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ABSTRACT

The use of antiretroviral (ARV) agents in the management of HIV/AIDS has significantly
improved the lifestyle and wellbeing of patients. Despite the success that has been achieved
with the use of ARV therapy, the occurrence of adverse effects and unpredictable
bioavailability associated with most of these drugs remains a major concern. Nevirapine
(NVP) is a non-nucleoside reverse transcriptase inhibitor (NNRTI) that is used in
combination with other ARV compounds for the treatment of HIV-1 infections. It is also used
for the prevention of mother to child transmission of the HIV-1 virus. NVP is a

Biopharmaceutics Classification System (BCS) Class II compound.

Although NVP exhibits good oral absorption, it induces self-metabolism leading to low and
sometimes unpredictable bioavailability. NVP is commercially available as an immediate
release and extended release dosage form, viz.,, Viramune® XR. Formulation of a generic
sustained release (SR) dosage form for once daily dosing would result in delivery of constant
amount of the drug to the circulation, reduce dose related adverse effects, improve patient

compliance to medication and reduce the costs of therapy.

A simple RP-HPLC method was developed and optimised using a central composite design
approach. The method was validated using ICH guidelines and was found to be linear,

precise, specific and accurate for the analysis of NVP both in bulk and dosage forms.

Direct compression was used as the method of tablet manufacture. Different polymers were
assessed for suitability as rate retarding polymers and included Methocel® K4M, Carbopol®
71G NF and Eudragit® RSPO. Powder blends were assessed for flow properties using the
angle of repose, bulk and tapped density, Carr’s Compressibility index and Hausner’s ratio.
The traditional approach of changing the amount of polymers and diluents systematically to
achieve a desired NVP release profile was used for the development of a preliminary
formulation. Response surface methodology was used for the optimisation of the formulation

using a Box-Behnken quadratic design.

Physical characteristics of the tablets such as thickness, weight, hardness, tensile strength and
friability were assessed and the tablets passed Pharmacopoeial testing. NVP assay and

content uniformity were assessed using a validated RP-HPLC method.
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Initially, USP Apparatus 2 was used to study NVP release over a 24 hour period and
subsequently dissolution studies were performed using USP Apparatus 3 as it can be used to
simulate GIT conditions. The dissolution profiles generated were used to determine the
agitation rate for USP Apparatus 3 that would be equivalent to an agitation rate of 50 rpm
when using USP Apparatus 2. The effect of the mesh screen pore size, buffer molarity
strength and concentration of surfactant on NVP release were also investigated in order to

select discriminatory dissolution test conditions for the test formulation.

Dissolution profiles were compared to those of the commercially available Viramune® XR
using the FDA recommended difference (f;) and similarity (f>) factors. The calculated values
for f; and f; revealed that the dissolution profile for the optimised formulation that was

identified was statistically similar to Viramune® XR.

In vitro release data were fitted to different kinetic models to study the release kinetics of
NVP. The overall mechanism of NVP release was best described using the Korsmeyer-
Peppas diffusion exponent value, n. NVP release was found to be anomalous, implying that
the release was influenced by a combination of diffusion, swelling and polymer chain
relaxation. The Hixson-Crowell model revealed that there was constant change in surface
area of the dosage form suggesting that erosion and swelling were significant factors
affecting NVP release from the hydrophilic matrix technology. The release kinetics data were

also used to design the optimised formulation.

Tablets manufactured using the optimised formulation were subjected to water uptake and
erosion studies and the results revealed that swelling and erosion occur simultaneously. The
effects of pH and molarity on the swelling and erosion of the tablets were also investigated.
The data suggest that increase in pH resulted in a slight increase in swelling while an increase
in molarity did not have a significant effect on swelling. The change in pH did not have a
significant effect on erosion while an increase in molarity strength resulted in a decrease in

matrix erosion.

The effect of HPMC grade on swelling, erosion and NVP release revealed that the grade of
HPMC used had a significant effect on NVP release, with the release rate decreasing,
swelling increasing and erosion decreasing as the viscosity of the HPMC grade increased.
The effect of the particle size of MCC on NVP release was also studied by manufacturing
tablets containing different grades of MCC and these studies revealed that particle size did
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not appear to have a significant effect on NVP release. Similarly the use of different types of

lactose did not appear to have a significant impact on NVP release.

In conclusion a sustained release NVP tablet formulation that has the potential for further
development and optimisation has been developed, assessed and manufactured successfully
and has been shown to exhibit similar dissolution behaviour to Viramune® XR, a

commercially available NVP extended release product.
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STUDY OBJECTIVES
HIV/AIDS is a well-known health challenge globally, with more than 34 million people
living with HIV/AIDS worldwide [1]. Sub-Saharan Africa has the highest prevalence of HIV
infection and death accounting for 67 percent of the death toll and with approximately 60
percent of new infections occurring in 2010 [2]. The use of HAART has helped save many
lives in low and middle income settings, and approximately 1.8 million deaths have been
prevented in Sub-Saharan Africa [3]. However, many challenges still exist with current
regimens as most ARV agents have short half-lives and require frequent administration, or
present with undesirable adverse effects and unpredictable bioavailability. These factors

result in poor adherence to medication and ultimately, treatment failure [4].

The use of novel drug delivery systems in the management of HIV/AIDS has received
attention as there is the potential to overcome many of the challenges faced with the use of
currently available ARV dosage forms. NVP has exhibited dose dependent side effects in
addition to unpredictable bioavailability and was selected as a model ARV candidate for

formulation into a SR dosage form.
The objectives of this study were:

1. To develop and validate a reversed-phase high performance liquid chromatographic
(RP-HPLC) method for the quantitation of NVP as bulk API and in dosage forms.

2. To develop and validate a dissolution method for in vitro testing of NVP release from
SR tablets.

3. To assess the suitability of powder blends for direct compression and investigate the
potential for drug-excipient interactions using differential scanning calorimetry (DSC)
and infrared spectroscopy (FT-IR).

4. To investigate the possibility of using HPMC alone or in combination with other
polymers such as carbomers and methacrylates for the development of directly
compressible SR tablets.

5. To use response surface methodology (RSM) to optimise the NVP formulation.

6. To evaluate NVP release from the tablets produced and compare the dissolution
profiles to Viramune® XR, using statistical methods.

7. To study and use the release kinetics of NVP in the optimisation process.

8. To investigate factors that affect NVP release from tablets and to identify key aspects

of the formulation that require further study.

vi|Page



TABLE OF CONTENTS

ABSTRACT ii
ACKNOWLEDGEMENTS v
STUDY OBJECTIVES vi
LIST OF TABLES ... citiit tiiiiiiiiiiiiiiiiiiiiiietttitittttistttttattssetsecasacssssscnsassasases xvi
LIST OF FIGURES.....ccuiitiiiiiit tiiiiiiiiiiiiiiiiiiiiiiiieiieietitiattietatsscasesesassssnssssasscnss xviii
CHAPTER ONE 1
ANHYDROUS NEVIRAPINE (NVP) 1
1.1 INTRODUCTION 1
1.2  PHYSICO-CHEMICAL PROPERTIES 2
1.2.1 Description 2
1.2.2 Solubility 2
1.2.3 Biopharmaceutics Classification System (BCS) 3
1.2.4 pKa and Partition Coefficient 3
1.2.5 Ultraviolet (UV) Absorption Spectrum 3
1.2.6 MEIING RANGE.....cotiiiiiiiiiieeit ettt ettt ettt ettt et e e bt e bt e s seeenbeenbeeseeseennes 4
1.2.7 Hygroscopicity 4
1.2.8 Stability 4
1.2.9 Stereospecificity and Polymorphism 4
1.2.10  Particle Shape 4
1.3 SYNTHETIC PATHWAY 5
14 STRUCTURE ACTIVITY RELATIONSHIP (SAR) 7
1.4.1 Dipyridodiazepinone Analogs 7
1.4.2 Pyridobenzodiazepinone ANALOZS ..........cuecvieriierieniieiieere ettt esreesteesreeeeereesteesreesenesaneens 7
143 Dibenzodiazepinone Analogs 8
1.5 CLINICAL PHARMACOLOGY 8
1.5.1 Mechanism of Action 8
1.5.2 Clinical Indications 9
1.5.3 Contraindications 9
1.54 Precautions 9
1.54.1 GEFIAITIC PALIENES ..ottt sttt ettt st s eean 9
1.5.4.2 Paediairic PALIENES ........cc.ooeeiiiiiieiiiiieeeete ettt 9

vii|Page



1.5.4.3 Breastfeeding MOIETS ............ccuecieciecieniesie sttt ae e saessaessaessseanses 9

1.5.4.4 Pregnancy 10
1.54.5 ReNal IMPAIFMENL..........cccuveeeeeeiieeieeieeceeeecteste e sae et staestaessaessresnsesnseensaenes 10
1.54.6 Hepatic IMPAITIENL ..............occveeeeeeeeiieeeieeecee et eetee e eve s eette e s beeestae e sbeessaeeesasees 10
1.5.5 Drug Interactions 10
1.5.6 Adverse Effects 12
1.5.6.1 HEPDALIC ..ottt e e et e st e e e bt e e s bee e bae e taaesabaeenareean 12
1.5.6.2 DEFrMALOIOZICAL ..ottt ettt st ssb e e sse e e e saessnessneans 12
1.5.6.3 MEIABDOIIC ...ttt sttt ettt 12
1.5.6.4 GASIPOTNIESIITAL ...ttt ettt et sttt eneenee e enes 13
1.5.6.5 HaematoloGiCal ..............cccoovueeeuiiiiieieiieeeeeee ettt 13
1.5.6.6 Musculoskeletal and NeuroloGiCal................c.oceueecuieeieciisieiieiieeieeceeseesaesae v e 13
1.5.7 Resistance 13
1.6 CLINICAL PHARMACOKINETICS 14
1.6.1 Dosage and Administration 14
1.6.1.1 AUIE PALIENES ...ttt ettt ettt sttt ettt e s e e steebeebe e s e nnes 14
1.6.1.2 PaediQUric PATIENES ........ocuoeeeiiieieeeeeee ettt 14
1.6.1.3 Patient MORTIOVING ..........cocueiviiiiiiiiiiieeeeeee ettt ettt ettt et e n 14
1.6.1.4 DOSAZE ATJUSIMENL .......ocvveeveerieeieeieereere et ee e sbesbeete e st e staessbessbesssessseesseenens 14
1.6.1.5 OVEFAOSAZGE ...ttt ettt sttt sttt s 15
1.6.2 Absorption and Bioavailability ..........ccccceeviiiriiiiieniiecie e 15
1.6.3 DISIITDULION ...ttt ettt et s e ettt e bt et e e bt e sseesateenseeseesseesanesanenns 16
1.6.4 Metabolism 16
1.6.5 Elimination 17
1.6.6 Pharmacokinetics in Special Populations 17
1.6.6.1 RENALI PALIENLS ...ttt ettt s 17
1.6.6.2 Hepatic IMPAITIENT ..........cc.ooviiieiiiieie ettt ettt et sttt n 17
1.6.6.3 GONART ..ottt ettt et e b e be e st sttt et 17
1.6.6.4 RACE......ooiiiiiiiiiee et 18
1.6.6.5 GEFIAITIC PALIENES ......ceeieiiiieeeee ettt ettt ettt sttt et 18
1.6.6.6 PaCIAIFIC PALIENES ...ttt s 18

1.7 CONCLUSIONS 18
CHAPTER TWO 21
HPLC ANALYSIS OF NEVIRAPINE 21

viii | Page



2.1 INTRODUCTION

2.2 PRINCIPLES OF RP-HPLC

2.2.1 Column Selection

2.2.2  Methods of Detection

2.2.3  Mobile Phase Selection

2.3 RESPONSE SURFACE METHODOLOGY (RSM)

2.3.1 Overview

2.4 ANALYSIS OF NEVIRAPINE

2.5 EXPERIMENTAL

2.5.1 HPLC Apparatus.........c..........
2.5.2  Chemicals and Reagents ...........
2.5.3  Preparation of Stock Solutions..

2.5.4  Preparation of Internal Standard ............coccieeiiiiiiiiiiiieee e

2.5.5  Preparation of Mobile Phase.....
2.5.6  Selection of Internal Standard...

2.5.7 System Suitability Testing.......

2.5.7.1 Theoretical Number of Plates (IN) .......cccocevevueeviesiesieeciieereeciiesieeseessessesssesssessssessnenns

2.5.7.2  Peak Asymmetry Factor (Peak Tailing FACIOT) ..........cccveeuieiieiiiiiiiiieiieieeseeeeeneens

2.5.7.3 Resolution Factor.................
2.5.7.4 Capacity Factor ...................
2.5.8  Experimental Design.................
2.59 RP-HPLC Method Validation..
2.5.9.1 Introduction.........................
2.5.9.2 Linearity and Range.............
2.5.9.3  PreciSion ..........ccoecceeeeuuene.
2.5.9.3.1 Repeatability .....................
2.5.9.3.2 Intermediate Precision......
2.5.9.3.3 Reproducibility..................
2.5.94 Accuracy .......cceceeeeeeneunnne

2.5.9.5 Limits of Quantitation (LOQ) and Detection (LOD) .............cocovuevvueicreevveiiesieenvenneans

2.5.9.6  Specificity .....ccoeevueevueeunnnen.
2.5.9.7 ASSAY ceeeeeiiieeeeee e,

2.5.10 Stability Studies

2.5.10.1 Introduction...................

2.5.10.2 Oxidative, Acidic and Alkali Degradation StUdIes...............cc.cccoueeeceiescieeciiieiieeeereeanns

2.5.10.3 Photo Degradation Studies

ix|Page



2.5.10.4  Neutral Hydrolytic STUAIES .........c..covuevuieeeiiiiieiiiesiesiescieecteeteesiseseesesesssesseessaessaessnenes

2.6 RESULTS AND DISCUSSION
2.6.1 Chromatographic System Suitability Tests

2.6.2 Central Composite Design

2.6.1.1.1 Model F-Value.................
2.6.1.1.2 Coefficient of Variation...
2.6.1.1.3 Adequate Precision .........

2.6.1.1.4 R’ Predicted R® and Adjusted REVAIUCS oo

2.6.1.1.5 Residual Analysis ............
2.6.1.1.6 PRESS ......ccccoevvvvuvuninnn.

2.6.1.1.7 Box-Cox Plot for Power TranSfOrmations ............c.ccceccueeeeeceeseeseeseesieeseeseeseeseeens
2.6.1.2  ANOVA: Retention Time of NVP .....cccoocoviiiiiiiiiiiiienecceeeee e

2.6.1.2.1 Significant Factors Affect

ing the Retention Time Of NVP.......cccccevvevviecieiieiieneenne

2.6.1.2.2 Response Surface Model Plots for Retention Tile ............couecvevverieeicveaiveeieeseeseennenes

2.6.1.3  Evaluation of Model Adequacy for Resolution FACLOF..............cccevcuercreeceesiesienirenenens
2.6.1.4. ANOVA: Resolution Factor.........ccocieiiiiiiiiiiiiieiieiese et

2.6.1.4.1 Significant Factors Affecting ReSOIUtION FACLOF ............cooceveevesieesieeirieieesieeseesaennenns
2.6.1.4.2 Response Surface Model Plots for Resolution FACIOT ............cccccvceveeevenceesenenceeninenn,

2.6.1.5 Validation of EXperimental DESIgN .............coevveveeeiieecriecriesieeseeseessessessseesseessnesneens

2.6.2  HPLC Method Validation

2.6.2.1 Linearity and Range...........
2.6.2.2  Precision........ccceveennnee.
2.6.2.2.1 Repeatability ...................
2.6.2.2.2 Intermediate Precision....
2.6.2.3 ACCUFACY ..ccoveeeaeaaeeannnn
2.6.24 LOQandLOD....................
2.6.2.5 SpecifiCity ...couveeeeeerenaannns
2.6.2.6 ASSAY cvveeeiieeiieeieeeeeeennn
2.6.3  Stability Indicating Studies

2.6.3.1 Oxidative Degradation StUdIes .........................ccccccueeeeiieciieiiieiieeecieeeieesree e svee s

2.6.3.2 Acidic Degradation Studies
2.6.3.3 Alkali Degradation Studies
2.6.3.4 Neutral Hydrolytic Studies
2.6.3.5 Photo Degradation Studies
2.7 CONCLUSIONS

x|Page

44
44
44
46
46
47
47
47
49
49
50
50
51
53
54
54
55
57
60
60
61
61
62
62
63
63
64
65
65
66
66
67
68
70



CHAPTER THREE
DISSOLUTION TESTING OF NEVIRAPINE SUSTAINED RELEASE TABLETS

3.1

3.2
3.2.1
322

3.3
3.3.1
332

34
34.1
342
343
344
345
3.4.6

3.5
3.5.1
352
353
354

3.6.

3.6.1
3.6.2
3.63
3.64
3.6.5

3.7

CHAPTER FOUR

INTRODUCTION
EXPERIMENTAL

Apparatus and Reagents

Preparation of Dissolution Media

METHOD DEVELOPMENT

Overview

Design of Experiments and Selection of Dissolution Test Conditions
3.3.2.1 Dissolution Medium ..............ccceecueeeuennn.e.
3.3.2.2  Surfactant USe.........cccccoeveeeceesceeseaneeannn.
3.3.2.3  Agitation Rate or Dip Speed. .......................
3.3.2.4  MeSh Size ...oeeeeeeieieiiiieiieeeee e
3.3.2.5  Buffer Molarity...........cccccoveevvevvvenivenrenrennn
VALIDATION OF DISSOLUTION METHOD

Specificity

Linearity of Dissolution Method

Precision

Accuracy

Stability of Sample Solutions in Dissolution Medium

Comparison of Dissolution Profiles

RESULTS AND DISCUSSION

Effect of SLS on Dissolution Rate of NVP

Effect of Agitation Rate on Dissolution Rate

Effect of Mesh Size (MS) on the Rate and Extent of NVP Dissolution

Effect of Buffer Molarity on Dissolution Rate
METHOD VALIDATION

SPECIICILY vouvveiieeiiieie ettt

Linearity and Range

Y (0 [ () s DO

Accuracy

Stability of NVP in Dissolution Medium

CONCLUSIONS

xi|Page

72

72
76
76
76
76
76
77
77
77
78
78
79
79
79
79
80
80
80
80
81
81
&3
85
86
88
88
88
&9
90
91
95

97



PREFORMULATION AND ASSESSMENT OF POWDER BLENDS FOR NVP SUSTAINED

RELEASE TABLETS 97
4.1 INTRODUCTION 97
4.2 SELECTION OF PHARMACEUTICAL EXCIPIENTS 97
4.2.1 Hydroxypropyl methylcellulose (HPMO)........c.ccccveviierieniiriieeeeeeesee et 98
422 Methacrylic Acid COPOLYMETS .....cccueeiuiiiiiiiiiieeie ettt 99
423 CATDOIMIETS ...ttt sttt ettt et b et e st sb et esbeeseebeeaeenee 100
424 Dibasic Calcium Phosphate (DCP) .........coouiiiiiiiiiiiecieeeee ettt 101
4.2.5 Microcrystalling Cellulose (MCC).......oiiuiiiiiriiiieeie ettt 101
4.2.6 Spray Dried Lactose (SDL)......cveciirieiieiiieieeieeseeseesteereereesseeseeesenesssessseesseesseessnenes 101
4.2.7 Magnesium Stearate (Mg StEarate).........ccecceereerieeiieeieerieeie ettt 102
4.2.8 TALC ettt ettt et a et e bt bt et et ent e eeeaeenes 102
429 Colloidal Silicon DIoXide.......ccccueriiiiiiiiiieiieriieeie ettt 102
4.3 PHYSICOCHEMICAL PROPERTIES 103
4.3.1 Particle Size and SHAPe...............ccocoveiiiiiieiieiieeeeeeee et 104
432 POWAET DEINSILY ......vveeveeiieciii ettt ettt tesve et ste e s tae b e s sbaesbeessaesseessnessseesseesseenens 106
4.3. 2.1 BUIK DERSTLY ...ttt 106
4.3.2.2  TAPPEA DENSILY ...ttt ettt 106

4.4 DRUG-EXCIPIENT COMPATIBILITY 107
4.4.1 API-EXCipient INtETaCtiONS. .......ceeeuirieeiieiieiieritesieete ettt et et e steete e e e ebeenseeseee s 108
4.4.1.1 Mechanism of API-Excipient INteractions...........cccccueveveereevieeneeneesiesreereereeveenees 109
44011 PhySiCAl INLETACIIONS .....cceeeveeeeiieeii ettt et ettt ettt st st eeaeenteesseesseesnneens 109
4.4.1.1.2  Chemical INTETACTIONS .........cccueeeeeeeeeeeieeeee ettt ettt ee e eneens 109
44.1.2 Beneficial API-Excipient INteractions ...........ccceevueerirerieeriienienieeieeieerieesee e 109
44.1.3 Detrimental API-Excipient INteractions...........ccccuerverveeireerieeseeneesresreereeveesseesens 110

4.5 EXPERIMENTAL 111
4.5.1 Particle Size and Shape.........cccoecveciieiiieieee e 111
452 ANGLE OF REPOSE....uviiiiiiieiieiiece ettt ev e e ve e ta e st estbeesbeesbeesseesbaesssessseensens 111
453 POWAET DENSILY ...evvieiiieiieciieeieee ettt ettt st e st e st eesbeenbeeseenseesnsesnseenseas 111
454 Thermogravimetric ANALYSIS......c.cccviiviierieiieiieiieeire et eseeseesresreereereesseesseesssessseesves 112
4.5.5 Differential Scanning CaloTiMELIY ........ccverierierieriiieieerierieeieeie e eiee e seeseeeeeeeneees 112
4.5.6 FT-IR SPECIIOSCOPY ..vvveeerieeeiieeriiiestieeteeesteeetreessseessseeessseessseeessseessseeessseesssessssseesssesanes 113
4.6 RESULTS AND DISCUSSION 113
4.6.1 SEM ettt ae et et e a e et e teeat e bt ereenteteentenneeneennan 113
4.6.1.1  PATLCIE SHAPE ...ttt ettt e tte s e e stae e stve e s beeetbe e s beeeaaaenereaas 113
4.6.2 ANGIE OF REPOSE....eevuiiieiiiiieiieieeriie ettt ettt et et e s e e be et e esba et e e sseessaesnseenseensaessaesseessnenns 118

xii | Page



T T B 1<) 13 1 2RSSR 119

4.6.3.1 Bulk and Tapped DERSILy ............coooueeiuieiieiieiieee ettt ettt ettt et e s eas 119
4.6.3.2 Carr’s Index and HAUSNET RALIO ..........cocceeueeeeiieieieiieeee ettt 119
4.6.4 Thermogravimetric ANALYSIS. ......eeiieriiriiiiieieeitee ettt ettt ettt ee e e s e 120
4.6.5 Differential Scanning CalOTimMeEtIY .........c.eevvverieerieriieriieiiereeieesee e sreeseesseessaessnessneans 120
4.6.6 TR SPCCIIOSCOPY eevveenetieeiiieetieeetee ettt et e ettt et e st e etteeebeeesaeesnbeesnseeesnsaesnseeenssaesnseeennses 133
4.7 CONCLUSIONS 136
CHAPTER FIVE 138
FORMULATION DEVELOPMENT AND ASSESSMENT OF NVP SUSTAINED RELEASE
TABLETS 138
5.1 INTRODUCTION 138
5.2 SUSTAINED RELEASE DELIVERY SYSTEMS 139
5.2.1 IMAALTIX SYSEEIMS ..veevveerieriiesiiestesreereeteesseesseesseesssessseesseessaesseessseasseesseesseesssesssesssenssessens 139
522 RESEIVOIT DEVICES ...ttt ettt ettt et et e e seeeneens 142
5.2.3 OSMOLIC DIEVICES ....enuvieiiieiieiiesiie ettt ettt ettt et e bt e bt e bt e sbtesatesateenseeteesseesaeesnseens 143
53 EXPERIMENTAL 145
5.3.1 Method of Manufacture of NVP Sustained Release Tablets............ccccceevieninnirninnnen. 145
532 FOTMUIATION ...ttt ettt s 147
533 Quality Testing and Desirable Attributes of NVP Tablets..........ccoocveeieiiiniiniriieenen. 147
5.3.3.1 CONLENE UNIFOTTILY ..vocevveeveeiieiieseeeee e eteesteesteesaesvesebessseessaesasestaessbeasbeesseesseensnenes 147
5.3.3.2  NVP ASSAY oottt ettt sseestessesst e baeseesseseesaensesneensenseennens 148
5.33.3 WEight URTfOFIILY ......oocveeevierieiiesiiesieestesteeveeteesteesaesttestsessbeesseessaesssesssesssessseansans 148
5.3.3.:4  HAFPANESS ..ottt ettt st 148
5.3.3.5 TENSILE SFORG ...ttt sttt 148
5336 FFIADIIILY .ottt ettt sttt eneen 149
5.3.3.7  InVitro API Release StUTIES ............cccccueeeeeceeecieciieciiesiesieeseestesee e essaesseesnaesnne e 149

5.4 RESULTS AND DISCUSSION 149
54.1 Quality Testing and Desirable Attributes of NVP Tablets 149
5.4.1.1  COntent URIfOTIMILY .....ccveeeeeeeiieeire e esieesteeseestesveevesseesseestaasssesssesssessseesseesssassneans 149
5:4.1.2 NP ASSAY .coueiiieaieiiieiieeete sttt sttt sttt b ettt ettt et 150
5.4.1.3  Weight URIfOFMILY .......oocueeeieeiieeieeie et et esttesteesteste et eteesseessaessaesasesnseensaeseesseesnnenns 150
5.4.1.4  TADIEt HAVANESS ..ottt ettt sttt 150
5.4.1.5 TENSIIE SIIONG ..ottt ettt et ettt e sta e satesatesnseesaesseesanesnseans 150

5.4 1.6 FFIADILILY ..ottt ettt ettt ettt s e e sta e e s sb e e s ataeesbaeesbaeensseessseeensaaenssenns 150
54.2 In Vitro API Release Studies 152

xiii | Page



5.5 CONCLUSIONS

CHAPTER SIX
FORMULATION OPTIMISATION
6.1 INTRODUCTION
6.1.1 Use of RSM for Formulation Optimisation
6.1.2 Box-Behnken Design (BBD)
6.2 EXPERIMENTAL

6.2.1 Experimental Design
6.2.2 Manufacture of NVP Tablets
6.2.3 Physical and Chemical Characterisation of NVP Tablets
6.2.4 In Vitro Release Studies

6.2.5 Water Uptake and Erosion Studies

6.2.6 Mathematical Modelling of Drug Release
0.2.0.1  OVEFVIEW ..ttt ettt ettt sttt ettt st sttt e
0.2.6.2  Zero-Order Model................coocoeeieiiiiiiieiieieeseeee ettt
0.2.6.3  First-Order MOdel...............cccooceioieieiiiieeee ettt
0.2.6.4  HiIGUCHT MOeL...........cccuooeeieiieieieeeee ettt sttt saee e ens

6.2.6.5  Korsmeyer-Peppas MOdel.................ccoccvevievieiiiiiiieeciiecreecreesieesvesvesseesseesseesiaessnenns
6.2.6.6  Hixson-Crowell Cube ROO LAW .........cc.ooceeieeeiieieeiieiiecieesieesiee et sae e
6.2.6.7  Determination of Best Fit Mathematical Model ................cc.cccoveuvveeriiennceenienniannanns

6.3 RESULTS AND DISCUSSION
6.3.1 BoX-BehnKen DESIZN ......ccciiruiiiiieiieieeiieteie ettt ettt st s

6.3.2 Determination of Regression Models and Statistical Evaluation............c.cccccevvevvennnnnns
6.3.2.1  Evaluation of Model AAeQUACY ................cccoeveeeiisieeiieiieseeseee st
6.3.2.2  ANOVA fOF RESPONSES ..c.cvveeveaereesreesiveereeireeiteesisesaessessessseesssesssesssessesssesssessssessnenns
0.3.2.3  ANOVA fOF RESPONSE Yiuouvveeieiieieeeiieeieeitesieesitesteetesteeteesseesseesesesnsesseesaessaessnenns
6.3.2.4  Diagnostic Plots fOr ReSPONSE Yi....ccccvvevievrieiieeieeieeereeeieeseesisesveeveesveesveesveseneens
6.3.3.5 Response Surface Model Plot for RESPONSE Y .......ccveveeecieecriecriecieciieseesveeveenes

6.3.3 Physical and Chemical Characteristics of the Tablets ...........cceccevirieniniiininiesenenee

634 Kinetics Of NVP REICASE.......cecueiuieeieiiiiieieeie ettt

6.3.5 Optimisation of Variables and Validation of the Experimental Model .........................

6.3.6 Water Uptake and Erosion StUdIES ........ceeveevieiiiiiiieiiciicciecee et
6.3.6.1  Effect of pH on Swelling and Erosion of NVP Tablets...........c..cccocvveevoenienccnenene.
6.3.6.2  Effect of Buffer Molarity on Swelling and EVOSiON .............cccccecueeeeeeesirieecreeaeeeennenn

xiv|Page

162



6.4 EFFECT OF FORMULATION COMPOSITION ON NVP RELEASE, SWELLING AND

EROSTON ...ttt ettt et et e et e e et et e e st e e e eseens e seestenseeseense s e ensensesseensansesnnensenneenes 201
6.4.1 Effect of HPMC Grade on Dissolution Rate of NVP ......coccoooiiiiiiiiiiiiieeee 201
6.4.1.1 Effect of HPMC Grade on Swelling of NVP Tablets...........ccccoovoevoinoiniiiiiiiieiieeenn, 203
6.4.1.3  Effect of HPMC Grade on EVOSION .........cocovivieiiiieiiiieieeseeese et 204
6.4.2 Effect of Grade of MCC on Dissolution of NVP ..o 207
6.4.3 Effect of Lactose Type on Dissolution of NVP .......ccccociiriiiiiicieiieeece e 209
6.5 CONCLUSTONS .ottt ettt ettt et et e et e tesatebeeteesteseentensesseensesseensenseeneenes 211
CHAPTER SEVEN ...ttt ettt ettt et eat et e s bt et e st eneeeesneenean 214
CONCLUSITONS ..ottt ettt ettt et et e st e st et e sse e beeseesseseessensesseensanseessensasseessenseassensensennsas 214
REFERENCES ....... .ottt ettt ettt ettt st et eea e et e es e eneetesseemtesteenteseeneenes 221
BATCH PRODUCTION RECORD-NVPOOT ..ottt 254
APPENDIX TWO ...ttt ettt ettt et et sst e b e saeesse s e esaensesseensansessnensenseenes 258
BATCH SUMMARY ...ttt sttt sttt e et e e e sb e e st e tesse e e e eteeneenseeneenes 258
APPENDIX THREE .........coccoiiiiiiiieeeeeeeett ettt ettt et ss et sesseesbe s e ennesenneenes 297

Diagnostic and response surface plots for responses monitored in Box-Behnken design optimisation
PIOCESS. eteutteeeutteetteeniteeetteeeutee ettt esuteesabte e ateesabeeeasteesabeeasbeesabeeaabeeeenbeeeabbeesatee s beeeanbeesabbeenbteesbbeenabeenn 297

xv|Page



LIST OF TABLES

Table 2.1. Analytical methods for the analysis Of NVP ........cccovviieiiiniiiniciceeeeee e 30
Table 2.2. Experimental factors and levels used in CCD...........ccccvveeeiiiiciiiiiiieieecee e 36
Table 2.3. CCD Experiments performed, coded and actual factors ...........ccccveevveeeciiicieeciee e, 37
Table 2.4. System SUItaDIlItY TESUILS.......ccciireriecrieiierierieste sttt e e e e e esseessaessaessseenseas 44
Table 2.5. CCD experiments and measured FESPONSES. .....c.vveerrrerreerereeerreerireeessreeseseeessreesseessseeessseens 45
Table 2.6. Summary of model adequacy parameters and associated values............cocceevververcrenrennnen. 46
Table 2.7. ANOVA for response surface quadratic model analysis of variance table [partial sum of
squares-type II1] for the retention time of NVP ..o 50
Table 2.8. Summary of model parameters and values used to evaluate adequacy of the model for
TESOIULION TACTOT ...ttt ettt et et ettt e st esa e s it e eate e teesbeeentesateenbeenseenseennes 53
Table 2.9. ANOVA for response surface quadratic model analysis of variance table (partial sum of
squares-type 1) for the reSolution fACtOT .........c.eiviiiiierieiie et 54
Table 2.10. Summary of chromatographic CONItions ............cecueereerienienieeie et 58
Table 2.11. Validation of experimental model: comparison of predicted and actual responses .......... 60
Table 2.12. Summary of results of repeatability StUAIES .........cooueeiieiierieiieec e 61
Table 2.13. Results of intermediate preciSion StUAIES .........cccvervveerieeriierieerieereereereereeseeeseesereeeseensees 62
Table 2.14. Summary of results of aCCUraCy StUICS .......cccvervvieriieriierieriecte ettt ere e 62
Table 2.15. Results for LOQ determination for HPLC analysis of NVP ........coccooiiiiiiiiniinieee. 63
Table 2.16. Assay results for commercially available products..........cccceeeveeeiieciiecienierieseeeee e 64
Table 2.17. Stabilify data........ccceoiriiiiiiiieet ettt sttt et 70
Table 3.1. Official USP disSolution APParatus ...........ccecereeriererienieneeienieniteiesieetenie et 73
Table 3.2. Dissolution medium pH and duration of testing for formulation development studies and
optimised product CharaCteriSAtION ...........c.eecuieiiieriierierie ettt ettt ettt et e s aeesaeesneeeneeas 77
Table 3.3. Mesh sizes for use in USP APPAratus 3 .........cccceevveevieereenienienieereereereereesseeseeessseesseessees 78

Table 3.4. Comparison of dissolution profiles of NVP release in medium with different
conCeNtrations OF SLS ....o..iiiiiei ettt ettt e st e et e sttt et e bt e s aeesatesneeeneean 83
Table 3.5. Comparison of dissolution profiles obtained from different dip speeds in USP Apparatus 3

to USP Apparatus 2 at SO IPIM c...eeuiiiiiiiiiiieicececeteet ettt sttt ettt s e e 84
Table 3.6. Comparison of NVP dissolution profiles at different agitation rates ...........c.cceceverveevennenn 84
Table 3.7. Comparison of dissolution profiles of NVP generated from using different mesh screen
SIZS v euuteuteeute et et e bt e st e e e tteeat e et e e te e bt e b eeeateea bt ea bt ea bt e bt e bt e ehteeateeate e ke e bt e eseeenteente e bt e beeseebeenatesateenteennean 86
Table 3.8. Comparison of dissolution profile of NVP generated from use of different molarity media.
Red = 0Ut Of SPECITICATION ......vieuiieiieiieciie ettt ettt st e ete e teesseesnaeseseenseenseenseennes 87
Table 3.9. Summary of selected dissolution CONAILIONS ........c.ccoveevveerierienieeie et see e eereeneas 87
Table 3.10. Results for repeatability STUAIES .......ccvvevierieiiiiii ettt sare b eane s 89
Table 3.11. Results for intermediate or inter-day preCiSion ..........cvveveereeriieeieerieeieeeereesee e seeeneens 90
Table 3.12. Results for aCCUTaCy STUAIES .....cvecvieriieriieiieiiecie ettt e seesreeereeveeveesseesraestaeerneesses 90

Table 3.13. Stability (%recovery) of NVP in dissolution media under different storage conditions...91
Table 3.14. ANOVA single factor analysis for stability of NVP in 50 mM phosphate buffer of pH 1.6
stored at 37, 22 and 2-8 OC fOI 48 NOULS ......covviiiiieieie ettt e 92
Table 3.15. ANOVA single factor analysis for stability of NVP in 50 mM phosphate buffer of pH 4.7
stored at 37, 22 and 2-8 CC FOI 48 NOUIS ......covviiiiiiiiiei ettt 93
Table 3.16. ANOVA single factor analysis for stability of NVP in 50 mM phosphate buffer of pH 7.2
stored at 37, 22 and 2-8 C fOr 48 NOUTS .......cccuviiiieiiei et 94

xvi|Page



Table 4.1. Excipients used in NVP SR tablet formulation development ...........ccccccveevvieniieeneeenee. 103

Table 4.2. Interpretation of Hausner Ratio and Carr’s INdeX .........ccoecvveiieriienienienieeieeieerieesee s 105
Table 4.3. Interpretation of angle 0f TEPOSE ....c.eeriiriiiiiiiiieee e 106
Table 4.4. Techniques for testing drug-excipient compatibility and utility of data. .............ccccceeee 108
Table 4.5. Summary of particle size distribution of NVP and excipients .........c.ccoccevereveneneenienennnn. 117
Table 4.6. Flow characteristics of powder blends used in formulation development studies............. 119
Table 4.7. Assignment of vibrational frequencies for functional groups of NVP.......c..cccoevvevvinnnns 133
Table 5.1. Formulation composition of experimental batches NVP0O01 — NVPO12 ..........cccccoceeneee 147
Table 5.2. Content uniformity of NVP tablets .......cccccoooiiiiiiiiiiiieee e 149
Table 5.3. Quality attributes 0f NVP tablets .......ccccovcviiciiiiiieiierieciece e 151
Table 6.1. Levels of input variables and responses monitored for BBD...........ccccoeociiiiiiiiiieeieeenee. 166
Table 6.2. Actual experiments and coded factor levels for the optimisation process.................... 164
Table 6.3. Values for n and associated transport mechanisms for films, cylinders and spheres....... 172
Table 6.4. Responses observed for Box-Behnken design experiments. ...........ccccoveeeriieneeneenennnnnne 173
Table 6.5. Results of model analysis and lack of fit..........c.ccovveviiiriiiiciiicice s 175
Table 6.6. Summary of analysis of coefficients of correlation, R%............cccocooveiveeriemieeeiesesrseen. 176
Table 6.7. Summary of best fit models, significant factors and equations describing input variables
AT TESPOMISES ...vvevveeveesieeasreareeteesttessseasseesseesseeseesssessseasseasseesseesssesssessseasseesseesssesssesssenssesssesssessseessneans 179
Table 6.8. ANOVA for the response surface 2FI model [partial sum of squares — type III] for
L] 010) 1 1L 4 PSPPSR 181
Table 6.9. Physical and chemical characteristics of tablets from Box-Behnken design .................... 189
Table 6.10. Summary of NVP release kinetics for BBD formulations ............cccceveiiriiiiieinenninnnnnne 191
Table 6.11. Formulation variables for starting formula and optimised batch .............cccceeevveriennns 192
Table 6.12. Validation of experimental model: predicted and observed responses .............cceeeeeuenee 193
Table 6.13. Comparison of drug release kinetics of batch NVP030 and Viramune® XR .................. 195
Table 6.14. Rate of dissolution medium uptake for the different time phases of testing ................... 197
Table 6.15. Formulae for tablets using different grades of HPMC, MCC and lactose .............c........ 201
Table 6.16. Comparison of f; and f, for NVP release from formulations with HPMC of different
MOLECUIAT WEIGNES .....vieiieiieie ettt et ettt e bt e s bt e st e enteenteebeesseesneesneeens 202
Table 6.17. Rate constants of dissolution medium uptake for tablets manufactured using HPMC of
different molecular WeIZht..........ccviiiiiiiiiicececcee et sa e erb e e b e e raesraeseae e 204
Table 6.18. Erosion rate constants of tablets manufactured with different molecular weight HPMC
............................................................................................................................................................ 205
Table 6.19. Physical characteristics of MCC grades. .........cccceeerieninienieninieneneeieseeeeee e 208
Table 6.20. Similarity and difference factors of dissolution profiles from tablets with different MCC
GEAAES c.vvivvieirieteeiee st e et e et e et e et e e be e taestbeetbeea b e e beeataeetbe et beerbe e b e e tb e bt eaebeerbeerbe e taetaeetaeerbeenbeetaeareesrreans 208
Table 6.21. Physical characteristic of lactose used in these studies...........ccevvevvveriirciieniieniienieeeens 210
Table 6.22. Comparison of dissolution profiles from tablets manufactured using different grades of
JACTOSE <.ttt h ettt bt et h e e a e bt e a et s h ettt eb e et e bt e st e bt eat et ebeeates 210

xvii| Page



LIST OF FIGURES

Figure 1.1. Chemical structure 0f NVP.......cooooiiiii et 2
Figure 1.2. UV absorption spectrum of NVP in methanol [23]. .....c.cccceevieviiriiiniieiiceeeereenee e 3
Figure 1.3. Synthesis reaction scheme for the production of NVP ..o 6
Figure 2.1. Normal probability plots of residuals for the retention time of NVP. ..........cocooiiininie. 48
Figure 2.2. Plot of residuals versus predicted responses for the retention time of NVP...................... 48
Figure 2.3. Box-Cox plot for power transformation of retention time data for NVP........................... 49
Figure 2.4. Contour plot showing the effect of changes in column temperature and organic solvent
concentration on the retention time of NVP. ... 52
Figure 2.5. Contour plot showing the effect of changes in flow rate and organic solvent concentration
on the retention time OF NVP. ..o et 52
Figure 2.6. Contour plot showing the effect of changes in flow rate and column temperature on the
retention tiMe OF NV P. ...o.o ettt ettt ettt et s beeeesaeeneens 53
Figure 2.7. RSM plot showing the effect of column temperature and amount of organic solvent on the
TESOIULION TACLOT. ...ttt ettt ettt et e st et e st e es e et e e bt emeesseeneetesseeneensesneens 55

Figure 2.8. RSM plot showing the effect of changes in mobile phase composition and flow rate on the
TESOIULION TACLOT. ...veneiiiiiieiiteie ettt ettt sttt sbe et ettt et sbe e eneesaeens 56
Figure 2.9. RSM plot of the effect of flow rate and column temperature on the resolution factor......57
Figure 2.10. Typical chromatogram of the separation of NVP (60 pg/mL) and CBZ (100 pg/mL). ..59

Figure 2.11. Calibration curve for NVP over the concentration range 1 - 240 pg/mL (n = 5). ........... 61
Figure 2.12. Comparison of chromatograms of a standard solution of NVP (A) and NVP solution
from commercially available tablets (B) at a concentration of 60 pg/mL. ........cccoecveiienieninnirnieeen. 64
Figure 2.13. Typical chromatograms of NVP (60 ug/mL).following exposure to 30% v/v H,O, at 2,
4, 6 and 8 NOUT tIME POINES. .....eevierieeriiertieeteete et estee st teete et ebeeteesbeesseesateenseenteeteesseesneesnsesnseeseeseennes 65
Figure 2.14. Typical chromatograms of NVP (60 pg/mL) following exposure to 0.1 M HCl at 2, 4, 6
ANA 8 NOUL LIME POINES....cvviiiiiiiiiiestiesteste ettt et et e eeseestaessbeesseesteesssesssessseasseasseesseesssesssesssensseansens 66
Figure 2.15. Typical chromatograms of NVP (60 pg/mL) following exposure to 0.1 M NaOH at 2, 4,
6 AN 8 NOUTS. ...ttt ettt ettt ettt sae e b e 67
Figure 2.16. Typical chromatograms of NVP (60 pg/mL) following exposure to neutral hydrolysis at
R X4 o B 10101 o F RO 68
Figure 2.17. Typical chromatograms of NVP (60 pg/mL) following exposure to 500 w/m?, at 27 °C at
R X4 o BT 10101 o F TR ORRR 69
Figure 3.1. NVP dissolution profiles in 50 mM phosphate buffer with different amounts of SLS (n= 6,
dip rate = 8 dPm, PH = 60.8)...eiiiiiiiiieiciecece ettt st s b e b e e te et s ab e e raeerbeenre s 82
Figure 3.2. Dissolution profiles of NVP using different agitation rates in 50mM phosphate buffer, pH
0.8 et h ettt h e h e bt h ettt h e bt bbb ettt et be bt ae b e 83
Figure 3.3. NVP dissolution profiles using mesh screens of different size in 50 mM phosphate buffer
Of pH 6.8 (N =6, dip rate = 8 APIM). c.veevviiiiiieeiiciieeeeeceece et ettt ev e b e e ve e te e aaestaeeraeeasees 85

Figure 3.4. NVP dissolution profiles in media of different molarity (n =6, dpm =8, pH = 6.8)........ 86
Figure 3.5. Comparison of chromatograms of a standard solution of NVP (A) and NVP from tablets

in dissolution medium (B) (30 /ML), ..ccviiiiiiieiieieciecee ettt eve v ve et etaeeabeeaae s 88
Figure 3.6. Calibration curve for NVP over the concentration range 1 — 220 pg/mL (n = 3).............. 89
Figure 4.3. TGA thermogram of NVP generated at a heating rate of 10 °C/min...........ccccceevevvernnnne 120
Figure 4.4. DSC thermogram of NVP generated at a heating rate of 10 °C/min. ...........cccccvvevvveennenns 121
Figure 4.5. DSC thermogram of DCP generated at a heating rate of 10 °C/min. ...........cccecvevvernnnne 122
Figure 4.6. DSC thermogram of Mg stearate generated at a heating rate of 10 °C/min. ................... 123
Figure 4.7. DSC thermogram of SuperTab” SDL generated at a heating rate of 10 °C/min. ............ 124

xviii | Page



Figure 4.8a. DSC thermogram of colloidal silicon dioxide generated at heating rate of 10°C/min. . 125

Figure 4.8b. DSC thermogram of Avicel” PH102 generated at a heating rate of 10 °C/min. ........... 125
Figure 4.8c. DSC thermogram of Eudragit® RSPO generated at a heating rate of 10 °C/min........... 126
Figure 4.8d. DSC thermogram of Carbopol® 71G NF generated at a heating rate of 10 °C/min. ..... 126
Figure 4.8e. DSC thermogram of Methocel® K4M generated at a heating rate of 10 °C/min........... 127
Figure 4.8f. DSC thermogram of talc generated at a heating rate of 10 °C/min..........ccccceeveeninnnne 127
Figure 4.9. DSC thermogram of a 1:1 binary mixture of Avicel® PH102 and NVP generated at a
heating rate Of 10 CC/MIN. .......cccviieiieiierieiee ettt ettt e eesbeebe et e esseessaessaesssessseesseesseessesssssssseans 128
Figure 4.10. DSC thermogram of a 1:1 binary mixture of NVP and Mg stearate generated at a
heating rate Of 10 CC/MIN. .......occviiciieriieriesee et ete ettt e estesbe et e esbeesseessaessaesssessseesseesseesseesssessseans 129
Figure 4.11. DSC thermogram of a 1:1 binary mixture of Methocel® K4M and NVP generated at a
heating rate Of 10 CC/MIN. .......cccvieriieiieiierie ettt ettt e s tesbeebeesseesseessaesssesssessseesseesseessessssesssenns 130
Figure 4.12. DSC thermogram of a 1:1 binary mixture of NVP and DCP generated at a heating rate
OF 10 PO/ ¢ttt ettt b ettt et bt et e stesbt et s bt e st e bt sae et e nbeeanes 131
Figure 4.13. DSC thermogram of a 1:1 binary mixture of NVP and SDL generated at a heating rate
OF 10 CCO/MMUNL ¢ttt sttt et ettt et s bt et e st sbt et e s bt e st e bt sae et e nbeeanes 131
Figure 4.14. DSC thermogram of a 1:1 binary mixture of NVP and talc generated at a heating rate of
1O CC/MUNL 1.ttt ettt ettt b e sttt et a e b e nes 132
Figure 4.15. FT-IR absorption spectrum of NVP. ..ot 134
Figure 4.16. FT-IR spectra of 1:1 binary mixtures of NVP and excipients. .........cccoeeerererciennnnenne. 135
Figure 5.1. Mechanism of drug release from a non-eroding diffusion-controlled matrix.................. 141
Figure 5.2. Mechanism of drug release from an erosion-controlled matrixX...........cccecveveereeneennnne 142
Figure 5.3. Mechanism of drug release from reservoir sustained release system. ..........ccccceceereenenne. 143
Figure 5.4. Schematic presentation of mechanism of drug release from an osmotic-controlled release
system. A = elementary osmotic pump and B = push-pull osSmotic pump ..........ccceveevvvevreerienvennenns 144
Figure 5.5. Schematic representation of the manufacturing process for NVP tablets............cccc.ee.e. 146

Figure 5.6. Dissolution profile of NVP release from tablets of batch NVP001 and Viramune® XR. 152
Figure 5.7. Dissolution profile of NVP release from tablets of batch NVP002 and Viramune® XR. 153
Figure 5.8. Dissolution profile of NVP release from tablets of batch NVP003 and Viramune® XR. 154
Figure 5.9. Dissolution profile of NVP release from tablets of batch NVP004 and Viramune® XR. 155
Figure 5.10. Dissolution profile of NVP release from tablets of batch NVP005 and Viramune® XR.

