore-regulated polymer matrices for
oramucosal drug delivery in pigs

Number an i

24 Large white pigs < 15kgs; male or female

Approval was given for to the use of animals for the project described above at an AESC meeting held on
20070529. This approval remains valid until 20090529

The use of these animals is subject to AESC guidelines for the use and care of animals, is limited to the
procedures described in the appli rm and to the following additional conditions:

Signed:

Date: 31/0'5/ ot

| am satisfied that the persons listed in this application are competent to perform the procedures therein,
in terms of Section 23 (1) (c) of the Veterinary and Para-Veterinary Professions Act (19 of 1982)

P \ o
be k. N oo 31 /P

~ {Registered Veterinarian)

cc: Supervisor: #
Director: CAS

Works 2000/ain0015/AESCCert. wps
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