Figure 5.11. Dissolution profile of NVP release from tablets of batch NVP006 and Viramune®. .... 157
Figure 5.12. Dissolution profile of NVP release from tablets of batch NVP007 and Viramune® XR

............................................................................................................................................................ 158
Figure 5.13. Dissolution profile of NVP release from tablets of batch NVP008 and Viramune® XR.
............................................................................................................................................................ 158
Figure 5.14. Dissolution profile of NVP release from tablets of batch NVP009 and Viramune® XR (n
). bbbt h e h e b b et h e h e bt e h bt n ettt eae e saenes 159
Figure 5.15. Dissolution profile of NVP release from tablets of batch NVP010 and Viramune® XR (n
0], ettt h bt et h bt a bt bbbt e et a bbbt bt b ettt ae bt ebeeae st nen 160
Figure 5.16. Dissolution profile of NVP release from tablets of batch NVP011 and Viramune® XR (n
0], ettt a bt a bttt b e bt e bt b e et et h e bt bt bttt b ettt ae bt ebe et e nen 161
Figure 5.17. Dissolution profile of NVP release from tablets of batch NVP012 and Viramune® XR (n
). e b h ettt h e bbb e et a bt e h et b b n ettt eae e saenes 161
Figure 6.1. Plot of normal probability versus residuals for NVP release at 14 hours. ............c..c....... 182
Figure 6.2. Plot of residuals versus predicted responses for NVP release at 14 hours. .........cccc...... 183
Figure 6.3. Box-Cox plot for power transformation for NVP release at 14 hours. .........ccccccveevvenene 183

xix | Page



Figure 6.4. Contour plot of the effect of HPMC and MCC on percent NVP released at 14 hours. ... 184

Figure 6.5. 3-D plot of the effect of HPMC and MCC on percent NVP released at 14 hours............ 185
Figure 6.6. Contour plot of the effect of HPMC and SDL on percent NVP released at 14 hours. .... 186
Figure 6.7. 3-D plot of the effects of HPMC and SDL on percent NVP released at 14 hours........... 186
Figure 6.8. Contour plot of the effects of SDL and MCC on percent NVP released at 14 hours. ..... 187
Figure 6.9. 3-D plot of the effects of SDL and MCC on percent NVP released at 14 hours. ............ 188
Figure 6.10. Dissolution profiles of NVP from batch NVP030 and Viramune® XR [n = 6, pH 1.2 (2h)
ANA 7.2 (221) ] ettt et h ettt b ettt eh et e bt st et ene et e aeeanas 194
Figure 6.11. Dissolution profile of NVP release from batch NVP030 and Viramune® XR in media of
different pH used to simulate GIT conditions (11 = 6)........c..ccvuerierirrrrecrieiiereereesreereesseesseeseeesneens 195
Figure 6.12. Change in weight of tablet at different times during dissolution testing (n = 3) in 50 mM
phosphate buffer of pH 1.6 (2h), 3.4 (2h), 4.7 (4h), 6.8 (6h) and 7.2 (10h)......c.ccovevveviereerirnreenenn 196
Figure 6.13. Linear regression analysis of the ratio of dry weight to initial weight using Hixson-
Crowell Cube ROOt LaW. .......oiiiiiiiiiieiie ettt ettt ettt ettt e eteesbeesneesaeeeas 198

Figure 6.14. Effect of pH on swelling and erosion of NVP tablets. Ratio of dry weight (W) to initial
weight (W;) and wet weight (W,,) to the initial weight following exposure to media of different pH.

Figure 6.15. Effect of pH on swelling and erosion of NVP tablets. Ratio of dry weight (W) to initial
weight (W;) and wet weight (W) to the initial weight following exposure to media of different

molarity Strengths at PH 6.8, ........ccviiviiiiiiiieiieee ettt eeb et steestaestbesssessseesseesseessnessnenns 200
Figure 6.16. Dissolution profiles of NVP from tablets manufactured using different grades of HPMC.
............................................................................................................................................................ 202
Figure 6.17. Wet weight of tablets manufactured with different molecular weight HPMC. ............. 203
different molecular Weight ..........ccooiiiiiiiiiee ettt 204

Figure 6.18. Percent erosion of tablets manufactured with different molecular weight HPMC......... 204
Figure 6.19. The relationship between swelling, erosion and NVP release from tablets containing

MEhOCEL™ KAM. ..ot 206
Figure 6.20. The relationship between swelling, erosion and NVP release from tablets containing
MEhOCEL™ KISM. c.oovioeeiiriiiaeis it 206
Figure 6.21. The relationship between swelling, erosion and NVP release from tablets containing
MEthOCEL” KIOOM. ....oouuirvemmeriemeeieraeiesaeeesaeeesseesessesessesess s ss sttt 207
Figure 6.22. Dissolution profiles of NVP release from tablets manufactured with different grades of
MOCC (1= 60, PH = 0.8) ettt ettt ettt e ae et e bt e et et eeeebeeneenaeeneenes 209
Figure 6.23. Dissolution profiles of NVP from tablets manufactured using different types of lactose
(120, PH = 0.8). ettt ettt ettt ettt b et e et eeteent e aeete et e neene e tenneennan 211

xx|Page



CHAPTER ONE

ANHYDROUS NEVIRAPINE (NVP)

1.1 INTRODUCTION

It is estimated that more than 34 million people worldwide are living with acquired
immunodeficiency syndrome (AIDS) caused by human immunodeficiency virus (HIV) [1].
Sub-Saharan Africa is the region with the highest prevalence and accounted for
approximately 1.9 million, slightly over 60 % of the 2.7 million newly reported infections
with the virus in 2010 [2]. The region also accounts for about 91 % of the children living with
HIV in the world. Approximately 1.2 million adults and children died of AIDS and HIV-
related causes in 2010 accounting for 67 % of the total deaths in the world that year [1, 2].

New infections and deaths from HIV/AIDS have been decreasing steadily. The decline varies
from region to region, with some regions have showing a slight increase in the incidence of
new infections and deaths. In Sub-Saharan Africa, a decline of approximately 16 % in new
infections was recorded in 2010, representing a significant decline compared to the infection
rates that were reported in 2001. There were also 20 % fewer deaths of children aged < 15

years in 2010 compared to the deaths reported in 2005 [2].

With the advent of highly active antiretroviral therapy (HAART) in 1995, approximately 2.5
million deaths have been avoided in low and middle income countries, with approximately

1.8 million deaths prevented in Sub-Saharan Africa [2].

Although HAART usually results in an improved lifestyle and wellbeing of patients, the
occurrence of adverse effects leads to patient inconvenience and reduced adherence to
medication regimens [3-5]. Extensive hepatic first pass metabolism and intestinal degradation
of many drugs has led to reduced and difficult to predict bioavailability of anti-retroviral
(ARV) agents [3]. The short half-life of most ARV agents requires frequent administration of
doses to maintain adequate levels of antiviral activity. This may result in reduced adherence
to treatment which may ultimately result in treatment failure [4]. Sustained drug delivery
from technologies that are designed to produce predictable and reproducible drug level
profiles and kinetics over an extended period of time can help minimise most of the problems

associated with ARV drug therapy [3-5].
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NVP is a non-nucleoside reverse transcriptase inhibitor (NNRTI) used in combination with
other ARV in the treatment of HIV-1 infections and for the prevention of mother-to-child
transmission of the HIV-1 virus [6-8]. NVP exhibits good oral absorption properties, however
it induces its own metabolism leading to reduced and sometimes unpredictable bioavailability
[8]. NVP has also been found to show solubility limited absorption [9, 10]. Formulation of a
sustained release dosage form for once daily dosing may result in the delivery of constant
amount of the drug to the systemic circulation, reduce dose related adverse effects, improve

patient adherence to medication and reduce the cost of therapy.
1.2 PHYSICO-CHEMICAL PROPERTIES

1.2.1 Description

Anhydrous NVP occurs as a white to off-white odourless crystalline powder [7, 11].
Structurally NVP belongs to the dipyridodiazepinone class of compounds [8]. The chemical
name for NVP is 11-cyclopropyl-5, 11-dihydro-4-methyl-6H-dipyrido (3, 2-b: 2°, 3’-e) (1, 4)
diazepin-6-one [8, 12, 13]. NVP has a molecular weight of 266.30 g/mol, a molecular
formula of C;5sH4N4O and the structural formula is depicted in Figure 1.1 [8].

Figure 1.1. Chemical structure of NVP.

1.2.2 Solubility

NVP exhibits a very low intrinsic aqueous solubility of approximately 0.06 mg/mL [10, 14].
It is freely soluble in acetone and chloroform, sparingly soluble in methylene chloride,

alcohol and methanol [9, 15]. The solubility of NVP has been shown to be pH dependent,
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exhibiting high aqueous solubility in buffers of pH values less than the pKa of the compound.
The solubility of NVP decreases as the pH of solution increases. For example at pH 1.5 the
solubility of NVP is 1.9 mg/mL whereas at pH 4.0 the solubility is 0.1 mg/mL. The solubility
remains fairly constant at higher pH values, for example the solubility is 0.1 mg/mL at pH 8.0
[16].

1.2.3 Biopharmaceutics Classification System (BCS)

NVP has low solubility and high intestinal permeability and is thus classified as a BCS class
I compound [17].

1.24 pKa and Partition Coefficient

NVP is a weakly basic drug with a pKa of 2.8. It is lipophilic in nature and has a log octanol-
water partition coefficient (Log P) of 2.5. It is unionised at physiological pH [10, 11, 17].

1.2.5 Ultraviolet (UV) Absorption Spectrum

NVP has been reported to show maximum UV (Ayax) absorption at 280 nm [18, 19]. Other
reported Amax Values occur at 282 nm [20, 21] and 283 nm [22]. The Ay of NVP in a mixture
of methanol and water was found to be 283.4 nm. The UV absorption spectrum of NVP in
methanol showing a A, of 284 nm is depicted in Figure 1.2.

W
B
15 \\
MR
g0\
é% \ \
0.5 \
\
0 T

50 300 350 400

200 2
Wavelength (nm)

Figure 1.2. UV absorption spectrum of NVP in methanol [23].
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1.2.6 Melting Range

The melting range of nevirapine is 244-250 °C [10, 11, 13].

1.2.7 Hygroscopicity

On exposure to 75% relative humidity at 30 °C, NVP did not adsorb moisture and is therefore

considered non-hygroscopic [24].

1.2.8 Stability

The degradation of NVP in 1 M NaOH, 1 M HCl and in 10 % v/v H,O; at 80 °C after 2 hours
with the presence of unknown degradation products was reported by Filho et al, however
NVP remained stable after neutral hydrolysis in water at 80 °C for 2 hours [25]. In another
study NVP was found to be relatively stable in 1 M HCI, 1 M NaOH and 10 % v/v H,0,
when stored at room temperature for 24 hours [26]. Solutions of NVP have been shown to be
stable for at least two days when stored at ambient temperature [27]. The stability of NVP in
0.1M HCI, 0.1M NaOH, 30 % v/v H;O,, refluxed at 90 °C for 8 hours and sunlight was
assessed in these studies. NVP was found to degrade in HCl, NaOH and H,O, with the
degradation more prominent under oxidative conditions. NVP was found to be stable after

refluxing in water at 90 °C and exposure to sunlight for 8 hours.

1.2.9 Stereospecificity and Polymorphism

NVP does not show isomerism but does exhibit polymorphism. NVP is known to occur as a
pseudopolymorph, in the anhydrous form, hemihydrate and hemiethyl acetate forms. The
hemiethyl acetate form is unstable and is converted to the hemihydrate form [28]. The
anhydrous form of NVP is formulated in tablets whereas the hemihydrate form is used to

manufacture suspensions [24].

1.2.10  Particle Shape

The hemihydrate form is reported to exist as prismatic crystals while the anhydrous form is

found in fine grained opaque aggregates when viewed using a polarised light microscope

[11].
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1.3 SYNTHETIC PATHWAY

The synthetic procedure of NVP is summarised in Figure 1.3. The first step of the synthetic
process involves the reaction of 2-halo-3-pyridinecarbonitrile (I) with cyclopropylamine (II)
in an inert, organic solvent, at temperatures between 77 — 100 °C to yield 2-
(cyclopropylamino)-3-pyridinecarbonitrile (III). The preferred organic solvents are C; to Cg
straight or branched chain alcohols, tetrahydrofuran, dimethylformamide, diglyme or toluene.
The solvents of choice are ethanol and 1-propanol. A strong acidic or basic solution,
preferably a mixture of 1-propanol and potassium hydroxide is then used to hydrolyse the 2-
(cyclopropylamino)-3-pyridinecarbonitrile to produce 2-(cyclopropylamino)-3 pyridine
carboxylic acid (IV). The product is then chlorinated to yield 2-(cyclopropylamino)-3-
pyridinecarbonyl chloride (V). Chlorinating agents that are used include thionyl chloride,
phosphorous oxychloride, phosphorous trichloride, phosphorous pentachloride, phosgene or
oxalyl chloride. The 2-(cyclopropylamino)-3-pyridinecarbonyl chloride is then reacted with
2-halo-4-methyl-3-pyridinamine ~ (VI) to form  N-(2-halo-4-methyl-3-pyridinyl)-2-
(cyclopropylamino)-3-pyridinecarboxamide (VII) which is cyclised by reacting with a strong
base such as sodium hydride (NaH) in an inert anhydrous organic solvent at temperatures

ranging between -30 °C to 130 °C to produce NVP [29].
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1.4 STRUCTURE ACTIVITY RELATIONSHIP (SAR)

The preparation and evaluation of four series of dibenzo-, pyridobenzo- and
dipyridodiazepinone analogs that included molecules that belong to classes of compounds
such as pyrido (2,3-b)(1,5) benzodiazepinones, dipyrido (3,2-b:3’,4’-e)(1,4) diazepinones in
addition to pyrido (2,3-b)(1,4) benzodiazepinones and dibenzo (b,e)(1,4) diazepinones for
treatment of HIV-1 infections and inhibition revealed a number of general SAR

characteristics.

1.4.1 Dipyridodiazepinone Analogs

The dipyrido (3,2-b:3°,4’-¢)(1,4) diazepinones showed the same or slightly improved potency
compared to the corresponding pyrido (2,3-b)(1,5) benzodiazepinones and pyrido (2,3-b((1,4)
benzodiazepinones. Nevertheless, the dibenzo (b, €)(1, 4) diazepinones seemed to have lower
activity compared to the corresponding mono- or dipyrido- analogs. It was observed that the
presence of a pyrimidine ring was essential for adequate HIV-1 inhibitory activity to be

present and consistent [30].

1.4.2 Pyridobenzodiazepinone Analogs

All pyrido (2,3-b)(1,5) benzodiazepinones compounds with a hydrogen or methyl group
located at the lactam nitrogen, the presence of an ethyl group at position N-11 and methyl
group or chloro atom on the A-ring, exhibited the highest degree of potency with ICsy values
in the 36-62 nM range. The addition of either electronegative groups such as nitro, methoxy-,
carbonyl, carboxy, aminocarbonyl and (N,N-diethylamino) carbonyl functional groups or
electron donating groups such as methoxy, hydroxy, hydroxymethyl and aminomethyl on the
8-position of the A-ring produced analogs that exhibited lower potency than unsubstituted
compounds. Substitution with electronegative groups such as trifluoromethyl, azido and
chloro functionalities at the 9-position of the A-ring resulted in increased activity, however
the use of electron donating groups such as amino and acetamido functionalities decreased
the activity of the compounds. In order to produce a compound with improved activity in the
pyrido (2,3-b)(1,5) benzodiazepinones class, it requires appropriate substitution on the A-
ring. This was evident from the fact that introduction of a chlorine atom on the 8 and 9-
position of the A-ring resulted in compounds with greater potency than those which had a

chlorine atom located at the 3-position of the C-ring [30].

T|lPage



1.4.3 Dibenzodiazepinone Analogs

Compounds in the dipyrido (3,2-b:3’,4’-e)(1,4) diazepinone class that were not substituted at
the nitrogen of the lactam ring, the ethyl or cyclopropyl functional group at position N-11
and the methyl or chlorine at position 4 on ring A exhibited ICsy values in the 35-95 nM
range, indicating a high degree of potency. Substitution at position 2 did not have an impact
on potency and these compounds showed similar activity to the corresponding material that
was not substituted at position 2. Substitution of the same functional groups at position 3 had
a negative effect on potency when compared to molecules that did not have substitution at
position 2. The introduction of methyl, chloro or ethyl functionalities at position 4 in
combination with unsubstituted lactam nitrogen was vital for the production of compounds
with improved HIV-1 inhibitory activity. However, substituting the lactam nitrogen with any
functional group resulted in a sharp decrease in potency. Functional groups such as methyl,
hydroxy and chlorine located at positions 7, 8 or 9-position also reduced the potency of the
molecule. The location of short chain alkyl groups such as ethyl and cyclopropyl
functionalities at position N-11 gave preferable potency compared to substitution with larger

molecular weight groups [30].

1.5 CLINICAL PHARMACOLOGY

1.5.1 Mechanism of Action

NVP is a HIV-1 inhibitor that acts as a non-nucleoside reverse transcriptase inhibitor. NVP
exerts activity by binding directly to the reverse transcriptase enzyme and prevents RNA- and
DNA-dependent polymerase activities by disruption of the catalytic site of the enzyme [31].
NVP attaches to the hydrophobic pocket of the p66 subunit of the HIV-1 reverse transcriptase
enzyme to produce a conformational change in the three-dimensional structure of the
enzyme, that significantly decreases activity and also behaves as a non-competitive inhibitor
of the virus [8]. NNRTI have a binding site which is virus strain specific and therefore acts

only against the HIV-1 virus strain and not HIV-2 or other retrovirus strains [8, 32].
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1.5.2 Clinical Indications

NVP is used in combination with other ARV compounds for the treatment of HIV-1 infection
[6, 8]. A single dose of NVP administered at the onset of labour to a pregnant mother and to
the neonatal infant following delivery is used to prevent mother to child transmission of HIV.
Current thinking at the World Health Organization (WHO) suggests that a single dose of
NVP is no longer effective in preventing vertical transmission of the virus and has now
recommended that this practice be discontinued. Some studies also suggest such an indication

has contributed to the emergence of NVP resistant strains of HIV [33, 34].

1.5.3 Contraindications

NVP should not be used in patients with clinically significant hypersensitivity to any of the
components contained in the tablets or oral suspension of the product [6, 8]. NVP should not
be used in patients with moderate to severe hepatic impairment [35]. Current guidelines

3

recommend avoiding NVP in women with CD4 counts > 250 cells/mm” and in men with

CD4 counts > 400 cells/mm” [36].
1.54 Precautions

1.5.4.1 Geriatric Patients

Elderly patients frequently suffer from decreased hepatic, renal and cardiac function. They
also present with concomitant disease states and may be on therapy for other conditions. All
these factors should be considered when selecting an appropriate dose of NVP for such

patients [37].

1.5.4.2 Paediatric Patients

The adverse effects of NVP in children are similar to those that occur in adults (§1.5.6), with
the exception that granulocytopenia is more prevalent in children. Therefore full blood count

(FBC) should be performed regularly in paediatric patients who are on NVP regimen [38].

1.5.4.3 Breastfeeding Mothers

Lactating mothers should be advised that breastfeeding be stopped when being treated with
NVP as there is a risk of transmission of the HIV virus and the potential occurrence of

serious adverse effects of NVP in breastfeeding infants [6, 8].
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1.5.4.4 Pregnancy

There have been reports of severe hepatic events with fatality in pregnant women on NVP
therapy when administered as part of HAART. As a consequence NVP should only be used
in pregnant individuals when the potential benefits of use, outweigh the associated risks to

both the mother and the foetus [39].

1.5.4.5 Renal Impairment

Metabolites of NVP may accumulate in patients who are on dialysis but the clinical
significance of such accumulation is not known. When a patient presents with a creatinine
clearance (CrCL) of > 20 mL/min an adjustment in the dose of NVP is not required but lower

CrCL may necessitate dose adjustment [40, 41].

1.5.4.6 Hepatic Impairment

Clinical and laboratory monitoring of liver function should be performed regularly in patients
treated with NVP as approximately 1% of patients treated with NVP present with clinical
hepatitis, while approximately 14% of patients show elevated transaminase levels [35].
Severe and fatal hepatitis has been reported in women with CD4 counts > 250 cells/mm” [42].
Administration of NVP to patients with severe hepatic impairment should be avoided and
liver function tests must be performed in patients who present with signs and symptoms of
hepatitis or hypersensitivity reactions [43]. If a patient develops a rash during the first 18
weeks of treatment, liver function tests should be performed immediately and treatment

changed if the results show any signs of liver damage [44-46].

1.5.5 Drug Interactions

The enzymes responsible for the metabolism of NVP in the liver are cytochrome P450 iso-
enzymes 3A4 and B26 [47]. NVP induces CYP3A4 and CYPB26 enzyme systems and
consequently lowers plasma concentrations of drugs that are also metabolised by these
enzymes. Concurrent administration of such drugs with NVP may require dose adjustment [8,

48].

The plasma concentrations of ethinyl estradiol and norethindrone are lowered significantly

when these molecules are administered at the same time as NVP. Consequently additional
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contraceptive methods should be used when NVP is prescribed and used in women of child

bearing age [49].

The concomitant administration of fluconazole with NVP should be undertaken with caution
as plasma concentration levels of NVP tend to be increased in these patients. The increase in

plasma levels of NVP must be monitored to avoid occurrence of adverse events [50].

The efficacy of ketoconazole is reduced when administered concurrently with NVP as plasma
levels of ketoconazole are decreased. Therefore ketoconazole and NVP should not be

prescribed and used concomitantly [50].

The plasma concentrations of methadone are reduced by NVP and therefore an upward
adjustment of methadone dose may be necessary to avoid the occurrence of opiate
withdrawal symptoms. Patients that have been maintained on methadone and are due to
commence NVP therapy should be monitored for signs of withdrawal and dosages may need

to be adjusted, accordingly [51].

The blood levels of NVP decrease when rifampicin, an inducer of liver metabolism, is used in
the same patient. This may lead to a reduction in the efficacy of NVP and the emergence of
HIV-1 resistant strains. Patients co-infected with HIV-1 and tuberculosis that require NVP
should be treated with rifabutin rather than rifampicin. However the plasma concentrations of
rifabutin increase with concomitant NVP therapy and therefore patient monitoring is

necessary [52, 53].

The metabolism of protease inhibitors (PI) such as saquinavir, lopinavir/ritonavir, nelfinavir
and indinavir is increased by NVP. There is reduction in the plasma concentration of NVP
and the PI, consequently increased doses of NVP and the PI of choice may be necessary [48,

54, 55].

Anti-arrhythmics, anti-convulsants, anti-fungals, calcium channel blockers, ergot alkaloids,
immunosuppressants, motility agents and opiate agonists are additional examples of drugs for
which the plasma concentrations may be reduced by NVP, when used concomitantly [48].
The use of anti-thrombotics such as warfarin requires monitoring of anticoagulant levels as
plasma concentrations are decreased when co-administered with NVP, an inducer of warfarin

metabolism [48].
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St. John’s Wort (Hypericum perforatum) or products that contain St. John’s Wort should be
used with caution in HIV positive patients as the plasma concentrations of NVP are
significantly reduced by this complementary medicine. The sub-therapeutic levels of NVP
that result, may lead to failure to reduce the viral load and induce possible resistance to NVP

and/or other NNRTI compounds [48, 56].
1.5.6 Adverse Effects

1.5.6.1 Hepatic

Patients have been reported to experience fatal hepatotoxicity including fulminant and
cholestatic hepatitis, hepatic necrosis and hepatic failure [43]. Non-specific signs of illness
such as fatigue, malaise, anorexia, nausea, jaundice, liver tenderness or hepatomegaly with or
without abnormal transaminase levels initially, may be experienced by some patients treated
with NVP [57]. Approximately 50% of patients that present with hepatic events also present
with a rash and frequent monitoring may be necessary in the early stages of NVP treatment
[58]. Hepatic failure coupled with elevated transaminase levels with or without
hyperbilirubinemia, hepatic encephalopathy, prolonged partial thromboplastin time or
eosinophilia may also occur when patients are treated with NVP. Consequently hepatic
function monitoring in patients is critical and NVP therapy should be stopped in those who

exhibit signs and symptoms of hepatitis [8, 46, 59].

1.5.6.2 Dermatological

Life threatening and fatal skin reactions such as Stevens-Johnson syndrome and toxic
epidermal necrolysis are common in patients that are on NVP therapy [58]. Severe
hypersensitivity reactions such as fever, general malaise, fatigue, muscle or joint aches,
blisters, oral lesions, conjunctivitis and facial oedema, may occur and permanent
discontinuation of NVP should be considered in these cases [60]. Patient should not be re-
challenged with NVP following the occurrence of severe hypersensitivity reactions and

withdrawal of NVP therapy [61, 62].

1.5.6.3 Metabolic

Patients that are treated with NNRTI compounds have been observed to present with
redistribution and accumulation of body fat. Trunk obesity, accumulation of fat in the

dorsocervical region that is commonly known as “buffalo hump”, thinning of peripheral parts
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of the body, loss of fat on the face, gynecomastia and a Cushing syndrome appearance have

been observed in patients on chronic NVP treatment [63, 64].

1.5.6.4 Gastrointestinal

Patients that are prescribed NVP often experience gastrointestinal disturbance such as nausea,

vomiting, diarrhoea and abdominal pain [65].

1.5.6.5 Haematological

The use of NVP has been associated with anaemia, eosinophilia and neutropenia, therefore
FBC should be undertaken periodically when patients are prescribed and treated with NVP
over a prolonged period [66, 67].

1.5.6.6 Musculoskeletal and Neurological

Patients that have used NVP have reported arthralgia and paraesthesia events [68, 69].

1.5.7 Resistance

The use of NVP as monotherapy or as an additional single agent to a failing regimen for the
treatment of HIV-1 infections results in rapid development of resistance to the drug [8].
Resistance develops as a consequence of a single mutation at either codon 103 or 181 of the
reverse transcriptase enzyme and leads to a decrease in the susceptibility of the virus by more
than two orders of magnitude [8]. Resistance to NVP has also been associated with mutations
at codons 100, 106, 108, 188, and 190 [70]. However, mutation at either the K103N or
Y181C sites is sufficient to result in the development of high level resistance and failure of
therapy [71]. Resistance to NVP may result in resistance to efavirenz and delavirdine and the
use of these compounds should be avoided in patients that have developed resistance to NVP

[72].
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1.6 CLINICAL PHARMACOKINETICS
1.6.1 Dosage and Administration

1.6.1.1 Adult Patients

NVP therapy is initiated with a 200 mg per day dose for the first two weeks to minimise the
occurrence of hypersensitivity skin reactions. Patients are then maintained on a 400 mg per
day dose administered as either a 200 mg twice daily or a single 400 mg extended release

(XR) tablet daily, usually in combination with other ARV agents [6, 73].

1.6.1.2 Paediatric Patients

Paediatric patients between 2 months and 8 years of age are usually administered 4 mg/kg
daily doses following initiation of therapy for up to 14 days after which the dose is increased
to 7 mg/kg twice daily, as maintenance therapy. A recommended dose of 4 mg/kg
administered once daily during the first two weeks of therapy and a maintenance dose of 4
mg/kg twice daily is used for patients of 8 years and older. The maximum total daily dose for

any paediatric patient is 400 mg [6, 74, 75].

The administration of NVP suspension requires the product to be thoroughly shaken, prior to
administration and it has been recommended that a dosing syringe or cup is used for
administration of the doses that are < 5 mL. Thorough rinsing of the dosing cup with water
and administration of the rinse solution is advised to ensure that the entire, measured dose is

delivered [6].

1.6.1.3 Patient Monitoring

Liver function and other relevant laboratory tests in addition to clinical monitoring should be
included in patient management strategies and should be mandatory for the lead-in and the
first 18 weeks of NVP therapy. The recommended frequency of monitoring has not yet been

established but it is suggested that once a month monitoring may be appropriate [59, 68].

1.6.1.4 Dosage Adjustment

Treatment should be discontinued in patients who develop a severe rash. The occurrence of a
rash and test results such as abnormal liver function also necessitate the termination of

treatment. Dose increases should not be effected if patients experience a rash during the first
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14 days of therapy and should only be undertaken after complete clinical resolution of the

rash has been achieved [68, 69].

The occurrence of clinically significant hepatic events requires that NVP treatment cease

immediately and that no further exposure to NVP be attempted after recovery [59, 62].

When a patient does not adhere to the dosing requirements for longer than a week, treatment

should be started ab initio using the recommended treatment and dosing guidelines [70].

Patients that require dialysis should receive an additional 200 mg dose of NVP in order to
ensure that the NVP that is eliminated during dialysis is replaced. The additional NVP that is
administered may result in the accumulation of NVP metabolites and it has not yet been

established whether this accumulation is clinically significant [76, 77].

1.6.1.5 Overdosage

Overdosing with NVP may occur when patients receive NVP doses in the range 800 mg to
1800 mg per day, for approximately 15 days [6]. Such patients may suffer from adverse
effects such as oedema, erythema nodusum, fatigue, fever, headache, insomnia, nausea,
vomiting, rash, vertigo, weight loss and pulmonary infiltration [6, 78]. Other reported adverse
effects of NVP overdose include psychiatric symptoms [79]. There is no known antidote for
NVP overdosage and therefore NVP must be withdrawn from the treatment regimen for the

adverse events to be resolved [6].

1.6.2 Absorption and Bioavailability

The absorption of NVP following oral administration is relatively good and the
bioavailability of NVP is > 90% [80]. The absorption of NVP from the GIT exhibits the
highest extent from the jejunum and the lowest from the descending colon [81]. The
absorption of NVP when administered at doses of > 50 mg shows characteristics of solubility
rate limited absorption which includes delayed time to peak, multiple peak concentrations

and a slight decrease in bioavailability [80, 82].

Peak plasma concentrations of approximately 2.0 + 0.4 pg/mL are reached within 4 hours of
administration of a single 200 mg dose and peak concentrations appear to increase in direct

proportion to the administered dose for the dose range 200 mg — 400 mg/day on multiple dose
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administration. A median steady state trough NVP concentration of 4.50 + 1.90 pg/mL was

achieved following dosing of 400 mg/day to steady state [80, 82].

The bioavailability of NVP tablets and suspension has been shown to be comparable and as a
result these products can theoretically be interchanged when doses of up to 200 mg per day

are required [74].

The effect of food on the extent of absorption of NVP following administration of 200 mg
NVP to 24 adults (12 male, 12 female) was studied and revealed that the extent of NVP
absorption (Area Under the Curve, AUC) was comparable to that observed when
administered under fasting conditions. Therefore NVP absorption does not appear to be

affected by food [80, 83].

1.6.3 Distribution

NVP is a lipophilic compound that remains unionised at physiological pH. The apparent
volume of distribution at steady state (Vdss) of NVP following intravenous administration to
healthy adults was found to be 1.21 + 0.09 L/kg, implying that NVP is widely distributed in
the human body [80, 82].

NVP is approximately 60% bound to plasma proteins in the plasma concentration range 1-10
pg/mL. NVP also crosses the blood brain barrier and in one study concentrations in
cerebrospinal fluid were approximately 45 + 5% of those observed in plasma, which is

approximately equivalent to the concentration of NVP that is unbound in plasma [80, 82].

1.6.4 Metabolism

Biotransformation of NVP takes place in the liver via the cytochrome P450 enzyme system.
NVP undergoes oxidative metabolism to form several hydroxylated metabolites. Oxidative
metabolism occurs primarily by cytochrome P450 isoenzymes from the CYP3A4 and

CYP2B6 families although other isoenzymes may play a secondary role [84].

NVP is known to induce the hepatic cytochrome 3A4 and 2B6 enzymes by a magnitude of
approximately 20 — 25 %. Induction of CYP3A4 and CYP2B6 mediated metabolism results
in an approximately two-fold increase in the elimination of NVP as treatment is scaled from a

single dose to 200 — 400 mg/day between two and four weeks. Enzyme induction also leads
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to a decrease in the half-life of NVP in plasma, from approximately 45 hours (single dose) to

approximately 25 — 30 hours following multiple dosing with 200 — 400 mg/day [84].

1.6.5 Elimination

Cytochrome P450 enzyme systems primarily metabolise NVP through glucuronide
conjugation. The glucuronidated metabolites are then excreted via the renal system in the
urine. Several metabolites have been identified in urine and include 2-hydroxynevirapine
glucuronide (18.6 %), 3-hydroxynevirapine glucuronide (25.7%), 12-hydroxynevirapine
glucuronide (23.7%), 8-hydroxynevirapine glucuronide (1.3%), 3-hydroxynevirapine (1.2%),
12-hydroxynevirapine (0.6%), and 4-carboxynevirapine (2.4%). No more than 3 % of parent
drug is excreted unchanged in the urine. The steady state elimination half-life of NVP can be
as long as 25 — 30 hours but the half-life shows individual variability and patients of african

descent tend to exhibit much longer elimination half-lives [47].
1.6.6 Pharmacokinetics in Special Populations

1.6.6.1 Renal Patients

The pharmacokinetics of NVP in patients with mild, moderate and severe renal impairment
are similar to that observed in patients that exhibit normal renal function. Nevertheless,
subjects requiring dialysis showed a 44% decrease in the AUC of NVP following exposure
for one week, with additional evidence of the accumulation of hydroxy-metabolites of NVP

in the plasma [76, 77].

1.6.6.2 Hepatic Impairment

A study undertaken in subjects with mild to moderate liver impairment did not show
significant variability in the pharmacokinetic parameters for NVP. However, a patient with
child-Pugh class B ascites exhibited an increased AUC which implies that patients with

severe hepatic failure and ascites may accumulate NVP [85].

1.6.6.3 Gender

The apparent volume of distribution adjusted for weight was found to be slightly higher in
females (1.54 L/kg) than males (1.38 L/kg). The shorter terminal half-life of NVP observed
in females ensures that the difference in the clearance of NVP observed between males (19 +

3.9 mL/kg/hr.) and females (24.6 = 7.7 mL/kg/hr.) following administration of a single oral
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dose, is not significant. The plasma concentrations observed following either single or

multiple dose administration are almost similar in males and females [80, 86, 87].

1.6.6.4 Race

No significant difference in the pharmacokinetics of NVP was observed following
administration to subjects of different races. Patients (27 Black, 24 Hispanic, and 189
Caucasian) did not exhibit significant differences in NVP steady state concentration (Cmingg
= 4.7 ng/mL (black), 3.8 pg/mL (hispanic) and 4.3 pg/mL (caucasian) following treatment
with 400 mg NVP daily. However, it is important to note that the pharmacokinetics of NVP
have not yet been specifically studied or analysed for ethnicity effects [80, 86, 87].

1.6.6.5 Geriatric Patients

The pharmacokinetics of NVP in patients over the age of 55 years has not been widely

studied but do not appear to change with age over the range of 18 to 68 years [37].

1.6.6.6 Paediatric Patients

The apparent total body clearance of NVP in children < 8§ years of age is higher than in
adults. The clearance reaches the maximum at the age of 1 to 2 years and then starts to

decrease with increasing age after the age of 8 [75, 88].

1.7 CONCLUSIONS

NVP is a BCS class II compound with HIV-1 antiviral activity. NVP is a NNRTI and is used
in combination with other ARV compounds for the management of HIV/AIDS. NVP has also
been used as single dose therapy for the prevention of mother to child transmission of HIV-1,
however questions relating to the efficacy of this regimen have led to the WHO

recommendation that this practice be stopped.

NVP has a melting point range of 244 - 250 °C and has been shown to exist as polymorphs,
viz., the hemihydrate, hemiethyl acetate or anhydrous form. The hemihydrate is used in the
formulation of suspensions whereas the anhydrous form is used to produce solid oral dosage

forms, such as tablets.
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NVP is practically insoluble in water and is sparingly soluble in methylene chloride, ethanol
and methanol. NVP is freely soluble in acetone and chloroform and exhibits pH dependent
solubility with the highest solubility at pH values below the pKa and lower solubility at
higher pH values. NVP has a A,,x of between 280 — 284 nm.

NVP solutions are stable at room temperature (22 °C) for approximately two days. NVP
degrades on exposure to 0.1M HCI, 0.1 NaOH and 30 % v/v H,O; after refluxing for > 8
hours at 90 °C but is stable under hydrolytic conditions at a temperature of 90 °C following

refluxing for 8 hours.

NVP is well absorbed from the GIT and has a bioavailability of > 90%, however the rate of
absorption decreases following multiple administration revealing characteristics of solubility
limited absorption. The biological half-life of NVP is approximately 45 hours and NVP
induces its own metabolism following multiple dosing resulting in a significant reduction in

the half-life to between 25 and 30 hours.

The most common adverse effects associated with NVP administration are skin reactions.
Other side effects include hepatic events, renal failure, metabolic and GIT associated

disturbances.

Resistance to NVP is common and as a result it should not be used as monotherapy for the
treatment of HIV/AIDS. Resistance to NVP may also result in resistance to other non-

nucleoside reverse transcriptase inhibitors.

Patient adherence to medication is essential for the successful treatment of HIV/AIDS. Most
ARV treatment regimens require multiple administrations per day in order to maintain
antiviral activity, often resulting in patient inconvenience. The adverse effects associated with
ARYV are also a challenge for patients and in many cases result in treatment failure due to

non-adherence.

Novel methods of drug delivery are capable of reducing patient inconvenience and other
challenges that are associated with the use of currently available technologies and may
improve patient adherence to medication regimens. One example of such delivery systems

are sustained release dosage forms.

NVP was selected as a model drug for inclusion in a sustained release dosage form. NVP is a

weakly basic drug with a pKa of 2.8, implying that its unionised form exists at all pH values
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and hence shows pH independent absorption. The lipophilic nature of NVP also means its
absorption in the GIT would not be a problem. These characteristics of NVP make it a good
candidate for inclusion into sustained release dosage form as bioavailability can be
significantly influenced by modifying the characteristics of the dosage form. Furthermore, the
costs of ARV therapy in the developing world may be reduced by use of multisource
products. Consequently the development of a sustained release NVP multisource product was

attempted in these studies.
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CHAPTER TWO

HPLC ANALYSIS OF NEVIRAPINE

2.1 INTRODUCTION

Chromatography exists in many forms and is used as a separation technique in the
pharmaceutical and chemical industry [89]. Liquid chromatographic methods are commonly
used in almost every stage of pharmaceutical development from initial synthesis and isolation
of an API, pharmacological testing, product development and quality control of the marketed
product [90]. Typically chromatography includes gas and liquid separation techniques

including paper, thin-layer, ion—exchange and size-exclusion chromatography [89].

High performance liquid chromatography (HPLC) is also known as high speed liquid
chromatography (HSLC), high efficiency liquid chromatography (HELC) and high pressure
liquid chromatography [89]. Ultra performance liquid chromatography (UPLC), a more
recent variant of HPLC uses smaller particle size column packing and hence exhibits faster

separations with enhanced peak capacity [91].

The principles and theories of HPLC are derived from gas chromatography. However, HPLC
exhibits advantages over gas chromatography in terms of column efficiency and speed of

analysis [89, 92, 93].

Chromatographic separations can also be broadly classified as normal-phase chromatography
(NPC) and reversed-phase chromatography (RPC). In RPC the stationary phase is less polar

than the mobile phase whereas the converse is true for NPC [94].

RPC is usually selected for the separation of most pharmaceutical samples as it is more
convenient and reliable than other forms of liquid chromatography since the columns are
efficient, stable and behave in a reproducible manner [95]. The typical solvents used for RPC
separations also facilitate detection using Ultraviolet (UV) detectors [96]. The limited
aqueous solubility of most organic compounds is not a practical limitation for RPC
separations as only small volumes of the sample of interest are usually injected onto the

HPLC system [97].
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2.2 PRINCIPLES OF RP-HPLC

A separation using reversed-phase high performance liquid chromatography (RP-HPLC) is
achieved using a silica-based support chemically bonded with different organic chains of
compounds. The organic chains of compounds impart the necessary hydrophobicity to the
bonded stationary phase [98]. To achieve a separation, the compound to be analysed must
partition into an organic modifier component of the mobile phase [96, 97]. Non-polar
compounds are preferentially attracted to the hydrophobic stationary phase which typically
consists of carbon chains of lengths Cs, C4, Cgor Cg bonded to the silica backbone or support
[97]. The mobile phase is more polar than the stationary phase and the analytes of interest
partition between the polar mobile phase and non-polar stationary phase. The more
hydrophobic the compound is the more likely it will be retained on the stationary phase [96,
97, 99].

In RPC, the retention time of a specific compound depends on the polarity, mobile phase
composition, stationary phase, column and temperature used in a separation [96, 97]. The
more polar a compound of interest the shorter the retention time of that compound for a set of
separation conditions. The retention of a compound varies with the nature of the bonded
phase and usually increases with an increase in chain length or hydrophobicity of the material
[97]. Sample retention is also influenced by temperature and an increase in temperature of 1

°C will usually decrease retention times by 1 to 2 % for non-ionic compounds [92, 97].

2.2.1 Column Selection

The column forms a critical component of a RP-HPLC analytical separation. It is important
to ensure that a stable high-performance column is available if an efficient, rugged and
reproducible method is to be developed [100]. When selecting an HPLC column,
consideration must be given to understanding column-to-column reproducibility which is
guaranteed by several manufacturers on the basis of specific column performance criteria.
Factors such as column plate number (N), selectivity for certain analytes and conditions,
backpressure and retention (k) values for specified test solutions are often used for this

purpose [97].

Most HPLC columns are packed with silica particles as the backbone or support, however
some columns based on a porous-polymer support are also commercially available [98].

Silica based packing materials are the most commonly used HPLC stationary phases as they
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exhibit favourable physical characteristics such as mechanical strength and form efficient
packed beds that are stable under high operating pressures over a long period of time. Silica
based columns exhibit the highest column efficiencies. The rigid high-strength particles
produce columns that operate with low backpressures, and have longer column life times [97,

101].

The silica support is a chemically bonded material with an organic surface layer of different
functionalities such as Cs, Cg or C;g carbon chains. Silica based phases are compatible with
water and organic solvents exhibiting no swelling of the silica backbone with changes in

mobile phase composition and/or solvents [97, 102].

A variety of particle types can be packed into an HPLC column, however totally porous
microspheres are the most commonly used materials. This is due to their desirable properties
such as separation efficiency, sample loading capacity, durability, convenience and
availability. The particles are available with different diameters, pore size and surface areas
facilitating the development of a variety of separations by HPLC with these materials.
Spherically shaped particles have an advantage over irregularly shaped particles as they are

more easily and reproducibly packed so as to produce efficient columns [97, 103].

Due to the presence of fine materials that may form following fracture of random-shaped
particles, columns with irregular particles often develop high operating backpressures on

prolonged use [97, 104, 105].

A disadvantage of using a silica-based stationary phase is that the material is soluble in
solutions of high pH. An increase in the life span of some silica based columns can be
achieved by avoiding the use of mobile phases of pH > 8 in which the silica support is rapidly
dissolved. The dissolving of the silica support results in subsequent collapsing of the packed
bed with a corresponding decrease in column efficiency and an increase in peak asymmetry

[97, 106, 107].

A further disadvantage of some silica-based stationary phases is that surface acidity may pose
a challenge when separating basic compounds. However, newer supports constructed with
highly purified silica minimise the problems usually associated with the analysis of basic

solutes [103, 105, 108, 109].

Silica materials for HPLC analysis are fully hydroxylated in order to achieve a homogeneous

silica surface [103]. Hydrated silica columns have a surface layer of —SiOH functional groups
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with a maximum surface silanol concentration of 8 pmol/m?, and free and bound silanol
groups can exist on the hydrated silica surface. Free silanol groups tend to occur in low
concentration and affect the binding of basic analytes that exhibit broad tailing peaks in a
separation. Chromatographic analysis of basic analytes is best achieved using fully
hydroxylated, silica-based packings with a high concentration of geminal and associated
silanol functional groups [103]. Geminal silanol functional groups tend to be less acidic than
isolated groups and are preferred for the separation of basic compounds [110]. Associated
hydrogen bonded silanol functional groups in high concentration are suitable for the
separation of basic compounds and are available in fully hydroxylated HPLC silica-based

columns [104, 110].

The surface area of bonded phase supports influences the retention of a solute on stationary
phases, with a large surface area exhibiting longer retention times [96]. Provided that organic
ligands are completely accessible to a solute, the retention times tend to increase with an
increase in the carbon content, where the separation is only dependent on hydrophobic
interactions [89, 97]. In cases where a separation involves a mixed mechanism of retention
that includes hydrophobic interactions with an organic stationary phase and normal phase
interactions with exposed silanol functional groups on the silica support, the percent carbon is
not a significant indicator of the retention characteristics of that column. The retention time(s)
of solutes are normally longer for bonded phase columns of greater length viz., Ci3> Cg > C;

>C, [111, 112].

2.2.2  Methods of Detection

In most cases, HPLC method development is performed using UV detection with a variable
wavelength spectrophotometric or diode-array detector (DAD) [97, 112]. Factors to consider
when selecting a method of detection include the physicochemical properties and
concentration of the analyte of interest and the sensitivity of the analytical system. UV
detection may produce a linear response in the range 0.0001 to 2.0 absorbance units when
analyte concentrations are low so as not to deviate from Beer-Lambert Law [97, 112, 113].
High sensitivity for analytes of interest, predictable specificity, non-destructive and
insensitivity to temperature effects and mobile phase flow velocity changes are other
characteristics to be considered when selecting a method of detection. Furthermore detectors

should be reliable and convenient to use [89].
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2.2.3 Mobile Phase Selection

The composition of the mobile phase may affect the selectivity and separation of analytes
when using HPLC [97]. Organic solvents such as methanol, acetonitrile, ethanol and
tetrahydrofuran can be used to produce mobile phase for RP-HPLC [97, 100] that usually

consist of water or buffer and an organic modifier or solvent.

In RP-HPLC, the retention times of an analyte can be modified by adjusting the composition
of the mobile phase and/or the solvent strength of the organic modifier used in the mobile
phase [92]. Since organic solvents affect the polarity and selectivity of a mobile phase, initial
consideration of use of a specific solvent should involve an understanding of the

physicochemical properties of the solvent to be used in the mobile phase [90, 92, 95].

Solvents are attracted to analyte molecules in the mobile phase by a combination of dipole
and hydrogen-bonding interactions [90, 95]. Therefore, solvent selectivity is, in part,
dependent on the dipole moment, acidity and basicity of the solvent molecule. It is vital that
the organic solvent to be used does not absorb UV radiation at the same wavelength as that of
the Amax Of the analyte of interest as this will compromise the efficiency of the analytical

method [89, 97].

Organic solvents for use in HPLC method development should possess certain physical
properties such as have a low viscosity, vapour pressure, a boiling point > 40 °C, good
transmittance of low-wavelength UV light and minimal toxicity. Other factors to consider
when selecting an organic solvent include the need for pure, low cost materials and the effect
of the organic solvent on the retention time(s) of the analytes of interest and band spacing

[89, 97].

23 RESPONSE SURFACE METHODOLOGY (RSM)

2.3.1 Overview

The traditional and widely used approach of changing one experimental variable at a time
sequentially involves performing a large number of experiments to achieve a specific end-
point and does not permit an evaluation of multiple parameters, simultaneously [114].

Experimental design methodology has the advantage of enabling the simultaneous screening
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of multiple factors that may affect a response in addition to establishing the magnitude of the

effect and also permits identification of a possible interaction between factors [114-116].

RSM refers to a group of statistical and mathematical techniques used in the development of
an adequate functional relationship between a response of interest, say Y and a number of
associated control or input variables denoted X, X,....Xk. Such a relationship is generally
unknown but can be approximated by use of a low-degree polynomial model as depicted by

Equation 2.1.
Y= (X p+e€ Equation 2.1

where,

X=X, Xa,....Xx,

f> (X) = a vector function of elements that consists of powers and cross-products of
powers of X, Xo,.....Xx up to a certain degree denoted by d > 1,

B = a vector of unknown constant coefficients referred to as parameters, and

€ = random experimental error assumed to have a zero mean.

This approach is conditioned on the belief that the relationship depicted in Equation 2.1
provides an adequate representation of the response being monitored. The parameter * (X) B

represents the mean response, which is the expected value of Y [117].

Two important models are commonly used in RSM [117] and these are special cases of

models represented by Equation 2.2 as a first degree model (d = 1),
Y=p+ YK BiXi+e€ Equation 2.2

where,

Y = expected response,

p: and Sy = constant coefficients,

X;= coded independent factor, and

€ = random experimental error assumed to have zero mean.

and Equation 2.3 as a second-degree model (d =2),
Y=p+ YK BiXi+ Yi<j 2 Pij XiXj + YK BiiXi*+€ Equation 2.3

where,

Bo, Bi, Bii and B; = constant coefficients,
X; and X;= coded independent factors, and
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€ = random experimental error assumed to have zero mean.

There are three purposes for considering the model represented by Equation 2.2 and these
include the establishment of an approximate relationship between Y and X, Xj, ..., Xi that
can be used to predict response values for specific settings of the control variables under
investigation, in order to determine through hypothesis testing the significance of factors for
which the levels are represented by X, X», ..., Xk. Furthermore, the optimum settings for X,
X3... X that result in a maximum or minimum response over a certain range of interest can
also be established. In order to achieve these objectives a series of n experiments should be
performed initially in which the response, Y, is measured for a range of specific settings of
the control variables to be considered. The totality of these settings constitutes the response

surface design [117, 118].

The appropriate selection of a design is critical for any response surface model since the
quality of prediction, measured by the size of the prediction variance, is dependent on the
design matrix. Furthermore, the determination of the optimum response amounts to finding

an optimal value within the design matrix [118].

The first- and second-degree models are the most frequently used approximating polynomial
models in classical RSM experiments. The most commonly used first order designs are 2"
factorial designs where k represents the number of control variables, the Plackett-Burman and
Simplex designs. For the 2" factorial, each control variable is measured at two levels which
can be coded as +1 and -1, corresponding to the high and low levels to be used for each
control variable under investigation. For the factorial design the number of experimental runs,

n, is equal to 2% provided that no design point is replicated [118, 119].

The Plackett-Burman design allows for two levels of each of the control variables (k) to be
evaluated, just as for the 2* factorial design and requires fewer experimental runs, especially
if k is large, and is therefore an economical approach to consider. This design is available
only when n is a multiple of 4 and can therefore be used when the number of control

variables, k, is 3, 7, 11, 15, etc. [118, 119].

The Simplex design is a less frequently used approach as the actual setting for the design are,

in general, difficult to achieve exactly in a real experimental situation [118, 119].
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The most commonly used second-degree order designs are the 3% factorial, Central
Composite (CCD) and the Box-Behnken (BBD) designs. The 3% factorial design consists of
all combinations of levels of the control variables (k) which are tested at three levels each.
For equally spaced levels, codes are used and correspond to -1, 0, and 1. The number of
experimental runs for this design is 3 which can be very large when a large number of input

factors are to be evaluated [117-119].

The CCD approach is the most popular of all second-order designs and consists of three
sections viz., a complete or fraction of a 2* factorial design with factor levels coded as -1 and
1 and is termed the factorial portion, an axial portion consisting of 2k points for which two
points are selected on the axis of each control variable at a distance of a from the design
centre that is also selected as the point at the origin of coordinates, and nycentre points [117,

118].

The CCD approach is obtained by augmenting a first-order model (2k factorial) with
additional experimental runs viz., 2k axial points and ny centre point replications. The CCD is
developed in a manner that is consistent with the sequential nature of a response surface
investigation. This starts with a first-order design, to fit a first-degree model, followed by the

addition of design points to fit a larger second-order model [117].

The first-order design serves in a preliminary phase to obtain initial information about the
response system and to assess the importance of the factors selected for a specific
experiment. The additional experimental runs are used to generate information that can lead
to the establishment of optimum operating conditions for the control variables using a

second-degree model [117, 118].

The BBD provides for evaluation of three levels of each factor and consists of a particular
subset of the factorial combinations from a 3" factorial design. The BBD is popular in
industrial research settings as it is economical and requires the use of only three levels viz.,

-1, 0 and +1 for each factor under investigation [117-119].

RSM has been successfully used to develop and optimise several HPLC methods [114, 116,
120-125]. RSM generally involve performing experiments in the region of the best known
solution, fitting the experimental data to a response model and then optimising the estimated
response model to produce the best possible conditions for the responses that are to be

evaluated [116, 123, 126].
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24 ANALYSIS OF NEVIRAPINE

A number of analytical methods have been developed for the quantitation of NVP in different
matrices and the conditions for these separations are summarised in Table 2.1. The methods
include isocratic RP-HPLC [18-20, 127-130], gradient elution HPLC [131], ion-pair RP-
HPLC [21], liquid chromatography-mass spectrophotometry (LC-MS) [12], gas
chromatography-mass spectrophotometry (GC-MS) [132] and gas chromatography (GC)
[133]. The majority of the methods involve the determination and quantitation of NVP in
human plasma [18-20, 127, 133, 134], as bulk drug [20, 128, 130, 135] and in dosage forms
[20, 130, 135-137]. Most of the methods are tedious as they involve long analysis times and
may therefore not be suitable for routine laboratory use were a large number of samples need
to be analysed within a short period of time. Therefore the objective of this study was to
develop and optimise a simple, rapid, selective, precise and accurate RP-HPLC method for

the analysis of NVP, using RSM.
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Table 2.1. Analytical methods for the analysis of NVP

Sample Technique Mobile Phase Column Internal Wavelength Flow rate Ref
standard nm mL/min

Tablets HPLC Phosphate buffer (pH3.5): acetonitrile 85:15% v/v Cy Intersil® 250x 4.6 mm, 10 pm - 266 1.0 [136]

Human plasma HPLC Ammonium acetate buffer (pH 4.0 £ 0.05): Hypersil® BDS Cg 150 x 4.6 mm, 5 oxcarbazepine 254 1.2 [127]
acetonitrile 85 : 15% v/v pum

Tablets HPLC Acetonitrile: phosphate buffer (pH 3.0) 65:35 % v/v ~ XTerra” symmetry Cs 150 x 4.6 mm, - 283 0.8 [137]

S pm

Tablets/bulk drug HPLC Methanol: acetate buffer (pH = 3.0) ODS C;5250 x 4.6 mm, 5 um - 280 1.0 [135]

Human plasma HPLC 25mM potassium phosphate buffer (pH 6.0): Supelcosil® LC-8 150 x 4.6 mm, 5 pm - 280 1.0 [134]
methanol: acetonitrile, 63:21.5:15.5% v/v/v

Human plasma HPLC 25mM triethylamine in water: acetonitrile 65:35% Zorbax"™ Extend 150 x 2.1 mm, 5 pm  carbamazepine 275 0.2 [20]
v/v

Human plasma HPLC 15mM phosphate buffer: acetonitrile 65:35% v/v Waters® RP- Cjg 250 x 4.6 mm, 10 carbamazepine 283 1.0 [129]

um

Human plasma HPLC Solvent A: Acetonitrile and 0.025M Waters® Symmetry C;3250 x 4.6 mm, - 320 09 [131]
tetramethylammonium perchlorate in 0.2 % v/v 5 pm
trifluoroacetic acid 55:45 % v/v.
Solvent B: methanol in place of acetonitrile in
solvent A, same ratio

Human plasma Ion-pair 25mM phosphate buffer (pH 5.5): methanol: Cs 150 x 4.6 mm, 5 um - 282 - [21]

RP-HPLC acetonitrile 7:2:1 v/v/v containing 25 mM hexane-1-

sulfuric acid

Human plasma HPLC/MS/  Acetonitrile: water 70:30% v/v containing 10 mM of ~ Genesis® Cjg 150 x 4.6 mm, 4 um dibenzepine _ 0.7 [138]

MS formic acid




2.5 EXPERIMENTAL

2.5.1 HPLC Apparatus

The modular HPLC system consisted of a SpectraSERIES® P100 pump (Thermo Separation
Products, San Jose, USA), a Model AS100 fixed loop autosampler (Thermal Separation
Products, San Jose, USA) and a Spectra® 100 variable wavelength detector (Spectraphysics®,
San Jose, USA) set at 284 nm. Chromatograms were recorded on a Model SP4290 Integrator
(Spectraphysics®, San Jose, USA) and the stationary phase was a Phenomenex” C g (2), Sum,

250 x 4.6mm i.d. column.

2.5.2  Chemicals and Reagents

All chemicals used in these studies were at least of analytical reagent grade. Bulk NVP was
donated by Aspen Pharmacare® (Aspen Pharmacare™, Port Elizabeth, South Africa).
Acetonitrile 200 far UV Romil-SpS™ Super Purity Solvent and methanol UV cut-off of
215nm (Romil® Ltd, Waterbeach, UK) were used to prepare the mobile phase and samples of
NVP and internal standard, respectively. Carbamazepine (CBZ) was used as the internal
standard and was purchased from Sigma Aldrich® (Sigma Aldrich®, St Louis, USA). HPLC
grade water was prepared using a Milli-Q Academic A10 water purification system
(Millipore®, Bedford, USA) that consisted of an Ionex®lon—Exchange cartridge and a
quantum EX-ultrapore organex cartridge, which was fitted with a 0.22 pm Millipak® 40
sterile filters (Millipore™, Bedford, USA). NaOH (0.1M) was prepared by dissolving 0.4 g of
sodium hydroxide pellets (Rochelle Ltd, Johannesburg, South Africa) in 100 mL of HPLC
grade water. HCI (0.1 M) was prepared by accurately pipetting 3.14 mL of 32 % v/v HCl
(Merck chemical Ltd, Wadeville, South Africa) and adding to 1 L of HPLC grade water.

2.5.3  Preparation of Stock Solutions

Standard stock solutions of NVP (1 mg/mL) were prepared by accurately weighing
approximately 20 mg of NVP using a Mettler” Model AE163 top-loading analytical balance
(Mettler™, Zurich, Switzerland) and quantitatively transferring into a 20 mL A-grade
volumetric flask. Approximately 10 mL of methanol was added and the solution was
sonicated for 10 minutes using a Branson™ B12 sonicator (Branson®, Shelton, USA). The

solution was then made up to volume using mobile phase. Analytical standards were prepared
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by serial dilution with mobile phase to produce solutions of NVP of 1, 10, 20, 40, 120, 240
pg/mL NVP.

2.5.4 Preparation of Internal Standard

Approximately 20 mg of CBZ was accurately weighed using a Mettler® Model AE163top-
loading analytical balance (Mettler™, Zurich, Switzerland) and quantitatively transferred into
a 20 mL A-grade volumetric flask. Approximately 10 mL of methanol was added and the
solution was sonicated for 10 minutes using a Branson® B12 sonicator (Branson®”, Shelton,
USA) and then was made up to volume using mobile phase to make a solution of 1 mg/mL.
The solution was diluted with mobile phase to a concentration of 100 pg/mL before adding to
the standard solutions of NVP. Approximately 1.0 mL of 100 pg/mL CBZ was added to 0.5

mL of NVP solution and mixed in vial prior to analysis.

2.5.5 Preparation of Mobile Phase

The mobile phase, comprised of acetonitrile and water, was prepared by accurately measuring
appropriate volumes of each component using an A-grade measuring cylinder, adding to a
1000 mL beaker and mixing. The mobile phase was filtered through a 0.45 um HVLP
Millipore” membrane filter (Millipore”, Bedford, USA) and degassed under vacuum using an
Eyela® Aspirator A-2S vacuum pump (Rikakikai® Co. Ltd, Tokyo, Japan). The mobile phase
was prepared on a daily basis, transferred to a 1000 mL Scott® Duran bottle (Scott® Duran

GmbH, Wertheim, Germany) and was not recycled during analysis.

2.5.6 Selection of Internal Standard

An internal standard is used during quantitative analysis to minimise system and procedural
variability that can arise during sample preparation, as a consequence of analytical technique
or due to equipment variability [95, 139, 140]. The use of an internal standard compensates
for variable injection volumes and day to day instrumental changes and therefore can
improve the accuracy of an analytical method [139, 140]. The internal standard selected for
use should have similar characteristics as the analyte of interest so as to achieve a similar
response for a specific analytical procedure [141-143]. The internal standard should be
compatible with the analyte and must not be present in the original samples that are to be

analysed [95].
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Perusal of the literature reveals that dipenzepine [137], CBZ [129, 136] and oxcarbazepine
[11] have been used as internal standards for HPLC methods that have been developed for the
analysis of NVP. Diazepam, chlordiazepoxide, nitrazepam, imipramine and CBZ were
considered as possible choices for use as an internal standard as they exhibit structural
similarities to NVP. The response produced for CBZ revealed a relatively good peak shape
and a peak that was well resolved from NVP with a retention time of 9.25 min before

optimisation. Therefore CBZ was selected as the internal standard for use in these studies.
2.5.7  System Suitability Testing

2.5.7.1 Theoretical Number of Plates (N)

The column number of theoretical plates is a characteristic that provides an indication of the
suitability of a column to produce sharp, narrow peaks with adequate resolution between the
peaks with an associated low selectivity value [97]. The theoretical number of plates of the

analytical column can be calculated using Equation 2.4 [144].
N=16(2)" Equation 2.4

where,

N = number of theoretical plates,
RT = retention time of the test peak, and
W = peak width at the baseline.

2.5.7.2 Peak Asymmetry Factor (Peak Tailing Factor)

The peak shape was determined by calculating the peak asymmetry factor, A, using Equation

2.5.
B .
A, = " Equation 2.5

where,

B = width of the peak to the tailing edge at 10% of the peak height, and
A = width of the peak to the leading edge of the peak at 10% of the peak height.
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Poor peak asymmetry can result in the determination of an inaccurate plate number,
resolution measurement, imprecise quantitation, poor resolution, undetected minor bands in
the peak tail and/or poor retention time reproducibility. As a result peak shape is an important
consideration during HPLC method development. Peak asymmetry factor values of between
0.95 and 1.1 are associated with good column performance and column manufacturers
specify Ag values of between 0.95 to 1.3, for new columns. However, values < 1.5 for
analytes of interest are generally considered acceptable. Exactly symmetrical peaks have an

Ag value of 1.0.

The peak tailing factor (PTF) is another parameter that can be used to determine the shape of

a peak and can be calculated using Equation 2.6 [97, 144].

A+B

PTF = > Equation 2.6

where,

A = width of the peak to the leading edge of the peak at 10% of the peak height, and
B = width of the peak to the tailing edge at 10% of the peak height.

2.5.7.3 Resolution Factor

The resolution factor (R) indicates the extent and quality of a separation between the peaks
of interest in a sample. The resolution can be a function of the column and operating
conditions, instrumental effects or variable separation conditions. It is desirable that R values
be > 2.0 which indicate that an adequate separation has been achieved and values < 1.5 are

indicative of a poor separation [97]. The Ry can be calculated using Equation 2.7.

RT2 — RT1

Rs = Equation 2.7
0.5(TW1-TW2)

where,

RT; = retention time for the first peak,

RT, - retention time of the second peak,

Tw; = width of the first peak at the baseline, and
Tw, = is width of the second peak at the baseline.

34|Page



2.5.7.4 Capacity Factor

The capacity factor (K’) is an indicator of the length of time that a compound is retained on a
column relative to the peaks observed for the void volume. The K’ provides an indication of
the rate at which an analyte migrates through a column [97]. Factors that may influence K’
include the mobile phase composition, age of the column and temperature of the operating

system [97, 112]. The K’ can be calculated using Equation 2.8.

V1i-vo
K’ = Equation 2.8
Vo

where,

V= Void volume of the column, and
V = Retention volume of the analyte (retention time x flow rate).

The void volume is calculated using the retention time of a molecule, such as uracil, that is
not retained on a column and a capacity factor > 2.0 is desirable and chromatographic
conditions resulting in K’ values < 2.0 are considered unacceptable to produce an effective

separation [97, 112].
2.5.8 Experimental Design

A CCD approach was selected for the optimisation of process variables of the method that
was developed for the purposes of analysing NVP. Based on preliminary studies, three
independent factors that were considered as important were the organic solvent composition
of the mobile phase, flow rate and column temperature. The retention times of NVP, CBZ
and the resolution factor were the responses or dependent variables that were monitored. The
levels of each factor, both coded and actual that were used in the CCD are listed in Table 2.2.
The constraints were selected based on preliminary experiments and desire to achieve best
possible chromatographic conditions to yield well separated peaks within 10 minutes. The
experiments that were performed are listed in Table 2.3. The experiments were performed in

a randomised manner and in replicates (n=3) to minimise any potential bias.
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Table 2.2. Experimental factors and levels used in CCD

Factor Level
Independent/Input Factor [-1.68] [-1] [0] [+1] [+1.68]
Organic solvent (%) = X, 33.2 40 50 60 66.8
Column temperature (°C) = X, 21.6 25 30 35 38.4
Flow rate (mL/min) = X3 0.5 0.7 1.0 1.3 1.5
Dependent/Output Factor Constraints
NVP retention time (min) = Y, Y;=4.0
CBZ retention time (min) = Y, Y,=7.0
Resolution factor = Y3 Y;=4.0
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Table 2.3. CCD Experiments performed, coded and actual factors

Coded values Actual values
Experimental Standard Type Organic Column Flow rate Organic Column Flow rate
run run solvent temperature mL/min solvent temperature mL/min
number % °C % °C
1 0 Center 0.00 0.00 0.00 50 30 1.0
2 4 Fact 1.00 1.00 -1.00 60 35 0.7
3 5 Fact -1.00 -1.00 1.00 40 25 1.3
4 0 Center 0.00 0.00 0.00 50 30 1.0
5 1 Fact -1.00 -1.00 -1.00 40 25 0.7
6 11 Axial 0.00 -1.68 0.00 50 21.6 1.0
7 13 Axial 0.00 0.00 -1.68 50 30 0.5
8 2 Fact 1.00 -1.00 -1.00 60 25 0.7
9 0 Center 0.00 0.00 0.00 50 30 1.0
10 10 Axial 1.68 0.00 0.00 66.8 30 1.0
11 12 Axial 0.00 1.68 0.00 50 38.4 1.0
12 6 Fact 1.00 -1.00 1.00 60 25 1.3
13 0 Center 0.00 0.00 0.00 50 30 1.0
14 9 Axial -1.68 0.00 0.00 33.2 30 1.0
15 7 Fact -1.00 1.00 1.00 40 35 1.3
16 8 Fact 1.00 1.00 1.00 60 35 1.3
17 0 Center 0.00 0.00 0.00 50 30 1.0
18 3 Fact -1.00 1.00 -1.00 40 35 0.7
19 0 Center 0.00 0.00 0.00 50 30 1.0
20 14 Axial 0.00 0.00 1.68 50 30 1.5
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Design Expert® Version 7.0.1 (Stat-Ease Inc., Minneapolis, USA) statistical software was
used to analyse the data and to predict values of input variables that would produce responses
that were desired and produce a usable separation. Fisher’s statistical test for Analysis of
Variance (ANOVA) for the response surface quadratic model was used to determine the
significance of each factor. The effectiveness of the model was evaluated by computing the
F-ratio, Coefficient of Variation (C.V), adequate precision, adjusted R predicted R and the

predicted residual error sum of squares (PRESS).
2.5.9 RP-HPLC Method Validation

2.5.9.1 Introduction

Analytical method validation can be defined as the process by which, through laboratory
studies, the performance characteristics of a method are verified and meet the requirements
for the intended analytical application of that method [97, 145]. Validation is an essential
procedure as the acceptability of a method, using prescribed conditions, is tested. Validation
is also used to determine the limits of allowed variability for the conditions needed to
perform and use an analytical method [97, 146]. A well-conceived validation plan for testing
a method and the associated acceptance criteria should be in place prior to commencing the
validation process. A number of guidelines and standard procedures for method validation
have been published by the International Conference on Harmonization (ICH) [147] and the
United States Food and Drug Administration (FDA) [148].

A new or amended analytical method must undergo a validation process to ensure that it will
produce reliable and reproducible results when used by different operators using the same
equipment in the same or different laboratory [149]. Validation is also an important
component of the quality control system in the pharmaceutical industry and forms an integral

part of the assurance of product quality [150-152].

The parameters assessed during method validation include linearity, range, accuracy,
precision, selectivity, reproducibility and the limits of quantitation (LOQ) and detection
(LOD). These parameters are usually prioritised after which stability and ruggedness studies

are undertaken at a later stage [146, 150-152].
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2.5.9.2 Linearity and Range

The linearity of an analytical method is defined as the ability of a method to generate results
that are, directly or after mathematical transformation, proportional to the concentrations of
sample that are tested within a specified range. The range is the interval between the upper
and lower concentration levels of the analyte that have been determined with acceptable

precision, accuracy and linearity [97, 150, 152].

Linearity was determined using least squares linear regression analysis and establishing the
equation for the line. The R* value is a measure of linearity and the closer the value is to
unity, the more linear the line and therefore the response of the analytical method [97, 148,

150].

2.5.9.3 Precision

The precision of an analytical method is a measure of the degree of agreement among
individual test results when the method is used to analyse multiple units of a homogeneous
sample [97, 150]. The precision of a method is a measure of the reproducibility of analytical
method and associated processes including sampling, sample preparation and analysis under

normal operating circumstances [153].

The ICH guidelines recommend that precision studies should be performed in three different
ways viz., repeatability (intra-assay precision), intermediate precision (inter-day precision)

and reproducibility (different laboratories or analyst) [147].

FDA recommends that precision at selected concentration levels should not exceed a %
relative standard deviation (RSD) of 15% for analysis of biological matrices [148]. However,
the acceptance limit for % RSD in these studies was set at < 5% at all concentration levels as
dosage form analysis is not usually associated with the variability that is usually observed

when analysing samples from biological matrices.

2.5.9.3.1 Repeatability

Repeatability of a method is an indication of the performance of an analytical method when
used in analysis of samples within a laboratory over a short period of time by a single analyst

using the same equipment [97, 146, 148].
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Repeatability was evaluated by determining the % RSD of the peak height ratios of the

standard solutions used to construct the calibration curve (n = 5) on a single day.

2.5.9.3.2 Intermediate Precision

Intermediate precision refers to the precision of a method when used to analyse samples

within a laboratory on different days by different analysts and/or equipment [97, 146, 148].

The intermediate precision of this method was established by determining the % RSD of the
peak height ratios of standard solutions (n = 5) used to construct a calibration curve, on three

consecutive days.

2.5.9.3.3 Reproducibility

Reproducibility is the precision of the analytical method when it is used to analyse samples in
different laboratories or with different equipment and is an essential part of inter-laboratory
crossover studies [149, 153]. If intermediate precision is evaluated, the reproducibility of a
method is normally not required [149]. Therefore, reproducibility studies where not
performed for this method as intermediate precision was determined and the analytical
method was to be used by a single analyst in the same laboratory, using the same equipment

for the duration of these studies.

2.5.9.4 Accuracy

The accuracy of a method is a measure of the closeness of the test results generated using a
method, to the accepted true value for a sample and indicates the deviation between the mean
value obtained and the true value [97, 146]. Accuracy is determined by analysing samples to
which a known amount of analyte has been added. Accuracy is used in combination with
precision to determine the magnitude of error associated with an analytical procedure and is a

vital and important part of analytical method validation [146, 148].

The ICH guidelines recommend that a minimum of nine determinations should be performed
at a minimum of three concentrations covering a specific range of the analytical procedure to
establish the accuracy of a method [146, 147]. Three samples representing low (5 pg/mL),
medium (100 pg/mL) and high (200 pg/mL) concentrations of the calibration range were

prepared as previously described and analysed in replicates of five (n = 5).
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The results for accuracy were reported as % recovery, % RSD and % Bias. Bias is the
difference between the calculated mean value and the true value for a sample and is used to
assess the influence of an analyst on the performance of an analytical method. Bias is
designed to measure the effectiveness of the sample preparation procedure undertaken prior
to analysis [154]. The % recovery and % bias were calculated using equations 2.9 and 2.10

respectively.

0% Recovery = —octuatconcentration w4 Equation 2.9

theoretical concentration

True value—measured value

% Bias = X 100 Equation 2.10

True value

2.5.9.5 Limits of Quantitation (LOQ) and Detection (LOD)

The LOQ or the Lower Limit of Quantitation (LLOQ) is the lowest concentration of an
analyte that can be accurately quantified with the necessary precision and accuracy [154].
The LOQ can also be defined as the level at which precision of the method is higher than a
specified value e.g., RSD <3% [97].

The LOD is the lowest level of an analyte that produces a measurable response but that

cannot be quantified as an exact value with the necessary precision [154, 155].

Four techniques may be used to determine the LOQ and LOD of an analytical method [155],
and include the lowest concentration at which the % RSD < 5% or other specified value,
plotting the standard deviation versus concentration for a sample of a specific concentration,
establishing a confidence interval for the best-fit line or by use of signal to noise ratio

methods.

The LOQ and LOD values established during method validation are affected by separation
conditions such as the column, reagents and instrumentation. Changes in an instrument,
particularly the solvent delivery module, detectors or the use of contaminated reagents may

result in large changes in the signal to noise ratio [97].
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The LOQ and LOD for this method were determined by using a precision of < 5% and by
convention, the LOD value was then taken as 30% of the LOQ value [155]. Five potential

concentration values were selected and tested for consideration as the LOQ.

2.5.9.6 Specificity

The specificity of a method is described as the ability of the analytical method to produce a
response to only the analyte of interest and no other compounds that may be present in the

sample matrix [156, 157].

The specificity of the method was established by comparing chromatograms of standard
solutions containing the analyte only, with chromatograms generated from samples following

preparation of commercially available Aspen”™ NVP tablets for analysis.
2.5.9.7 Assay

The applicability of the method for the analysis of NVP in dosage forms was established by
testing commercially available Aspen” nevirapine 200 mg and Viramune® XR 100 mg tablets
using the method that was developed. Twenty tablets were weighed and ground and an
amount equivalent to 100 mg NVP was transferred into a 100 mL A-grade volumetric flask.
Approximately 40 mL methanol was added and the mixture was sonicated for 10 minutes
before making up to volume with mobile phase. The solution was then filtered with 0.45 um
HVLP Millipore® filter membrane and diluted with mobile phase to 100 pg/mL prior to

analysis.
2.5.10  Stability Studies

2.5.10.1 Introduction

The ICH guidelines require analytical methods to be stability indicating and that the method
must allow discrimination between the analyte of interest and any degradation products that

may be produced during forced degradation studies [158].

Forced degradation studies are performed in light, acidic, basic, oxidative and elevated
temperature conditions [158, 159]. There is also a requirement for degradation products to be
analysed qualitatively and quantitatively, however only qualitative analyses were performed

in these studies.
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2.5.10.2 Oxidative, Acidic and Alkali Degradation Studies

Samples of NVP, weighing approximately 100 mg each, were transferred into three 100 mL
A-grade volumetric flasks. Methanol (40 mL) was added to each flask and the solutions were
sonicated for 10 minutes. The resultant solutions were made up to volume with 30% v/v H,O,
(Allied Drug Company Ltd, Durban, KwaZulu-Natal, South Africa), 0.1 M HCI and 0.1 M
NaOH for the oxidative, acidic and alkali degradation studies, respectively. The samples were
refluxed for 8 hours at 90 °C. Sample aliquots of 1.2 mL were collected at 2, 4, 6 and 8 hours
and diluted to a theoretical concentration of 60 pg/mL with mobile phase in 20 mL A-grade
volumetric flasks. Sample aliquots of 0.5 mL were then collected and 1 mL of internal

standard solution was added and the solutions were vortexed prior to analysis by HPLC.

2.5.10.3 Photo Degradation Studies

Approximately 100 mg NVP was accurately weighed and transferred into a 100 mL A-grade
volumetric flask. Methanol (40 mL) was added and the solution was sonicated for 10 minutes
and then made up to volume with mobile phase. The sample was exposed to light of 500
w/m” at a temperature of 27 °C using a model CPS+ SUNTEST® Weathering unit (ATLAS
Material Testing Technology B.V, Linsengericht, Germany) for 8 hours. Sample aliquots of
1.2 mL were collected at 2, 4, 6 and 8 hours and diluted to a concentration of 60 pg/mL with
mobile phase in a 20 mL volumetric flask. Sample aliquots of 0.5 mL were then collected and
I mL of internal standard solution added and the solutions vortexed prior to analysis by

HPLC.

2.5.10.4 Neutral Hydrolytic Studies

Approximately 100 mg NVP was accurately weighed and transferred into a 100 mL A-grade
volumetric flask. Methanol (40 mL) was added and the solution sonicated for 10 minutes and
then made up to volume with water. The sample was then refluxed at 90 °C after which
sample aliquots of 1.2 mL were collected at 2, 4, 6 and 8 hours and diluted to a concentration
of 60 pg/mL with mobile phase in a 20 mL volumetric flask. Sample aliquots of 0.5 mL were
then collected and 1 mL of internal standard solution added and the solutions vortexed prior

to analysis by HPLC.
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2.6 RESULTS AND DISCUSSION

2.6.1 Chromatographic System Suitability Tests

A summary of results of chromatographic system suitability tests are listed in Table 2.4. The
results indicate that the results of all tests were within the limits that had been set and the

analytical system and method were declared suitable for the analysis of NVP.

Table 2.4. System suitability results (n = 3)

Factor Value %RSD
Number of plates (N) 19 328 0.76439
Resolution factor (R;) 3.82 0.88231
Asymmetry factor (A;) N/A (no tailing evident) -
Capacity factor (K°) 4.20 0.92175

2.6.2 Central Composite Design

Twenty experiments were performed using a CCD and a summary of experiments and
respective responses are summarised in Table 2.5. All experiments were performed in a
randomised fashion resulting in simplified data sets being generated in order to minimise the

effects of uncontrolled factors that may introduce bias to the observed responses.
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Table 2.5. CCD experiments and measured responses

Std. Exp. Run Organic Column Flowrate RTNVP RTCBZ R
ID solvent temp.
% °C mL/min___ Min Min

0 1 50 30 1.0 3.49 4.93 3.60
4 2 60 35 0.7 4.43 5.54 1.85
5 3 40 25 1.3 3.30 5.86 5.11
0 4 50 30 1.0 3.49 4.93 3.60
1 5 40 25 0.7 5.99 10.61 4.62
11 6 50 21.6 1.0 3.48 4.88 2.79
13 7 50 30 0.5 6.78 9.57 2.78
2 8 60 25 0.7 4.41 5.46 1.75
0 9 50 30 1.0 3.49 4.93 3.60
10 10 66.8 30 1.0 2.99 3.49 1.26
12 11 50 38.4 1.0 3.49 4.92 2.39
6 12 60 25 1.3 2.42 3.02 1.49
0 13 50 30 1.0 3.49 4.93 3.60
9 14 33.2 30 1.0 5.44 12.37 6.93
7 15 40 35 1.3 3.19 545 4.50
8 16 60 35 1.3 2.44 3.02 1.46
0 17 50 30 1.0 3.49 4.93 3.60
3 18 40 35 0.7 5.74 9.76 4.02
0 19 50 30 1.0 3.49 4.93 3.60
14 20 50 30 1.5 2.39 3.34 243

The responses listed in Table 2.5 were evaluated using Design Expert” software and the data

were fitted to a number of quadratic models. The adequacy of each quadratic model in

describing the relationship between the independent variables and responses were determined

and ANOVA used to identify the significant parameters. The evaluation of model adequacy

and ANOVA for the retention time of NVP and resolution factor will be discussed in detail.

ANOVA for the retention time of CBZ is not discussed as CBZ was only used as an internal

standard in this method. The relationships that had been established were then used to derive

and predict a set of independent variables that would yield the desired responses for this

analytical system.
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2.6.1.1 Evaluation of Model Adequacy for Retention Time of NVP

The values of the factors that were assessed to determine the adequacy of the model are
summarised in Table 2.6. The most important parameters in the evaluation of model
adequacy are the model F-value, coefficient of variation, adequate precision, PRESS and R?
values. The importance of these parameters in Table 2.6 and their respective values are

discussed in detail.

Table 2.6. Summary of model adequacy parameters and associated values

Parameter Value Parameter Value
Std. Deviation 0.15 R-Squared 0.9917
Mean 3.87 Adjusted R-Squared 0.9842
% Coefficient of variation 3.99 Predicted R-Squared 0.9369
PRESS 1.81 Adequate precision 38.864
F-Value 132.67

2.6.1.1.1 Model F-Value

The model F-value is used to ascertain the utility of a model that the data has been fitted to
and to determine whether a model best fits the data set. The F-value produces a ratio of
explained and unexplained variability and the larger the value for F, the more useful the
model [117, 160]. A model F-value of 132.67 was obtained and represents a 0.01% chance
that a model F-value this large could occur due to noise. This implies that the model would be
able to describe the fitted data set accurately and there is only 0.01% chance of the model

being inaccurate.

2.6.1.1.2 Coefficient of Variation

The coefficient of variation is the ratio of the standard deviation and mean and is indicative of
the normalised measure of dispersion of a probability distribution [161, 162]. The % C.V is a
measure of the reproducibility of a model and a value of < 10% is desirable [163]. The value
of 3.99 was within this limit and implies that the model would be able to produce

reproducible results over time, which is important in any laboratory analytical procedure.
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2.6.1.1.3 Adequate Precision

Adequate precision compares the range of predicted values at the design points of the CCD to
the average prediction error and a ratio of > 4 indicates that there is adequate model
discrimination [119, 160]. The value of 38.864 was well above the limit implying that the

model can be used to predict possible experimental outcomes with acceptable accuracy.

2.6.1.1.4 R’ Predicted R’ and Adjusted R’Values

It is important to determine whether a model is able to describe the experimental data under
consideration adequately [119, 160]. The process of evaluation includes the determination of
different coefficients of correlation. The R* coefficients have values between 0 and 1 and the
closer the value to 1, the more reliable the model. All values that were obtained were > 0.9
signifying that the model is reliable and when used to predict experimental outcomes, the

actual values will be reasonably close to the predicted values.

2.6.1.1.5 Residual Analysis

The adequacy of a model is also investigated by examination of residuals. Residuals are the
difference between the respective observed and predicted responses [119]. Residuals are
examined using normal probability plots of residuals and the plot of residuals versus
predicted responses. If a model is adequate, the points of the normal probability plot of
residuals should fall on a straight line. On the other hand, the location of points on the plots
of residuals versus the predicted responses should be structureless, i.e. should not be seen to
follow a specific pattern [117, 119, 160]. The data depicted in Figures 2.1 and 2.2 clearly

indicate that these criteria have been met and the model was therefore deemed adequate.
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Figure 2.1. Normal probability plots of residuals for the retention time of NVP.

Design-Expert® Software
Retention time

Color points by value of
Retention time:

%6.78
2.37

Internally Studentized Residuals

-1.50 —

-3.00

Residuals vs. Predicted

3.00

1.50 —

0.00 —

60

[ =]

Predicted

Figure 2.2. Plot of residuals versus predicted responses for the retention time of NVP.
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2.6.1.1.6 PRESS

The PRESS value is the sum of squares of residuals and is a measure of the discrepancy
between experimental data and those estimated by the model. A small PRESS value indicates
a good fit of the data under investigation to the model selected [160]. The value of 1.81
suggests that the data was well fitted to the model, indicating that the model selected was

accurate and can be used to describe the data set adequately.

2.6.1.1.7 Box-Cox Plot for Power Transformations

Most statistical tests and intervals are based on the assumption of normality of distribution of
data as this leads to tests that are simple, mathematically tractable and powerful compared to
tests that do not make any assumption of normality [117, 160]. However, many data sets are
neither in fact, nor approximately normal and transformation of results may be necessary to
yield data that follow a normal distribution, albeit approximately in some cases. Box-Cox
plots of normality are used when transformation is required to increase the applicability and
usefulness of an applied statistical test [164]. In this case, inspection of the Box-Cox plot
suggests that transformation of the power A = -1.76 should be made to the data set and this is

depicted in Figure 2.3.
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Figure 2.3. Box-Cox plot for power transformation of retention time data for NVP.
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The resultant response range was between 2.39 and 6.78 and the ratio of maximum to
minimum response was 2.8368. A ratio > 10 indicates that transformation is required.
However ratios of < 3 indicate power transformations have little effect on the experimental

responses, therefore transformation was not performed for these data.
2.6.1.2 ANOVA: Retention Time of NVP

2.6.1.2.1 Significant Factors Affecting the Retention Time of NVP

The results of ANOVA following CCD and the significant factors affecting the retention time
of NVP are summarised in Table 2.7. Values of “P > F” that are < 0.0500 indicate that the
model terms investigated are significant.

Table 2.7. ANOVA for response surface quadratic model analysis of variance table [partial
sum of squares-type III] for the retention time of NVP

Source Sum of Df Mean square F-value P-value
squares
Prob >F

Model 28.46 9 3.16 132.67 <0.0001
X 548 1 5.48 22991 <0.0001
X5 0.007.182 1 0.007.182 0.30 0.5951
X3 20.29 1 20.29 851.42 <0.0001
XX, 0.021 1 0.021 0.88 0.3699
X X3 0.20 1 0.20 8.46 0.0156
X1 X3 0.002.813 1 0.002813 0.12 0.7383
X’ 0.75 1 0.75 31.28 0.0002
X,? 0.014 1 0.014 0.57 0.4683
X2 1.81 1 1.81 76.08 <0.0001
Residuals 0.24 10 0.024
Lack of fit 0.24 5 0.048
Pure error 0.000 5 0.000
Cor total 28.69 19

Dark red = significant model terms.

The relationship between independent variables and the retention time of NVP as a function

of interaction amongst the parameters are described by Equation 2.11.

Y; =3.49 — 0.63X; — 0.23X, — 1.22X5 + 0.051X;X5 — 0.16X; X5 + 0.019X,X; — 0.23X,* —
0.031X,°—0.35X5> Equation 2.11
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The data generated reveal that linear contributions of X;, X3 and X;X3, as well as quadratic
interactions of X;? and X3” model terms had a significant and antagonistic effect on the

retention time of NVP, as indicated by the negative sign of the model terms in the equation.

The amount of organic solvent, X;, and flow rate, X3 have a significant effect on the
retention time of NVP. Increasing the amount of organic solvent resulted in a decrease in the
retention time of NVP which can be attributed to a decrease in hydrophobic interactions
between NVP and the stationary phase of the column [97, 165]. Increasing the flow rate also
reduced the retention time and can be attributed to faster elution of NVP from the column at

the higher mobile phase flow rate.

The effect of column temperature on the retention time of NVP was not significant but the
negative sign associated with this parameter viz., -0.23X; as shown in Equation 2.11 indicates
that an increase in temperature results in a decrease in the retention time that may be

attributed to a decrease in the viscosity of the mobile phase [97, 166].

2.6.1.2.2 Response Surface Model Plots for Retention Time

The relationship between the significant factors and the retention time of NVP can be
visualised using contour plots as depicted in Figures 2.4 - 2.6. An increase in concentration of
organic solvent, whilst keeping the column temperature constant, resulted in a significant
decrease in retention time as shown in Figure 2.4. The retention time of NVP decreased
almost linearly with an increase in the concentration of the organic solvent when the column
temperature was kept constant. The insignificance of the effect of column temperature on the
retention time of NVP when keeping the concentration of the organic solvent constant was
typified by almost straight lines on the contour plots as shown in Figure 2.4. Increasing both
the concentration of the organic solvent and the column temperature resulted in a decrease in

the retention time.
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Figure 2.4. Contour plot showing the effect of changes in column temperature and organic
solvent concentration on the retention time of NVP.

Organic solvent concentration and flow rate have an inverse relationship with retention time
as depicted in Figure 2.5, as increasing the organic solvent concentration while keeping the
flow rate constant resulted in a decrease in the retention time and increasing the flow rate
while keeping the organic solvent concentration constant also resulted in a decrease in the
retention time. Increasing both the concentration of the organic solvent and the column

temperature resulted in a decrease in the retention time of NVP.
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Figure 2.5. Contour plot showing the effect of changes in flow rate and organic solvent
concentration on the retention time of NVP.
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A study of the effect of column temperature and flow rate on the retention time of NVP
showed that increasing the flow rate while keeping the temperature constant resulted in a
significant decrease in the retention time, whereas increasing the temperature of the column
did not have a significant effect on the retention time of NVP, signified by the straight lines
on the contour plots as shown in Figure 2.6. Increasing both the column temperature and the

flow rate resulted in a decrease in the retention time.
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Figure 2.6. Contour plot showing the effect of changes in flow rate and column temperature
on the retention time of NVP.

2.6.1.3 Evaluation of Model Adequacy for Resolution Factor

The results of these determinations are summarised in Table 2.8. All parameters that were
considered for determining the adequacy of the model revealed that the quadratic model that

was selected was appropriate to navigate the design space for this separation.

Table 2.8. Summary of model parameters and values used to evaluate adequacy of the model
for resolution factor

Parameter Value Parameter Value
Std. Deviation 0.15 R-Squared 0.9937
Mean 3.25 Adjusted R-Squared 0.9880
C.V% 4.75 Predicted R-Squared 0.9521
PRESS 1.81 Adequate precision 49.471
F-Value 175.14
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2.6.1.4. ANOVA: Resolution Factor

2.6.1.4.1 Significant Factors Affecting Resolution Factor

ANOVA results for CCD of the factors that significantly affect the resolution between NVP

and CBZ are listed in Table 2.9. Model terms with p-value < 0.05 were considered

significant. As can be seen from the table, the resolution factor for NVP and CBZ peaks was

found to be significantly affected by the model terms X;, X;, X;Xs, X;Xj3, X12, X22 and X32.

The column temperature and the amount of organic solvent had a significant effect on the

resolution for this separation, implying that the viscosity of the mobile phase at a particular

time, in addition to hydrophobic interactions between the compounds and the stationary

phase affected resolution factor. The mobile phase flow rate did not have a significant effect

on peak resolution. However, the linear interactions between flow rate and organic solvent

composition were significant.

Table 2.9. ANOVA for response surface quadratic model analysis of variance table (partial

sum of squares-type III) for the resolution factor

Source Sum of Df Mean F-value P-value
squares square

Prob >F
Model 37.56 9 4.17 175.14 <0.0001
X 32.80 1 32.80 1376.45 <0.0001
X, 0.24 1 0.24 10.25 0.0095
X3 0.005.834 1 0.005.834 0.24 0.6314
XX, 0.20 1 0.20 8.33 0.0162
X X; 0.34 1 0.34 14.11 0.0037
X,X3 0.003.200 1 0.003.200 0.13 0.7217
X’ 0.45 1 0.45 18.88 0.0015
X,? 1.77 1 1.77 74.12 <0.0001
X;2 1.68 1 1.68 70.43 <0.0001
Residual 0.24 10 0.024
Lack of fit 0.24 5 0.048
Pure error 0.000 5 0.000
Cor total 37.80 19

Dark red = significant model terms.

The relationship between the resolution factor and interacting parameters is described by

Equation 2.12.

Y3 =3.60X; — 1.55X, — 0.13X, — 0.021X5 — 0.16X,; X, — 0.20X;X;5 — 0.020X>X; — 0.18X,% —
0.35X,% — 0.34X;5?
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The equation shows that the resolution factor was significantly affected by the antagonistic
linear contributions of the model terms X;, X,, X;X,, X;X3 and antagonistic quadratic
interaction effects of X%, X,* and X3°. These relationships implied that increasing the
concentration of the organic solvent, column temperature and mobile phase flow rate resulted

in a decrease in the resolution factor.

2.6.1.4.2 Response Surface Model Plots for Resolution Factor

The relationship between the independent variables and the resolution factor was visualised
using 3-dimentional Response Surface Plots (RSP). Increasing both the column temperature
and the amount of organic solvent resulted in a slight decrease in the resolution factor as
depicted in Figure 2.7. An increase in the concentration of the organic solvent while keeping
the column temperature constant resulted in a decreased resolution. An increase in the
column temperature while keeping the concentration of the organic solvent constant resulted
in an increase in the resolution factor. The figure also shows that the highest values of
resolution were achieved with high temperatures and low concentrations of the organic

solvent compared to low temperatures and high concentrations of organic solvent.

Design-Expert® Software

Resolution factor
® Design points above predicted value

%69

1.26
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X2 = B: Column temperature 5.4
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C: Flow rate = 0.00 45

3.6

2.7

Resolution factor

18

1.00

B: Column temperatur&->° A*Wiobile phase

-1.00 -1.00

Figure 2.7. RSM plot showing the effect of column temperature and amount of organic
solvent on the resolution factor.
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Increasing both the amount of the organic solvent in the mobile phase and flow rate
significantly decreased the resolution factor, while an increase in the flow rate with constant
organic solvent also resulted in a slightly decreased resolution factor as shown in Figure 2.8.
The figure also shows that increasing the concentration of the organic solvent while keeping
the flow rate constant resulted in a decrease in the resolution factor and that highest values of
resolution factor was achieved when low flow rates and high concentrations of organic
solvent concentration in the mobile phase were used as compared to high flow rates and low

organic solvent concentration.

Design-Expert® Software
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1.00 1.00
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-1.00 -1.00

Figure 2.8. RSM plot showing the effect of changes in mobile phase composition and flow
rate on the resolution factor.

An increase in both temperature and flow rate resulted in a slight decrease in the resolution
factor. An increase in flow rate did not have a significant effect on the resolution factor as
shown in Figure 2.9. The figure also shows that increasing the column temperature up to
approximately 30 °C while keeping the flow rate constant resulted in an increase in the
resolution factor, thereafter an increase in the column temperature resulted in a decrease in
the resolution factor. An increase in flow rate of mobile phase with constant column
temperature did not have a significant effect on the resolution factor. The resolution factors
for conditions of low temperatures and high flow rates were similar to those of conditions of

low temperature and low flow rates. Furthermore, high temperatures and low flow rates
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resulted in resolution factors that were similar to those from high temperatures and high flow
rates. These effects resulted in the formation of a ‘molehill” shaped response surface plot
shown in Figure 2.9. The figure also shows that highest values of resolution factor were

achieved when medium low flow rates (approximately 1 mL/min) and medium temperatures

(approximately 30 °C) were used.
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Figure 2.9. RSM plot of the effect of flow rate and column temperature on the resolution
factor.

2.6.1.5 Validation of Experimental Design

The optimised chromatographic conditions selected for the quantitation of NVP are

summarised in Table 2.10.
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Table 2.10. Summary of chromatographic conditions

Parameter

Setting

Integrator: Speed

0.25 cm/min

Input voltage 10 mV full scale

Attenuation (AT) 128

Offset (OF) 5

Peak height (PH) 1

Peak threshold (PT) 250

Minimum area (MA) 2500

Peak width (PW) 6
Sensitivity 0.1 AUFS
Flow rate 1.0 mL/min
Injection volume 20 uL
Wavelength 284 nm
Temperature 30 °C

Mobile phase composition

44:56 % v/v acetonitrile: water

The optimised chromatographic conditions resulted in a separation for which the retention

time of NVP and CBZ were 4.30 £ 0.014 min and 7.60 £ 0.014 min, respectively with a

resolution factor of 3.82 £ 0.012 (n =5). A typical chromatogram of the separation of a
standard solution of NVP and CBZ is depicted in Figure 2.10.
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Figure 2.10. Typical chromatogram of the separation of NVP (60 pg/mL) and CBZ (100
pg/mL).

The experimental design model was validated by comparing the predicted values and the
actual experimental values obtained using calculated residual and percentage errors. The
predicted retention times of NVP and CBZ, and the resolution factor in addition to the

calculated residual and percent prediction errors (% P.E) are summarised in Table 2.11.
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Table 2.11. Validation of experimental model: comparison of predicted and actual responses

Response Predicted Actual Residuals % Prediction error
RT NVP 4.00 4.30 0.30 6.98
RT CBZ 7.00 7.60 0.60 7.89
Rg 4.00 3.82 0.12 3.00

The percent error between the predicted and actual retention times were 6.98 and 7.89 for
NVP and CBZ, respectively while the percentage error for the resolution factor was 3%. It
can be concluded that the empirical models that were developed were reasonably accurate,
particularly for resolution that had a percentage error < 5%. Slightly lower prediction errors
could have been obtained if transformation of the data was performed, however, the
responses observed were within the set limits and the separation was rapid and produced

reliable analyses.

The preliminary chromatographic conditions achieved using the traditional method of
sequentially changing one variable at a time produced a mobile phase that was comprised of
40% acetonitrile and 60% water, and yielded retention times of 5.23 minutes and 9.25
minutes for NVP and CBZ, respectively whereas the RSM optimised mobile phase was
comprised of 44% acetonitrile and 56% water with retetions times of 4.30 minutes and 7.6
minutes for NVP and CBZ, respectively. The use of RSM enabled achievement of conditions
that resulted in much shorter retention times and adequate resolution between the peaks of

interest.
2.6.2 HPLC Method Validation

2.6.2.1 Linearity and Range

A plot of peak height ratio of NVP/CBZ versus the concentration of NVP yielded a
calibration curve with a slope of 0.0064, a y-intercept of — 0.0016 and a correlation
coefficient of 0.9996 and is depicted in Figure 2.11. These results indicate that the method

was linear over the concentration range studied.
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Figure 2.11. Calibration curve for NVP over the concentration range 1 - 240 ug/mL (n = 5).

2.6.2.2 Precision

2.6.2.2.1 Repeatability

The results of repeatability studies are summarised in Table 2.12 and indicate that the method

was repeatable and the % RSD values for samples of all concentration levels were < 5%.

Table 2.12. Summary of results of repeatability studies

Concentration Average Peak Standard Deviation %RSD
ug/mL Height Ratio (n =5) (SD)
1 0.0042 0.00018 4.282
10 0.0416 0.00028 0.6713
20 0.0771 0.00032 0.4097
40 0.1702 0.00021 0.1254
120 0.5285 0.00083 0.1577
240 0.9962 0.00096 0.0964
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2.6.2.2.2 Intermediate Precision

A summary of the results of intermediate precision studies are listed in Table 2.13. All %
RSD values were within the acceptance criterion of < 5% indicating that the method is

precise for the analysis of NVP when conducted on different days.

Table 2.13. Results of intermediate precision studies

Day Concentration Average peak SD %RSD
pg/mL height ratio n =5

1 1 0.0085 0.0000462 0.54499
10 0.0621 0.0001709 0.27522

20 0.1272 0.0004357 0.34266

40 0.2639 0.0002695 0.10212

120 0.8145 0.0006800 0.08348

240 1.5980 0.0015676 0.09822

2 1 0.0201 0.0000865 0.42981
10 0.0671 0.0017270 2.57331

20 0.1282 0.0027920 2.17819

40 0.2753 0.0018870 0.68547

120 0.8432 0.0005270 0.06250

240 1.5890 0.0018770 0.11813

3 1 0.0200 0.0001080 0.54126
10 0.0673 0.0000825 0.12268

20 0.1289 0.0003640 0.28224

40 0.2722 0.0004250 0.15631

120 0.8308 0.0020070 0.24154

240 1.5776 0.0015850 0.10048

2.6.2.3 Accuracy

A summary of results of accuracy studies is listed in Table 2.14 and indicates the method is

accurate, with all % RSD and % Bias values < 5%.

Table 2.14. Summary of results of accuracy studies (n =5)

Theoretical Actual SD %RSD % Recovery % Bias
concentration Concentration
pg/mL pg/mL
5 5.0283 0.00035 0.80079 100.566 -0.5660
100 100.209 0.00059 0.08798 100.209 -0.2090
200 198.544 0.00145 0.11213 99.272 0.7280
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2.6.2.4 LOQ and LOD

The LOQ was found to be 1.0 pg/mL with a % RSD of 1.50 while the LOD was set at 0.3

pg/mL. The results for the determination of LOQ are summarised in Table 2.15.

Table 2.15. Results for LOQ determination for HPLC analysis of NVP (n =5)

Concentration NVP/CBZ HT ratio SD % RSD
pg/mL
0.5 0.003342 0.0002455 7.3467
1 0.006760 0.0001000 1.4947
1.5 0.009820 0.0000263 0.2679
2 0.011820 0.0000190 0.1635
2.5 0.015160 0.0003235 0.2134

2.6.2.5 Specificity

The results of specificity studies reveal that there was no interference with the NVP peak
from excipients used in commercially available Aspen® nevirapine tablets as shown in Figure
2.12 and the method was therefore deemed specific for the analysis of NVP in

pharmaceutical dosage forms.
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Figure 2.12. Comparison of chromatograms of a standard solution of NVP (A) and NVP
solution from commercially available tablets (B) at a concentration of 60 pg/mL.

2.6.2.6 Assay

The average NVP content was found to be between 97.35 and 99.79% of the label claim for
the two products tested. The results are summarised in Table 2.16 and the % recovery and

corresponding %RSD values were all < 5% showing that the method was accurate.

Table 2.16. Assay results for commercially available products

Product NVP NVP found Recovery % RSD
added mg mg + SD )
Aspen® Nevirapine 200 mg 100 97.35 +0.652 97.35 0.6697
Viramune® XR 100 mg 100 98.45 + 0.884 98.45 0.8977
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2.6.3  Stability Indicating Studies

2.6.3.1 Oxidative Degradation Studies

NVP was found to degrade by 11.72 + 1.12% in 30 % v/v H,0, after refluxing for 8 hours.
However chromatograms reveal that no degradation peaks were present for the duration of
the study. Typical chromatograms of NVP following exposure to oxidative conditions at 2, 4,

6 and 8 hours are shown in Figure 2.13. These results are in agreement with previously

reported results [167].
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Figure 2.13. Typical chromatograms of NVP (60 pg/mL) following exposure to 30% v/v
H,0; at 2, 4, 6 and 8 hour time points.
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2.6.3.2 Acidic Degradation Studies

NVP was found to degrade by 7.11 = 0.87% in 0.1 M HCI after refluxing at 90 °C for 8
hours. There were no degradation peaks observed for the duration of the studies and the

chromatograms of NVP exposure to acidic conditions at 2, 4, 6 and 8 hours are shown in
Figure 2.14.
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Figure 2.14. Typical chromatograms of NVP (60 pg/mL) following exposure to 0.1 M HCI
at 2, 4, 6 and 8 hour time points.

2.6.3.3 Alkali Degradation Studies

NVP degraded by approximately 4.83 + 1.07% after exposure to 0.1 M NaOH and refluxing
at 90°C for 8 hours. No degradation peaks were present for the duration of the study as can be

seen in the chromatograms of NVP at 2, 4, 6 and 8 hours in alkali as shown in Figure 2.15.
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Figure 2.15. Typical chromatograms of NVP (60 pg/mL) following exposure to 0.1 M NaOH
at 2, 4, 6 and 8 hours.

2.6.3.4 Neutral Hydrolytic Studies

NVP was found to be stable at an elevated temperature of 90 °C and refluxing for 8 hours in a

neutral medium. Typical chromatograms at 2, 4, 6 and 8 hours are shown in Figure 2.16.

67| Page



CBZ CBZ CBZ

CBZ
NVP NVP NVP
NVP
& 5 2 g
o = = 2
= 8 g k=
z # g g
R ;ig'i k=) =y
v J L v J ' J
—r 1 1 1 1 T 1 S —— —r 1 1T 1 1
0246810 02 4 6810 02 4 6810 0 246810
Time (minutes) Time (mimites) Time (minutes) Time (minutes)
2h 4h 6h &h

Figure 2.16. Typical chromatograms of NVP (60 ug/mL) following exposure to neutral
hydrolysis at 2, 4, 6 and 8 hours.

2.6.3.5 Photo Degradation Studies
NVP was also found to be stable following exposure to light conditions of 500 w/m?” at 27 °C

following exposure for 8 hours and chromatograms at 2, 4, 6 and 8 hours are depicted in
Figure 2.17.
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Figure 2.17. Typical chromatograms of NVP (60 ug/mL) following exposure to 500 w/m?, at
27 °C at 2, 4, 6 and 8 hours.

The results of stability studies in terms of % recovery under different stress conditions at
different time points are summarised Table 2.17. The results show a decrease in % recovery
of NVP after exposure to 30% v/v HyO,, 0.1 M HCI and 0.1 M NaOH and refluxing at 90 °C
for 8 hours, indicating degradation. The % recovery of NVP remained relatively unchanged

after exposure to neutral hydrolytic conditions at 90 °C and 500 w/m?* at 27 °C for 8 hours

showing that NVP was stable under these conditions.
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Table 2.17. Summary of stability data of NVP in different stress conditions

% Recovery

Stress condition

30%v/v 01MHCI 0.1 MNaOH  Neutral, 500 w/m? at
H,0, 90 °C 27 °C
Tim

h
0 993+0.118 99.2+0.455 99.5+0.662 98.9+0.244 99.4 = 0.743
2 96.2+0.255 97.5+0.336 97.7+0.559  98.8 +0.331 99.2 + 0.447
4 92.7+0.677 94.8+0.128 95.8+0.578  99.0+ 0.566 98.8 +0.512
6 89.6 £0.558 92.1+0.556 94.6+0.442 98.6+ 0.864 99.0+0.211
8 86.5+1.121 91.3+0.870 93.6+1.072 98.4+0.773 98.9 + 0.323

2.7 CONCLUSIONS

A simple, precise, accurate, selective and rapid RP-HPLC method for the quantitation of
NVP has been successfully developed, optimised and validated. RSM was used for method
optimisation to establish the optimum chromatographic conditions for the separation of NVP
and the internal standard, CBZ. The amount of acetonitrile and flow rate affect the retention
times of NVP and CBZ significantly, whereas column temperature and the amount of

acetonitrile had a significant effect on the resolution of NVP and CBZ.

The separation using the optimised conditions produced sharp and well resolved symmetrical
peaks with retention times of approximately 4.30 and 7.60 minutes for NVP and CBZ,
respectively. The residuals and percent errors for the predicted responses and actual
responses showed that the experimental model used was reasonably accurate and could

therefore be applied to generate the optimum chromatographic conditions for the separation.

The method is simple, precise and accurate and can be used for the analysis of NVP in bulk
and pharmaceutical dosage forms. The method is an improvement on most of the methods
reported in the literature as it is isocratic whereas most methods have used gradient elution
that may result in longer analysis times. The use of a simple mobile phase with no buffers

also makes this method a better and cheaper alternative to previously reported methods.

NVP was found to be more stable in 0.1 NaOH than in 0.1 M HCI and 30% v/v H,O,

following exposure to these media, for up to 8 hours. NVP was also stable under neutral
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hydrolytic conditions at an elevated temperature of 90 °C and was also stable following
exposure to light at 500 w/m?* at 27 °C for 8 hours. The forced degradation studies did not

yield any degradation products during the 8 hour period of study.

The method that was developed is specific for NVP analysis in pharmaceutical dosage forms
as no interfering peaks were observed during the analysis of commercially available Aspen®
NVP tablets. The method is therefore suitable for use in formulation development studies of a

NVP sustained release multisource product.
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CHAPTER THREE

DISSOLUTION TESTING OF NEVIRAPINE SUSTAINED RELEASE TABLETS
3.1 INTRODUCTION

Dissolution is defined as the process by which solid particles are solubilised in a solvent and
it can be considered a type of heterogeneous reaction in which mass transfer is a result of the
net effect between escape and deposition of solute molecules at a solid interface [168, 169].
The dissolution rate of an API is defined as the amount of that substance that is transferred
into solution per unit time under standard conditions of the solid/liquid interface, temperature
and solvent composition [169]. Dissolution has also been described as a process by which

solid particles of acceptable solubility characteristics only, will enter into solution [170].

During the process of dissolution, solid particles located at the solid-liquid interface are
initially transferred into solution resulting in the formation of a stagnant film of defined
thickness, 4, around the particle. The solute particles that are dissolved migrate across the
film to the bulk dissolution medium and this represents the initial rate limiting step in the

process of dissolution of an API in a solvent [171].

The earliest reference to dissolution was described by Noyes and Whitney who reported the
process of dissolution of solid particles based on a diffusion layer model, in which the rate of
drug diffusion was a function of a thin layer of saturated solution surrounding the solid
particle. The relationship between dissolution rate and diffusion parameters are described by

what is known as the Noyes-Whitney Equation (Equation 3.1) [171].

dc DS .
== k — (Cs -Cy) Equation 3.1

where,

% = the dissolution rate,
k = the intrinsic dissolution rate constant of an API,
D = the diffusion coefficient of the API,
S = the surface area of API particles,
v = the volume of dissolution medium,
h = the thickness of the stagnant diffusion layer,
C; = the saturation concentration of API in the dissolution medium, and
C; = the concentration of API in solution at time ¢.
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In vitro dissolution testing has been widely used as a quality control tool for testing the
performance of solid oral dosage forms. A meaningful dissolution test should, as far as
possible, be representative of the in vivo release characteristics of a dosage form in order for
it to be adequately correlated with in vivo performance and bioavailability. In vitro
dissolution testing is the single most important tool for the provision of process control and
quality assurance of a dosage form. It confirms constant and reproducible characteristics of
an API and product performance and is used to fulfil regulatory requirements when

formulation changes are made post registration [172].

Dissolution testing of modified release dosage forms also provides an indication of how a
formulation may perform in vivo. Therefore a major objective is to develop and evaluate,
where possible an in vitro in vivo correlation (IVIVC) to establish whether dissolution testing
can be used as a surrogate approach to establishing bioequivalence, that may then reduce the
number of bioequivalence studies needed during the initial approval process in addition to

permitting approval for scale-up and post approval changes [172].

Several dissolution Apparatus are available for use and have been described in the literature
[173, 174]. The instruments for dissolution testing listed in the United States Pharmacopoeia

(USP) are summarised in Table 3.1 and are considered official Apparatus [172, 175].

Table 3.1. Official USP dissolution Apparatus

Apparatus USP Designation Agitation Speed Dosage Form
Basket 1 50 - 120 rpm IR, DR, ER
Paddle 2 25-75 rpm IR, DR, ER
Reciprocating Cylinder 3 6 — 35 dpm IR, ER
Flow-Through Cell 4 N/A ER, PS API
Adaptations for transdermal patches, T =32 °C:

Disk assembly method 5 25- 50 rpm Transdermal
Rotating cylinder method 6 N/A Transdermal
Reciprocating Disk 7 30 rpm ER

(transdermal)

rpm = rotations per minute, dpm = dips per minute, IR = immediate release, DR = delayed
release, ER = extended release, PS API = poorly soluble active pharmaceutical ingredient.

USP Apparatus 1 and 2 are the most commonly used apparatus for dissolution testing of solid

oral dosage forms and have also been used for sustained release dosage form testing [176-
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180]. The use of USP Apparatus 1 and 2 is easy as the equipment is readily automated, which

is important for routine analysis.

Despite the fact that these apparatus are often used, USP Apparatus 1 and 2 exhibit certain
disadvantages when applied to the assessment of dissolution rates of an API from modified
release systems. For example, if a dissolution test method requires the pH of the test medium
to be changed over time, the medium must be discharged manually during testing, resulting in
a laborious and time-consuming experiment that may generate less accurate and precise data.
These systems also exhibit complex hydrodynamics that are affected by the location of a
dosage form in the test vessel and may impact the dissolution rate of an API, significantly
[172]. USP Apparatus 1 and 2 are also not suitable for testing dosage forms containing drugs
of low aqueous solubility as the design of the equipment makes it difficult to maintain sink

conditions for testing that AP [172, 174].

In order to overcome the challenges of testing low solubility compounds USP Apparatus 3
may be used. This apparatus consists of a set of cylindrical, flat-bottomed glass vessels and a
set of glass cylinders fitted to a reciprocating rod in addition to stainless steel fittings and
screens that are made of a suitable, non-adsorbing non-reactive material that fit into the top
and bottom of each reciprocating cylinder. The cylinders are driven by a motor and drive
assembly that reciprocates the chambers in a vertical manner inside the outer vessels that
contain the test media. The vessels are partially immersed in a suitable water bath to maintain
the dissolution media at a set temperature, during testing. The dosage form is placed in the
reciprocating cylinder and the cylinder is allowed to move in an up- and downward direction
at a predefined constant speed, permitting release of the drug into the dissolution fluid within

the outer cylinder.

USP Apparatus 3 is purported to exhibit superior hydrodynamics when compared to USP
Apparatus 1 and 2 and is particularly useful for the analysis of poorly water soluble drug
containing products, modified release technologies and API that exhibit pH dependent

dissolution characteristics [173].

The most useful advantage of USP Apparatus 3 over Apparatus 1 and 2 is that the
reciprocating cylinders can be transferred to different dissolution media at specified times.
The inner dissolution tubes move between successive rows of vessels, allowing dosage units

to be exposed to media of different pH, such as for example simulated gastric fluid, simulated
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intestinal fluid and simulated colonic fluid for a specified time and in a sequential manner

[173].

USP Apparatus 4 or the flow-through cell dissolution system has a reservoir and pump to
facilitate dissolution medium transport through the flow-through cell in which the dosage
form is located. A dispersed flow pattern is produced due to the use of a porous glass plate or
bed of beads and either laminar or turbulent fluid flow can be achieved. Although some
studies have shown that USP Apparatus 4 is not as robust as other USP Apparatus it has been
reported to be superior to the paddle or basket, for dissolution rate testing of modified release

dosage forms [172, 181].

Due to the advantages that USP Apparatus 3 exhibits over USP Apparatus 1 and 2 in respect
of media change and as N'VP is a sparingly soluble API, a dissolution test method using USP
Apparatus 3 was developed and validated for use in in vitro dissolution testing of NVP SR

tablets.

Dissolution testing, as with any other analytical tool, should be reliable and yield valid,
precise, accurate and repeatable data if the results of in vifro release testing are to be

meaningful [182].

Dissolution testing has been reported to be a highly variable technique and in many cases the
impact of formulation or manufacturing changes on API release properties, may not be
observed but differences that are evident may rather be a consequence of the variability of the

test method [183].

Therefore control of all experimental conditions is necessary to reduce test-to-test variability
and to improve the reproducibility and reliability of a method [184]. The development and
validation of a precise, accurate and reliable dissolution method for assessing NVP release
from an oral sustained release dosage form was necessary to support product development

studies and for quality control testing of manufactured dosage forms.
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3.2 EXPERIMENTAL

3.2.1 Apparatus and Reagents

A Vankel® Bio-Dis dissolution test Apparatus (Vankel® Industries, New Jersey, USA) was
used for dissolution testing of all batches of NVP tablets that were manufactured. A model
VK 750 digitally controlled water circulation heater (Vankel® Industries, New Jersey, USA)

was used to maintain the temperature of the dissolution media at 37 £ 0.5 °C.

Samples were analysed using the RP-HPLC method that was developed and validated and is
reported in Chapter 2 of this dissertation. A Model GLP 21 Crison pH-meter (Crison
Instruments, Johannesburg, South Africa) was used to measure the pH and 0.45 pm HVLP
Millipore® nylon membrane filters were used to filter the samples prior to analysis. All
chemicals that were used were at least of analytical reagent grade. Viramune® XR, a
commercially available NVP extended release product was used for the development and
validation of the dissolution method and was kindly donated by Boehringer Ingelheim
Pharmaceuticals Ltd (Boehringer Ingelheim Ltd, Ridgefield, USA). The product was also

used as the reference product for formulation development studies.

3.2.2 Preparation of Dissolution Media

The basis of the dissolution media used was phosphate buffer. The buffer strength of different
media were 25, 50 and 75 mM and these were prepared by accurately pipetting 1.7 mL, 3.4
mL and 5.1 mL of 85% v/v ortho-phosphoric acid into a 1 L volumetric flask, respectively
and making up to the volume with HPLC grade water. The pH of the buffer was then adjusted
using a 0.1 M NaOH solution to a pH of 1.2, 1.6, 3.4, 4.7, 6.8 and 7.2. The pH was measured
using a Model GLP 21 Crison pH meter (Crison Instruments, Johannesburg, South Africa)
and 250 mL of each solution was transferred into the relevant outer dissolution vessels for

each dissolution test (n=6).

33 METHOD DEVELOPMENT

3.3.1 Overview

Several authors have developed and wvalidated dissolution test methods for different
pharmaceutical products [185-190]. However, only one dissolution method specifically for

the assessment of NVP release from SR dosage forms had been reported at the time of this
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study [191]. The method that has been described involved the use of USP Apparatus 1 or 2
with 900 mL of a 50 mM phosphate buffer (pH 6.8) and 6% w/v sodium lauryl sulphate
(SLS) maintained at 37.0 = 0.5 °C and agitated at 50 rpm. This method was used during the
initial stages of dissolution method development to characterise NVP release from
Viramune® XR tablets in these studies. Subsequently the dissolution profiles were then

compared to those generated using USP Apparatus 3.

3.3.2 Design of Experiments and Selection of Dissolution Test Conditions

The factors likely to have an impact on NVP release were evaluated individually, the effects
on NVP release established and the level to be used determined to for use as dissolution test

conditions. The dissolution method was validated using ICH guidelines [147].

3.3.2.1 Dissolution Medium

Phosphate buffer (50 mM) was used as the dissolution medium and was maintained at a
temperature of 37.0 £ 0.5 °C. API liberation from modified release dosage forms should be
monitored in dissolution media that cover the physiological pH of the gastro-intestinal tract
viz., pH 1 — 7.8 in an effort to simulate in vivo GIT pH. The NVP formulations were therefore

tested in dissolution media of different pH as indicated in Table 3.2.

Table 3.2. Dissolution medium pH and duration of testing for formulation development
studies and optimised product characterisation

Medium pH Duration (hours)
Formulation development
1.2 2
7.2 22
Optimised formulation
1.6 2
34 2
4.7 4
6.8 6
7.2 10

3.3.2.2 Surfactant Use

The addition of a surfactant to a dissolution medium in a low concentration has been shown
to improve the dissolution rate of poorly water soluble drugs [29, 172, 174]. Since NVP is
poorly water soluble, a 50 mM phosphate buffer dissolution test medium of pH 6.8 with no
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SLS and one with SLS at concentrations of 0.25% w/v, 0.5% w/v, 1.0% w/v and 2.0% w/v
were used to establish the effect of surfactant concentration on the dissolution rate of NVP.
The dissolution media for tests conducted using USP Apparatus 1 and 2 contained 6% w/v

SLS [191].

3.3.2.3 Agitation Rate or Dip Speed

The agitation rate used during dissolution testing has been shown to have an impact on the
dissolution rate of an API from dosage forms and studies have been undertaken to establish
an equivalent dip speed for USP Apparatus 3 to basket and paddle rotational speeds for USP
Apparatus 1 and 2 [192, 193]. It has been reported that a dip speed as high as 15 dpm for USP
Apparatus 3 are equivalent to paddle rotation speeds of 50 rpm [192, 194]. Other studies have
indicated that the extremely low end of available reciprocation rates for USP Apparatus 3
offer hydrodynamic conditions that are equivalent to 50 rpm and 100 rpm for USP Apparatus
1 and 2 [195]. In order to determine the dip speed to be used in these studies, dissolution
testing was initially performed using USP Apparatus 2 with 50 mM phosphate buffer of pH
6.8 containing 6% SLS, 50 rpm at a temperature of 37 £ 0.5 °C [191]. Dissolution was also
undertaken using USP Apparatus 3 with a 50 mM phosphate buffer of pH 6.8 containing 2%
SLS, a temperature of 37 &= 0.5 °C at different reciprocation rates of 5, 10 and 15 dpm. The
resultant dissolution profiles were compared using the difference (f;) and similarity (f>)
factors [196] to select a dip rate that closely resembled the profile generated using USP
Apparatus 2, at an agitation rate of 50 rpm.

3.3.2.4 Mesh Size

Different mesh sizes are available for use with USP Apparatus 3 and these are summarised in

Table 3.3.

Table 3.3. Mesh sizes for use in USP Apparatus 3

Mesh Size Pore Size
pm
20 840
40 405
78 177
160 74
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A study to investigate the effect of mesh size on API release showed that the top mesh screen
size had an effect on release whereas the bottom did not [197]. Another study reported an
insignificant effect of mesh size on API release [192]. Incomplete drainage of dissolution
medium was observed when a mesh size of 74 um was used by Khamanga and Walker [198].
In order to determine a suitable mesh size for these studies, the effect of mesh size on NVP
release was investigated. The sizes of the bottom mesh screen that were tested included 20,
40 and 78 and the resultant dissolution profiles were compared using the f; and £, factors. An
appropriate mesh size was selected based on visual inspection of the dissolution process and

the amount of NVP released during dissolution testing.
3.3.2.5 Buffer Molarity

The effect of buffer molarity on NVP release was investigated in order to select a buffer of
suitable strength. Phosphate buffers of molarities of 25 mM, 50 mM and 75mM were used to
prepare dissolution media of pH 6.8 and were used to generate NVP release profiles that were
compared using f; and f> factors to determine most appropriate molarity to use for dissolution

studies.
3.4 VALIDATION OF DISSOLUTION METHOD

3.4.1 Specificity

The specificity of the method was established by exposing commercially available NVP SR
tablets to 50 mM phosphate buffer of pH 6.8 for 2 h. An amount of NVP equivalent to the
strength of a single tablet, viz., 100 mg was transferred into the outer cylinders containing 250
mL of dissolution medium maintained at 37.0 = 0.5 °C (n = 3) and stirred with a glass rod for
10 minutes and then left to stand for 2 h. The solutions were stirred for a further 5 minutes
and then filtered using a 0.45 pm HVLP Millipore™ nylon filter membrane prior to analysis
by RP-HPLC (§2.6.1.5). The chromatograms from solutions of NVP prepared from the

powdered tablets were compared to the chromatogram of a standard solution of NVP.

3.4.2 Linearity of Dissolution Method

A stock solution of pure NVP of approximately 1 mg/mL was prepared as described in
§2.5.3. Aliquots of the stock solution were transferred into 20 mL A-grade volumetric flasks
and diluted with 50 mM phosphate buffer of pH 6.8 to produce solutions with final
concentrations of 1, 10, 20, 40, 120, and 220 pg/mL. The samples were mixed with an aliquot
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of internal standard solution prior to RP-HPLC analysis (n = 3). Linearity was established

using least squares linear regression analysis of the observed responses.

3.4.3 Precision

The precision of the method was evaluated by analysing the same samples used to establish
the linearity of the method. The samples were analysed for repeatability and intermediate

precision and the results were reported as %RSD with an acceptance limit set at < 5%.

3.4.4 Accuracy

The accuracy of the method was established by spiking a known amount of NVP into each of
the dissolution vessels with a final volume of 250 mL of 50 mM phosphate buffer medium of
pH 6.8 to produce solutions corresponding to concentrations of 80, 100 and 120% of the
nominal assay concentration. The solutions were then sampled and analysed in triplicate and

the % recovery recorded.

3.4.5 Stability of Sample Solutions in Dissolution Medium

The stability of NVP in 50 mM phosphate buffer of all pH that were used in these studies was
assessed by exposing a known quantity of pure NVP to dissolution test conditions and storing
at 37.0 = 0.5 °C, room temperature viz., 22.0 °C, and in a refrigerator between 2 — 8 °C for 48
hours. The samples were then analysed and the % recovery determined at 0 h, 24 h and 48 h
following storage. ANOVA was used to analyse the stability of NVP samples in a 50 mM
phosphate buffer of pH 1.6, 4.7 and 7.4 (representing low, medium and high pH range used
for dissolution studies) stored at 37 + 0.5 °C, 22.0 °C and 2 — 8 °C to determine how long

NVP samples could be stored prior to analysis.

3.4.6 Comparison of Dissolution Profiles

A model independent method recommended for use by FDA [196] was used to compare the
dissolution profiles that were generated. This method requires the calculation of an f; and f>
factor for the two curves being compared and was first described by Moore and Flanner
[199]. The f; factor measures the percent error between two curves over all time points and
should result in a value between 0 and 15 for the two profiles to be considered statistically
similar. The f> factor is a logarithmic transformation of the sum-squared error of the

differences between a test and reference product over all time points under investigation and
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will have a value between 50 and 100 for any two profiles to be considered similar [200]. The
FDA only recommends the use of the f> factor as it has been shown to be more sensitive in
describing differences between two profiles [201]. However, for the purposes of these studies
both the f; and f; values were used to make decisions. The two factors, f; and f5, can be

calculated using Equations 3.2 and 3.3, respectively.
fi={[Ze=1 1 R~ T{)/ [Ze=1 7 R]}*100 Equation 3.2
f>="50*log {[1+ (1/n)Z.=1 1 (R-TY*T" *100} Equation 3.3

where,

R; = the cumulative percentage API dissolved for reference product,
Tt = cumulative percentage API dissolved for test product, and
n = the number of time points.
The value of /> is sensitive to the number of dissolution time points that are used and only one

time point should be used after 85% of the API in a dosage form has been released from a

product [202].

3.5 RESULTS AND DISCUSSION

3.5.1 Effect of SLS on Dissolution Rate of NVP

The selection of an appropriate dissolution medium for assessing the dissolution rate of a
sparingly soluble API is challenging, as it is often difficult to achieve sink conditions. Sink
condition is defined as the volume of medium that is at least three times greater than that
required to dissolve the total dose of an API in the product under investigation, for example
this would be at least three times the volume required to dissolve 100 mg of NVP [173, 195,
203]. The addition of a small amount of surfactant to a dissolution test medium for testing
poorly water soluble compounds has been suggested as an appropriate way to better simulate
the GIT environment and to achieve sink conditions [195, 204]. However, the lowest possible
concentration of surfactant to achieve 75-80% API release within a reasonable test time must

be used [205].

The dissolution profiles depicting drug release in 50 mM phosphate buffer of pH 6.8 using

different concentrations of SLS are depicted in Figure 3.1.
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Figure 3.1. NVP dissolution profiles in 50 mM phosphate buffer with different amounts of
SLS (n= 6, dip rate = 8 dpm, pH = 6.8).

Increasing the amount of SLS in the dissolution medium resulted in an increased rate and
extent of dissolution of NVP which has also been reported for other compounds [195, 203,
205]. The increase in the extent of drug release can be attributed to the increased

solubilisation of NVP due to improved wetting of the dosage form and NVP particles.

Comparison of the f; and f> factors in Table 3.4 revealed that dissolution profiles from media
with different concentrations of SLS were different except for those with 1 and 2 % SLS,
although inspection of the two profiles showed that the rate of NVP release was higher in
medium containing 2% SLS and the profiles were slightly different. Therefore 2.0% w/v was
selected as it resulted in slightly higher rate of release and resulted in the requisite 80%

release from N'VP tablets.
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Table 3.4. Comparison of dissolution profiles of NVP release in medium with different
concentrations of SLS

Profiles compared f1 f
0 % vs. 0.25 % 47.1 44.4
0 % vs. 0.5 % 66.8 37.2
0% vs.1% 105.6 28.2
0% vs.2 % 135.9 23.0
0.25 % vs. 0.5 % 13.4 63.5
0.25 % vs. 1 % 39.8 41.6
0.25 % vs. 2 % 60.4 32.8
0.5 % vs. 1% 232 50.5
0.5 % vs. 1% 41.4 38.2
1 % vs. 2% 14.7 54.8

Red = out of specifications

3.5.2 Effect of Agitation Rate on Dissolution Rate

The dissolution profiles generated using agitation rates of 5 dpm, 10 dpm, 15 dpm or 50 rpm
are shown in Figure 3.2 and the f; and f> values calculated from the comparison of dissolution
profiles using data from USP Apparatus 3 (Test) to that of USP Apparatus 2 (Reference) are
listed in Table 3.5.
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Figure 3.2. Dissolution profiles of NVP using different agitation rates in 50mM phosphate
buffer, pH = 6.8.
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Table 3.5. Comparison of dissolution profiles obtained from different dip speeds in USP
Apparatus 3 to USP Apparatus 2 at 50 rpm

Reciprocation rate (dpm) fi f2
5 6.2 70.8
10 13.2 54.6
15 24.5 423

Red = out of specification.

These results indicate that the lower reciprocation rates of 5 and 10 dpm using USP
Apparatus 3 produce dissolution profiles that are equivalent to a rotation speed of 50 rpm for
USP Apparatus 2 and are in agreement with previously reported results [195]. Further
inspection of the dissolution profiles generated using USP Apparatus 2 and 3 suggest that the
/> factor may improve if dissolution testing were to be performed using dip rates of between 5
and 10 dpm. Consequently a dissolution test using USP Apparatus 3 was performed at a dip
rate of 8 dpm and yielded f; and /> factors of 2.4 and 88.9, respectively. Therefore, a dip rate
of 8 dpm was selected for use for all NVP dissolution studies. The results reveal that NVP
release from tablets increases with an increase in agitation rate and are in agreement with
previously reported data [170, 173, 192, 195]. Analysis of the f; and f, factors revealed
statistical differences in the dissolution profiles as shown in Table 3.6, and showed that large

differences in agitation rates yielded very different dissolution profiles.

Table 3.6. Comparison of NVP dissolution profiles at different agitation rates

Profiles compared fi )z
S dpm vs. 10 dpm 15.7 50.5
5 dpm vs. 15 dpm 30.9 37.4
10 dpm vs. 15 dpm 13.1 50.8
8 dpm vs. 50 rpm 2.4 88.9

Red = out of specification

Most modified release dosage forms exhibit faster dissolution rates as agitation rates or
speeds are increased. Mild agitation conditions are recommended for use during dissolution
testing to permit use of the maximum discriminating power of a method in order to be able to
detect products that may exhibit poor in vivo performance. Therefore, a desirable agitation
rate or speed by rotation of the basket or paddle, dip rate of a reciprocating cylinder or flow
rate for USP Apparatus 4 must be adjusted to yield a result for which 80% of the API is
dissolved by the end of the specified test interval, as recommended in the FIP guidelines

[206].
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3.5.3 Effect of Mesh Size (MS) on the Rate and Extent of NVP Dissolution

Studies have been undertake to investigate the effect of mesh size on the rate and extent of
drug release from dosage forms [192, 198]. In general the extent of API release increases
with an increase in the mesh size used [197]. The impact of API release rates whilst,
dependent on the size of the mesh of the top screen, release does not appear to be affected by
that of the bottom mesh size as studies on the effect of the bottom mesh screen size did not
reveal any differences in percent drug released [192]. However the lack of difference in the
results observed were attributed to the use of a high agitation rate of 30 dpm which offsets the

effect of mesh size within the first two hours of commencing dissolution testing.

The dissolution profiles of NVP from tablets using different sizes of mesh screens are shown

in Figure 3.3.
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Figure 3.3. NVP dissolution profiles using mesh screens of different size in 50 mM
phosphate buffer of pH 6.8 (n = 6, dip rate = 8 dpm).

The rate of NVP release increased with an increase in the mesh size, however the extent of
API release from NVP tablets did not appear to be affected by the mesh size used. This may
be attributed to the fact that complete drainage of the dissolution medium from the inner
cylinders, regardless of the size of the mesh used occurred or may well be a consequence of
hydrodynamic forces having a more pronounced effect on NVP release than the mesh size

after a specific length of time during dissolution testing.
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An analysis of the f; and f> factors revealed that the dissolution profiles generated with the

use of MS 20 and 40 were similar whereas those from MS 20 and 78 were different as shown

in Table 3.7.

Table 3.7. Comparison of dissolution profiles of NVP generated from using different mesh

screen sizes

Profiles compared fi Ve
20 vs. 40 11.5 67.1
20 vs. 78 32.9 449
40 vs. 78 19.2 53.7

Red = out of specification

A mesh of screen size 20 was selected for use as it appeared to produce better drainage which

is an important aspect when using USP Apparatus 3.

3.5.4 Effect of Buffer Molarity on Dissolution Rate

The dissolution rate of NVP did not seem to be significantly affected by the molar strength of

the buffer used, although a slight increase in the dissolution rate of NVP was observed with

an increase in molarity up to 8 hours of dissolution testing as depicted in Figure 3.4.

However, after 8 hours of dissolution testing the molarity did not appear to affect the rate of

NVP release to any great extent.
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Figure 3.4. NVP dissolution profiles in media of different molarity (n = 6, dpm = 8, pH =

6.8).
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Analysis of the f; and f; factors showed that dissolution profiles were similar but the £, factor
decreased with an increase in the difference in molarity, for example a comparison of the
profiles for NVP release in dissolution media of 25 mM and 50 mM revealed that they were
more similar to each other compared to profiles for buffers of 25 mM and 75 mM. A

summary of the f; and f> analysis is shown in Table 3.8.

Table 3.8. Comparison of dissolution profile of NVP generated from use of different
molarity media. Red = out of specification

Profiles compared fi1 1

25 mM vs. 50 mM 8.7 64.9
25 mM vs. 75 mM 15.5 53.0
50 mM vs. 75 mM 6.2 70.3

Red = out of specification

The studies revealed that any of the molarities studied could be used for dissolution testing
and a 50 mM buffer was selected for all future experiments as it is the standard buffer used
for dissolution studies in our laboratory.

Following evaluation of the dissolution parameters that may affect NVP release from tablets

a specific set of dissolution conditions were selected for use and these are listed in Table 3.9.

Table 3.9. Summary of selected dissolution conditions

Parameter Settings

Medium 250 mL of 50 mM phosphate buffer containing 2.0% w/v SLS

Row pH Time in
medium (h)

Formulation development
1.2
7.2
7.2
7.2
7.2
7.2
Optimised formulation
1.6
34
4.7
6.8
7.2
7.2

AN DN B~ W=
N BB OSD

AN DN B~ W N —
NP

Agitation rate 8 dpm

Mesh screen size 20 (840 um) top and bottom

Temperature 37 0.5°C
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3.6. METHOD VALIDATION

3.6.1 Specificity

The chromatograms of NVP in 50 mM phosphate buffer of pH 6.8 containing 2% w/v SLS
did not show any evidence of interference from tablet excipients as shown in Figure 3.5 and

the method was therefore regarded as specific for NVP under these conditions.

CBZ CR7

NVP NVP
X 3%
B & *%
=] =]
[#] [ I
"L_J I \ L
| N I R N E— | I I R R
02 4 6810 02 46810
Time (minutes) Time (minutes)

A B

Figure 3.5. Comparison of chromatograms of a standard solution of NVP (A) and NVP from
tablets in dissolution medium (B) (30 pg/mL).

3.6.2 Linearity and Range

The method was found to be linear over the concentration range 1 - 220 pg/mL with the
calibration curve yielding a correlation coefficient value of 0.9997, a slope of 0.0047 and a y-

intercept of - 0.006. The calibration curve for NVP in 50 mM phosphate buffer of pH 6.8

containing 2% w/v SLS is shown in Figure 3.6.
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Figure 3.6. Calibration curve for NVP over the concentration range 1 — 220 pg/mL (n = 3).

3.6.3. Precision

The repeatability and the intermediate precision of the method were found to be acceptable

with the acceptance criterion for % RSD < 5% and these data are summarised in Tables 3.10

and 3.11.

Table 3.10. Results for repeatability studies

Concentration Average NVP/CBZ SD %RSD
HT ratio
pg/mL n=3

1 0.0048 43895E " 0.9225

10 0.0394 8.6958E " 0.2208

20 0.0715 0.00051 0.7175

40 0.1591 0.00183 1.1475

120 0.4525 0.00269 0.5940

220 0.9339 0.00081 0.0873
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Table 3.11. Results for intermediate or inter-day precision

Day Concentration = NVP/CBZ HT SD %RSD
Ratio
png/mL n=3

1 1 0.0079 0.0001 1.3974

10 0.0789 0.0003 0.3533

20 0.1452 0.0009 0.5996

40 0.3412 0.0015 0.4339

120 1.0532 0.0024 0.2245

220 2.0514 0.0032 0.1583

2 1 0.0053 0.0001 1.2775

10 0.0907 0.0008 0.8927

20 0.1845 0.0018 0.9810

40 0.3167 0.0014 0.4414

120 1.1142 0.0051 0.4584

220 2.0304 0.0062 0.3046

3 1 0.0084 0.0003 3.1229

10 0.0796 0.0008 1.0052

20 0.1474 0.0008 0.5445

40 0.3408 0.0004 0.1293

120 1.0229 0.0009 0.0874

220 1.8708 0.0246 1.3160

3.6.4 Accuracy

The percentage recoveries established through accuracy studies for the three concentrations

under investigation are listed in Table 3.12.

Table 3.12. Results for accuracy studies

Theoretical Average Actual % SD %RSD % Bias
concentration n NVP/CBZ concentration Recovery
pug/mL ratio (n=3) pug/mL
160 1.2832 157.54 98.46 0.03506  2.7321 1.5357
200 1.8935 198.22 99.11 0.02432  1.2844 0.8900
240 2.2733 236.49 98.54 0.0176 0.775 1.443

The % RSD and % Bias values were all within the acceptance criterion of < 5% and therefore

the method was considered accurate for in vitro analysis of NVP release from dosage forms.
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3.6.5 Stability of NVP in Dissolution Medium

A summary of the % recoveries for the stability assessment of NVP in dissolution medium

stored at different temperatures is listed in Table 3.13.

Table 3.13. Stability (%recovery) of NVP in dissolution media under different storage

conditions
%Recovery
Condition pH Oh 24 h 48 h

37.0 °C 1.6 98.67+0.0033 98.71 £0.0094 98.52+0.026
3.4 99.44+0.0012 98.95+0.0036 97.77+0.0012

4.7 99.57+0.1120 99.48+0.0057 98.42+0.2087

6.8 98.98+0.0052 98.80+0.0066 97.12+0.0076

7.2 08.85+0.0252 99.04+0.0358 98.84+0.0271

22 °C 1.6 98.77+0.0093 98.78+0.0172 98.48+0.1727
34 98.67+0.0092 97.99+0.0044 98.56+0.0042

4.7 98.92+0.0137 98.66+0.0082 99.15+0.1276

6.8 98.65+0.0079 98.93+0.0085 97.79+0.0084
7.2 99.35+0.0014 98.68+0.0008  98.73+0.00123

2-8°C 1.6 98.86+0.0025 98.89+0.0399 98.69+0.0100
3.4 98.77+0.0037 98.49+0.0096 99.37+0.0069

4.7 99.20+0.3804 99.12+0.0587 98.54+0.4297

6.8 97.94+0.0039 98.36+0.0019 98.41+0.0045

7.2 98.13+0.0004 97.92+0.0002 98.44+0.0020

Values reported as mean + SD (n =5)

NVP solutions (100 pg/mL) were found to be stable for 48 hours when stored at 37 °C in the
dissolution medium that was selected for use. The NVP solution stored at 22 °C and 2-8 °C
also remained stable for the entire storage period of analysis as all % recoveries remained

unchanged.

ANOVA also confirmed that NVP was stable in 50 mM phosphate buffer of pH 1.6 stored at
37 °C, 22 °C and 2 — 8 °C for 48 hours. The results for ANOVA analysis for the stability of
NVP in 50 mM phosphate buffer of pH 1.6 stored at these three temperatures are shown in
Table 3.14.
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Table 3.14. ANOVA single factor analysis for stability of NVP in 50 mM phosphate buffer
of pH 1.6 stored at 37, 22 and 2-8 °C for 48 hours

Summary: 37 °C (n =5)

Time, h Count sum Average Variance
0 5 494.67 98.6675 0.003292
24 5 494.82 98.705 0.009367
48 5 494.07 98.5175 0.026158
ANOVA
Source of SS df MS F p-value F-
variance critical
Between Grps  0.07875 2 0.039375 3.043152 0.097829  4.25649
Within Grps 0.11645 12 0.012
Total 0.1952 14
Summary: 22 °C (n =5)
0 5 495.08 98.77 0.009333
24 5 495.1 98.775 0.017233
48 5 493.93 98.4825 0.172692
ANOVA
Between Grps 0.224317 2 0.112158 1.688637  0.238385  4.25649
Within Grps 0.597775 12 0.066419
Total 0.822092 14
Summary: 2-8°C (n=15)
0 5 495.44 98.86 0.002467
24 5 495.57 98.8925 0.039958
48 5 494.77 98.6925 0.010025
ANOVA
Between Grps  0.09215 2 0.046075 2.635367  0.125627  4.25649
Within Grps 0.15735 12 0.017483
Total 0.2495 14

The null hypothesis was that NVP was stable in 50 mM phosphate buffer stored at 37 °C for
48 hours at 0.05 level of significance. The hypothesis was to be rejected if the value for the F-
statistic was > F-critical value, or if the p-value was < 0.05. The F-value was 3.043152 which
is smaller than the F-critical value of 4.25649 and the p-value was 0.09829 which is > 0.05
indicating that NVP was stable for 48 hour in 50 mM phosphate buffer of pH 1.6 stored at 37
°C.

Similarly, samples stored at 22 °C were stable with an F-value of 1.688637 which was < an
F-critical value of 4.2549 and the p-value was 0.238385 as shown in Table 3.14. This
indicated that NVP was stable in 50 mM phosphate buffer of pH 1.6 stored at 22 °C.
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The ANOVA data for NVP concentrations following storage in a 50 mM phosphate buffer of
pH 1.6 stored at 2 - 8 °C for 48 hours reveal that NVP was stable as the F-value of 2.635367
was smaller than the F-critical value of 4.25649 and the p-value was 0.125627 as listed in
Table 3.14.

The ANOVA analysis for NVP stability in 50 mM phosphate buffer of pH 4.7 and 7.2 also
revealed that samples stored at all temperatures investigated, viz., 37°C, 22°C, and 2-8 °C,
were stable having fulfilled the criteria of F-value < an F-critical value and p-value > 0.05 as

shown in Tables 3.15 and 3.16.

Table 3.15. ANOVA single factor analysis for stability of NVP in 50 mM phosphate buffer
of pH 4.7 stored at 37, 22 and 2-8 °C for 48 hours

Summary: 37 °C (n =5)

Time, h Count sum Average Variance
0 5 497.83 99.566 0.11173
24 5 497.41 99.482 0.00567
48 5 490.73 98.416 0.20873
ANOVA
Source of SS df MS F p-value F-
variance critical
Between Grps  0.07875 2 3.173627  2.919351 0.246 3.8852
Within Grps 0.11645 2 0.10871
Total 0.1952 14
Summary: 22 °C (n =5)
0 5 494.61 98.922 0.01367
24 5 4933 98.66 0.0082
48 5 495.73 99.146 0.12763
ANOVA
Between Grps  1.184893 2 0.295847  3.885295 0.16129 5.9367
Within Grps 0.1208 12 0.049833
Total 1.305693 14
Summary: 2-8°C (n=15)
0 5 495.98 99.196 0.38043
24 5 495.96 99.12 0.05867
48 5 492.68 98.536 0.42973
ANOVA
Between Grps  1.443253 2 0.721627  2.491719  0.124433  3.88529
Within Grps 3.47532 12 0.28961
Total 4.918573 14
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Table 3.16. ANOVA single factor analysis for stability of NVP in 50 mM phosphate buffer
of pH 7.2 stored at 37, 22 and 2-8 °C for 48 hours

Summary: 37 °C (n =5)

Time, h Count Sum Average Variance
0 5 494.26 98.852 0.02522
24 5 495.22 99.044 0.03578
48 5 4942 98.84 0.02705
ANOVA
Source of SS Df MS F p-value F-
variance critical
Between Grps  0.13104 2 0.06552 2.232368 0.149885  3.88529
Within Grps 0.3522 2 0.02935
Total 0.48324 14
Summary: 22 °C (n =5)
0 5 496.74 99.348 0.00142
24 5 493.42 98.684 0.00083
48 5 493.63 98.726 0.00123
ANOVA
Between Grps 1.38257 2 0.691287 3.8852 0.0981 5.95937
Within Grps 0.01392 12 0.00116
Total 1.39649 14
3
Summary: 2-8°C (n=15)
0 5 490.64 98.128 0.00037
24 5 489.5 97.9 0.00025
48 5 492.18 98.436 0.00203
ANOVA
Between Grps  0.723573 2 0.361787 3.885294 0.0906 4.09569
Within Grps 0.0106 12 0.000883
Total 0.734173 14

The stability of NVP in 50 mM phosphate buffer of pH 1.6, 4.7 and 7.2, which are
representative of low, medium and high values of the pH range used in dissolution studies, as
established by ANOVA and the % recovery gave an indication that NVP will be stable in 50
mM phosphate buffer media of various pH values used in these studies and that the samples

could be stored for 48 hours prior to analysis.
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3.7 CONCLUSIONS

Dissolution testing forms an integral part of the development and assessment of dosage forms
and aids in the selection of initial formulation compositions. In addition dissolution testing
facilitates the identification of suitable excipients to produce a desired release profile
particularly for extended or sustained release formulations. The ultimate release profile that is
selected may be critical for predicting the in vivo bioavailability of an API and the potential

success of bioequivalence studies.

Dissolution testing is also a quality control tool that is used to assess the batch-to-batch
performance of dosage forms and to provide continued assurance of product quality. The
stability and shelf life of a product can also be assessed using in vitro dissolution data as any
physicochemical changes associated with product aging may be revealed by altered
dissolution characteristics of that dosage form over time. For example, a reduced dissolution
rate may be associated with polymorphic transformations of an API to a more stable and less
soluble crystalline form of that API that can be observed using a discriminatory dissolution

test developed for that product.

Analytical methods for the assessment of pharmaceutical products need to be validated using
regulatory guidelines, in order to produce meaningful, reliable and valid results. The rate at
which drug particles are released into a dissolution medium are affected by a number of
parameters including but not limited to the physicochemical properties of an API,
formulation composition, manufacturing process variables, in addition to dissolution test

apparatus type and method design.

Important factors to consider in respect to the test apparatus and effect on API release must
be investigated and apparatus settings must be carefully selected in order to produce
consistent and valid results. Such settings include for example, agitation rate, stirring element
alignment, sample probe position, filter type, pore size and temperature of the dissolution
medium. The effect of agitation rate on NVP release was investigated and different
reciprocating rates for USP Apparatus 3 were tested to establish which rate would produce an
equivalent response to that observed at 50 rpm when NVP tablets were tested using USP
Apparatus 2. A low reciprocation rate of 5 — 10 dpm was found to produce dissolution
profiles that were similar to the dissolution profiles generated using USP Apparatus 2 set at
50 rpm. Furthermore at these dip rates the dissolution method was able to permit

discrimination of responses, which was not possible when a high agitation rate was used.
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Close investigation of the dissolution profiles reveal that a reciprocation rate of 8 dpm
produced a NVP dissolution profile that was closely related to the profile generated using
USP Apparatus 2 and therefore, all dissolution studies were performed at a reciprocation rate

of 8 dpm.

Parameters of the dissolution medium that should be considered when deciding on the
parameters of a test method include buffer molarity, pH, presence of surfactants and volume.
An increase in the molarity of the dissolution medium was found to increase the rate of NVP
release slightly, however for each of the molarities tested the percent NVP released was
above 85 % and 50 mM was selected for all future experiments. Increasing the concentration
of SLS resulted in an increase in the dissolution rate of the NVP from the tablets and a 2%
w/v SLS concentration was selected for all future experiments as the dissolution medium

containing this concentration met the requisite of > 80% NVP release from the tablets.

The dissolution method passed the validation standards for stability of NVP in dissolution
media, specificity, linearity and range, repeatability, intermediate precision and accuracy as
defined by the ICH [147]. Therefore the dissolution method that was developed in these
studies is regarded as an appropriate tool for use in the evaluation of NVP SR formulations
and the impact of formulation composition and product quality attributes on drug release.

Furthermore the method can be applied to quality control assessment of NVP dosage forms.
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CHAPTER FOUR

PREFORMULATION AND ASSESSMENT OF POWDER BLENDS FOR NVP
SUSTAINED RELEASE TABLETS

4.1 INTRODUCTION

Tablets are the most commonly used form of pharmaceutical solid oral dosage forms
worldwide [207] and extensive data is required for the production of tablets of appropriate
quality [208]. Preformulation approaches for the production of generic tablet products
involve the study of the physicochemical properties of an API, excipients, API-excipient
compatibility and stability [207]. Other preformulation procedures include defining the target
product quality profile, designing and developing the product and manufacturing processes,
identifying critical quality attributes, process parameters, sources of variability and
controlling different manufacturing parameters to produce a product of consistent quality

over time [208].

The challenges faced during dosage form development include excipient selection, poor
powder flow, tableting process issues and the production of tablets of poor quality that lack
tensile strength, exhibit high levels of friability, prolonged disintegration times and low
dissolution rates amongst others. Most of these difficulties are a consequence of the
mechanical properties of powders and include elasticity, brittleness, plasticity,

compressibility and flow characteristics amongst others [207, 209].
4.2 SELECTION OF PHARMACEUTICAL EXCIPIENTS

The ICH guidelines [210] recommend that excipients should be selected with caution as the
quality and sources of material vary by supplier and batch. The specifications for excipients
should meet guidelines that have been put in place to aid the selection process and they
should not be harmful, be physiologically inert, be non-toxic and must be listed as a GRAS
(Generally Regarded As Safe) material [211]. The excipients should also exhibit stability
with no evidence of drug-excipient incompatibility either as a physical or chemical
interaction between the API and/or other excipients used in the formulation or with
packaging materials [212, 213]. It is also important that excipients do not interfere with the
validation process for manufacture and analytical testing [214]. The ease of accessibility,

distribution, cost, satisfactory compliance with regulatory requirements, that may include
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environmental issues in all countries where the product is marketed are other factors to be

considered when selecting pharmaceutical excipients [207].

There are numerous other factors to be considered when selecting excipients for a
formulation. For example, the type of excipient selected is highly dependent on the API to be
delivered and the intended form and route of delivery. As a result appropriate formulation

composition and parameters are critical and must be evaluated [215].

The formulation of sustained release tablets has been achieved using different polymers as
release retarding agents that are often used in combination with other excipients that play

different roles in the production of a successful dosage form.

4.2.1 Hydroxypropyl methylcellulose (HPMC)

HPMC is the most popular polymer used for matrix applications since it exhibits a number of
key features and advantages, not the least of which is that it has been studied extensively, its
use is well understood and HPMC has received global regulatory acceptance. HPMC exhibits
excellent stability and the non-ionic nature of the polymer offers an advantage of producing
formulations that exhibit pH independent performance. The different chemistry and viscosity
grades of HPMC offer the formulation scientist versatility and ensure that a suitable grade is
likely to be available for a variety of drug substances. HPMC can be used with ease when
manufacture is to be achieved by direct compression or wet granulation and it is a readily

available polymer [216].

Chemically, HPMC is a mixed alkyl-hydroxyalkyl cellulose ether that contains different
numbers of methoxy and hydroxypropyl functional groups. The type and distribution of the
functional group substitution and the average molecular weight of the polymer determine the
physicochemical properties of that polymer and the grade designation. The grades of HPMC
are distinguished by designation of a number that is indicative of the apparent viscosity of a

2% w/w aqueous solution of that polymer, measured at 20 °C [217].

HPMC has the ability to swell on contact with aqueous media, a property that has a
considerable effect on the release kinetics of drugs dispersed in HPMC matrices. This
characteristic is considered crucial to the successful use of the polymer in sustained drug

delivery [218].
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HPMC exhibits good compression characteristics and the swelling properties coupled with
the ability to accommodate high levels of API make it an excellent candidate for it as a
release rate retarding polymer [219]. The physicochemical properties of HPMC remain
unaltered by shear forces that are applied to powder blends during aqueous granulation,
during which water facilitates chain mobility and spreading and are thus able to produce

dosage forms with consistent performance [220].

The solubility of the API is an important property to be considered when establishing the
viscosity grade of polymer to be used to retard drug release [221-223]. NVP is a sparingly
soluble compound in water and the use of high and low viscosity grades of HPMC were
investigated for their suitability as matrices for the manufacture of SR NVP tablets. Methocel

K4M, K15M and K100M were the grades of HPMC used in these studies.

4.2.2 Methacrylic Acid Copolymers

The most widely used methacrylic acid copolymers include Eudragit® RS and RL that are
bio-compatible copolymers synthesised from acrylic and methacrylic acid esters. Eudragit®
RS and RL differ in molecular structure due to different degrees of substitution of the
quaternary ammonium functionality. Eudragit® RS exhibit a lower degree of substitution
(5%) than Eudragit® RL (10%). The ammonium groups exist as salts that impart pH-
independent permeability to the polymers [224].

Eudragit® RL is more hydrophilic than Eudragit® RS and thus allows water to permeate
through films more readily and the polymers are useful for the formulation of extended

release matrix tablets, for tablet coating and microencapsulation of particles [224].

Methacrylic acid copolymer is obtained following full polymerisation of methacrylic acid and
an acrylic or methacrylic ester. Types A (Eudragit® L, Eudragit® RL), B (Eudragit® S,
Eudragit® RS) and C (Eudragit® L 30 D-55) have been developed and vary in methacrylic
acid ester content and viscosity of solution. These polymers have molecular weights in excess
of 100 000 mass units and solid polymeric material is useful for use in direct compression

tableting at concentrations of between 10 and 50% [225].

Eudragit® NE 30D is a neutral aqueous ester dispersion that consists of polymethacrylic acid

esters with a milky-white appearance, has a low viscosity with an aromatic odour. It is
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suitable for use in granulation processes for the manufacture of sustained release matrix

tablets [226].

Eudragit® RL 30D and RS 30D are 30% w/v aqueous dispersion copolymers of acrylic and

methacrylic acid esters with a low content of quaternary ammonium functional groups [226].

4.2.3 Carbomers

Carbomers are high molecular weight synthetic polymers of acrylic acid that are cross-linked
with either allyl sucrose or allyl ethers of pentaerythritol and contain between 52% and 68%

carboxylic acid (COOH) functional groups calculated on a dry basis [217, 227].

Carbomers are used in tablet formulations as controlled release agents or binders and unlike
linear polymers, higher viscosity grades do not result in slower drug release as low cross-
linked polymers are generally more efficient in controlling drug release than the highly cross-

linked polymers [217].

Four carbomer polymers for use in oral dosage forms are available and include Carbopol®
934P NF, Carbopol® 974P NF, Carbopol® 971P NF and Carbopol® 71G NF [217]. Carbopol®”

71G NF was selected for use in these studies.

Carbopol® 71G NF was designed for use in solid oral dosage applications and a unique
feature of the polymer is its granular nature in contrast to other Carbopol® polymers that are

supplied as powders [228, 229].

Carbopol® 71G NF is a free-flowing granular polymer for use in direct compression
formulations that is manufactured by roller compaction and is chemically, the same product,
with no additives as the powdered form of the polymer. The granules are free flowing, have
increased bulk density and contain a minimal amount of small particles that cause dusting

and/or static adherence that is usually observed with the powdered form of the polymer [228].

Typical levels of carbomer that are used to achieve extended release characteristics in tablets
that are manufactured by direct compression are between 10 and 30 %w/w depending on the

properties of the API and co-excipients used in the formulation [228, 230].

Carbopol® 71G NF can be combined with other extended release excipients to improve the
flow properties of a formulation. Powdered or granular grades of Carbopol® polymers can be

combined in a formulation to achieve a targeted release profile. The release rates can be
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modulated by blending of powdered carbomer with granular carbomer in appropriate

proportions [228, 230].

4.2.4 Dibasic Calcium Phosphate (DCP)

DCP occurs as a white, odourless, tasteless powder or as a monoclinic crystalline solid. Two
particle size grades of DCP dihydrate are used in the pharmaceutical industry. Milled material
is typically used in wet granulated, roller compacted or slugged formulations whereas the
‘unmilled’ or coarse grade material is typically used in direct compression formulations
[231]. The coarse-grade DCP has good flow characteristics and is usually added to
formulations to increase the general flow properties and compaction of a powder blend [232].
DCP is abrasive and the use of a lubricant such as magnesium stearate is essential to facilitate
tablet production. The dehydrated form of DCP is non-hygroscopic and is stable at room
temperature, however under certain conditions DCP can lose the water of crystallisation
below 100 °C [231]. This phenomenon has implications for packaging and aqueous film
coating processes, since the loss of water of crystallisation appears to be initiated by high
humidity conditions. Therefore by implication, a high concentration of moisture vapour in the
vicinity of DCP particles is expected [231, 232]. The surface of DCP dihydrate is alkaline
and consequently it should not be used with drugs that are sensitive to alkaline pH [217]. The

coarse grade of DCP dihydrate was selected for use in these studies.

4.2.5 Microcrystalline Cellulose (MCC)

MCC is purified, partially depolymerised cellulose that occurs as a white, odourless, tasteless,
crystalline powder that is composed of porous particles. It exists in different particle size and
moisture grades that have different properties and applications. Avicel® PH102 was used in
these studies because of its good flow properties. Avicel® PH102 has a true density of 1.420-
1.460 g/cm’, a nominal mean particle size of 100 pm and specific surface area of 1.21-1.30
m?/g with a moisture content < 5.0%. MCC is a stable hygroscopic material and bulk material

should be stored in a well closed container in a cool dry place [217].

4.2.6 Spray Dried Lactose (SDL)

Lactose exists as white to off-white crystalline particles or powder and is odourless with a
slightly sweet taste [233]. Direct compression grades of SDL are generally composed of 80-

90% specially prepared pure a-lactose monohydrate in addition to 10-20% amorphous lactose
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[234, 235]. SDL is widely used as a binder, filler-binder and flow aid for direct compression
tableting and SuperTab® 11SDL was used in this study due to its flow properties which
would improve the flow characteristics of the powder blends to be manufactured in these

studies [217].

4.2.7 Magnesium Stearate (Mg Stearate)

Mg stearate is comprised of magnesium and a mixture of solid organic acids that consists
primarily of variable proportions of magnesium stearate and magnesium palmitate obtained
from sources of vegetable or animal origin [236]. Mg stearate is a very fine, light white,
precipitated or milled, impalpable powder of low bulk density that has a faint odour of stearic

acid and a characteristic taste [236, 237].

Mg stearate is primarily used as a lubricant in capsule and tablet manufacture at
concentrations between 0.25 and 5.0% w/w. The lowest possible amount of Mg stearate
should be used as high levels may result in retardation of drug release from dosage forms due
to the hydrophobic nature of the material [238, 239]. Mg stearate has a bulk and tapped
density of 0.159 g/cm’ and 0.286 g/cm’, respectively, a true density of 1.092 g/cm’ and melts
between 117-150 °C [217].

4.2.8 Talc

Purified talc is hydrated magnesium silicate that may contain small and variable amounts of
aluminium silicate and iron. Talc is a very fine, white to greyish-white, odourless,
impalpable, unctuous crystalline powder that is used as a glidant and lubricant for tablet
production at concentrations of between 1.0 and 10.0% w/w [240]. The particle size
distribution of talc varies with the source and grade of the material and two typical grades
exist viz., a grade for which > 99% of the particles pass through a 74 pm or #200 mesh or a
grade for which > 99% passes through a 44 um or #325 mesh. Talc adsorbs an insignificant
amount of water at 25 °C at a relative humidity of 90%. Talc has a specific gravity of 2.7-2.8
and a specific surface area of 2.41-2.42 mz/g [217].

4.2.9 Colloidal Silicon Dioxide

Colloidal silicon dioxide is sub-microscopic fumed silica with a particle size of
approximately 15 nm. It is a light, loose bluish-white coloured, odourless, tasteless and

amorphous powder. Several grades of silicon dioxide are available for use and are produced
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by modification of the manufacturing process. The small particle size and associated large
specific surface area impart desirable flow characteristics that can be exploited to improve the
flow properties of dry powders. Colloidal silicon dioxide is used as a glidant in tablet

formulations at concentrations of 0.1-1.0% w/w [217].

A summary of the excipients that were investigated for use for the development of a NVP

sustained release tablet with their respective sources and use is summarised in Table 4.1.

Table 4.1. Excipients used in NVP SR tablet formulation development

Excipient Source Use
Nevirapine Boehringer Ingelheim, USA API
HPMC (Methocel® K4M, Colorcon® LTD, Dartford, Release rate control
K100M) Kent, UK polymer
Carbomer (Carbopol® 711G Noveon®, Inc., Brecksville, Release rate control
NF) Cleveland, USA polymer
Ammonio methacrylate Rohm Pharma Polymers, Release rate control
(Eudragit® RS PO) Darmstadt, Germany polymer
MCC (Avicel® PH102) FMC® Biopolymer, USA Filler
Spray-Dried Lactose Lactose New Zealand Diluent
(SuperTab®)
Magnesium Stearate Aspen” Pharmacare, SA Lubricant
DCP (Emcompress®) Penwest” Pharmaceutical Co., Flow-aid/filler

Mendel, UK

Talc Aspen” Pharmacare, SA Glidant
Colloidal Silicon Dioxide Aspen”® Pharmacare, SA Glidant

4.3 PHYSICOCHEMICAL PROPERTIES

Prior to manufacturing solid dosage forms, it is necessary to understand and characterise the
physical and chemical properties of the API, excipients and their powder mixtures, including
crystal habit, particle size, shape, flow characteristics, density, hygroscopicity and
compaction behaviour [241]. Successful tableting operations require the selection of
excipients that balance desirable physical, flow and mechanical properties for tablet
manufacturing [241, 242]. The bioavailability of an API can be affected by the
physicochemical properties of excipients [243, 244], therefore the physical characteristics of
API and excipients were examined and the characteristics investigated included particle size,

shape, powder density and flow properties.
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4.3.1 Particle Size and Shape

The measurement of particle size and distribution is an important parameter that must be
evaluated during preformulation studies. The safety, stability and viability of an API and
dosage form during and after manufacture can be significantly influenced by this parameter

[207, 217].

Furthermore, the particle size of an API and excipients can affect uniform mixing, flow and,
formulation characteristics, unit to unit content uniformity, dissolution rate and the

bioavailability of an API [245].

Powder characteristics such as porosity and flowability are significantly affected by the
particle size of excipients and API. Therefore detailed information of the particle size of an
API, excipients and other materials or blends must be ascertained prior to tablet formulation
development studies. During the tableting process the particle size of a material is important
as it can have an impact on the homogeneity of a powder blend and of the final tablet. The
ideal size range of particles for use in tableting is between 10 and150 um and the particle size

should be as consistent as possible throughout the production process [245].

Particle size is expressed in terms of the diameter and degree of asymmetry of particles and
as asymmetry increases the difficulty of expressing size in terms of diameter is compounded
[246]. A powder is regarded as monodisperse if all particles in a sample are of the same size
and 1s polydisperse, if they are of different sizes. A monodisperse particle size distribution is

more desirable than a polydisperse one [245].

Good powder flow properties are required for the successful manufacture of tablets as
adequate fluidity of powders is necessary to facilitate the transport of material from a blender
to the hopper and onto the die table of the tablet press. Elongated particle shape and small
size may result in unacceptable blend uniformity, difficulty in filling die cavities and high

variability of weight and strength of tablets [245-247].

The flow of powders into orifices is important when filling the die cavity of a tableting press
and the flow into or through an orifice is dependent on the particle size of the material.
Generally, as the particle size increases the powder flow rate increases up to a maximum and

practically no flow occurs if the particle size of a powder is <50 um or > 1200 um. Powders
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with particles < 50 um generally exhibit irregular or no flow due to particles agglomeration

as a consequence of Van der Waal’s forces [245].

The Hausner ratio (HR) and Carr compressibility index (CI) of powders provide an indication
of powder flowability. The HR ranges from 1.2, for a free flowing powder, to 1.6 for a
cohesive powder and the lower the CI of an excipient or powder blend the more acceptable
the powder flow. The interpretation of the values of the HR and CI for powder flow is
summarised in Table 4.2. The addition of a lubricant to a powder blend can significantly

improve powder flow when the value of CI is above 20% [248].

Table 4.2. Interpretation of Hausner Ratio and Carr’s Index

Hausner Ratio Flow
< 1.25 Good
> 1.50 Poor

Carr Index
%

5-12 Excellent
12-16 Good
81-21 Fair
23-35 Poor
33-38 Very poor

> 40 Extremely poor

The angle of repose (AOR) is another common method that is used to measure powder flow
when small sample quantities of material are available. The powder to be evaluated is poured
from a funnel onto a horizontal surface so as to form a cone with only gravitational force,
effecting the flow. The angle between the side of the cone and the horizontal is called the
AOR and is a measure of the cohesiveness of a powder as it reflects the point at which inter-
particulate attraction exceeds gravitational pull on the particles in that powder. A free flowing
powder will form a cone with shallow sides and therefore a small AOR, whereas a cohesive
powder will form a cone with steep sides. An AOR < 30° is indicative of good flow
properties whereas powders with an AOR > 40° are likely to exhibit poor flow and the
addition of a glidant may improve powder flow and the manufacturing process [245, 248].

The interpretation of the AOR is listed in Table 4.3.
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Table 4.3. Interpretation of angle of repose

AOR Flow

<25 Excellent
25-30 Good
30-40 Fair (passable)

> 40 Very poor

4.3.2 Powder Density

The volume that a powder occupies when poured into a container is dependent on a number
of factors including the particle size, shape and surface properties of the material. Subjecting
a powder bed to vibration or pressure will result in the particles moving relative to one
another in order to improve the packing arrangement in that container, by a process termed
densification. Eventually a condition is reached where further densification of the powder is
not possible without particle deformation. The density of the powder is therefore dependent
on the conditions to which the material has been subjected to and several definitions can be

used to describe the bulk powder or the individual particles of that power [245, 248].

4.3.2.1  Bulk Density

The bulk density of a powder refers to the volume of a specific mass of powder including the
particulate and pore volume. The bulk density will vary depending on the packing
arrangement of the powder. The minimum bulk density is achieved when the volume
occupied by the powder is at a maximum, due to aeration that is present immediately prior to

complete disruption of the bulk material [245, 248].

4.3.2.2  Tapped Density

The tapped density of a powder is the maximum bulk density that can be achieved without
particle deformation [245]. It is established by tapping a fixed mass of material in the
container in which the aerated sample is placed. If the structure of the powder is cohesive it
will collapse significantly on tapping whereas a free flowing powder has little room for

further consolidation [245-247].

The bulk and tapped densities were used to calculate CI, which was used in the assessment of

powder flow characteristics of the materials used in these studies.
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4.4 DRUG-EXCIPIENT COMPATIBILITY

Most of the approaches for the selection of an excipient for use in a formulation are often
based on empirical approaches. Nevertheless excipients have the potential to precipitate
chemical instability of an API and drug-excipient compatibility studies have been used as a
basis for accepting or rejecting potential materials for inclusion in a formulation [245, 249-

251].

Advanced analytical instrumentation is now available to facilitate the rapid identification of
potential excipient induced instability and any material that exhibits an incompatibility with
an API can be rejected early in development studies and removed from subsequent tablet
formulation studies. The common approaches used for studying drug-excipient interactions
include differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), x-ray
diffractiometry (XRD), Fourier transform infrared spectroscopy (FT-IR), Nuclear magnetic
resonance spectroscopy (NMR) and scanning electron microscopy (SEM), amongst others.
These methods and the utility of the information derived from these methods are summarised

in Table 4.4.
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Table 4.4. Techniques for testing drug-excipient compatibility and utility of data [207, 252]

Technique Measurement Utility of information
DSC Energy is absorbed or released by  Physicochemical compatibility
a sample as it is heated, cooled or  of API and excipient,
held at a constant temperature polymorph characterisation
TGA Weight changes by a sample as it~ Physicochemical compatibility
is heated, cooled or held at a of API and excipient,
constant temperature Stoichiometry of solvates and
hydrates
Chromatographic = Chemical interactions of the Excipient, API and drug
Analysis sample with stationary and mobile product purity; excipient-API

Micro-calorimetry

X-ray Diffraction

phase
Adsorption or release of API from
a solution

Scattering of radiation by solid
material

compatibility
Physicochemical compatibility
of drug and excipients;
solution application
Polymorph characterisation

SEM Magnified appearance of sample  Particle size and morphology
LC-MS/MS Chromatographic separation and  Impurities, degradation
fragmentation of molecular product identification
species
FTIR Absorption frequencies of Characterisation and
functional groups quantification of polymorphs,
identification of interactions
based on functional groups
NMR Molecular arrangement Studying molecular
arrangement of polymorphs,
hydrates and solvates
Hot-stage Magnified appearance of sample  Studying solid state transition
microscopy and desolvation events

DSC and TGA are techniques in which there is formation of a new peak as a result of an
endothermic or exothermic reaction, and/or the disappearance of a peak. These two
techniques have the advantage of being rapid analytical approaches [245]. TGA was used for
thermal analysis of NVP while DSC and FT-IR where used to evaluate NVP-excipient
compatibility in these studies. DSC and FT-IR were chosen as the equipment was readily
available and were considered suitable to provide preliminary insight into NVP-excipient

compatibility using thermal and non-thermal analytical techniques.

4.4.1 API-Excipient Interactions

Most excipients are pharmacologically inert, however chemical or physical interactions with

API are often encountered and may affect the efficacy of a dosage form and/or APIL. The
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multi-component nature of some excipients and formulations is usually the driving force of
many of the interactions observed between an API and the components of a dosage form

[253].

4.4.1.1 Mechanism of API-Excipient Interactions

4.4.1.1.1 Physical Interactions

A number of API excipient interactions do not involve any chemical changes in either of the
compounds and whilst they are common, such interactions are difficult to detect. Physical
interactions are frequently observed and/or used during the manufacturing process but are
more often unintended and may cause manufacturing problems. Different physical
interactions have been recognised and include the formation of solid dispersions,

complexation and adsorption [254].

An example of a physical interaction that has been observed between primary amines and
MCC results in the API binding to the MCC and is subsequently not released during
dissolution testing and which is of particular importance for low dose drug products [253]. A
further example of a physical interaction occurs during interactive mixing during which small
particles interact with the surfaces of large carrier particles to ensure that a homogeneous

powder blend is produced [253].

4.4.1.1.2 Chemical Interactions

Chemical interactions involve a reaction(s) between an API and an excipient and/or an API
and impurities that may be present in the excipients. Chemical interactions are almost always
detrimental to the stability and performance of a product as they generally result in the

production of degradation products [253].

An example of a typical chemical interaction that often occurs is an interaction between the
primary amine functional groups and the glycosidic hydroxyl group of the reducing sugars
that precipitates a Maillard reaction to form imine that degrades further to form amidori type

compounds and which has been observed with chlorpromazine and dextrose [255].

4.4.1.2 Beneficial API-Excipient Interactions

These interactions result in the formation of a dosage form with desirable characteristics and

are usually physical in nature. An example is the simple manufacture of solid dosage forms in

109 | Page



the presence of Mg stearate which interacts with other excipients resulting in lubrication of
powder blends. A further example includes cases where complexing agents such as
cyclodextrins are reversibly bound to an API to form complexes that improve the

bioavailability of poorly soluble drugs [256].

4.4.1.3 Detrimental API-Excipient Interactions

These interactions result in performance failure of dosage forms. For example, Mg stearate is
known to cause reduced tablet strength and impact the dissolution rate of an API from tablets
and capsules if it is used at high levels or if powders are subject to prolonged blending and

this has been attributed to the hydrophobic nature of Mg stearate [257, 258].

The adsorption of API molecules onto the surface of an excipient(s) may result in an API
being sequestered and not released during dissolution of a dosage form which may ultimately
result in low bioavailability. An example of such an interaction includes the reduction of
antibacterial activity of cetylpiridinium chloride when Mg stearate is used as a lubricant in a
formulation. This is due to the adsorption of the cetylpiridinium cation by the stearate anion

of the Mg stearate. [257-259].

Colloidal silica catalyses the degradation of nitrazepam in a solid dosage form, possibly due
to adsorptive interactions altering the electron density of the labile azo functional group,
thereby facilitating hydrolytic attack of the parent molecule [260]. Phenobarbital is known to
form an insoluble complex with PEG-400 resulting in decreased dissolution and subsequently

absorption of the API [261].

The release of diclofenac sodium from a matrix tablet was inhibited by the polymer chitosan
at low pH, most likely due to the formation of an ionic complex between the diclofenac

sodium and the ionised cationic chitosan polymer [262].

In a vitamin formulation it was reported that the decomposition of ascorbic acid was
increased when silica gel was added to the formulation. This was possibly due to the presence
of trace metals such as iron and/or copper that is known to catalyse the decomposition of

ascorbic acid in solution [263].
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4.5 EXPERIMENTAL

4.5.1 Particle Size and Shape

Particle size and shape were determined using a Vega® Scanning Electron Microscope
(Tescan, Vega LMU, Czechoslovakia Republic). Approximately 0.5 mg of NVP and each of
the excipients to be used during formulation development studies were separately dusted onto
a graphite plate and then sputter coated with gold for 20 minutes under vacuum. The samples

were then visualised using SEM at an accelerated voltage of 20 KV.

4.5.2 Angle of Repose

The AOR was determined by the height cone method. The end of a funnel was fixed at a
height of 2 cm above a flat glass plate and powder blends to be tested allowed to flow under
gravity onto the calibrated glass plate fixed on a horizontal surface and the AOR, 6, was

calculated using Equation 4.1.

2h
Tano= 5 Equation 4.1

where,

h = height of the pile of powder,
D = diameter of the pile of powder, and
0 = angle of repose.

4.5.3 Powder Density

The tapped density of the powders was established using a Model SVM 203 Erweka® tapped
density tester (Erweka, GmbH, Heuseastamm, Germany) at a rate of 220 taps per minute for
2 minutes. Approximately 20 g of the powder blends to be tested were filled into 100 mL
graduated measuring cylinders. The bulk volume of the powder was recorded prior to tapping
and the tapped volume at the end of tapping. All tests were conducted in triplicate for each
powder blend under investigation and the bulk and tapped densities were calculated using

Equation 4.2.

Equation 4.2

< |3

where,

p = density,
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m = mass of the powder, and
v = volume occupied by the powder.

The values of bulk and tapped densities were then used to calculate the CI and HR using

Equations 4.3 and 4.4, respectively.

Tapped density—bulk densit .
cr= 2P Y Y x 100 Equation 4.3
Tapped density
Tapped densit .
HR = —PPeroensty Equation 4.4
Bulk density
4.5.4 Thermogravimetric Analysis

TGA was performed using a Model TGA 7 Perkin Elmer Thermogravimetric Analyser
(Perkin Elmer® Norwalk, Connecticut, USA) fitted with platinum sample holder.
Approximately 2.5 mg of NVP was added to a platinum crucible and sealed and TGA was
performed in a nitrogen atmosphere at a flow rate 20 mL/min over the temperature range 200
°C to 600 °C and heating at a rate of 20 °C/min. Data analysis was performed using Pyris ™

Manager Software. TGA measurements were performed only once.

4.5.5 Differential Scanning Calorimetry

DSC thermograms were generated using a Model DSC 7 (Perkin Elmer”™, Norwalk, USA)
with a PC control unit TAC 7 (Perkin Elmer®, Norwalk, USA) at a heating rate of 10 °C/min
and a nitrogen flow rate of 20 mL/min. Approximately 3.0 mg of individual samples to be
tested and 1:1 binary mixtures of API and excipients were weighed directly into DSC
aluminium pans, hermetically sealed prior to analysis and heated at a constant rate using an
empty pan as the reference. The samples were placed directly onto a micro hot stage DSC
and thermograms were generated at temperatures between 50 and 300 °C. The temperature of
the DSC microscopy cell was monitored using a central processor and each spectrum
generated during the heating process was performed using 10 scans with a resolution of 4 cm”
' The DSC cell was calibrated for temperature and enthalpy with Indium (mp 156.6 °C;

AHjs = 28.4 j/g) and the resultant data were analysed using Pyris™ Manager Software.
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4.5.6 FT-IR Spectroscopy

A Spectrum 100 FT-IR ATR Spectrophotometer (Perkin Elmer”™ Ltd Beaconsfield, England)
was used to generate spectra of the potential components of the formulation individually and
in 1:1 mixtures of API and excipients. The mixtures were prepared by physically mixing the
components using a mortar and pestle. A small amount of each powder or blend was placed
on a diamond crystal and a force of approximately 100 N applied before analysis over the

wavelength number range 4000-650 cm™ and resolution of 4 cm™.

4.6 RESULTS AND DISCUSSION
4.6.1 SEM

4.6.1.1  Particle Shape

The particle shapes of each of the excipients used in these studies are shown in Figure 4.1.
SEM images reveal that Eudragit® RS PO particles (I) are sub-angular with low sphericity.
SDL (1II) exhibits rounded particles with high sphericity and images of Carbopol® 71G NF
(IIT) show angular low sphericity particles. NVP particles (IV) are sub-rounded/irregularly
shaped particles that occur in aggregates of medium sphericity as previously reported [11].
Avicel® PH102 (V) was shown to have angular particles of medium sphericity whereas
Methocel® K4M (VI) occurs as angular flake like particles with low sphericity. Images of
DCP (VII) reveal rounded particles of medium sphericity and Mg stearate (VIII) particles

were sub-angular with low sphericity [264].
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SEM MAG: 200 x
VAC: HiVac
DATE: 05/1412

HY: 2000 kV
DET: SEDetector 200 pm
Device: VG1760481J

I (Eudragit®RS PO)

Vega @Tescan
Rhodes University SEM

SEM MAG- 201 x
VAC: HiVac
DATE: 051412

HY: 2000 kv
DET: SEDetector 200 pm
Deavice: VG1760481J

V (Avicel® PH102)

Vega @Tescan
Rhodes University SEM

Figure 4.1. Particle shapes of excipients.
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4.6.1.2  Particle Size Range

The SEM pictograms of particle size range of NVP and the excipients used in these studies
are depicted in Figure 4.2 and Table 4.5 list a summary of the particle size distribution ranges
for NVP and the excipients. The data showed that most excipients had particle size
distribution which was suitable for tableting. However, wide variations in particle size of the
excipients suggested potential for poor powder flow and thus sieving of the excipients and
NVP to maintain a uniform particle size distribution and therefore powder flow was

considered appropriate.
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Figure 4.2. Particle size of excipients.
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Table 4.5. Summary of particle size range of NVP and excipients

Excipient Particle size range (um)

NVP 20-70

Eudragit® RS PO 110—118
Carbopol® 71G NF 230 -372
SuperTab® SDL 190 — 230
Avicel® PH102 130 — 204
Methocel® K4M 90 — 100
Mg. stearate 5-10

The particle size and shape of a material are known to affect the bulk properties of powders
and have a significant effect on the ultimate compressibility of that powder. Any differences
in the particle size distribution and shape can also significantly affect powder flow properties

and subsequently the manufacturing process [265, 266].

Bulk powder behaviour is dependent on particle size, variation of particle size and the shape
of particles. In general powders with large dry particles of > 250 pm in diameter are not
cohesive, permeable and tend to flow adequately, however they exhibit low compressibility
and shear strength and may thus not be suitable for direct compression. As the particle size of
a powder decreases from 250 pm to 75 um, the flowability decreases and flow becomes
difficult when the particle size decreases < 75 um in diameter. Fine powders with particles of
< 10 um diameter are cohesive, compressible, have high shear strength and exhibit poor flow
properties which may result in tablets with poor quality attributes if directly compressed

[266].

The particle shape tends to affect the flowability of powders and therefore the AOR. In
general, spherical particles show good flowability and out of round particles with smooth
edges also flow easily. Irregularly shaped particles such as flakes also flow with little
difficulty whereas cubic and rectangular blocks with sharp edges do not flow readily.
Irregularly shaped, interlocking and fibrous particles do not flow readily and usually result in

powder flow stoppages by formation of semi-rigid structures in the powder bed [266, 267].

For powders with large particles, the mass of the individual particles is large and therefore
flowability tends to be good. However, as the particle sizes of powders are reduced the mass
of the particles reduces and with an increased surface area, surface forces are amplified and
resistance to flow is observed. Small particles of < 75 um diameter are difficult to blend due

to a high surface area per unit volume ratio and may result in tablets with poor content
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uniformity. The large surface area gives rise to strong electrostatic forces that occur during
blending and inter-particulate friction between the smaller particles is also high resulting in
low material movement compared to that observed with large particles. Powdered materials
with particle sizes of 10 um and smaller lead to the formation of weak polarising electrical or
Van Der Waal’s forces that may prevent the distribution of small particles throughout a blend

due to fine particle agglomeration [245, 268, 269].

The size distribution and shape of a powder also affect the packing characteristics of the
material and consequently have an impact on the bulk density of the material. Smaller
powder particles occupy the interstitial spaces between large particles creating a densely
packed powder with a high bulk density. The flowability of densely packed powder is lower
than that of loosely packed powders and particle density affects the sedimentation or floating

ability of the particles within a blender [266, 267].

It is ideal that the particle size distribution of a powder is within a narrow range to avoid poor
flow and powder stratification and during tablet compression [245]. The excipients used in
these studies were found to exhibit a wide range of particle sizes and shapes that are likely to
impact negatively on the flowability of the powder blends. Furthermore the size distribution
of NVP was also an indicator that powder flow would be poor. Consequently in order to
improve manufacturability and in an attempt to create a uniform particle size distribution the
excipients and NVP were passed through a sieve mesh size # 20 prior to blending for thirty

minutes.

4.6.2 Angle of Repose

The values for the AOR for the powder blends used in formulation development studies are
summarised in Table 4.6. The AOR ranged between 25.20° + 2.44 to 36.89° &+ 1.22 and the
blends were considered suitable for use for direct compression manufacture of NVP SR
tablets. The flowability of powder blends of the batches that have an AOR of > 30° was

expected to improve following the addition of a lubricant and/or glidant to the powder blend.
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Table 4.6. Flow characteristics of powder blends used in formulation development studies

Formulation Angle of Bulk Tapped Cl HR
Repose Density density
° g/cm’ g/em’ %

NVP001 36.80£1.22 0.385+£223 0431+2.54 10.59+2.19 1.12+1.12
NVP002 29.75+1.31 0.393+327 0442+3.13 11.02+3.11 1.12+2.21
NVP003 33.69+1.42 0379+1.33 0.582+3.22 34.89+2.29 1.54=+2.11
NVP004 28.07+2.11 0469+2.15 0.738+1.83 36.54+194 1.58+3.08
NVP005 31.61 £3.04 0473+£3.62 0.682+1.26 30.65+222 1.44+2.07
NVP006 29.75+2.28 0.432+2.54 0.652+2.33 33.82+1.87 1.51+1.10
NVP007 28.07+1.78 0.489+2.11 0.763+1.75 3593+3.11 1.56+2.04
NVP008 28.07+2.35 0456+3.07 0.710+3.72 35.82+3.88 1.56+2.06
NVP009 29.75+1.97 0427+2.77 0.634+1.44 3276+1.89 1.49+2.01
NVP010 31.61 £3.61 0446+1.83 0.658+2.01 32.20+239 148+2.02
NVPO11 2520+£244 0485=+1.73 0.718+2.29 3244+2.11 1.48+3.11
NVP012 3325+3.18 0462+248 0.704+1.72 3449+2.10 1.53+2.04

Results shown as mean + %RSD (n = 3)

4.6.3 Density

4.6.3.1 Bulk and Tapped Density

The bulk and tapped densities of the powder blends that were used to calculate the CI and HR
are summarised in Table 4.6. These were used to assess the flowability and compressibility of
the powder blends following calculation of HR and CI and ranged between 0.385 and 0.489

g/em’.
4.6.3.2 Carr’s Index and Hausner Ratio

The CI values for the powder blends of all batches tested ranged between 10.59 + 2.19 to
36.54 + 1.94 and are shown in Table 4.6, indicating that the blends exhibited a high degree of
variability in powder flow characteristics. Powders with CI values of between 30 and 40%
are likely to exhibit improved flow properties following addition of a lubricant. Low CI
values imply that there is a low level of cohesion between the particles in a blend thereby

facilitating the tablet manufacturing process through improved powder flow.

The HR for the powder blends under investigation ranged between 1.12 £ 0.12 and 1.58 +
3.08 as can be observed from the data summarised in Table 4.6 and are considered acceptable
for tableting as the addition of a glidant or lubricant was expected to further improve powder

flow properties.
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4.6.4 Thermogravimetric Analysis

The TGA thermogram depicted in Figure 4.3 reveals that NVP is stable up to a temperature
of approximately 244 °C after which almost complete decomposition of the compound (>
90%) occurs at 250 °C which is also the melting point of NVP. The results observed are in
close agreement with previously reported values [11, 270] and suggest that it is unlikely that

NVP would decompose under normal tableting conditions during which temperatures rarely

exceed 100 °C.

Figure 4.3. TGA thermogram of NVP generated at a heating rate of 10 °C/min.

4.6.5 Differential Scanning Calorimetry

DSC measures the change in energy that occurs as a sample is heated at a constant rate [271].
The principle involves heating two ovens to the same temperature at the same rate with one
oven containing the sample to be tested in a sealed pan and the other containing an empty
pan, serving as reference. Changes in the sample such as melting will result in consumption
of energy and the process is classified as an endothermic event. Energy release will occur if a

change such as crystallisation takes place and this process is called an exothermic event.
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Since the reference pan remains constant, a thermogram displaying thermodynamic changes

of a sample is produced indicating release or uptake of energy [271, 272].

The DSC thermogram of NVP revealed a single sharp symmetrical melting endotherm at 250
°C with a AH =504.5376 J/g and is depicted in Figure 4.4, indicating that NVP is not a
hydrate or solvate. This value of the melting point was within the previously reported range

of 244 - 250 °C [11, 270].

Figure 4.4. DSC thermogram of NVP generated at a heating rate of 10 °C/min.

The thermogram for DCP was broad and asymmetrical and revealed the presence of an
endotherm at a temperature of 199.50 °C with a AH = 497.1446 and is shown in Figure 4.5.

The endotherm may be attributed to the loss of a water of crystallisation [273].
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Figure 4.5. DSC thermogram of DCP generated at a heating rate of 10 °C/min.

The DSC thermogram of Mg stearate showed a broad and asymmetrical melting endotherm at
120.00 °C with a AH = 76.7026 J/g and is shown in Figure 4.6. The melting endotherm was
in close agreement with the reported melting range of 110-120 °C and can be attributed to the

fusion of Mg stearate [217, 274].
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Figure 4.6. DSC thermogram of Mg stearate generated at a heating rate of 10 °C/min.

The DSC thermogram of SDL depicted in Figure 4.7 reveals the presence of a broad and
symmetrical endothermic peak at 148.50 °C with a AH = 137.5859 J/g and can be attributed
to dehydration of the lactose. The thermogram also revealed the presence of a broad
asymmetrical endothermic peaks at 224.17 °C (AH = 129.1749 J/g) and at 234.17 °C (AH =
19.9389 J/g) which may be attributed to the heats of fusion of the a- and B forms of —lactose
present in the SDL sample [275-277].
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Figure 4.7. DSC thermogram of SuperTab® SDL generated at a heating rate of 10 °C/min.

The thermograms for colloidal silicon dioxide, talc, Eudragit® RS PO, Methocel® K4M,
Avicel® PH102 and Carbopol® 71G NF did not show any significant enthalpy changes in the

temperature ranges as can be observed in Figures 4.8a — 4.8f.
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Figure 4.8a. DSC thermogram of colloidal silicon dioxide generated at a heating rate of
10°C/min.

Figure 4.8b. DSC thermogram of Avicel® PH102 generated at a heating rate of 10 °C/min.
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Figure 4.8¢. DSC thermogram of Eudragit® RSPO generated at a heating rate of 10 °C/min.

Figure 4.8d. DSC thermogram of Carbopol® 71G NF generated at a heating rate of 10
°C/min.
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Figure 4.8e. DSC thermogram of Methocel® K4M generated at a heating rate of 10 °C/min.

Figure 4.8f. DSC thermogram of talc generated at a heating rate of 10 °C/min.
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The DSC thermogram of a 1:1 binary mixture of NVP and Avicel® PH102 revealed the
presence of a single sharp and symmetrical endothermic peak at a temperature of 254.00 °C
as shown in Figure 4.9 and which is slightly higher than the melting point of NVP. The 4°C
increase in the melting point of NVP may be attributed to a shielding effect usually

associated with microcrystalline cellulose [278].

Figure 4.9. DSC thermogram of a 1:1 binary mixture of Avicel® PH102 and NVP generated
at a heating rate of 10 °C/min.

The DSC thermograms of 1:1 binary mixtures of NVP and the excipients under investigation
exhibited a reduction in the melting point of NVP and the excipients when compared to the

values observed for the individual compounds as shown in Figures 4.10-4.14.

The thermograms of the binary mixture of NVP and Mg stearate showed a sharp symmetrical
melting endotherm of 245 °C for NVP and 112.17 °C for magnesium stearate as shown in

Figure 4.10.
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Figure 4.10. DSC thermogram of a 1:1 binary mixture of NVP and Mg stearate generated at
a heating rate of 10 °C/min.

The thermogram of a 1:1 binary mixture of NVP and Methocel® K4M yielded a symmetrical
peak with a broad base as shown in Figure 4.11, which could be an indication of a change
from a crystalline phase to an amorphous phase that may also have an implication for the
stability of NVP in HPMC containing dosage forms [278]. The melting endotherm of NVP
also decreased to 243.5 °C.
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Figure 4.11. DSC thermogram of a 1:1 binary mixture of Methocel® K4M and NVP
generated at a heating rate of 10 °C/min.

The DSC thermogram of a 1:1 binary mixture of NVP and DCP showed a decreased sharp
and symmetrical melting endotherm of NVP of 245.67 and a broad symmetrical melting

endotherm of 193.33 °C for DCP as shown in Figure 4.12.
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Figure 4.12. DSC thermogram of a 1:1 binary mixture of NVP and DCP generated at a
heating rate of 10 °C/min.

The DSC thermogram of a 1:1 binary mixture of NVP and SuperTab® SDL showed a sharp
symmetrical melting endotherm of 240 °C for NVP as shown in Figure 4.13, with almost
complete disappearance of endothermic peaks attributed to heats of fusion of the a- and -
forms of lactose at 219.33 °C and 230 °C. The reduced peak heights may be an artefact of the

quantities of materials used to conduct DSC.

Figure 4.13. DSC thermogram of a 1:1 binary mixture of NVP and SDL generated at a
heating rate of 10 °C/min.

The DSC thermogram of a 1:1 binary mixture of NVP and talc showed a sharp and
symmetrical endothermic peak of 245.67 °C for NVP as shown in Figure 4.14.
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Figure 4.14. DSC thermogram of a 1:1 binary mixture of NVP and talc generated at a
heating rate of 10 °C/min.

The decrease in the peak height of the endotherms of NVP and the excipients may be a
consequence of the low mass of samples used as this is known to affect the intensity of peaks

when using DSC [278].

The dilution effect of excipients on the response generated from an API is a shortcoming of
using DSC as a definitive tool to study any possible drug-excipient interactions. However,
significant changes in the melting point of an API are indicative of any potential interactions
that may warrant further investigation using additional and more specific analytical
techniques. The reduced melting point of NVP that was observed in the presence of
excipients indicates that it is unlikely that any significant interactions would occur as the
shifts in the melting points were < 10 °C. However there is evidence of a potential for a
decrease in the thermal stability of NVP [279] and similar studies have shown that Mg
stearate [280], MCC, HPMC and silicon dioxide [281] can decrease the thermal stability of
an APIL. Although DSC analysis is used as a preliminary screening tool for compatibility

evaluation it does not preclude the need for long term stability studies on manufactured
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dosage forms in order to be able to draw meaningful conclusions in respect of the long term

stability of products.

4.6.6 IR Spectroscopy

The qualitative aspect of IR spectroscopy is a powerful attribute of this diverse analytical
technique. The IR absorption spectrum may be used as fingerprint identification for a
molecule and is the result of absorption of electromagnetic radiation at frequencies that
correlate to the vibration of specific chemical bonds in a molecule. FT-IR spectroscopy is
able to reveal potential interactions at a molecular level as a specific functional group will

vibrate at a specific frequency [282].

NVP shows characteristic C-O stretching vibration of cyclic amide at 1646 cm™, and N-H
and C-N stretch of 7-membered ring at 3295-3188 cm™ [11, 270]. The vibrational frequencies
of NVP that have been identified following IR spectroscopy studies are summarised in Table

4.7[11, 270, 283, 284] and the FT-IR spectrum of NVP is depicted in Figure 4.15.

Table 4.7. Assignment of vibrational frequencies for functional groups of NVP

Functional group/Assignment Vibrational frequency (cm™)
C=0 stretching of cyclic amide 1644.36
-C=C-C aromatic ring stretching 1585.82
CH; of cyclopropyl ring stretching 1410.32
N-H stretching of 7-membered ring 3183.67
OH in plane bending 1242.21
C-H asymmetric bending 1465.11
C-H symmetric bending 1383.01
Aromatic C-H in plane bending 3061.37
-C=0 bending 1288.31
CH; rocking 818.18
Ring breathing and deformation 883.97
CH deformation of rings 1210.17
CH, twisting 1153.33
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Figure 4.15. FT-IR absorption spectrum of NVP.

All absorption and frequency peaks were observed in 1:1 binary mixtures of NVP and the
excipients under consideration and no new or additional peaks were evident. However slight
shifts in the frequencies of vibration were evident in the binary mixtures that were tested and
may be attributed to hydrogen bonding between the materials as opposed to a chemical
interaction. The FT-IR spectra of 1:1 binary mixtures of NVP and excipients are shown in

Figures 4.16.
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Figure 4.16. FT-IR spectra of 1:1 binary mixtures of NVP and excipients.
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4.7 CONCLUSIONS

In order to undertake a successful tableting process, it is essential to select components of
formulation that will ensure that a tablet of desirable characteristics and quality is produced.
Important factors that must be considered when selecting an excipient include consideration
of the particle size and shape of material which can impact powder flow and compaction

properties, and API-excipient compatibility.

Most often the components of a tablet are available in different particle size and shape as is
evident of the results of particle shape and size distribution analysis of the excipients and the
NVP used in these studies. The results indicate that there is a possibility of poor flow
properties which may result in tablets of inadequate quality. Screening of powder blends with
a sieve of a desirable size prior to blending was considered appropriate as this would produce
materials of uniform size distribution with a subsequent possible improvement in powder

flow properties.

The flow properties of the powder blends for all the batches in formulation development were
within the acceptable limits. Although some powder blends had values of AOR, HR and CI
slightly above the required values it was anticipated that the values would improve following
the addition of a lubricant. These studies showed that the powder blends may be suitable for
direct compression tableting without further manipulation and were likely to produce tablets

with acceptable quality attributes.

The potential for physical and chemical interactions to occur between an API and excipients
is well-documented [285-290]. It was therefore deemed important to conduct NVP-excipient
compatibility studies and ascertain which excipients were appropriate for formulation

development studies.

DSC was used to study the potential for significant interactions to occur between the
excipients under consideration and NVP. The DSC data generated for the different binary
mixtures evaluated indicate that the characteristic melting endotherm at 250 °C for NVP was
present in all thermograms. The results revealed that that there was a low potential for NVP-
excipient interactions despite minor variations in the melting point of excipients and NVP
when tested in combination. Whilst DSC is a well-known technique for characterisation of

pharmaceutical and polymeric materials, limitations with respect to its practical use exist as it
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is unable to provide insight into the changes to thermal events or reactions at a molecular
level. Therefore it was essential to combine DSC with other techniques to permit a greater
understanding of any changes in the materials to be used and therefore FT-IR studies were

also conducted.

The use of FT-IR absorption spectroscopy for studying the potential for interactions between
NVP and other materials offer an opportunity to evaluate such interactions at a molecular
level. The fingerprint FT-IR generated for NVP and each excipient permitted the study of
possible interactions and any shift in IR fingerprint may be indicative of a significant
interaction. FT-IR studies did not reveal any interactions as the identified characteristic
frequencies of NVP functional groups were present in all FT-IR spectra albeit minor shifts in

vibrational frequencies that could be attributed to hydrogen bonding.

The theoretical basis of DSC and FT-IR analysis to study possible drug-excipient interactions
has been applied and the results revealed that the probability of detrimental interactions

between NVP and the excipients was low.

Since all the excipients appeared to be compatible with NVP, they were all used for

formulation development studies.
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CHAPTER FIVE

FORMULATION DEVELOPMENT AND ASSESSMENT OF NVP SUSTAINED
RELEASE TABLETS

5.1 INTRODUCTION

Sustained release (SR) refers to dosage forms that modulate the rate of drug release and
control the rate of drug availability for absorption, thereby achieving desired concentrations
of the API in plasma over a prolonged period of time [291]. SR dosage forms have also been
referred to as extended release (XR) technologies [219, 291, 292]. In order to optimise
therapy for the majority of therapeutic agents, the primary goal is to attempt to achieve
constant therapeutic blood levels of the API. However, fluctuations in blood levels are
common and may result in therapeutic failure and/or undesirable adverse events. SR
technologies provide an effective means of optimising the bioavailability of a compound and
can produce predictable concentration-time profiles of an API that would otherwise not be

possible [291, 293].

Key physiological factors that affect drug absorption from the GIT include gastric and
intestinal secretions, fluid and food intake, bulk fluid and luminal pH, mechanisms of
absorption and enterocyte-based metabolism and/or secretion. These factors in conjunction
with the physicochemical properties of an API such solubility, ionisation state, stability and
lipophilicity can and often do influence the rate and extent of API absorption from the lumen

of the GIT [291, 294-297].

A critical assessment of the fundamental physicochemical properties of an API and
consideration of the biopharmaceutics of the compound are crucial to the successful design of
an oral SR delivery system. The control of API release is dependent on the dosage form
design and should not be adversely influenced by the intrinsic physicochemical properties of

the API or the physiological constraints of the GIT [291, 296].

Drug candidates exhibiting high permeability across the epithelium of the GIT are considered
to be BCS Class I and II compounds and absorption of these API are controlled exclusively
by their rate of release from a dosage form [291]. It is only for these compounds that in vitro
dissolution rates can be used to predict in vivo absorption rates and guide formulation

development.
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Although SR delivery systems offer a number of advantages over conventional drug delivery
systems, they do present serious challenges to the patient or clinician due to the variability of
GIT transit times between different ethnic groups. The release of an API for absorption may
be constant and sustained, however absorption may occur over different time durations. A
short transit time would mean that the API may not be available for complete absorption to
occur, whereas longer transit times may result in the patient being over exposed to an API

and they may potentially exhibit adverse effects [291, 294, 298].

The regional absorption patterns shown by some API in different positions of the GIT may
result in reduced bioavailability if the API is best absorbed from the upper parts of the GIT
and are formulated into a SR delivery system [298]. Another factor that may result in reduced
bioavailability from a SR delivery system is reduced saturable first pass metabolic effects in
the liver and/or the gut wall. Saturation of the metabolising capacity of the liver enzymes may
readily occur following chronic administration of immediate release dosage forms and this
may result in reduced metabolism of the drug as the enzymes are saturated. However,
saturation of liver enzymes does not readily occur with SR drug delivery systems as there is a
smoother and gradual drug release. This may result in continuous metabolism of the drug and

may result in significantly lower systemic levels [298-300].

5.2 SUSTAINED RELEASE DELIVERY SYSTEMS

5.2.1 Matrix Systems

Matrix systems are comprised of an API dispersed, entrapped or dissolved in a polymer and
other excipients that are inert, erodible and/or swellable. Matrices have been studied and used
for the manufacture of sustained release systems as they are simple and easy to produce
[298, 300]. They are relatively safe as there is little chance of dose dumping due to collapse
of the delivery system [300]. Inert matrices release API and leave a residual skeleton whereas
erodible matrices disintegrate slowly over time. Swellable technologies undergo

transformation to produce a gel layer that modulates API release [301].

The characteristics of the polymer used determine whether the matrix is hydrophilic (e.g.
HPMC), hydrophobic (e.g. polyethylene oxide) or plastic (e.g. methyl methacrylate) [300].
Hydrophilic and hydrophobic matrix systems are commonly used as drug delivery systems

[302].
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Matrix systems can be further classified as diffusion/swellable or dissolution controlled
systems [300]. API release from diffusion or swellable matrices is preceded by penetration of
a solvent into the matrix, resulting in hydration and swelling of the polymeric material,
followed by diffusion of the API through the hydrated layer of polymer to the bulk
dissolution fluid or gastrointestinal tract contents. Hydration of the polymer due to
penetration of a solvent results in relaxation of polymer chains as a result of a decrease in the
vitreous transition temperature of the polymer [303]. A zone in which transformation of the
polymer from a crystalline to a rubbery state is formed is known as the gel layer. The
thickness of the gel layer increases as additional fluid enters the dosage form and the polymer
chains located at the surface hydrate and gradually relax until they lose consistency, after
which erosion of the polymer occurs [219, 303]. Examples of polymers used in
diffusion/swellable matrices include cellulose ethers such as HPMC, methacrylic acid

copolymers and carbomers [219, 301, 302].

The thickness of the gel layer is critical to the API release process, and as the gel layer gets
thicker the distance that the drug must diffuse through increases. Furthermore API diffusion
from matrices have been observed to be affected by the molecular weight [304], solubility
[305], API dose [221] and Particle size [221, 304-308]. Other factors that affect API diffusion
include polymer type viz., hydrophilic, hydrophobic or plastic, molecular weight [309, 310],
polymeric composition, cross-linking and substitution of the polymer side chain, radius of
gyration [311], particle size, viscosity, intrinsic viscosity and the amount of polymer used
[309-312]. The viscosity of the hydrated polymer and the drug load contributes to the
formation of a concentration gradient that has an impact on the diffusion front and positional

movement of the API in the gel layer [313].

Dissolution controlled systems achieve sustained drug delivery as a consequence of the
control they exert on the dissolution/erosion of a polymeric matrix, which can result in
constant drug delivery. Examples of polymers that have been used include HPMC, natural

gums such as xanthan and sodium carboxymethylcellulose [314].

The penetration of water into the matrix system results in swelling, erosion of the dosage
form and release of the APL. The release of the API from such technologies follows the
Higuchi model and is dependent on square root of time. The full equation describing the

Higuchi model is shown by Equation 5.1.

M,=A[D (2Cy—Cy] Cst Equation 5.1
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where,

M, = cumulative amount of drug released,

t = time,

A = surface area of the controlled release device,
D = drug diffusivity in the polymer carrier,

Cy = initial drug concentration, and

Cs = solubility of the drug in the polymer.

In diffusion-controlled matrix systems, particles of API on the surface of the dosage form are
released initially resulting in the dissolution front receding into the dosage form with a
consequent increase in the diffusion distance across which the drug must travel to be
released. A continual slowing of API release is observed [302]. A schematic illustration of

API release from a non-eroding diffusion-controlled matrix is depicted in Figure 5.1.

Figure 5.1. Mechanism of drug release from a non-eroding diffusion-controlled matrix.
Adapted from [315].

In erosion-controlled matrix systems the rate of release of API is, in part, controlled by
dissolution of the matrix, thereby resulting in constant drug delivery. This phenomenon is

depicted in Figure 5.2 [302].
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Figure 5.2. Mechanism of drug release from an erosion-controlled matrix [315].

API release from a swelling controlled matrix decreases over time as the resistance to
diffusion through the gel layer is greater than the potential increase in API release due to the

increase in surface area that is associated with polymer swelling [316].

Formulation factors affecting API release from these systems include the amount of solvent
that penetrates the matrix [317], shape and thickness of the device [318], presence of other
API and/or excipients [319], micro-environment pH [320], matrix porosity [321], resistance

of the device to breakage and artefacts of the manufacturing process [322, 323].

The targeted release rate can be achieved by altering the polymer type, excipients,
manufacturing processes and the use of different amounts and viscosity grades of polymers.
These are the widely used approaches to the development of sustained release systems and

were followed in these studies.
5.2.2 Reservoir Devices

Reservoir devices are technologies in which an API is encapsulated by a polymeric film or
coating and from which release rates are dependent on the nature of the film or coating
material, thickness and chemistry, amongst other factors. Reservoir devices can be

manufactured by film coating or microencapsulation processes [324, 325].

The selection of an appropriate polymeric material to be used for the development of a
reservoir dosage form is critical. However, factors such as other excipients, polymer
functionality and porosity must also be considered [326]. A schematic representation of drug

release from a diffusion based reservoir technologies over time is depicted in Figure 5.3. The
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API partitions from the reservoir into the membrane, after which it diffuses across the
membrane to the surface of the technology, and it subsequently partitions into the dissolution

medium.

Figure 5.3. Mechanism of drug release from reservoir sustained release system [315].

5.2.3 Osmotic Devices

Osmotic devices are comprised of an osmotic agent that may be the API that is coated with a
semi-permeable membrane with a release portal. API release is a function of the osmotic
potential and hydrostatic pressure of the system [326, 327]. Water uptake through a semi-
permeable membrane coating is facilitated by the presence of a soluble drug or an osmotic
propellant. This results in the formation of a saturated aqueous drug solution in the device or
propellant compartment and subsequent release of the API from the device through the
orifice or portal [328]. The orifice minimises solute diffusion whilst preventing build-up of a
hydrostatic head that has the effect of decreasing the osmotic pressure and changing the
dimensions of the device [326-330]. The schematic representation of drug release from an

osmotic-controlled release delivery system with a single orifice is illustrated in Figure 5.4.

143 | Page



(A) (B)

Figure 5.4. Schematic presentation of mechanism of drug release from an osmotic-controlled
release system. A = elementary osmotic pump and B = push-pull osmotic pump [251].

Early osmotic-controlled drug delivery systems were only suitable for water soluble API and
typically the solubility of the API should be at least 10-15% w/v [326]. Sparingly soluble
drugs pose formulation challenges such as unexpected or uncontrolled release and sometimes
inefficient dissolution of the API if included in elementary systems. However, the
development of push-pull osmotic systems have reduced this challenge significantly [326-

330].

The rate at which an API is released from an osmotic system can be described using Equation

5.2.

dm dv

— =—0Cs Equation 5.2
dt dt
where,
am .
T drug flow rate through an orifice,
dv .
i flow rate of water through an orifice, and

Cs = saturation concentration of the drug.

Osmotic delivery systems release API at a zero order rate until the amount of the osmotically

active salt or API in the system decreases to below saturation concentration [326, 328].
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5.3 EXPERIMENTAL

5.3.1 Method of Manufacture of NVP Sustained Release Tablets

A direct compression, DC, tableting process was selected and used to manufacture all test
formulations. It is a simple and efficient manufacturing process that has a minimum number

of unit operations when compared to other manufacturing procedures.

A schematic representation of the manufacturing process that was used is shown in Figure
5.5. NVP and all other excipients except for magnesium stearate and talc were individually
weighed using a Model PM top-loading electronic balance (Mettler”, Zurich, Switzerland),
screened through a mesh size # 20 (841 um) and blended in a cube blender rotated at 200 rpm
for 30 minutes at an angle of 180°. Mg stearate and talc were weighed, screened through a
mesh size # 44 (462 pm) and added to the mixture and the blending process was continued
for a further three (3) minutes. The powder blend was compressed on a Manesty” B3B
(Manesty®, Knowsley, UK) 16-station rotary press set at 27 rpm and fitted with four 9 mm
shallow concave punches. The target weight and hardness of the tablets were set at 300 mg

and 100-150 N (10-15 Kp), respectively.
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Figure 5.5. Schematic representation of the manufacturing process for NVP tablets.
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5.3.2 Formulation

The formulation composition of the tablets that were manufactured during formulation
development studies are listed in Table 5.1. The formulations were altered by changing the
amount of release rate controlling polymers and diluent used. The amount of NVP and all
other components viz., Avicel® PH102 (13.5%), magnesium stearate (1.1%), talc (1.0%) and
colloidal silicon dioxide (1.1%) which were present in all formulations, were held constant

throughout these experiments.

Table 5.1. Formulation composition of experimental batches NVP001 — NVP012

Batch NVP Methocel® Carbopol® Eudragit® DCP SuperTab®
K4M 71GNF RSPO Spray-
Number dried
Y% Y% % Lactose %
Y% Y%
NVP001 333 30.0 - - 10.0 10.0
NVP002 333 25.0 - - 10.0 15.0
NVP003 333 20.0 - - 10.0 20.0
NVP004 333 10.0 - - - 40.0
NVP005 333 20.0 - - - 30.0
NVP006 333 30.0 - - - 20.0
NVP007 333 10.0 5.0 - - 35.0
NVP008 333 10.0 10.0 - - 30.0
NVP009 333 10.0 15.0 - - 25.0
NVPO010 333 10.0 - 5.0 - 35.0
NVPO11 333 10.0 - 10.0 - 30.0
NVP012 33.3 10.0 - 15.0 - 25.0

5.3.3 Quality Testing and Desirable Attributes of NVP Tablets

5.3.3.1 Content Uniformity

The content uniformity of tablets may vary due to non-uniform distribution of an API in a
powder blend or granules, segregation of powders during the different stages of the
manufacturing process or variations in tablet weight. However, tablet weight cannot be used
as an indication of potency except when the API content of a formulation is 90-95% of the

total weight of the tablets [245].

Ten randomly selected tablets from each manufactured batch were individually weighed and

crushed using a mortar and pestle. The powder was then quantitatively transferred to a 100
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mL A-grade volumetric flask using methanol. Approximately 50 mL methanol was added
and the mixture was sonicated for 10 minutes. The solutions were then made up to the
volume with mobile phase and filtered through a 0.45 pm PVDF hydrophilic HVLP
Millipore® Millex-HV membrane (Millipore® Corporation, Bedford, USA) prior to analysis
using the RP-HPLC described in Chapter 2 vide infra.

5.3.3.2  NVP Assay

Twenty randomly selected NVP tablets from each manufactured batch were weighed and
crushed using a mortar and pestle. An amount of powder equivalent to 100 mg of NVP was
transferred into a 100 mL A-grade volumetric flask. Approximately 50 mL methanol was
added and the mixture was sonicated for 10 minutes and then made up to volume with mobile
phase. The solution was filtered through a 0.45 pum PVDF Millipore® hydrophilic Millex-HV
(Millipore® Corporation, Bedford, USA) membrane prior to analysis using the validated RP-
HPLC method described in Chapter 2 vide infra.

5.3.3.3 Weight Uniformity

Twenty NVP tablets were randomly selected and weighed individually using a Model AG
135 top-loading balance (Mettler” Toledo, Switzerland) and the average weight of the tablets

for each batch calculated.
5.3.3.4 Hardness

Twenty tablets from each batch were randomly selected and the hardness determined using a
Model PTB 311 E Hardness Tester (PharmaTest AG®, Hamburg, Germany) after which the

average hardness for each batch was established.

5.3.3.5  Tensile Strength

The tensile strength of the tablets for each batch was calculated from the average hardness of

20 tablets using Equation 5.3.

2F ]
o=—— Equation 5.3
ndT

where,

o= maximum radial tensile strength in N/mm?,
F = crushing strength in N,

148 | Page



d = tablet diameter in mm, and
T = tablet thickness in mm.

5.3.3.6  Friability

Twenty tablets were randomly selected, weighed collectively and then subjected to friability
testing for 4 minutes at a rotation speed of 25 rpm using an Erweka® TA3R Friability Tester
(Erweka®™, GmbH, Heusenstamm, Germany) after which the tablets were de-dusted, weighed

and the percent friability calculated.

5.3.3.7 In Vitro API Release Studies

Dissolution studies were performed on all batches of tablets that had been manufactured
using the dissolution test method that was developed and validated as described in Chapter 3,

vide infra.

5.4 RESULTS AND DISCUSSION
5.4.1 Quality Testing and Desirable Attributes of NVP Tablets

5.4.1.1 Content Uniformity

All batches that were tested passed content uniformity testing with all % RSD values for all
batches < 5% and as summarised in Table 5.2. These results imply that the manufacturing
process was precise and were therefore an indication that the batch-to-batch NVP content

uniformity of the ultimate product can be achieved.

Table 5.2. Content uniformity of NVP tablets

Batch Theoretical Amount Actual Amount %RSD

Number mg mg +SD

NVP001 100 98.42+3.12 3.17
NVP002 100 97.86+2.89 2.96
NVP003 100 98.59+2.64 2.68
NVP004 100 97.71+2.46 2.52
NVP005 100 96.88+3.65 3.77
NVP006 100 97.91+1.85 1.89
NVP007 100 08.30+3.38 3.44
NVP008 100 97.22+2.70 2.78
NVP009 100 98.09+2.31 2.35
NVP010 100 97.68+3.506 3.51
NVPO011 100 97.67+2.76 2.83
NVP012 100 99.28+3.74 3.77
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54.1.2  NVP Assay

The NVP content in tablets was within the specifications and ranged from 96.3 + 2.89 to
101.4 £ 2.72 % as shown in Table 5.3. This further proved that the manufacturing process

was precise.
5.4.1.3 Weight Uniformity

The tablets had an average weight ranging from 290.33 + 2.98 to 300.72 £+ 2.72 mg and
%RSD values for weight variation analysis were all < 5% as shown in Table 5.3. Although
tablets from batch NVP002 and NVP008 had average weights much lower than the target
weight, tablets from the rest of the batches had average weight values that were closer to the

target showing that the manufacturing process was suitable for further optimisation.
5.4.1.4  Tablet Hardness

The hardness of the tablets ranged from 89.9 = 5.38 to 129.7 + 5.81 N and are summarised in
Table 5.3. Only tablets from batch NVPO11 had an average hardness that was less than the
target indicating that the manufacturing process was possibly suitable to produce tablets of

appropriate quality.
5.4.1.5 Tensile Strength

The tensile strength of the tablets ranged from 1.18 + 2.41 to 1.58 + 4.32 N/mm” and these
data are summarised in Table 5.3. The tablets were considered sufficiently strong to
withstand the abrasion associated with handling, packaging and shipment of such dosage

forms.
5.4.1.6 Friability

The friability of the tablets ranged from 0.158 + 1.22 to 0.172 + 2.34 % and the data are
summarised in Table 5.3. The friability results reveal that the manufacturing process would
yield products that would be able to withstand some of the attrition forces that are associated

with handling, packaging and transportation of tablets from one location to another.
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Table 5.3. Quality attributes of NVP tablets

Batch Thickness Hardness Uniformity of Tensile strength Assay Friability
weight,

Number Mm N mg N/mm’ % %
NVP001 5.54+1.12 108.4 £3.20 297.34 £ 1.77 1.43+2.01 97.4+3.88 0.158 £1.22
NVP002 5.53+1.23 117.8 £4.11 290.33 £2.98 1.56 +2.23 99.6 +3.07 0.169 +2.87
NVP003 5.54+2.15 100.5 + 6.93 295.57 £2.82 1.33+3.12 96.3 +2.89 0.172 +2.34
NVP004 5.55+2.26 118.3 +4.42 296.66 +3.93 1.56 +3.23 98.7 +£3.67 0.170 +3.41
NVP005 5.53+1.16 129.7 +5.81 299.12 +3.09 1.72+2.72 97.9 +3.66 0.166 + 3.33
NVP006 5.52+1.24 110.9 +3.82 298.22 +3.44 1.47+1.91 98.9+2.96 0.169 + 2.88
NVP007 5.56 +1.47 114.5+£2.73 297.88 +2.37 1.51+2.11 97.8+3.22 0.171 £2.71
NVP008 5.57+2.05 120.2 + 3.86 294.68 + 3.58 1.58+4.32 96.7 +3.82 0.158+3.19
NVP009 5.59+2.33 101.7 £ 3.80 301.47 £ 1.83 1.33+2.82 98.8 +1.50 0.171 £2.77
NVP010 5.60 +3.06 99.8 +4.04 299.02 +1.79 1.30+1.86 101.4+2.72 0.163 £3.56
NVPO011 5.59+1.16 89.9 £5.38 296.19 +3.85 1.18 +£2.41 96.8 +1.87 0.159+2.72
NVP012 5.52+1.33 100.0 + 3.77 300.72 £2.74 1.33+3.72 99.7 +3.80 0.171 £3.09

All values reported as mean + %RSD
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5.4.2 In Vitro API Release Studies

The dissolution profile generated for batch NVP0O1 revealed that the rate of NVP release was
very low and incomplete after 24 hours of testing with only 16.7 % of NVP released as

shown in Figure 5.6.
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Figure 5.6. Dissolution profile of NVP release from tablets of batch NVP001 and Viramune®
XR (n=06).

The incomplete drug release from the tablets of batch NVP001 was attributed to the use of a
high percentage (30%) of HPMC in the formulation. It has been observed that regardless of
the physicochemical properties of the polymer and API, drug release generally decreases with
an increase in the percent composition of the release controlling polymer used to form the
matrix. Large quantities of polymer correspond to low porosity in the matrix resulting in a
slower rate and extent of API release [331]. The use of a high proportion of polymer also
promotes a greater degree of cross-linking, an increase in the gel layer thickness and
tortuosity of the matrix, which are characteristics that impede API diffusion through the gel
layer thereby altering API release [332].

152 | Page



The percent HPMC in batch NVP002 was reduced by 5% in an effort to improve the rate and
extent of drug release from the tablets, as it has been reported that an increase in the percent
polymer from 3.5% to 19.2% resulted in a decrease in the release rate of an API [333].
Therefore, it was anticipated that a decrease in the amount of polymer used in the matrix
would result in an increase in NVP release from the tablets. However, the resultant increase
in NVP release was minimal and a total of only 19.64% NVP was released after 24 hours of

dissolution testing as depicted in Figure 5.7.
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Figure 5.7. Dissolution profile of NVP release from tablets of batch NVP002 and Viramune®
XR (n=06).

The percent HPMC in batch NVP003 was reduced by a further 10 % in an effort to increase
the rate and extent of NVP release, however the resultant increase in NVP release was also
minimal with only 34.9 % NVP released after 24 hours of dissolution testing as shown in

Figure 5.8.
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Figure 5.8. Dissolution profile of NVP release from tablets of batch NVP003 and Viramune®
XR (n=6).

The slow rate of release of NVP from tablets of batches NVP002 and NVP003 was attributed
to the presence of DCP in the matrices as it is insoluble and has been shown to retard API
release from matrix tablets by blocking the diffusion of the API from the matrix and by
decreasing the erosion of the polymer matrix [334, 335]. It has been reported that the use of
DCP can have a significant impact on API release from matrix formulations, particularly if
the API is poorly water soluble, as NVP is. DCP makes the matrix less accessible to water
thereby reducing the degree of matrix erosion, which is an important factor in determining
the rate and extent of release of poorly water soluble compounds [336]. Consequently DCP
was not included in subsequent formulations in an attempt to improve the rate and extent of

release of NVP.

In an attempt to improve the rate and extent of NVP release, batch NVP004 was
manufactured using 10% w/w HPMC, however the tablets exhibited rapid release and a high
extent of NVP release with approximately 98% of the NVP released within two hours of

commencing testing as shown in Figure 5.9.
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Figure 5.9. Dissolution profile of NVP release from tablets of batch NVP004 and Viramune®
XR (n=06).

The rapid rate of release and high extent of NVP release from tablets of batch NVP004 was
more likely due to the fact that DCP was not used in the formulation and insufficient HPMC
was included. This resulted in a decrease in the gel strength and a high porosity that favours
NVP diffusion out of the matrix [336]. Furthermore the rapid release observed may also be a
function of an increase in the amount of lactose used in the formulation. This effect of lactose
may be attributed to the dissolution of lactose on hydration of the tablet, which may result in

an increase in the porosity and a reduction of the gel strength of the matrix [335].

The formulation of Batch NVP005 was modified by increasing amount of HPMC by 10%
and decreasing the amount of lactose by 10 % with a view to decreasing the rate of NVP
release from the tablets. The release of NVP decreased appreciably but was still more rapid
than that observed for the reference product with approximately 53.5% released within the

first two hours of commencing dissolution testing as shown in Figure 5.10.
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Figure 5.10. Dissolution profile of NVP release from tablets of batch NVP005 and
Viramune® XR (n = 5).

The amount of HPMC was then increased by a further 10% and the spray dried lactose
content was reduced from 30% to 20% to produce batch NVP006. The rate of release of NVP
decreased significantly and the dissolution profile was observed to be similar to that of the
reference product as shown in Figure 5.11. Calculation of the f; and f> values to permit
comparison of the dissolution profiles yielded f; and f> values of 14.1 and 52.1, respectively
and indicates that the tablets from batch NVP006 could release NVP similar to the profile
observed for the reference tablets. Consequently the formulation for batch NVP006 was

selected for further development and optimisation.
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Figure 5.11. Dissolution profile of NVP release from tablets of batch NVP006 and
Viramune® XR (n = 6).

A combination of polymers with different chemistries or viscosities can be used to optimise
drug release from hydrophilic matrices manufactured using HPMC as the primary release
controlling polymer [337, 338] and carbomers to modulate drug release from matrices [339,
340]. This combination has been reported to produce a synergistic increase in the viscosity of
a matrix due to strong hydrogen bonding between the carbomer and HPMC [340]. The
stronger cross-link between the two polymers produces a more rigid structure through which
diffusion must take place and the interaction results in increased stability of API release

profiles compared to matrices manufactured with HPMC alone [340].

The combination of anionic polymers and HPMC can influence drug release in basic
dissolution media by lowering the micro-environment pH of the matrix and can also decrease

API release in acidic media through formation of an insoluble matrix [339, 340].

Batches NVP007, NVP008 and NVP009 were formulated using combinations of Methocel®™
K4M and Carbopol® 71G NF, with the HPMC content fixed at 10% and the amount of
Carbopol® 71G NF ranging between 5% and 15%. Tablets from batch NVP007 produced
rapid release of NVP with 100% being released within the first two hours of commencing

dissolution testing as shown in Figure 5.12.
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Figure 5.12. Dissolution profile of NVP release from tablets of batch NVP007 and
Viramune® XR (n = 6).

Increasing the amount of Carbopol® 71G NF from 5% to 10% and then 20% of the total
polymer content resulted in significant retardation of NVP release from the tablets of batch

NVP008 as shown in Figure 5.13.
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Figure 5.13. Dissolution profile of NVP release from tablets of batch NVP008 and
Viramune® XR (n = 8).
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Tablets from batch NVP008 had a comparable dissolution profile to that of the reference
product and yielded f; and f> values of 13.5 and 52.4, respectively. However NVP release at
selected time points were highly variable and this may well be due to the inclusion of
Carbopol® 71G. Performance of carbomers has been reported to be variable with large

fluctuations in API release [340] and therefore this formulation was not developed further.

A further increase in the amount of Carbopol® 71G NF to 15% and the total polymer content
to 25% resulted in much slower NVP release with a total of only 52.9% of the NVP released

after 24 hours of commencing testing as shown in Figure 5.14.
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Figure 5.14. Dissolution profile of NVP release from tablets of batch NVP009 and
Viramune® XR (n = 6).

These studies indicate that appropriate modulation of NVP release can be readily achieved
with a combination of carbomer and HPMC at lower total polymer levels than if the polymers

were used individually, which has been observed with other data [338-340].

Combinations of HPMC and methacrylic acid copolymers have been studied extensively and
adequate control over drug release rates have been reported with these combinations [341-
344]. An attempt to modulate NVP release using a polymer mixture of Methocel® K4M and
Eudragit® RS PO was attempted and batches NVP010, NVP011 and NVP012 were produced
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using these polymers. This polymer combination did not retard NVP release at the total
polymer concentrations used as the tablets released 100% NVP within 2 hours of
commencing testing. It was evident that the use of this polymer combination would require
large amounts of Eudragit® RS PO which would result in a more expensive product
compared to if HPMC or combinations of HPMC and Carbopol® 71G NF were used.
Therefore this approach was not pursued further. The dissolution profiles of NVP release
from batches NVP010, NVP011, NVP012 and Viramune® XR are shown in Figures 5.15-
5.17.
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Figure 5.15. Dissolution profile of NVP release from tablets of batch NVP010 and
Viramune® XR (n = 6).
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Figure 5.16. Dissolution profile of NVP release from tablets of batch NVPO11 and
Viramune® XR (n = 6).
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Figure 5.17. Dissolution profile of NVP release from tablets of batch NVP012 and
Viramune® XR (n = 6).
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5.5 CONCLUSIONS

NVP sustained release tablets with the potential for further optimisation have been developed
and manufactured by DC. The tablets satisfied all compedial tests with respect to assay,
content uniformity, weight uniformity, hardness, thickness and friability [345]. Modulation of
NVP release from the tablets was achieved by altering the amount(s) of release rate
controlling polymer. HPMC based matrix tablets were selected for further optimisation as
they showed consistent performance of NVP release with acceptable precision at the different

times that were monitored.

An increase in amount of HPMC used, resulted in a decrease in the extent of release of NVP
from the tablets which is similar to the results observed in other studies [311, 331, 332]. The
decrease in NVP release that was observed was attributed to the increased strength and
thickness of the gel layer that was formed around the matrix when it was hydrated with
dissolution medium [302, 332]. The strength and thickness of the gel layer is the predominant
factor that controls API diffusion from a matrix tablet. The decrease in NVP release that was
observed with increasing amounts of HPMC has also been attributed to the increase in the
tortuosity and reduced porosity of matrices that further retards diffusion of NVP from the

tablet core to the dissolution medium [332].

NVP release was best modulated by use of a combination of polymers of different viscosity
and chemistry. Methocel® K4M and Carbopol® 71G NF in combination produced slower
NVP release rates at lower total polymer amounts than if Methocel® K4M, was used alone.
This may be due to the polymer mixture forming a stronger cross-linked structure in the
matrix. The tablets manufactured using a combination of HPMC and carbomer yielded
promising results and were suitable for further development and optimisation as the
dissolution profile was similar to that of the reference drug product with f; and f> values of

14.1 and 52.4 respectively.

Combinations of Methocel® K4M and Eudragit® RS PO did not result in adequate retardation
of NVP release and a higher concentration of polymers than those studied would be required

to produce NVP release that was similar to that of the reference product.

Sustained release HPMC based matrix tablets with the potential for use as a once daily dose
of NVP have been developed and exhibit dissolution profiles similar to that of the only

commercially available NVP modified release formulation, Viramune® XR. The formulation
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for batch NVP006 produced a dissolution profile that was similar to the reference product and
was deemed suitable for further development and optimisation. The formulation was

optimised using RSM and the factors affecting NVP release were further investigated.

163 | Page



CHAPTER SIX

FORMULATION OPTIMISATION

6.1 INTRODUCTION

6.1.1 Use of RSM for Formulation Optimisation

RSM is a common approach for the development and optimisation of drug delivery systems
[346-349]. RSM is based on the principles of design of experiments (DOE) and makes use of
different types of experimental design, generation of polynomial mathematical relationships
and mapping of responses over an experimental domain to identify and select an optimum
formulation composition and/or process, to produce the dosage form [346, 350]. Three types
of RSM design are commonly used for statistical optimisation of formulations viz., CCD,
BBD and D-optimal design [164, 351, 352]. The RSM approach has an advantage over the
traditional ‘one factor at a time’ approach, of reducing the number of experiments that need
to be performed to achieve a specific solution and hence requires the use of smaller quantities
of reagents and considerably less time in the laboratory. Furthermore, the use of RSM enables
the development of mathematical models that can be used to assess the relevance and
statistical significance of the impact of the input variables under investigation on a response.
In addition, it permits an evaluation of the interaction(s), if any, between the input variables
under consideration. The initial step of an optimisation process involves screening the input
factors that are to be investigated using a full factorial or fractional factorial design in order to
identify the significant effects of these parameters on the performance of a formulation.
Thereafter the optimum formulation is identified by using a more complex experimental

design approach such as CCD and/or BBD [353, 354].

6.1.2 Box-Behnken Design (BBD)

The BBD is an approach to RSM that is an independent, rotatable or nearly rotatable
quadratic design that has treatment combinations at the midpoint of the edges of the process
or formulation space [355]. The BBD has been shown to be slightly more efficient than the
commonly used CCD approach but is much more efficient than a three-level full factorial
design. The efficiency of one experimental design is defined as the number of coefficients in
the estimated model divided by the number of experiments. The BBD does not contain

experiments of combinations of all factors which are located at their highest or lowest levels
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simultaneously and hence avoids conducting experiments under extreme conditions for which
unsatisfactory results may be reported [356]. Therefore a BBD was selected for use to

optimise the formulation variables identified as important in these studies.

The number of experiments to be performed in the development of a formulation using a

BBD can be defined using Equation 6.1.

N=2k(k-1)+C Equation 6.1
where,
k = number of factors,
Cy = number of central points, and
N = number of experiments.
6.2 EXPERIMENTAL

6.2.1 Experimental Design

A three-factor, three-level BBD was used in these studies as it is a suitable approach for
exploring quadratic response surfaces and can produce second order polynomial models that
facilitate optimisation with a small number of experiments [356]. When using a BBD four
replicated centre points are used in addition to a set of points lying at the midpoint of each
edge of a multidimensional cube that defines the region of interest. The model constructed

using a BBD can be mathematically represented by Equation 6.2.
Y = AotTax; + axX, + azx3 + asX Xy + asXpX3 + ag1Xx3 + 8.7X12 + agX22 + 8.9X32 +E Equation 6.2

where,

ay to a¢ = regression coefficients,

X1, X2 and x3 = input factors studied,

Y = measured response associated with each factor level combination, and
€ = error term.

The input factors and the levels to be used for the optimisation of batch NVP006 developed
and reported in Chapter 5 were identified. Out of all the batches produced, batch NVP006
was selected for further optimisation and three independent variables and six responses were

used for the optimisation process and are listed in Table 6.1.
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Table 6.1. Levels of input variables and responses monitored for BBD

Levels: Actual [coded]

Input factor Low Medium High

(%) (%) (%)
X = HPMC 25 30 35

[-1] [0] [+1]
X2 =SDL 15 20 25

[-1] [0] [+1]
X3 =MCC 8.5 13.5 18.5

[-1] [0] [+1]

Output factor Constraints

Y1 = % drug release at 2 hrs. 8% SY1 <12%
Y2 = % drug release at 8 hrs. 40% < Y2 <50%
Y3 = % drug release at 14 hrs. 60% < Y3 <75%
Y, = % drug release at 24 hrs. 85% =Y,k <100%
Y5 = f, or similarity factor 50 < Y5 <100

Y6 = diffusion exponent value 0.5< Y6 =10

The actual 17 experiments that were conducted with the percent composition of the input
variables as well as coded factor levels are listed in Table 6.2. The experiments were

conducted in a random manner so as to avoid any bias when analysing the data.

Table 6.2. Actual experiments and coded factor levels for optimisation process

Std Batch Experiment Run Dependent Variable
Number No. % m/m [coded level]
X X, X3

NVPO013 1 2 35[1] 15 [-1] 13.5 [0]
NVPO014 2 4 35[1] 25 [1] 13.5 [0]
NVP015 3 14 30 [0] 20 [0] 13.5[0]
NVP016 4 12 30 [0] 25 [1] 18.5[1]
NVP017 5 15 30 [0] 20 [0] 13.5[0]
NVP018 6 16 30 [0] 20 [0] 13.5[0]
NVPO019 7 9 30 [0] 15 [-1] 8.5[-1]
NVP020 8 1 25 [-1] 15 [-1] 13.5 [0]
NVP021 9 11 30 [0] 15 [-1] 18.5 [+1]
NVP022 10 8 35[+1] 20 [0] 8.5 [-1]
NVP023 11 5 25 [-1] 20 [0] 8.5 [-1]
NVP024 12 10 30 [0] 25 [+1] 8.5 [-1]
NVP025 13 13 30 [0] 20 [0] 13.5[0]
NVP026 14 3 25 [-1] 25 [+1] 13.5[0]
NVP027 15 6 35[+1] 20 [0] 8.5 [-1]
NVP028 16 17 30 [0] 20 [0] 13.5[0]
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NVP029 17 7 25 [-1] 20 [0] 18.5 [+1]

6.2.2 Manufacture of NVP Tablets

All batches of tablets were manufactured by direct compression using the method described
in §5.3.1. Tablets were compressed to a target weight of 300 mg and hardness of 80-100 N.
All batches were 300 g each and the target yield was 800 -1000 tablets.

6.2.3 Physical and Chemical Characterisation of NVP Tablets

All batches of tablets were subjected to compendial quality testing for weight uniformity (n =
20), hardness (n = 20), thickness (n = 20), friability (n = 20) and NVP assay (n = 20). Content

uniformity was only evaluated for the optimised formulation (n = 10).

6.2.4 In Vitro Release Studies

In vitro release studies on all tablets were performed using USP Apparatus 3 and the method
described in Chapter 3, vide infra. The optimised formulation was tested using dissolution
media of pH 1.6 for 2h, 3.4 for 2h, 4.7 for 4h, 6.8 for 6h and 7.2 for 10h in an attempt to
mimic human GIT transit conditions. The dissolution profiles for NVP release from the
tablets of the 17 batches manufactured were compared to the dissolution profile of NVP

release from the reference product, Viramune® XR, using the f; and /> values.

6.2.5 Water Uptake and Erosion Studies

NVP tablets (n = 3) of the optimised batch were individually weighed using a Model A163
Mettler® electronic top-loading balance (Mettler™, Zurich, Switzerland) and then exposed to
50 mM phosphate buffer of pH 1.6, 3.4, 4.7, 6.8 and 7.2 for 24 hours. The tablets were
withdrawn at 2, 4, 8, 14, 18 and 24 hours following exposure and the excess buffer removed
using tissue paper. The swollen tablets were weighed and dried in an oven (Memmert,
GmbH, Schwabach, Germany) at 70 °C for 12 hours to a constant weight and then allowed to
cool to room temperature (22 °C). The measure of water uptake of the tablets, Q was

calculated using the percent increase in weight and Equation 6.3 [357].

Q="M ¥ 100 Equation 6.3

Mi

where,

Mi = mass of tablet before being placed in dissolution media, and
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Mh = mass of tablet after placing in dissolution media (hydrated).

The degree of erosion, E, was estimated using Equation 6.4 as described by Efentakis et al.,

[358].

Mi-M

E= L X100 Equation 6.4

Mi

where,

Mf = final dry weight after erosion i.e., when there is no further change in weight, and
Mi = mass of tablet before being placed in dissolution media.

6.2.6 Mathematical Modelling of Drug Release

6.2.6.1 Overview

Mathematical modelling of drug release data derived from SR delivery systems generates
important information on mass transport mechanisms and the effects of device design
parameters on the kinetics of API release from those systems [172]. API release can also be
predicted from formulation parameters such as porosity, thickness of polymeric layer(s) or

solubility using mathematical modelling approaches [359].

The choice of an appropriate model to describe API release is dependent on the API,
excipients used, composition and in vitro behaviour of the delivery system under
investigation [360]. The mechanism of release of an API can be diffusion, dissolution or
osmotically controlled and from a mathematical modelling point of view, SR systems can be
classified according to the physical mechanisms controlling release of the API from these
systems. The available approaches to modelling are based on mechanisms of transport and

include diffusion-, swelling- and chemically-controlled systems, amongst others [172, 361].

Mathematical models take into consideration the mechanistic aspects of transport processes
of a drug delivery system, in addition to structural characteristics of the polymer used in the
technology [172]. Model equations may be generated and used to design new SR systems by

selection of an optimal geometry, formulation and/or size of a technology [359].

Mathematical modelling can be used to predict and/or design a dissolution profile for a SR
system based on an understanding of the release kinetics of the API that are desired and this

approach was used for these studies. NVP is a sparingly soluble in aqueous media and NVP
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release from a hydrophilic matrix would be primarily governed by a combination of
diffusion, swelling and erosion of the polymeric matrix, used to produce the technology. For
the purposes of elucidating the kinetics of NVP release, dissolution data were fitted to zero-

order, first-order, Higuchi, Hixson-Crowell Cube Root and the Korsmeyer-Peppas models.

6.2.6.2  Zero-Order Model

A zero-order model can be used to describe API dissolution under specific conditions from
modified release dosage forms, such as from matrices that contain a poorly water-soluble
API, osmotic or film coated systems [362]. The zero-order model is used to describe a
dissolution profile for which a constant amount of API is released per unit time and
represents the ideal target for API release to achieve prolonged and/or sustained
pharmacological effects. Zero-order release can be described mathematically using Equation

6.5.
Or = Qo + Kot Equation 6.5

where,

O, = amount of drug dissolved in time t,
Qp = initial amount of drug in the solution, and
Ky = zero order release rate constant.

6.2.6.3  First-Order Model

A first order kinetic model can be used to describe the release of most compounds from
dosage forms that contain water-soluble molecules dispersed in porous matrices. API release
from these dosage forms is directly proportional to the amount of API in the core of the
technology, at a particular time and the release rate of the API decreases over time. The
release rate is concentration dependent and a plot of the natural logarithm of the amount of
API released versus time will result in a straight line [363, 364] and the first-order model can

be represented mathematically by Equation 6.6.
Ln Q,=Ln Qy+ Kt Equation 6.6

where,

, = amount of drug released at time ¢,
0Oy = initial amount of drug in the solution, and
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K; = first order release constant.

6.2.6.4  Higuchi Model

A mathematical model that could be used to describe the rate of release of an API from a
non-erodible matrix system was first described by Higuchi [365]. The model was initially
developed for API release from a semi-solid system and was later revised so as to take into
consideration technologies of different geometry and/or characteristics [366-369]. The

Higuchi model can be mathematically represented by Equation 6.7.

% = /D(2Cc0— Cs)Cst Equation 6.7

where,

O, = cumulative absolute amount of drug released at time ¢,

A = surface area of the controlled release device exposed to the release medium,
D = drug diffusivity in the polymer carrier,

Cy = initial drug concentration, and

C, = solubility of the drug in the polymer.

According to the Higuchi model, if the release rate of the API is proportional to the reciprocal
of the square root of time, the release of the API is controlled by diffusion [172]. When
applying the principles of the Higuchi model to dissolution or release data from dosage
forms, a number of principles and assumptions must be considered. These include the initial
concentration of API in the system that must be significantly higher than the solubility of the
API which provides the basis for justification of the applied pseudo-state approach.
Furthermore the model holds true if mathematical analysis of the data is based on one
dimensional diffusion, if the suspended API particles are much smaller in diameter than the
thickness of the entire system, swelling or dissolution of the polymer carrier is negligible, the
diffusivity of the API in the polymer is constant and perfect sink conditions are maintained

during the experiment [172].

The simplicity of the Higuchi equation enables its use for the analysis of dissolution data to
provide a preliminary understanding of the underlying mechanism of release of an APl in a
specific technology. Additional mathematical analysis should always be undertaken to

provide a more conclusive interpretation of the data [336, 369].
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6.2.6.5 Korsmeyer-Peppas Model

Korsmeyer and Peppas developed a semi-empirical equation to describe API release from
polymeric systems [370, 371] and the Korsmeyer-Peppas model can be described

mathematically as shown Equation 6.8.

—=kt" Equation 6.8

where,

O, = absolute cumulative amounts of drug released at time ¢,
= absolute cumulative amount of drug released at infinite time,
k = constant, and
n = release exponent and indicates the overall mechanism of drug release.

The Korsmeyer-Peppas model is also called the power law. The Higuchi model represents a
special case of the power law where n = 0.5 [370, 371] and API release is controlled by
diffusion only. If a value for n = 1 then the release of API is best described by a zero order
kinetic process and is independent of time and this is an indication that API release is
swelling controlled. A value for n» = 0.5 is an indication that API release is a diffusion
controlled process whereas when both diffusion and swelling control API release the value
for n falls between 0.5 and 1.0 and API release is considered to occur by a process termed
anomalous transport. Zero-order API release from thin polymeric films has also been
described as Case-II transport in which the relaxation of macromolecules occurs on water
uptake into a delivery system and which becomes the rate limiting step in API release [370-
373]. The value of n varies according to the geometry of the delivery technology investigated
and specific conditions have been derived for slabs, spheres and cylinders and are listed in

Table 6.3 [200, 374-376].
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Table 6.3. Values for n and associated transport mechanisms for films, cylinders and spheres

Release Exponent (n) Shape Drug Transport Rate as a
Mechanism function of time
0.43 Sphere Fickian diffusion £
0.45 Cylinder
0.50 Thin film
0.43<n<0.85 Sphere Anomalous Transport !
0.45<n<0.89 Cylinder
0.5<n<1.0 Thin film
0.85 Sphere Case-II transport Zero-order
0.89 Cylinder
1.00 Thin film
> 0.85 Sphere Super Case-II transport !
>0.89 Cylinder
> 1.0 Thin film

6.2.6.6 Hixson-Crowell Cube Root Law

The Hixson-Crowell Cube Root Law model describes API release from delivery systems in
which there is a change of surface area and diameter of the dosage form, over time. The
assumption is that the dissolution rate of the API is the rate limiting factor in release and not
diffusion of the API [377]. This model may be useful for describing API release from tablets
in which dissolution of the API occurs in a plane(s) that is parallel to the surface of the tablet
and where the dimensions of the tablet diminish proportionally over time [200]. The

mathematical representation of the Hixson-Crowell model is shown in Equation 6.9.

00" -0/ =Kpct Equation 6.9

where,

Qp= initial amount of drug in the delivery system,

0O, = amount of drug remaining in the delivery system,

Kpc = constant taking into consideration the surface area/volume relationship, and
t = time.

6.2.6.7  Determination of Best Fit Mathematical Model

In order to establish which model the data were best fitted to, the R? values generated from

regression analysis of plots of cumulative % NVP released versus Time (zero-order model),
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the natural logarithm of the cumulative % drug remaining in the matrix versus time (first-
order model), cumulative % drug release versus square root of time (Higuchi model), Log
cumulative % drug release versus the Log of time (Korsmeyer-Peppas model) and the cube
root of drug % remaining in the matrix versus time (Hixson-Crowell Cube Root Law) were
compared. The model yielding the highest R* values were deemed appropriate as this
represents the predominant kinetic model that best described NVP release. The dissolution
data were used to calculate the NVP release exponent for the Korsmeyer-Peppas model. The

Korsmeyer-Peppas model is only useful to describe processes for up to 60 % API release.

6.3 RESULTS AND DISCUSSION

6.3.1 Box-Behnken Design

The responses that were obtained from the Box-Behnken design experiments are summarised

in Table 6.4.

Table 6.4. Responses observed for Box-Behnken design experiments.

Runs Independent Variables
Y, Y, Y3 Yy Ys Y
Y% Y% Y% % /o n
NVP013 7.89 33.52 53.83 85.91 54.6 0.9653
NVP014 8.86 33.52 63.12 88.62 61.4 1.0171
NVPO15 10.50 38.12 60.48 85.12 59.8 0.9053
NVPO016 11.54 44.39 64.95 87.23 81.5 0.8843
NVP017 9.30 47.64 68.57 86.11 62.1 0.8864
NVPO018 10.63 46.73 61.88 83.31 61.4 0.9362
NVP019 12.58 40.90 68.39 83.73 61.5 0.8133
NVP020 16.39 52.28 78.73 89.73 50.4 0.7752
NVP021 10.40 43.32 60.02 82.31 58.2 0.925
NVP022 8.74 35.54 53.61 87.02 52.6 0.926
NVP023 15.96 58.56 70.31 83.70 43 0.7933
NVP024 10.52 48.13 62.90 85.20 75.4 0.9527
NVP025 11.29 43.60 60.87 90.45 66.4 0.8889
NVP026 16.48 55.32 70.02 81.57 553 0.7522
NVP027 8.83 34.67 55.74 85.63 51.9 0.918
NVP028 10.88 43.64 60.60 82.91 63.4 0.9412
NVP029 15.81 55.78 75.31 89.46 51.6 0.8083
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Most batches of tablets that were manufactured had a total % NVP release of > 85% and the
highest % NVP released after 24 hours of dissolution testing was 90.5%. A quick theoretical
mass balance analysis using assay values showed that the highest amount of NVP released
represented approximately 93% NVP release (batch NVP025) and the lowest percent release
of approximately 82% (batch NVP026).

All dissolution profiles, except for that of batch NVPO11 that had an f, value of 43, were
found to be similar to that of the reference product, Viramune® XR with f> values >50. It was
noted that batches with the lowest amount of HPMC viz., 25% w/w were the least similar to

the reference product.

The release exponent n ranged between 0.79 and 1.01 indicating that an anomalous
mechanism was the primary mechanism for NVP release for all batches. This suggests that
NVP release from the matrix tablets was controlled by diffusion, swelling and relaxation of

the matrix.

The responses generated from batches manufactured using the Box-Behnken approach were
statistically analysed using Design-Expert® software and the data were fitted to different
quadratic models. The model(s) that best described the data were selected for use in the
optimisation process. The best fit model was chosen based on a p-value < 0.05, residuals,
PRESS, lack of fit and the correlation coefficient, R>. ANOVA was used to identify
significant factors that affected the responses studied, and response surface plots were
produced to study interaction effects of input variables, if any, on all responses. However for
the purposes of this discussion only the response surface plots for NVP release at 14 hours

(Y3) will be discussed in detail and all other response surface plots are in Appendix III
6.3.2 Determination of Regression Models and Statistical Evaluation

6.3.2.1  Evaluation of Model Adequacy

The selection of the best statistical model involving the individual main effects and
interaction factors was achieved by comparison of statistical parameters such as multiple R?
values, adjusted multiple R,” values, lack of fit and PRESS values. The results for model
analysis are summarised in Tables 6.5 and 6.6, and the models for which the smallest value of
PRESS, p-value, acceptable lack of fit (highest p-value) and highest R* values were selected

for use in the optimisation process.
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Table 6.5. Results of model analysis and lack of fit

Source Y1 Yz Y3 Y4 Y5 Yﬁ
SS? P>F SS P>F SS P>F SS P>F SS P>F SS P>F
Model Analysis
Mean vs. 2273.0 35012.68 69801.68 1.248F° 1.98 13.61
total
Linear vs. 1153 <0.0001 &835.05 <0.0001 580.64 0.0006 7.17 0.8160 0.024 0.4325 0.063 0.0045
mean
2FI° vs. 2.75 0.6053 3.42 0.4503 20.94 0.0364 34.32 0.2185 8.564E> 0.8266 9.52E7 0.3967
linear
Quadratic vs. 10.97 0.0127 12.63 0.5034 35.23 0.3328 7.48 0.8225 0.081 0.0035 0.014 0.1798
2F1
Cubic vs. 1.09 0.6230 &.45 0.7380 13.22 0.7794 21.07 0.5683 0.012 0.0800 6.312E° 0.4920
Quadratic
Residual 2.23 25.69 47.54 36.52 3.280E™ 8.743E7
Total 2405.4 35907.91 70599.24 1.249E° 2.11 13.71
Lack of fit
Linear 14.82 0.1549 34.50 0.7614 169.39 0.3475 6.86 0.6622 0.01 0.0113
2F1 12.06 0.1176 21.08 0.7577 48.45 0.6803 28.55 0.7734 0.093 0.0067
Quadratic 1.09 0.6230 8.45 0.7380 13.22 0.7794 21.07 0.5683 0.012 0.0800
Cubic 0.000 0.000 0.000 0.000 0.000
Pure Error 2.23 25.69 47.54 36.52

*Sum of Squares, " Two-Factor Interaction, dark red = significant parameters.
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Table 6.6. Summary of analysis of coefficients of correlation, R?

Model

Response Parameter Linear 2F1 Quadratic Cubic
Y, R’ 0.871 0.892 0.975 0.983
R, 0.842 0.827 0.943 0.933

PRESS 28.29 42.68 2091 ND

Y, R’ 0.933 0.948 0.962 0.971
R, 0917 0.916 0913 0.885

PRESS 98.00 124.0 175.3 ND

Y3 R’ 0.728 0.880 0.924 0.940
R, 0.665 0.807 0.826 0.762

PRESS 396.0 251.5 285.8 ND

Yy R’ 0.067 0.389 0.460 0.657
R, -0.148 0.023 -0.235 -0.371

PRESS 172.8 187.7 394.1 ND

Ys R’ 0.266 0.294 0.920 0.982
R, 0.097 -0.129 0.816 0.929

PRESS 2053.5 4718.5 1423.8 ND

Y R’ 0.622 0.715 0.852 0.914
R, 0.534 0.5441 0.6624 0.6569

PRESS 0.064 0.081 0.110 ND

ND = PRESS statistic parameter not defined, R,- = adjusted R, dark red = significant
parameters.

Analysis of results in Tables 6.5 and 6.6 showed that linear and quadratic models were both
significant for response Y. However, the quadratic model had a smaller PRESS value and a
greater p-value for lack of fit, and the adjusted R” value was close to the R* value implying
that the quadratic model would better describe response Y; and was therefore selected.
Similar analysis was applied in the selection of models for other responses and these analyses
revealed responses Y, and Y were best described by the linear model, responses Y3 and Y4

by the 2-factor interaction (2FI) model and response Ys by the quadratic model.
6.3.2.2  ANOVA for Responses

ANOVA revealed that the amount of HPMC in the tablets had a significant effect on the
cumulative % NVP released at 2 hours which is in agreement with other studies that reported
that the amount of HPMC used in a formulation has a significant effect on API release from
matrix technologies [321, 343]. An increase in the amount of HPMC in the formulation

resulted in decrease in the cumulative % NVP released at 2 hours.

Furthermore, the cumulative % NVP released at 8 hours and 14 hours was also significantly

affected by the amount of HPMC in the formulation in addition to the ratio of HPMC to
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lactose. These results are similar to previously reported results that suggest that lactose has
an effect on API release, which has been attributed to the dissolution of lactose creating
pores in the matrix through which API molecules can diffuse [302, 308, 334, 343]. Increasing
the amount of lactose in a formulation resulted in an increase in the rate of NVP release from

these tablets.

No other input variables had a significant impact on drug release at 24 hours and whilst no
single factor could be identified, the agitation rate used during dissolution testing was thought
to be a contributing factor. The agitation rate could have had a more pronounced effect on the
integrity of the matrix and NVP release at the end of testing rather than the formulation

variables.

The £, factor was significantly affected by the amount of HPMC and lactose used and it was
observed that formulations that had the lowest amount of HPMC and lactose exhibited f>

values closer to 50.

The amount of HPMC used in the formulation had a significant effect on the Korsmeyer-
Peppas release exponent implying that the mechanism of NVP release could be modulated or

altered by changing the composition of the rate retarding polymer in the formulation.

Increasing the amount of MCC in the tablets resulted in a reduced rate of NVP release but the
effect was not found to be significant, which may be a consequence of the low amount of
MCC used in the test formulations. Other studies in which MCC was used in higher amounts
have reported that MCC can have a significant effect on API release rates from dosage forms

[334, 343, 378].

A summary of the models describing all observed responses in addition to the significant
factors and mathematical equations describing the responses in relation to the independent
variables is shown in Table 6.7. The equations show that responses Y; was significantly
affected by an antagonistic contribution of model term X as indicated by the negative sign in
the equation. Response Y, was significantly affected by an antagonistic linear contribution of
Xj, and a synergistic linear contribution of X, as indicated by the positive sign in the
equation. Response Y3 was significantly affected by an antagonistic linear contribution of X
in addition to a synergistic linear interaction contribution of model terms X;X; and X,X3. No

factor significantly affected response Y4 and response Ys was significantly affected by a
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synergistic linear contribution of X, and quadratic interactions of model terms X12 and X22.

Response Y4 was significantly affected by a synergistic linear contribution of X.

To illustrate how ANOVA was used to study the independent and dependent variables,
ANOVA, diagnostic plots and response surface model graphs for response Ys; will be

discussed in further detail.
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Table 6.7. Summary of best fit models, significant factors and equations describing input variables and responses

Response Fitting Significant Equation
model factors

Y, Quadratic HPMC Y; = 10.52 — 3.79X; + 0.020X; — 0.18X5 + 0.23X;X5 — 0.014X; X5 + 0.80X,X5 — 1.48X12 +
0.40X,% + 0.34X5>

Y, Linear HPMC, SDL  Y,=45.38-10.08X; + 1.99X, — 0.40X3

Y3 2F1 HPMC, SDL  Y;3=64.08 —8.51X; +0.001875X, — 0.43X3 +4.50X;X, — 1.78XX5 + 2.61X,X3

Y4 2F1 None Y4 =85.77 — 034X1 + 012X2 + 097X3 + 271X1X2 — 109X1X3 + 086X2X3

Y5 Quadratic HPMC, SDL Y5 = 62.62 + 253X1 + 611X2 + 151X3 + 047X1X2 — 198X1X3 + 235X2X3 — 1329X12 +
6.09X,% + 0.44X5

Y Linear HPMC Ys=0.89 +0.087X; +0.016X, + 0.008288X3
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6.3.2.3 ANOVA for Response Y;

A summary of the ANOVA analysis for the cumulative percent NVP released at 14 hours
following the commencement of dissolution testing is listed in Table 6.8. Parameters with a
p-value < 0.05 were considered significant and as can be observed the model selected was
deemed significant with a reported p-value of 0.0004. The parameters that were found to
affect the responses significantly were linear contributions of A (HPMC) and linear
interactions of two factors A and B (HPMC: SDL) with reported p-values of <0.0001 and
0.0157, respectively. Insignificant model terms included linear contributions of B (SDL),
linear contributions of C (MCC), linear contributions of the interactive effects between A and
C and between B and C with p-values > 0.05 and the lack of fit was also insignificant with a

reported p-value = 0.6803, which is the desired condition.
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Table 6.8. ANOVA for the response surface 2FI model [partial sum of squares — type III] for response Y3

Source Sum of squares Df Mean square F value P-value Comment

>
Model 701.58 6 116.93 12.18 5.001(:4 Significant
A =HPMC 579.14 1 579.14 60.33 <0.0001 Significant
B =SDL 2.521E°" 1 2.521E°% 2.626E% 0.9987 Not significant
C=Avicel 1.49 1 1.49 0.16 0.7016 Not significant
PH102
AB 81.09 1 81.09 8.45 0.0157 Significant
AC 12.67 1 12.67 1.32 0.2773 Not significant
BC 27.18 1 27.18 2.83 0.1233 Not significant
Residual 95.99 10 9.60 PND PND
Lack of fit 48.45 6 8.07 0.68 0.6803 Not significant
Pure Error 47.54 4 11.88 PND PND
Total 797.57 16

PND = Parameter not defined, dark red = significant parameters.
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6.3.2.4  Diagnostic Plots for Response Y;

In order to establish how well the statistical models selected described the relationship
between input variables and the output responses, different diagnostic plots were constructed.
These included a normal probability plot of residuals, a plot of residuals versus predicted
responses and a Box-Cox plot. The diagnostic plots are shown in Figures 6.1-6.4 and fulfil
the criteria for model adequacy, viz. the points on the plot of normal probability versus
residuals should fall on or close to a straight line, the points on the plot of residuals versus

predicted responses should be structureless and no transformations on the Box-Cox plots

should be required.
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Figure 6.1. Plot of normal probability versus residuals for NVP release at 14 hours.
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Figure 6.2. Plot of residuals versus predicted responses for NVP release at 14 hours.
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Figure 6.3. Box-Cox plot for power transformation for NVP release at 14 hours.
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6.3.3.5 Response Surface Model Plot for Response Y;

The relationship between the input variables and the cumulative NVP released at 14 hours
following the commencement of dissolution testing was visualised by use of three
dimensional (3-D) and contour plots. Increasing the amount of HPMC while keeping MCC
constant resulted in a decrease in the amount of NVP released whereas increasing the amount
of MCC while keeping HPMC constant in the formulation did not appear to have a

significant effect on NVP release as depicted in a contour plot in Figure 6.4.

Facto Goting Aol R3(amount of drug released at 14hr)
R3(amount of drug released at 14hr) 185 —¢
® Design Points

I78.7307

53.6106

Xl =A: HPMC

X2 = C: Avicel PH102

16.5 —

Actual Factor

B: SDL = 20.0 145 —

125 —

C: Avicel PH102

105 —

250 270 290 310 330 350

A HPMC

Figure 6.4. Contour plot of the effect of HPMC and MCC on percent NVP released at 14
hours.

The 3-D plot depicted in Figure 6.5 reveals that the amount of NVP released was highest
when a low amount of HPMC and high amount of MCC was used as compared to when a
high amount of HPMC and low amount of MCC was used. Consequently when the amount of
HPMC used is constant, a change in the amount of MCC did not affect NVP release
significantly. Maintaining the level of MCC constant and altering the amount of HPMC in the

formulation had a significant impact on NVP release.
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Figure 6.5. 3-D plot of the effect of HPMC and MCC on percent NVP released at 14 hours.

A study of the effects of SDL and HPMC revealed that increasing the amount of SDL while
keeping HPMC constant did not have a significant effect on NVP release whereas increasing
the amount of HPMC and keeping the levels of SDL constant resulted in a significant

decrease in NVP released as observed in the contour plot depicted in Figure 6.6.
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Figure 6.6. Contour plot of the effect of HPMC and SDL on percent NVP released at 14
hours.

The 3-D plot depicted in Figure 6.7 reveal that the highest amount of NVP was released when

high amounts of SDL and low amounts of HPMC were used in the formulation.
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Figure 6.7. 3-D plot of the effects of HPMC and SDL on percent NVP released at 14 hours.
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A contour plot of the effect of SDL and MCC on NVP released at 14 hours also showed that
these two formulation components did not have a significant effect on the release
characteristics of the tablets as shown in a contour plot in Figure 6.8 and the 3-D plot in
Figure 6.9. Consequently when the amount of SDL used is constant a change in the amount
of MCC resulted in slight but not significant changes in NVP release, and maintaining the
levels of MCC constant and altering the amount of SDL in the formulation also had a slight

but not significant effect on NVP release.
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Figure 6.8. Contour plot of the effects of SDL and MCC on percent NVP released at 14
hours.
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Figure 6.9. 3-D plot of the effects of SDL and MCC on percent NVP released at 14 hours.

6.3.3 Physical and Chemical Characteristics of the Tablets

The tablets from all 17 batches showed variable trends in terms of their characteristics.
Tablets from batches NVP016, NVP021 and NVP028 failed the assay test. The tablets from
batches NVP0O13 and NVP014 did not meet the set specifications for hardness. However,
tablets from all batches passed the friability test indicating they were strong enough to
withstand the abrasion and attrition that might occur during handling, packaging and
transportation. Batches NVP020, NVP026 and NVP029 exhibited suitable physical and
chemical characteristics with a NVP content > 96 %, and a hardness value close to the limit
of 100 N set in addition to weight uniformity. The diverse responses observed using the BBD
experimental data further emphasises the advantage of using a DOE approach for formulation
optimisation. The results for all quality control tests viz.,, weight uniformity, thickness,

hardness, friability and assay for NVP are summarised in Table 6.9.
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Table 6.9. Physical and chemical characteristics of tablets from Box-Behnken design (values reported as mean &+ SD)

Batch Thickness Weight Uniformity Hardness NVP content Friability
Mm Mg N Mg %
NVPO013 5.52+0.06 296.45+2.69 67.8 +11.5 94.7 + 0.94 0.171
NVP014 5.52+0.05 292.19+3.79 70.4 + 8.65 100.2+0.51 0.175
NVP015 5.56+0.06 297.86+1.54 80.4+11.4 94.9 + (.43 0.169
NVP016 5.57+0.07 299.29+1.07 83.7 +9.70 93.6 +2.74 0.171
NVP017 5.54+0.03 298.98+2.81 81.9 + 8.53 97.4 +0.42 0.170
NVP018 5.53+0.07 299.16+1.66 85.2+13.9 97.7+1.99 0.172
NVP019 5.55+0.04 295.69+3.26 83.7 + 6.99 96.5 +0.29 0.166
NVP020 5.67+0.04 300.44+1.93 94.9 + 8.92 100.9 + 0.37 0.167
NVPO21 5.58+0.05 297.75+3.78 87.3 +7.20 94.1 +0.20 0.169
NVP022 5.57+0.05 297.67+2.85 92.1 +8.37 96.2 +0.31 0.171
NVP023 5.61+0.05 293.48+4.15 84.7 + 8.64 96.7 +0.31 0.166
NVP024 5.62+0.06 303.91+1.37 92.0 + 8.36 96.1 +0.20 0.341
NVP025 5.62+0.06 295.71+4 .81 81.8+8.17 97.5+0.18 0.168
NVP026 5.62+0.06 302.21+1.71 79.6 + 5.56 99.8 +0.28 0.174
NVP027 5.64+0.05 295.15+3.41 95.4+7.91 96.8 + 0.07 0.169
NVP028 5.66+0.23 293.77+4.64 80.9 +7.22 94.7 + 1.34 0.169
NVP029 5.61+0.05 296.18+3.32 81.5+5.11 98.8 + 0.94 0.169
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6.34 Kinetics of NVP Release

The dissolution data from all 17 formulations were fitted to mathematical models and the
results of modelling for the BBD are summarised in Table 6.10. NVP release from most
batches was best fitted to the Korsmeyer-Peppas model, as this produced the highest average
R? value of 0.9793 + 0.11. The data were also well fitted to the Higuchi model. The R* values
derived from fitting data to the Hixson-Crowell model revealed that there was a significant
change in the surface area of the dosage form over time, implying that erosion and swelling
of the matrix may be significant contributing factors in NVP release. The values of the
release exponent n, for tablets from all the batches also confirmed that polymer dissolution
also had an impact on NVP release. Consequently NVP release from these hydrophilic matrix
tablets involve multiple factors including diffusion, swelling and erosion of the HPMC and

constitute a complex release process.
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Table 6.10. Summary of NVP release kinetics for BBD formulations

R’ Rate Constant Diffusion
Batch Zero-order First-order Higuchi Power Law Hixson- Mechanism K Exponent
Crowell n
NVP013 0.8630 0.9451 0.9493 0.9588 0.9255 Peppas 0.7522 1.0045
NVP014 0.9607 0.8142 0.9959 0.9836 0.9919 Higuchi 0.9250 0.7527
NVPO015 0.9614 0.9882 0.9962 0.9850 0.9924 Higuchi 0.9053 0.7771
NVPO016 0.9813 0.9543 0.9957 0.9922 0.9847 Higuchi 0.8864 0.7978
NVP017 0.9466 0.9881 0.9917 0.9753 0.9886 Higuchi 0.9362 0.7625
NVPO018 0.8851 0.9423 0.9576 0.9733 0.9494 Peppas 0.7752 0.9874
NVP019 0.9630 0.9855 0.9969 0.9880 0.9946 Higuchi 0.8843 0.8073
NVP020 0.9882 0.9257 0.9797 0.9964 0.9618 Peppas 0.9180 0.6818
NVP021 0.9306 0.9860 0.9864 0.9668 0.9846 Higuchi 1.0089 0.6871
NVP022 0.8902 0.9694 0.9650 0.9796 0.9568 Peppas 0.8083 0.9657
NVP023 0.9900 0.9192 0.9765 0.9964 0.9577 Peppas 0.9653 0.6187
NVP024 0.9420 0.9763 0.9856 0.9689 0.9821 Higuchi 0.9412 0.7614
NVP025 0.9905 0.9180 0.9781 0.9963 0.9579 Peppas 0.9260 0.6759
NVP026 0.8525 0.9420 0.9414 0.9499 0.9223 Peppas 0.7933 0.9800
NVP027 0.9487 0.9852 0.9867 0.9889 0.9836 Peppas 0.8133 0.8599
NVP028 0.9769 0.9292 0.9862 0.9910 0.9655 Peppas 1.0170 0.6462
NVP029 0.9446 0.9853 0.9905 0.9730 0.9882 Higuchi 0.9527 0.7547
Viramune® XR 0.9816 0.9010 0.9964 0.9954 0.9660 Higuchi 0.7739 0.9439
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6.3.5 Optimisation of Variables and Validation of the Experimental Model

The polynomial equations relating the dependent and independent variables that were
generated were used to optimise the formulation variables for all responses. The responses
were optimised by introducing constraints and searching for levels of independent variables
that would produce the targeted responses (Table 6.1) and yield a dissolution profile similar
to that of Viramune® XR tablets. The polynomial equations generated theoretical or predicted
values for the responses that were then compared to the responses observed for all batches of
tablets that were manufactured. The optimised formulation variables that were suggested by
Design Expert® software were compared to the variables of the starting formula. The results
are shown in Table 6.11, and the variables were selected on the basis of desirability. The
results generated using the BBD in addition to evaluation of the statistical and mathematical

data generated during data analysis facilitated this decision.

Table 6.11. Formulation variables for starting formula and optimised batch

Amount % w/w

Excipient Starting batch Optimised batch
(NVP006) (NVP030)
NVP 33.33 33.33
Methocel® K4M 30.00 33.12
SuperTab® SDL 20.00 25.00
Avicel® PH102 13.50 15.32
Magnesium stearate 1.10 1.10
Talc 1.10 1.10
Colloidal silicon dioxide 1.00 1.00

The prediction accuracy of the process was then established by calculating the residual and
percent prediction errors (%P.E.) of three formulations that were manufactured using the
optimised independent variables. The results are summarised in Table 6.12. The residuals and
%P.E. for the responses were < 5%, except for response Y, in batches NVP030 and NVP031,
in which the %P.E was > 5% and was <5% in batch NVP032, indicating that the prediction
process was more precise for other responses than for response Y,. These results showed that

the experimental model used has the potential for improvement and further optimisation.
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Table 6.12. Validation of experimental model: predicted and observed responses

Batch Response Predicted Observed Residual % P.E.
value value

NVP030 Y, 9.53 10.41 0.87 9.161
Y, 40.0 34.01 5.99 14.97
Y3 63.11 61.65 1.46 2.32
Y4 88.05 88.81 0.76 0.87
Ys 72.41 69.70 2.71 3.74
Yo 0.9644 0.9753 0.011 1.141

NVP031 Y, 9.53 9.89 0.36 3.80
Y, 40.0 36.78 3.22 8.05
Y3 63.11 60.68 2.43 3.85
Yy 88.05 88.94 0.89 1.01
Ys 72.41 70.80 1.610 2.223
Y 0.9644 0.9688 0.0044 0.456

NVP032 Y, 9.53 9.92 0.39 4.07
Y, 40.0 38.33 1.67 4.17
Y3 63.11 62.81 0.30 0.47
Yy 88.05 87.87 0.19 0.21
Ys 72.41 70.62 1.79 2.47
Y 0.9644 0.9749 0.011 1.58

Tablets manufactured using the optimised formulation variables, viz., batch NVP030 were
assessed in terms of their physical characteristics, content uniformity, and water uptake and
erosion indices. The quality attributes of the tablets were all within Pharmacopoeial limits
[345]. The % RSD for content uniformity was 3.26% revealing that the production process
was adequate and resulted in the production of tablets with an even distribution of NVP. The
results for assay revealed that the tablets contained an average of 97.5 +£ 0.3% NVP and had a
tensile strength of 1.45 + 0.064 N/mm”.

The dissolution profiles of NVP release generated using USP Apparatus III and media of pH
1.2 (2h) and 7.2 (22h), sampling times shown in Table 3.8, for the tablets from batch
NVP030 and Viramune® XR, are depicted Figure 6.10. Comparison of the dissolution
profiles of NVP release from the optimised formulation and Viramune® XR yielded f; and f>
values of 7.9 and 69.7 respectively, indicating that the profiles were similar. The f; and f>
factors obtained for the tablets from batch NVP030 were better than the values obtained for
the starting formulation, batch NVP006, indicating that the optimisation process resulted in

an improved formulation.
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Figure 6.10. Dissolution profiles of NVP from batch NVP030 and Viramune® XR [n = 6, pH
1.2 (2h) and 7.2 (22h)].

It has been suggested that < 20% of an API should be released within the first 2 hours of
commencing dissolution testing as a dosage form would be in the stomach and dose dumping
should be avoided [379]. However, most of the API should be released and made available
for absorption whilst the dosage form is resident in the GIT and specifically the small
intestine if that is the site of absorption. The dissolution profile generated by performing
dissolution testing to mimic GIT pH conditions (§ 3.3.2.1, Tables 3.2 and 3.8) are depicted in
Figure 6.11 and reveals that most of the drug would be made available for absorption within

14 hours of administration, which is the expected residence time of a dosage form in the GIT

[379].
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Figure 6.11. Dissolution profile of NVP release from batch NVP030 and Viramune® XR in
media of different pH (pH 1.6 = 2h, pH 3.4 = 2h, pH 4.5 = 4h, pH 6.8 = 6h, pH7.2 = 10h) (n
=0).

NVP release from tablets of batch NVP NVP030 exhibited a diffusion release exponent of
0.9753 compared to that of 0.9644 for the reference product Viramune® XR. The release
exponent values are similar suggesting that the mechanism of NVP release from the
optimised batch was similar to that of the reference product. The R? values generated
following fitting of dissolution data to different kinetic models are shown in Table 6.13. The
values also suggest there is close similarity in the mechanism of NVP release from the test
and reference formulations. Furthermore this approach has indicated that mathematical
modelling can be used to design dosage forms with targeted and desired dissolution

characteristics.

Table 6.13. Comparison of drug release kinetics of batch NVP030 and Viramune® XR

R” value
Kinetic model Optimal F Viramune® XR
Zero-order 0.9438 0.9246
First-order 0.9788 0.9593
Higuchi 0.9848 0.9799
Korsmeyer-Peppas 0.9823 0.9844
Hixson-Crowell 0.9789 0.9714
Diffusion exponent 0.9644 0.9753
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6.3.6 Water Uptake and Erosion Studies

The release of an API from hydrophilic matrices is influenced by polymer swelling, front
movement, dissolution and diffusion of an API and erosion of the matrix [321]. The release
of poorly soluble drugs such as NVP will likely be controlled by polymer relaxation or
dissolution. The kinetics of this phenomenon that takes place when HPMC based matrix
tablets come into contact with an aqueous dissolution medium were analysed by determining
the swelling and erosion indices for these dosage forms. The swelling of NVP tablets over the
time period of dissolution testing is depicted in Figure 6.12. The ratio of wet weight to the
initial weight increases gradually during the initial stages of testing and then starts to decrease
over time during the later stages of testing. This could be due to erosion that may take place
simultaneously with swelling, and results in lower wet weights for the dosage form, when

compared to the initial weight after 14 hours of dissolution testing.
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Figure 6.12. Change in weight of tablet at different times during dissolution testing (n = 3) in
50 mM phosphate buffer of pH 1.6 (2h), 3.4 (2h), 4.7 (4h), 6.8 (6h) and 7.2 (10h).

During the initial stages of dissolution, polymer chains of HPMC are not yet relaxed and
therefore swelling is not pronounced. The NVP that was released was likely located on the
outer surface of the matrix, which may also account for the initial burst release that is

commonly associated with HPMC matrices. Following hydration there is a rapid increase in
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the swelling of the dosage form over the first two hours which implies that polymer swelling
is predominant as additional dissolution medium enters the matrix system. The higher degree
of swelling observed during this time results in a decrease in the amount of NVP release. This
is because the diffusional distance that the NVP must traverse from the core of the matrix to
the dissolution medium increases. Swelling of the polymer matrix continues to increase for
approximately 8 hours after commencing dissolution testing, albeit at a slower but constant
rate. This could be due to an insignificant contribution of the dissolution medium to polymer
swelling as the water holding capacity of the polymer decreases, or as a result of erosion and
swelling rates being the same [380]. The dissolution medium then moves into and out of the
polymer matrix at a constant rate and the swelling of the matrix then becomes a function of
the mobility of the polymer only [381]. To establish the rate of dissolution medium uptake,
the values for dissolution medium uptake over the period of testing were fitted to Equation

6.11.

wt-wi

wi

= Ky (1) Equation 6.11

where,

W; = initial weight of the tablet,
W, = weight of the tablet after time t, and
K, = the rate constant of medium uptake.

The rate of dissolution uptake was determined for all phases of the dissolution test viz., 0 -2
h,2h-4h,4h-8h,8h-14hand 14 h - 24 h and a summary of the rates of dissolution

media uptake for the time phases studied are shown in Table 6.14.

Table 6.14. Rate of dissolution medium uptake for the different time phases of testing

Time Phase Initial Weight Final weight Rate of medium uptake
(hours) (mg) (mg) (h %)
0-2 328.6 347.8 7x 107"
2-4 325.4 780.4 3.175
4-8 328.3 948.0 0.295
814 325.3 1101.4 0.3299
14 -24 326.8 1256.5 0.3869

The data revealed that the rate of medium uptake in the first 2 hours of dissolution testing
was very slow but increased during the 2 — 4 hour period. The rate of medium uptake then

decreased but at a fairly constant rate for the remainder of the testing period. This data
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implies that swelling was expected to significantly affect NVP release during the 2 — 4 hour

period when the swelling rate of the matrix is high.

The erosion of a matrix can be described by the Hixson-Crowell Cube Root Law [382]. The
values of the ratio of dried weight following dissolution medium exposure to initial weight
were fitted to the Hixson-Crowell Cube Root relationship as shown in Figure 6.13 and the

apparent polymer erosion rate constant was calculated using Equation 6.12.

';VV_? = (1 — K1) Equation 6.12

where,

W, = final dry weight of the tablet,
W; = initial weight, and
K, = erosion rate constant at time .

N
4

Cube root Wy/W,; (%)
W

y =-0.0942x + 4.9531 .
) | R>=0.9565
1 _
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Figure 6.13. Linear regression analysis of the ratio of dry weight to initial weight using
Hixson-Crowell Cube Root Law.

Analysis of the data depicted in Figure 6.13 yields an erosion rate constant of 4.953 h™'. The
rate of erosion was minimal during the initial stages of dissolution testing and increased over

time. This was possibly due to the dissolution of lactose resulting in the development of pores
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in the tablet, through which dissolution medium can diffuse into and out of the matrix thereby

facilitating an increase in the rate of erosion.

6.3.6.1 Effect of pH on Swelling and Erosion of NVP Tablets

The effect of dissolution medium pH on the swelling and erosion of NVP tablets (NVP030)
was studied by exposing the tablets to 50 mM phosphate buffer of pH 1.6, 4.7 and 6.8 for 18
hours in each pH environment. The effect of pH on swelling and erosion of these matrix

tablets is depicted in Figure 6.14.
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Figure 6.14. Effect of pH on swelling and erosion of NVP tablets. Ratio of dry weight (W)
to initial weight (W;) and wet weight (Wy,) to the initial weight following exposure to media
of different pH (n =3).

The pH of the dissolution medium was found to have a significant effect on the swelling of
these matrix systems. An increase in pH resulted in an increase in the degree of swelling of
the matrix and the data are similar to previously reported studies [383]. Erosion was found to
be slightly higher in media of low pH. The difference in erosion indices in different pH media

was not significant as HPMC is a non-ionic polymer.
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6.3.6.2  Effect of Buffer Molarity on Swelling and Erosion

The effect of buffer molarity on water uptake and erosion characteristics of this formulation
was studied by exposing tablets to 25 mM, 50 mM and 75 mM phosphate buffers of pH 6.8
for 18 h. The effect of buffer molarity on swelling and erosion characteristics is depicted in

Figure 6.15.
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Figure 6.15. Effect of pH on swelling and erosion of NVP tablets. Ratio of dry weight (W)
to initial weight (W;) and wet weight (W) to the initial weight following exposure to media
of different molarity strengths at pH 6.8 (n =3).

The results depicted in Figure 6.15 indicate that that rate of swelling of the HPMC based
tablets increased slightly as the molarity of the buffer increases, whereas the rate of erosion
decreased with an increase in buffer molarity. Similar observations have been reported and
the decrease in erosion rate with increase in ionic strength has been attributed to ‘salting out’
effect of the polymer by inorganic ions present in the dissolution medium [380]. An increase
in the ionic strength of a solution results in polymer chains losing water of hydration [216],
however, the polymer still forms a protective gel layer around the core but does not
disintegrate [380, 384]. A high ionic strength has been reported to facilitate competition
between inorganic ions for available water of hydration with polymer chains [198, 380]. The

rate of erosion decreases with an increase in molarity which may be attributed to an increase
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in the number of phosphate ions in the buffer that compete for the water of hydration and
subsequently reduce the amount of water that is able to enter into and diffuse out of the

matrix tablets [380, 384].

6.4 EFFECT OF FORMULATION COMPOSITION ON NVP RELEASE,
SWELLING AND EROSION

In order to determine the effect(s) of formulation composition of the optimised formulation
on the dissolution rate of NVP, tablets containing different grades of HPMC, different
particle sizes of MCC and different types of lactose were manufactured. A summary of the

batches that were manufactured is shown in Table 6.15.

Table 6.15. Formulae for tablets using different grades of HPMC, MCC and lactose
Batch
Excipient (%) NVP033 NVP034 NVP035 NVP036 NVP037 NVP038
K4M - - 33.16 33.16 33.16 33.16
K15M 33.16 - - - - -
K100M - 33.16 - - - -
PH101 - - 15.32 - - -
PH102 15.32 15.32 - - 15.32 15.32
PH200 - - - 15.32 - -
SuperTab® SDL 25 25 25 25 - -
Tablettose® 100 - - - - 25 -
FlowLac® SDL - - - - - 25
NB: NVP, Mg stearate, talc and colloidal silicon dioxide as for batch NVP030.

The grades of HPMC that were used were Methocel® K4M, K15M and K100M, MCC were
Avicel® PH101, PH102 and PH200 and lactose were SuperTab® spray dried lactose (Lactose
New Zealand), Tablettose™ 100 agglomerated lactose for DC and FlowLac® 90 spray dried
lactose. The dissolution data for NVP for these batches were compared using f; and f>

analysis. The effects of HPMC grade on swelling and erosion were investigated.

6.4.1 Effect of HPMC Grade on Dissolution Rate of NVP

An increase in the viscosity of HPMC resulted in a decrease in the rate of NVP release. The
use of Methocel® K100M resulted in significant reduction of NVP release with only 42% of
the total NVP being released after 24 hours in comparison to approximately 63% and 88% for

tablets containing Methocel® K15M and K4M, respectively. These results are similar to those
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reported by many other authors [306, 307, 385-387]. The dissolution profiles of NVP for
tablets containing different grades of HPMC are shown in Figure 6.16 and a comparison of
these results show that HPMC grade had an effect on the rate and extent of NVP release from
the tablets. The greater the difference in HPMC grade the greater the difference in the rate

and extent of NVP dissolution.
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Figure 6.16. Dissolution profiles of NVP from tablets manufactured using different grades of
HPMC (n =6).

It has been suggested that the higher viscosity grades of HPMC swell rapidly to form a strong
gel that decreases the rate of API release. The rapid swelling is due to rapid expansion of the
side chains of the high viscosity grade HPMC and blocks the pores into which water and the
API can diffuse [386]. The f; and f> factors obtained following comparison of dissolution
profiles of NVP from tablets with HPMC of different grades are listed in Table 6.16.

Table 6.16. Comparison of f; and f> for NVP release from formulations with HPMC of
different molecular weights

Formulations compared f1 o

K4M vs. K15M 27.7 473
K4M vs. K100M 43.1 35.8
K15M vs. K100M 23.0 50.3

Red = out of specification.
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6.4.1.1 Effect of HPMC Grade on Swelling of NVP Tablets

Water uptake studies were performed on tablets containing different grades of HPMC to
assess the impact of molecular weight on the rate of uptake of the dissolution medium. The
extent of medium uptake data was fitted to the Higuchi model and the dissolution medium
uptake rate constant calculated. The rate of uptake of the dissolution medium was found to be
non-linear and decreased with time which is consistent with previously reported data [380].
The rate of dissolution medium uptake was found to increase slightly with an increase in the

molecular weight of HPMC as shown in Figure 6.17.
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Figure 6.17. Wet weight of tablets manufactured with different molecular weight HPMC

(n=3).

Fitting of the data from medium uptake studies to the Higuchi model permitted the
calculation of rate constants for dissolution medium uptake that were observed to increase as

the molecular weight of the polymer increased as shown in Table 6.17.
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Table 6.17. Rate constants of dissolution medium uptake for tablets manufactured using
HPMC of different molecular weight

Polymer Rate constant (K, h'0‘5) R’ value
K4M 3.1759 £ 0.025 0.9969 +0.012
K15M 3.4816 £0.013 0.9833 £0.005
K100M 3.6061 £0.021 0.9307 £0.041

These data reveal that tablets manufactured with a high molecular weight HPMC are more
likely to release NVP at lower rates. This is due to a high degree of swelling, which increases
the distance NVP has to diffuse to the surface of the matrix, as well as the increased viscosity

and strength of the HPMC gel layer.

6.4.1.3  Effect of HPMC Grade on Erosion

The rate of erosion of HPMC tablets decreased with an increase in molecular weight of
HPMC and the data are consistent with previously reported results [307, 379]. This has been
attributed to the formation of a stronger gel layer when high molecular weight HPMC

polymers are used. A plot of erosion data versus time is shown in Figure 6.18.
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Figure 6.18. Percent erosion of tablets manufactured with different molecular weight HPMC
(n=23).
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The rate constants of erosion obtained after fitting erosion data to the Hixson-Crowell Cube
Root Law are summarised in Table 6.18 and reveal that the degree of erosion decreases with
an increase in the molecular weight of the HPMC polymer that was used to produce the

tablets.

Table 6.18. Erosion rate constants of tablets manufactured with different molecular weight

HPMC (n=3)
Polymer Rate constant, K., R?
h-l
K4M 4.5413 £ 0.032 0.9747 £ 0.043
K15M 4.4571 +£0.041 0.9432 +£0.022
K100M 4.2190 + 0.045 0.9584 +£0.019

The swelling and erosion of HPMC matrices is entirely dependent on the viscosity of the
polymer. The degree of swelling increases as the viscosity of the polymer increases whereas
the percent erosion decreases with an increase in polymer viscosity [388]. This observation is
relevant for formulations in which a sparingly water soluble API, such as NVP is to be
included and the use of a low viscosity grade HPMC for which erosion predominates may
therefore be preferred. This was confirmed by observations for the optimised batch
(NVPO030) in which a low molecular weight HPMC was used and the extent of NVP release

was > 88 %.

The relationship between NVP dissolution, swelling and erosion can be visualised in Figures
6.19 - 6.21 for the tablets that were manufactured with Methocel® K4M, K15 and K100M,

respectively.

205|Page



1400 - - 70
2 1200 - - 60
o =
= 1000 - 50 2
2 2
i 800 - =4 Wet Weight - 40 &
- (mg) g
[S) (P]
2 600 - - 30 &
= A
3 400 - - 20
=
200 - - 10
0 T T T T T 0
0 20 40 60 80 100 120

Cumulative % NVP release

Figure 6.19. The relationship between swelling, erosion and NVP release from tablets
containing Methocel® K4M.
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Figure 6.20. The relationship between swelling, erosion and NVP release from tablets
containing Methocel® K15M.
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Figure 6.21. The relationship between swelling, erosion and NVP release from tablets
containing Methocel® K100M.

An increase in the rate of dissolution medium uptake in conjunction with a decrease in the
rate of erosion with an increase in molecular weight of HPMC used explains why the rate of
NVP release from the tablets decreases when polymers of higher viscosity grade were used in
the formulation. These figures graphically depict the fact that the higher the molecular weight
of HPMC used, the greater the degree of swelling and the lower the extent of erosion. These
factors when operating together result in a decrease in the rate and extent of NVP release

from these matrices.

6.4.2 Effect of Grade of MCC on Dissolution of NVP

An investigation into the effect of particle size of MCC on the dissolution of a self-
nanoemulsified solid dosage form of ubiquinone revealed that the rate of dissolution of the
nanoemulsion from the tablets increased with increasing particle size of MCC [389]. In
another study a decrease in the dissolution rate of API was observed with a decrease in the
particle size of MCC. This was attributed to a decrease in the porosity of the dosage form due

to the smaller particle size of the MCC [390].

A comparison of the MCC grades used in these studies is shown in Table 6.19.
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Table 6.19. Physical characteristics of MCC grades [217].

MCC grade Nominal Mean Bulk density Tapped True density
Particle Size density
pm g/cm3 g/ cm’ g/cm3
PH101 50 0.32 0.45 1.512 - 1.668
PH102 100 0.337 0.478 1.420 — 1.460
PH200 180 0.337 0.478 1.512 — 1.668

In these studies the grade of MCC did not appear to have a significant effect on the
dissolution rate of NVP. Similar results have been observed where there were no significant
differences in dissolution profiles reported when MCC PH101 and PH102 were used to
manufacture liquid-solid compacts [391]. The f; and f, factors obtained from comparisons of
dissolution data from tablets with different MCC grades used in this study are shown in Table
6.20.

Table 6.20. Similarity and difference factors of dissolution profiles from tablets with
different MCC grades

Formulations compared f1 o
PH101 vs. PH102 93 66.6
PH101 vs. PH200 15.7 57.8
PH102 vs. PH200 12.2 59.3

Red = out of specification

However a comparison of NVP release rates from tablets manufactured with MCC PHI101
and PH200 revealed a difference with an f; value of 15.7. NVP release from tablets
containing MCC PH101 was slightly faster than the release rate from tablets containing MCC
PH200 during the initial stages of testing, and this could be as a result of smaller particle size
of PH101 which increases the surface area and thus allow greater exposure of the matrix to
the dissolution medium for NVP release during this early phase. However, over time the
release rate of NVP from tablets containing PH200 was higher and the extent more complete
than that observed for tablets containing PH101. This may be due to the tablets containing
MCC PH200 having a greater porosity thereby facilitating the release of NVP from the core
of the tablet.

Comparison of the dissolution profiles of NVP release from tablets containing MCC PH102
and PH200 revealed that there was no significant difference between the two formulations
despite expectations that the larger particle size grade MCC PH200 would yield tablets with a

high dissolution rate due to an increase in the porosity of the matrix system. This could be as
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consequence of the significant effects of HPMC and lactose on NVP which might have

overshadowed the effects of MCC.
The dissolution profiles for NVP from tablets manufactured using different grades of MCC

are shown in Figure 6.22.
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Figure 6.22. Dissolution profiles of NVP release from tablets manufactured with different
grades of MCC (n = 6, pH = 6.8).

The profiles reveal that minimal NVP is released between 4 and 8 hours and it can possibly
be attributed to significant swelling and a low degree of erosion of the matrices during this
period. The low level of NVP release observed may also be a consequence of the low
solubility of NVP in the buffer (pH 6.8 ) as the solubility of NVP may be lower at this pH,

however further investigations are required.

6.4.3 Effect of Lactose Type on Dissolution of NVP

Several types of lactose are commercially available and have different physical
characteristics such as particle size distribution and flow characteristics. Modified forms of
lactose for use as filler-binder for the production of tablets by direct compression are now
also available. Three types of modified lactose for DC were tested to investigate if a change
in type of lactose would affect the dissolution performance of the NVP SR tablets. The

differences between the types of lactose used are summarised in Table 6.21.
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Table 6.21. Physical characteristic of lactose used in these studies

Lactose grade Particle size Bulk Tapped Source
distribution density  density
pm g/cm3 g/cm3

SuperTab® SDL <45, NMT 15% 0.600 0.710  Lactose New Zealand
<100, 30-60%
<250, NLT 98%

Tablettose® 100 <63, NMT 25% 0.540 0.690  Meggle Excipients
AL <250, 60-90% and Technology,
<500, NLT 96% Wasserberg,
Germany
FlowLac® SDL <32, NMT 5% 0.600 0.660  Meggle Excipients
<100, 25-40% and Technology,
<200, NLT 85% Wasserberg,
Germany

AL = agglomerated lactose, NMT = not more than, NLT = not less than.

The f; and f, factors obtained following dissolution testing of tablets manufactured using
different grades of lactose are shown in Table 6.22 and reveal that the profiles were similar in

all cases if using f, only for the comparison.

Table 6.22. Comparison of dissolution profiles from tablets manufactured using different
grades of lactose

Lactose grade fi1 1
SuperTab® SDL vs. Tablettose® 100 AL 17.7 57.0
SuperTab® SDL vs. FlowLac® SDL 10.2 65.0
Tablettose® 100 AL vs. FlowLac® SDL 10.1 66.2

Red = out of specifications.

The dissolution profiles of NVP release from tablets containing different types of lactose are

shown in Figure 6.23.
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Figure 6.23. Dissolution profiles of NVP from tablets manufactured using different types of
lactose (n = 6, pH = 6.8).

These observations are similar to previously reported data that indicate that the performance
of tablets manufactured from granules made by extrusion granulation and high shear
granulation using different grades of lactose were similar [392]. However the rate of NVP
release from tablets manufactured with SuperTab® spray dried lactose was slightly slower
than the rate observed for tablets manufactured using Tablettose™ 100 and this may be
attributed to differences in particle size of the lactose. Smaller particle sizes of SuperTab®

spray dried lactose were suspected to reduce the porosity of the matrix tablets.

6.5 CONCLUSIONS

The use of statistical experimental design has become useful for the development of dosage
forms. This approach permits the successful development of dosage forms with fewer
experiments than the traditional “one factor at a time” approach. In this study the primary
objective was to optimise a NVP sustained release tablet formulation to be manufactured as
described in Chapter 5 vide infra, using a BBD. The BBD approach is useful as it enables a
comprehensive study of quadratic interactions of the variables under investigation with fewer

experiments required than when using a CCD approach.
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The tablets manufactured following the optimisation process passed all Pharmacopoeial tests
[345] and the dissolution profile for the NVP tablets was similar to that of Viramune® XR.
These results demonstrate that optimum NVP release can be achieved using a response
surface methodological approach for the development of a multi-source product. The
prediction accuracy of the model was regarded as good as the difference between the
predicted and the observed responses, in addition to the % P.E. were 4.07, 2.17, 0.47, 0.21,
2.47 and 1.58 % for responses Y1, Y2, Y3, Y4, Ys and Yy, respectively and were all within the

pre-set limit of < 5%.

Mathematical modelling was used to design the dosage form with a specific release
mechanism for NVP such that it mimicked that of the reference product, Viramune® XR. The
diffusion release exponent for the optimised formulation closely matched that of the reference
product and is evidence that this approach can be used to design a formulation that would

release NVP by a specific mechanism.

Response surface studies confirmed earlier observations that NVP release from these tablets
was significantly affected by the amount of HPMC and SDL used in the formulation. The
amount of MCC used did not have a significant impact on NVP release and this may in part

be attributed to the low amount of this excipient used in these studies.

The behaviour of HPMC when exposed to dissolution media has been extensively studied
and the polymer swells on penetration of the media and forms a gel layer around the tablet
core, through which diffusion of NVP must occur. The strength and thickness of the gel layer
formed has a significant effect on the rate and extent of API release from a matrix.
Consequently the factors that affect gel formation and thickness will affect the rate of API
dissolution. The diffusion of the medium into and out of the matrix also results in subsequent
erosion of the polymer. Swelling and erosion of the polymer occur simultaneously and

contribute to the release of NVP, from this matrix.

Whether it is swelling or erosion that limits API dissolution depends on the solubility of the
APIL. Water soluble API release is limited by polymer swelling whereas for a poorly water
soluble API such as NVP, polymer erosion has an impact on API release. Therefore the
factors that affect swelling and erosion of the dosage forms developed in this study will have

an impact on the dissolution process.
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Parameters related to dissolution media that are likely to have an effect on swelling and
erosion of a polymer, may include the pH and molarity of the buffer used to make the media.
The swelling of HPMC was found to increase with an increase in pH of the medium and
erosion was not significantly affected by a change in pH. These findings may explain the
slightly higher NVP release in media of low pH as compared to that observed for media of
higher pH. However, it should be noted that NVP is weakly basic and increased release of
weakly basic compounds in a medium of low pH values has been reported [393]. Therefore
the basic nature of NVP may have more of an effect on release in media of low pH as
opposed to the effect of pH on the swelling and erosion of the matrix, since HPMC is non-
ionic. An increase in the molarity of the dissolution medium resulted in slight increase in the

degree of swelling and a decrease in erosion of the HPMC matrices.

The viscosity grade of HPMC had an effect on the rate of swelling and erosion of NVP with
an increase in polymer molecular weight resulting in an increase in swelling and a reduction
of erosion. Consequently, dissolution rate of NVP was affected by grade of HPMC with
K100M and K15M releasing 42% and 63% respectively after 24 hours of exposure. A
comparison of tablets from batches formulated using different polymer grades of HPMC
yielded f; and f> factors that were out of specification. These findings further emphasise the
significance of selecting low molecular weight HPMC grades when formulating sustained

release dosage forms with sparingly soluble API molecules such as NVP.

The studies to investigate the effects of grades of MCC and types of lactose on NVP release
from the matrices showed that these two excipients did not have a significant effect on NVP
release. This observation was further solidified by the values for f; and f; values that were
within the <15 and >50 range, respectively. However, there are some indications that the
particle size of these excipients may have an effect on dissolution and must be further

investigated.

Sustained release matrix tablets of NVP have been successfully developed and optimised.
The NVP tablets are of high quality and exhibit NVP release that is similar to that of
Viramune® XR. The optimised formulation has the potential for further development, and
stability and in vivo bioequivalence studies would form part of the future development of this
product. This formulation is relatively simple to manufacture and its use may reduce the cost

of HIV therapy and enhance adherence to treatment.
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CHAPTER SEVEN

CONCLUSIONS

The objectives of these studies were to develop, manufacture and assess sustained release
matrix formulations of NVP. Sustained release drug delivery systems have an advantage over
conventional technologies as they provide a means to deliver a constant amount of
therapeutic agent to the GIT, which facilitates controlled absorption. The controlled
absorption avoids large peak to trough fluctuations in plasma concentrations of an APIL. The
formulation of a NVP sustained release delivery system may ensure predictable
bioavailability and a reduction in dose dependent side effects associated with the use of this
molecule. A sustained release formulation for once daily dosing would also help in improving
patient convenience by reducing the frequency of dosing, which might have a positive impact
on long term adherence to the medication. Therefore, the development of a generic or
multisource sustained release dosage form of NVP that has similar dissolution characteristics
to the commercially available sustained release product, Viramune® XR (Boehringer

Ingelheim Pharmaceuticals Ltd, Ridgefield, USA) was undertaken.

An isocratic RP-HPLC method was developed and validated for the analysis of NVP in
tablets and to assess the performance of the dosage forms that were developed and
manufactured. The analytical method was developed and optimised using DOE and a Central
Composite Design approach, a form of quadratic response surface method design was used.
ANOVA was used to study the significant factors affecting the retention time and resolution
factor to arrive at chromatographic conditions that would result in an appropriate separation.
The quadratic model that was used to describe the relationship between input variables and
output responses revealed that the retention time of NVP was significantly affected by
antagonistic linear contributions of the organic solvent composition and mobile phase flow
rate, linear interactions between organic solvent concentration and flow rate, in addition to
antagonistic quadratic contributions of the organic solvent and flow rate. ANOVA showed
that the resolution factor was affected by the antagonistic linear contributions of the organic
solvent concentration, column temperature, linear interactions between organic solvent
content and temperature, linear interactions between organic solvent concentration and flow
rate, in addition to antagonistic quadratic contributions of the organic solvent content, column
temperature and flow rate. The relationships established, were confirmed by response surface

plots, viz., contour and 3-dimensional plots. Optimum chromatographic conditions were
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selected based on desirability and the experimental model used to predict output variables
was found to be precise with % P.E. of 6.98 and 3.0 % for the retention time of NVP and
resolution factor, respectively. The optimised method was validated using ICH guidelines and
was found to be selective, sensitive, precise and accurate for use in the assessment of NVP
dosage forms. Stability indicating studies did not produce any degradation peaks, however
NVP was found to degrade in 30 % v/v H,O; (11.72%), 0.1 M HCI (7.11%), and 0.1 M
NaOH (4.83%) after 8 hours of refluxing at 90 °C. NVP was stable under neutral hydrolytic
conditions at 90 °C in addition to exposure to light of 500 w/m? at 27 °C for 8 hours.

A dissolution method for NVP SR dosage forms based on USP Apparatus 3 was developed
and validated. USP Apparatus 3 has an advantage with regard to the ease with which media
change can be achieved and readily allows for simulation of the GIT pH environment,
compared to the commonly used USP Apparatus 1 and 2 where change of media during
dissolution testing is tedious and time consuming. The exposure of dosage forms to fresh
dissolution media of different pH at predetermined times, prevents saturation conditions
being attained and enables better discrimination between API release from dosage forms of
different composition. USP Apparatus 3 is also suitable for dosage forms containing poorly
water soluble API such as NVP. The dissolution method was developed by assessing the
factors that affect NVP dissolution from Viramune® XR. The conditions investigated
included agitation rate, mesh size, buffer molarity and surfactant addition. The effects of
these factors on NVP release were studied and the dissolution profiles generated were
compared using the FDA recommended model independent method for curve comparison by
use of the difference (f;) and similarity (f>) factors. Different reciprocating rates of USP
Apparatus 3 were tested to establish the effect of agitation rate on NVP release and to
determine what rate would produce an equivalent response to that observed when NVP
tablets were tested using USP Apparatus 2 at 50 rpm. A low reciprocation rate of 5 — 10 dpm
was found to produce dissolution profiles that were similar to the dissolution profiles
generated using USP Apparatus 2 set at 50 rpm. Furthermore, at these dip rates the
dissolution method permitted discrimination of the responses which was not possible when a
high agitation rate was used. Close investigation of the data revealed that a reciprocation rate
of 8 dpm produced a NVP dissolution profile that was closely related to the profile generated
using USP Apparatus 2 and therefore, all dissolution studies were performed at a
reciprocation rate of 8 dpm. NVP release increased with an increase in mesh screen pore size

but was not significant. An increase in the molarity of the dissolution medium was found to
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increase the rate of NVP release slightly. However, for each of the molarities tested the
percent NVP released was above 85 %. Increasing the amount of SLS in the dissolution
medium resulted in an increase in the dissolution rate of the NVP from the tablets. The
dissolution method was validated using ICH guidelines and was found to be precise, accurate
and discriminatory for dissolution testing of NVP tablets. ANOVA single factor analysis at a
= 0.05 for the stability of NVP in 50 mM phosphate buffer of pH 1.6, 4.7 and 7.2 stored at 2 -
8 °C, 22 °C and 37 °C, as well as % recovery of NVP in 50 mM phosphate buffer of pH 1.6,
34,47, 6.8 and 7.2 stored at the same temperatures, revealed that NVP was stable for 48
hours for all conditions, indicating that dissolution samples could be stored for that duration

in the dissolution medium, prior to analysis.

Preformulation studies that were undertaken included an assessment of particle size and
shape of NVP and excipients, powder flow and compressibility assessment of individual
powders and blends, TGA and DSC analysis in addition to FT-IR spectroscopy. TGA
analysis revealed that NVP is stable up to a temperature of approximately 244 °C after which
almost complete decomposition of the compound (> 90%) occurs at 250 °C, which is also the
melting point of NVP. The results observed suggest that it is unlikely that NVP would
decompose under normal tableting and storage conditions during which temperatures rarely

exceed 100 °C.

DSC thermograms revealed no significant shifts in the melting point of NVP when it was
combined with excipients that were to be used for tablet manufacture. Furthermore FT-IR did
not reveal any significant shifts in the absorption bands of NVP in the presence of the
excipients. Therefore it was concluded that the excipients that were selected for use would
facilitate the production of a NVP dosage form for which dissolution and stability would
unlikely be affected by incompatibility reactions. However, long term stability studies must

be undertaken to ensure that this is indeed, the case.

The results of particle size and shape analysis indicated that there was a possibility of poor
flow which may result in the production of tablets of inadequate quality. Screening of powder
blends with a sieve of an appropriate size was considered necessary as this would facilitate
the production of powder blends of uniform particle size distribution in addition to an
improvement in powder flow properties. The flow properties of the powder blends for all the
batches produced during formulation development studies were within acceptable limits, and

although some powder blends had values of AOR, HR and CI slightly above the optimum
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levels these studies revealed that the powder blends were suitable for use in a direct
compression tableting process and was likely to produce tablets of with acceptable quality

attributes.

All batches of tablets manufactured in these studies were produced by direct compression.
Preliminary formulations were developed using different proportions of polymers and diluent
to identify a suitable polymer or combination thereof that would produce a dissolution profile
that was similar to that of Viramune® XR. Tablets manufactured using HPMC as a rate
retarding polymer showed more consistent modulation of NVP release at the time points used
for dissolution testing when compared to tablets manufactured using combinations of HPMC
and Carbopol® 71G NF or Eudragit® RSPO. Therefore HPMC based matrix tablets were

selected for further development and optimisation.

A Box-Behnken Design was used for the optimisation process as it has been shown to be
slightly more effective than the commonly used Central Composite Design approach. Three
formulation variables that were considered critical included the amount of HPMC, lactose
and MCC used. The responses that were monitored were the amount of NVP released at 2 h
in order to ensure dose dumping had been controlled, 8 h and 14 h to facilitate a study of the
release kinetics of NVP and 24 h to establish the total amount of NVP released. Other
responses that were monitored included the Korsmeyer-Peppas diffusion exponent, n and f;
and f> values. The diffusion exponent was used as it permits an assessment of the overall
mechanism of NVP release from these dosage forms. All responses were constrained to
ensure that they met specifications that had been established during preliminary formulation
development studies. The tablets passed Pharmacopoeial tests for content uniformity, assay,
weight variation and friability indicating that the manufacturing process was suitable to

produce a product with good quality attributes.

The responses generated during Box-Behnken design experiments were then analysed using
Design-Expert” software. The data were fitted to different statistical models to determine
which model was best able to describe the relationship between the input variables and
responses observed. The interactions of the terms of the model for excipients were studied
and the significant factors affecting the responses observed were determined. The
relationship(s) established between the input variables and the output responses were used to

identify an optimal formulation composition.
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ANOVA revealed that drug release at 2 h was significantly affected by the antagonistic linear
contribution of HPMC, with an increase in the amount of HPMC resulting in a decrease in
amount of NVP released. Increasing the amount of lactose in the formulation resulted in an
increase in the amount of NVP released, however, this effect was only significant after 8 h of
dissolution testing with the model showing a synergistic linear contribution of lactose in
addition to an antagonistic linear contribution of HPMC at 8 h. NVP release at 14 h was
significantly affected by antagonistic linear contributions of HPMC and synergistic linear
interactions between HPMC and lactose content. No single factor was significant for the
amount of NVP released at 24 h and this was thought to be a consequence of the
hydrodynamic forces the dosage form was exposed to having a greater effect on NVP release
than formulation variables during the latter stages of dissolution testing. The ratio of HPMC
to lactose used was found to be the most significant factor affecting the value for f5. This
implied that the formulation composition to be used to produce a dosage from with a
dissolution profile similar to that of Viramune® XR could be achieved by alteration of the
amounts of HMPC and lactose used in the formulation. The overall mechanism of drug
release determined by evaluation of the Korsmeyer-Peppas diffusion exponent was also

significantly affected by the amount of HPMC used to manufacture the NVP tablets.

The prediction accuracy of the statistical methods used in the optimisation process was
assessed by manufacturing three batches of the optimised formulation and comparing the
predicted and observed responses for these batches. The method was judged to be precise
with a % P. E of 4.07% for Y, 4.17% for Y,, 0.47% for Y3, 0.21% for Y4, 2.47% for Y5 and
1.58% for Y¢ obtained with batch NVP032. The % P.E for batches NVP030 and NVP031
were also within acceptable limits. Therefore use of the Box-Behnken approach and the

optimisation method were adequate for the design of sustained release NVP matrix tablets.

Fitting of the dissolution data from NVP tablets manufactured using the Box-Behnken design
approach to different kinetic models revealed that drug release from most batches followed
the Korsmeyer-Peppas and Higuchi models indicating that diffusion was the predominant
mechanism of NVP release from the tablets. Further inspection of the R* values from these
data revealed that the correlation to the Hixson-Crowell model was also high suggesting that
there may have been a significant change in the surface area of the matrix tablets that can be

attributed to swelling and constant erosion of these matrices that may impact NVP release.
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The dissolution data generated for the optimised formulation were fitted to the ‘power law’ as
described by Peppas ef al., in order to describe NVP release for the entire dissolution profile
and the observed value for n suggests that an anomalous mechanism is best used to describe
NVP release. Consequently diffusion, polymer swelling and relaxation in addition to erosion

all contributed to the release of NVP observed for these tablets.

The objective to use NVP release kinetics to design SR matrix tablets of NVP that would
have release kinetics similar to that of Viramune® XR was achieved. The overall mechanism
of NVP release based on Korsmeyer-Peppas exponent value n of the two formulations were
similar, viz., 0.9644 and 0.9753 for the optimised formulation and Viramune® XR tablets,
respectively. Inspection of the R? values for other kinetic models also showed that the release

kinetics of NVP from the two formulations were almost similar.

A comparison of the dissolution profiles for the optimised formulation and Viramune XR
tablets revealed that the dissolution profiles were similar, with f; and f, values falling within
the limits of < 15 for f; and > 50 f>. The similarity in in vitro release characteristics of the two
products also suggests that the two formulations may be bioequivalent since NVP is BCS

Class II compound, for which dissolution is the rate limiting step for absorption.

Water uptake and erosion studies were undertaken to assess the swelling and erosion
characteristics of the optimised formulation. The factors that were likely to affect swelling
and erosion of the tablets were investigated. An increase in pH of the media resulted in an
increase in swelling of the matrix tablets whereas an increase in the molarity resulted in a
decrease in tablet swelling which has been attributed to ‘salting out’ effect of polymer by
inorganic ions in the medium. Erosion of the tablet matrices was not significantly affected by
a change in pH which was attributed to the non-ionic nature of HPMC. However, an increase
in molarity resulted in a decrease in erosion which was attributed to an increase in the amount
of phosphate ions competing for water of hydration and reducing the amount of water

entering or leaving the matrix system.

A study of the effect of HPMC grade on NVP release revealed that an increase in the
viscosity of the polymer grade used, had a negative impact on NVP release from the tablets.
This was confirmed by evaluation of the values for f; and f; derived following evaluation of
the dissolution profiles of tablets containing Methocel® K4M, K15M and K100M. An
assessment of the effect of HPMC grade on swelling and erosion characteristics revealed that

the degree of swelling increased with higher viscosity grades of HPMC whereas erosion
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decreased. The decrease in the extent of erosion provides a basis for explaining the decrease
in NVP release as erosion of a hydrophilic matrix is crucial for the release of a sparingly

soluble API such as NVP.

The grade of MCC and type of lactose type did not appear to have a significant effect of the
release of NVP from the manufactured tablets. However the results suggest that the particle
size of MCC and lactose might have an effect on NVP release with increased release rates for
larger particle sizes of excipients observed from subtle differences in the dissolution profiles

generated from dosage forms that were produced with diluents of different particle size.

Sustained release matrix tablets of NVP have been successfully developed, manufactured and
optimised. The availability of a generic drug delivery system of NVP will reduce the cost of

chronic therapy in addition to possibly improving patient adherence to therapy.

Further development and assessment of the NVP sustained release tablets produced in these
studies are required. Additional studies will establish whether further enhancement of the in
vitro performance of the technology, such as releasing NVP via a zero-order process is
possible. Further development studies of the technology would necessarily include an
assessment of stability of the technology in order to establish long term stability and a shelf
life for the optimised formulation. Thereafter scale-up manufacture and in vivo studies can be

undertaken prior to commercialisation of this product.
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APPENDIX ONE

BATCH PRODUCTION RECORD-NVP001

LABORATORY SCALE MANUFACTURE

A sample batch production record for Batch NVP001, a laboratory scale tablet formulation is

shown. The batch production records for the other batches are available on request.
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RHODES UNIVERSITY, FACULTY OF PHARMACY

GRAHAMSTOWN, 6140, SOUTH AFRICA

BATCH PRODUCTION RECORD

Product name: Nevirapine tablets Page 1 0f 3
Batch number: NVP001 Batch size: 400 g
Batch record issued by: Date:

Batch record verified by: Date:

SIGNATURE AND INITIAL REFERENCE

Full name (Print) Signature Initials Date
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RHODES UNIVERSITY, FACULTY OF PHARMACY

GRAHAMSTOWN, 6140, SOTH AFRICA

BATCH PRODUCTION RECORD

Product name: Nevirapine tablets
Batch number: NVP001

Page 2 of 3
Batch size: 400 g

BATCH FORMULA
Material Rhodes No. Quantity Amount Dispensed by | Checked by

(% w/w) dispensed
NVP RM000260 333 133.2
Methocel” K4M | RM000060 30.0 120.0
SuperTab” SDL | RM000161 10.0 40.0
Avicel°PH102 | RM000038 13.5 54.0
Emcompress. | RM000059 10.0 40.0
Mg stearate RMO000304 1.10 4.4
Talc RMO000050 1.00 4.0
Colloidal silicon | RM000305 1.10 4.4
dioxide

EQUIPMENT VERIFICATION
Description Type Verified by Confirmed by
Weighing balance | Model 500C PJ Precisa”
Cube blender
Sieve # 20 and 44 mesh size
Tableting machine | Manesty B3B Rotary
Press
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RHODES UNIVERSITY, FACULTY OF PHARMACY

GRAHAMSTOWN, 6140, SOUTH AFRICA

BATCH PRODUCTION RECORD

Product name: Nevirapine tablets Page 3 of 3
Batch number : NVP001 Batch size: 400 g

MANUFACTURING PROCEDURE

Steps Procedure Done by Checked by

1 Screen all Weighed
materials through
#20 mesh screen
(except mg stearate
and talc). Use # 44
mesh screen for mg
stearate and talc.

2 Blend the excipients
screened using #20
mesh screen in a
cube blender rotating
at 200 rpm for 30
minutes

3 Add mg stearate and
talc to 2 and blend
for further 3 minutes

4 Assess powder
characteristics; angle
of repose, bulk
density, tapped
density

5 Tablet the powder
blends on Manesty
B3B Rotary press
manually to set
weight and hardness

6 Set the machine to
automatic mode and
check for weight and
hardness of the
tablets every minute

7 Calculate % yield
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when process is
complete

8 Pack the tablets in
self-sealing plastic
bags for analysis

APPENDIX TWO

BATCH SUMMARY
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BATCH SUMMARY - NVP001

Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 400 g
Product: Nevirapine tablets Blending Time (start): 17h00 pm
Batch Number: NVPO0OO1 (end): 17h45 pm
Blending Date: 07-03-2012 Tableting Time (start): 20h45 pm
Tableting Date: 07-03-2012 (end): 21hI5 pm
Formula
Material Yow/w Amount added (g) Rhodes #
NVP 33.3 133.2 RMO000260
Methocel® K4M 30.0 120.0 RMO000060
SuperTab® 10.0 40.0 RMO000161
Avicel® PH102 13.5 54.0 RMO000038
DCP 10.0 40.0 RM000059
Mg stearate 1.1 4.4 RMO000304
Talc 1.1 4.0 RMO000050
Colloidal silicon dioxide 1.0 4.4 RMO000305

Dissolution profile

N
S

Cumulative % drug release

(=]

60 A

\]
(=]
2

—o—REF
—8-NVP001

0 10 20 30
Time (hours)

Target weight: 300 mg
Actual weight: 297.3+1.77
Target hardness: 100 — 150 N
Actual hardness:108.4+3.20
Tensile Strength: 1.434+2.01
Friability: 0.158+1.22
%Assay: 97.4+2.88
Temperature: 23.8°C

Humidity: 60.0 %

Yield: 77.3 %
Comments
-No sticking

-No edge splitting

-No capping

-Smooth surface finish
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BATCH SUMMARY - NVP002

Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 400 g
Product: Nevirapine tablets Blending Time (start):  18h25 pm
Batch Number: NVP002 (end): 19h20 pm
Blending Date: 07-03-2012 Tableting Time (start): 21h25 pm
Tableting Date: 07-03-2012 (end):  21h50 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 133.2 RMO000260
Methocel® K4M 25.0 100.0 RMO000060
SuperTab® 15.0 60.0 RMO000161
Avicel® PH102 13.5 54.0 RMO000038
DCP 10.0 40.0 RMO000059
Mg stearate 1.1 4.4 RMO000304
Talc 1.0 4.0 RMO000050
Colloidal silicon dioxide 1.1 4.4 RMO000305

Dissolution profile

120 -

100

80

60

40

20

Cumulative % drug release

—o—REF
—a-NVP002

10 20
Time (hours)

30

Target weight: 300 mg
Actual weight: 290.3+2.88
Target hardness: 100 — 150 N
Actual hardness:117.8+4.11
Tensile Strength: 1.56+2.23
Friability: 0.169+2.87
%Assay: 99.6+3.07
Temperature: 23.8°C
Humidity: 60.0 %

Yield: 77.3 %
Comments
-No sticking

-No edge splitting

-No capping

-Smooth surface finish
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BATCH SUMMARY - NVP003
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 400 g
Product: Nevirapine tablets Blending Time (start): 19h45 pm
Batch Number: NVP003 (end): 20h35 pm
Blending Date: 07-03-2012 Tableting Time (start): 22h00 pm
Tableting Date: 07-03-2012 (end):  22h35 pm
Formula
Material Yow/w Amount added (g) Rhodes #
NVP 333 133.2 RMO000260
Methocel® K4M 20.0 80.0 RMO000060
SuperTab® 20.0 80.0 RMO000161
Avicel® PH102 13.5 54.0 RM000038
DCP 10.0 40.0 RMO000059
Mg stearate 1.1 4.4 RMO000304
Talc 1.0 4.0 RMO000050
Colloidal silicon dioxide 1.1 4.4 RMO000305

Dissolution profile

120

—=-NVP003

Cumulative % drug release

Target weight: 300 mg
Actual weight: 295.6+2.82
Target hardness: 100 — 150 N

100 -
Actual hardness:100.5+6.93
80 - Tensile Strength: 1.33+3.12
Friability: 0.171+2.34
60 —* REF %Assay: 96.342.89

Temperature: 23.8°C

40 Humidity: 60.0 %
Yield: 77.3 %
20 Comments
-No sticking
0 : : . -No edge splitting
0 10 20 30 ~Nocapping

-Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP004
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 12h30 pm
Batch Number: NVP004 (end): 13h08 pm
Blending Date: 12-03-2012 Tableting Time (start): 14h55 pm
Tableting Date: 12-03-2012 (end):  15h20 pm
Formula
Material Yow/w Amount added (g) Rhodes #
NVP 333 100.0 RMO000260
Methocel® K4M 10.0 30.0 RMO000060
SuperTab® Spray dried lactose 40.0 120.0 RMO000161
Avicel® PH102 13.5 40.5 RM000038
Mg stearate 1.1 33 RMO000304
Talc 1.0 3.0 RMO000050
Colloidal silicon dioxide 1.1 3.3 RMO000305

Dissolution profile

Target weight: 300 mg
Actual weight: 295.6+2.82

120

%}
2 100 - Target hardness: 100 — 150 N
D
e Actual hardness:118.3+4.42
&0 80 - Tensile Strength: 1.56+3.23
=
= Friability: 0.166 £3.33
60 - %Assay: 98.7£3.67
@ ——REF Temperature: 24.1°C
S 40 —a-NVP004 Humidity: 56.0 %
= Yield: 79.4 %
§ 20 Comments
®) -No sticking

0 : i X -No edge splitting

0 10 20 30  -Nocapping

Time (hours) -Smooth surface finish
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BATCH SUMMARY - NVP005
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 13h12 pm
Batch Number: NVP005 (end): 13h40 pm
Blending Date: 12-03-2012 Tableting Time (start): 15h48 pm
Tableting Date: 12-03-2012 (end):  16h05 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100.0 RMO000260
Methocel® K4M 20.0 60.0 RMO000060
SuperTab® Spray dried lactose 30.0 90.0 RMO000161
Avicel® PH102 13.5 40.5 RM000038
Mg stearate 1.1 33 RM000304
Talc 1.0 3.0 RMO000050
Colloidal silicon dioxide 1.1 33 RMO000305
Dissolution profile
120 - Target weight: 300 mg

—

S

[e)
1

0]
(e
1

N
e

Cumulative % drug release
N D
) e
1

[e)

Actual weight: 299.2+3.03
Target hardness: 100 — 150 N

——REF

Actual hardness:129.7+5.81
Tensile Strength: 1.714+2.72
Friability: 0.166+3.33
%Assay: 97.9+3.66
Temperature: 24.1°C
Humidity: 56.0 %

—=-NVP005 Yield: 89.7 %
Comments
-No sticking
: : , -No edge splitting
10 20 30  -Nocapping

-Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP006
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  13h45 pm
Batch Number: NVP006 14h19 pm
Blending Date: 12-03-2012 Tableting Time (start): 16h19 pm
Tableting Date: 12-03-2012 16h33 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RM000260
Methocel® K4M 30.0 90.0 RMO000060
SuperTab® Spray dried lactose 20.0 60.0 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Mg stearate 1.1 33 RMO000304
Talc 1.0 3.0 RMO000050
Colloidal silicon dioxide 1.1 3.3 RMO000305

Dissolution profile

120

100

0]
S
1

Cumulative % drug release
[*))
(@)

—o—REF
—a-NVP006
40
20
0 T T 1
0 10 20

Time (hours)

30

Target weight: 300 mg
Actual weight: 298.2+3.44
Target hardness: 100 — 150 N
Actual hardness:110.9+3.82
Tensile Strength: 1.47+1.91
Friability: 0.169+2.88
%Assay: 98.9+£2.96
Temperature: 24.1°C
Humidity: 56.0 %

Yield: 77.9 %
Comments
-No sticking

-No edge splitting

-No capping

-Smooth surface finish
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BATCH SUMMARY - NVP007
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  14h00 pm
Batch Number: NVP007 (end): 14h40 pm
Blending Date: 17-03-2012 Tableting Time (start): 18h45 pm
Tableting Date: 17-03-2012 (end):  19h10 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RM000260
Methocel® K4M 10.0 30.0 RMO000060
SuperTab® Spray dried lactose 35.0 105.0 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Carbopol® 71G NF 5.0 15.0 RMO000119
Mg stearate 1.1 33 RMO000304
Talc 1.0 3.0 RMO000050
Colloidal silicon dioxide 1.1 3.3 RMO000305
Dissolution profile
140 - Target weight: 300 mg

—_

[\

S
1

Actual weight: 297.9+2.37
Target hardness: 100 — 150 N

—

o) e} S

(e} (e (=)
1 1 1

40

Cumulative % drug release

20

Yield: 69.7 %
—o—REF

Time (hours)

Actual hardness:114.5+2.73
Tensile Strength: 1.51+2.11
Friability: 0.171£2.71
%Assay: 97.8+£3.22
Temperature: 23.8°C
Humidity: 43.0 %

Comments
—=-NVP007 -No sticking
-No edge splitting
' ' ! -No capping
10 20 30 -Smooth surface finish
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BATCH SUMMARY - NVP008
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  14h45 pm
Batch Number: NVP008 (end): 15h25 pm
Blending Date: 17-03-2012 Tableting Time (start): 19h45 pm
Tableting Date: 17-03-2012 (end):  20h20 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RM000260
Methocel® K4M 10.0 30.0 RMO000060
SuperTab® Spray dried lactose 30.0 90.0 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Carbopol® 71G NF 10.0 30.0 RMO000119
Mg stearate 1.1 33 RMO000305
Talc 1.0 3.0 RMO000050
Colloidal silicon dioxide 1.1 3.3 RMO000305

Dissolution profile

140 -
120 -
100 -

o0
e
1

Cumulative % drug release
T ENCN
S e
1 1

Target weight: 300 mg
Actual weight: 294.7+3.58
Target hardness: 100 — 150 N

Yield: 60.4 %

REF Comments

Actual hardness:120.2+3.86
Tensile Strength: 1.58+3.12
Friability: 0.171+4.32
%Assay: 96.7£3.82
Temperature: 23.8°C
Humidity: 43.0 %

20 —#-NVP008 -No sticking
0 . . . -No edge splitting
B -No capping
10 20 30
-20 - -Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP009
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  15h30 pm
Batch Number: NVP009 (end): 16h05 pm
Blending Date: 17-03-2012 Tableting Time (start): 20h28 pm
Tableting Date: 17-03-2012 (end):  20h58 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RM000260
Methocel® K4M 10.0 30.0 RMO000060
SuperTab® Spray dried lactose 25.0 75.0 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Carbopol® 71G NF 15.0 45.0 RMO000119
Mg stearate 1.1 33 RMO000304
Talc 1.0 3.0 RMO000050
Colloidal silicon dioxide 1.1 3.3 RMO000305

Dissolution profile

120 - Target weight: 300 mg
§ Actual weight: 301.5+1.83
2 100 - Target hardness: 100 — 150 N
ol Actual hardness:101.7+3.80
s 80 - Tensile Strength: 1.33+2.82
< Friability: 0.171£2.77
X 60 - %Assay: 98.8+150
= 40 - Temperature: 23.8°C
= —e—REF Humidity: 43.0 %
E 20 —aNVP009 Yield: 64.8 %
= Comments
@ .o
0 : . -No sticking
0 10 20 30 -No edge splitting
-No capping

Time (hours)

-Smooth surface finish
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BATCH SUMMARY - NVP010
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 16h10 pm
Batch Number: NVP010 (end): 16h45 pm
Blending Date: 17-03-2012 Tableting Time (start): 21h10 pm
Tableting Date: 17-03-2012 (end):  21h35 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RM000260
Methocel® K4M 10.0 30.0 RMO000060
SuperTab® Spray dried lactose 35.0 105.0 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Eudragit® RSPO 5.0 15.0 RM000023
Mg stearate 1.1 33 RMO000304
Talc 1.0 3.0 RMO000050
Colloidal silicon dioxide 1.1 3.3 RMO000305

Dissolution profile

140 - Target weight: 300 mg
Actual weight: 299.0+1.79
120 - Target hardness: 100 — 150 N

Actual hardness:99.8+4.04
Tensile Strength: 1.30+1.86
Friability: 0.16343.56
%Assay: 101.4+2.72
Temperature: 24.1°C
Humidity: 56.0 %

[a—

S

(=)
1

0
=)
1

(o)
e
1

Cumulative % drug release

40 —+—REF Yield: 66.6 %
Comments
20 —E=NVPOI0 N, sticking
-No edge splitting
0 ' ' ' -No capping
0 10 20 30 _Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP011
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  14h00 pm
Batch Number: NVPO11 (end): 14h35 pm
Blending Date: 19-03-2012 Tableting Time (start): 17h51 pm
Tableting Date: 19-03-2012 (end): 18h21 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RM000260
Methocel® K4M 10.0 30.0 RMO000060
SuperTab® Spray dried lactose 30.0 90.0 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Eudragit® RSPO 10.0 30.0 RM000023
Mg stearate 1.1 33 RMO000304
Talc 1.0 3.0 RMO000050
Colloidal silicon dioxide 1.1 3.3 RMO000305

Dissolution profile

140 - Target weight: 300 mg
Actual weight: 296.2+3.85
Target hardness: 100 — 150 N
Actual hardness:89.9+5.38
Tensile Strength: 1.18+2.41
Friability: 0.15942.72
%Assay: 96.8+1.87
Temperature: 23.6°C
Humidity: 61.0 %

Yield: 65.3 %

—+—REF Comments

-No sticking

120 ~

60 -

Cumulative % drug release

20
—=-NVPOII -No edge splitting
0 : , , -No capping
0 10 20 30 -Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP012
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  14h45 pm
Batch Number: NVP012 (end): 15h19 pm
Blending Date: 19-03-2012 Tableting Time (start): 18h26 pm
Tableting Date: 19-03-2012 (end):  18h50 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RM000260
Methocel® K4M 10.0 30.0 RMO000060
SuperTab® Spray dried lactose 25.0 75.0 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Eudragit® RSPO 15.0 45.0 RM000023
Mg stearate 1.1 33 RMO000304
Talc 1.0 3.0 RMO000050
Colloidal silicon dioxide 1. 3.3 RMO000305
Dissolution profile
140 - Target weight: 300 mg

60 -

40

Cumulative % drug release

20

Yield: 70.8 %
Comments

—o—REF

Actual weight: 300.7+2.74
Target hardness: 100 — 150 N
Actual hardness:100.0+3.77
Tensile Strength: 1.33+3.72
Friability: 0.171+2.34
%Assay: 99.7£3.80
Temperature: 23.6°C
Humidity: 61.0 %

pamh A -No sticking
-No edge splitting
. . ' -No capping
10 20 30 -Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP013

Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets  Blending Time (start): 09h30 am
Batch Number: NVP013 (end): 10h10 am
Blending Date: 17-04-2012 Tableting Time (start): 12h30 pm
Tableting Date: 17-04-2012 (end):  12h50 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RMO000260
Methocel® K4M 25.0 75 RM000060
SuperTab® Spray dried lactose 25.0 75 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Mg stearate 1.1 33 RMO000304
Talc 1.1 33 RMO000050
Colloidal silicon dioxide 1.0 3.0 RMO000305

Dissolution profile

60 -

—e—NVP013
40 -

Cumulative % NVP release

20 -

0 5 10 15 20 25
Time (hours)

30

Target weight: 300 mg
Actual weight: 296.5+2.69
Target hardness: 80 — 100 N
Actual hardness:67.8+11.5
Friability: 0.171

%Assay: 94.7+£0.94
Temperature: 23.8°C
Humidity: 60.0 %

Yield: 77.3 %

Comments

-No sticking

-No edge splitting

-No capping

-Smooth surface finish
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BATCH SUMMARY - NVP014
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  10h30 am
Batch Number: NVP014 (end): 11h10 am
Blending Date: 17-04-2012 Tableting Time (start): 13h00 pm
Tableting Date: 17-04-2012 (end):  13h27 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RMO000260
Methocel® K4M 30.0 90 RMO000060
SuperTab® Spray dried lactose 15.0 45 RMO000161
Avicel” PH102 18.5 55.5 RMO000038
Mg stearate 1.1 33 RMO000304
Talc 1.1 33 RMO000050
Colloidal silicon dioxide 1.0 3.0 RMO000305

Dissolution profile

120 Target weight: 300 mg
Actual weight: 292.2+3.79
100 - Target hardness: 80 — 100 N
Actual hardness:70.4+8.65
Friability: 0.175

%Assay: 100.2+0.51
Temperature: 23.8°C
Humidity: 60.0 %
—¢—NVP014 Yield: 77.3 %

Cumulative % NVP release
(@)
(e}

40
Comments
-No sticking
20 A .-
-No edge splitting
0 -No capping
0 5 10 15 20 25 30  -Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP015
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 11h30 am
Batch Number: NVPO15 (end): 12h20 pm
Blending Date: 17-04-2012 Tableting Time (start): 13h40 pm
Tableting Date: 17-04-2012 (end):  14h23 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RM000260
Methocel® K4M 30.0 90 RMO000060
SuperTab® Spray dried lactose 20.0 60 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Mg stearate 1.1 33 RMO000304
Talc 1.1 33 RMO000050
Colloidal silicon dioxide 1.0 3.0 RMO000305
Dissolution profile
120 Target weight: 300 mg
Actual weight: 297.9+3.79
o 100 Target hardness: 80 — 100 N
g Actual hardness:80.4+11.4
2 g0 . Friability: 0.169
& %Assay: 94.9+0.43
i 50 Temperature: 23.8°C
% Humidity: 60.0 %
% 40 Yield: 77.0 %
z ——NVPO15 Comments
S 4 | —8— REFERENCE -No sticking
-No edge splitting
-No capping

10 20 30
Time (hours)

-Smooth surface finish
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BATCH SUMMARY - NVP016
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 08h45 am
Batch Number: NVPO16 (end): 09h31 am
Blending Date: 18-04-2012 Tableting Time (start): 10h45 pm
Tableting Date: 18-04-2012 (end):  11h00 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RMO000260
Methocel® K4M 30.0 90 RM000060
SuperTab® Spray dried lactose 20.0 60 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Mg stearate 1.1 33 RMO000304
Talc 1.1 33 RMO000050
Colloidal silicon dioxide 1.0 3.0 RMO000305

Dissolution profile

60 -

Cumulative % NVP release
i
S

[\®)
(e}
1

—o—NVPO016

10

15
Time (hours)

20 25

30

Target weight: 300 mg
Actual weight: 299.3+1.07
Target hardness: 80 — 100 N
Actual hardness:83.7+9.70
Friability: 0.171

%Assay: 93.6+2.74
Temperature: 22.9°C
Humidity: 54.0 %

Yield: 70.4 %

Comments

-No sticking

-No edge splitting

-No capping

-Smooth surface finish
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BATCH SUMMARY - NVP017
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 09h40 am
Batch Number: NVP017 (end): 10hl15 am
Blending Date: 18-04-2012 Tableting Time (start): 11h10 pm
Tableting Date: 18-04-2012 (end): 11h33 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RMO000260
Methocel® K4M 30.0 90 RM000060
SuperTab® Spray dried lactose 20.0 60 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Mg stearate 1.1 33 RMO000304
Talc 1.1 33 RMO000050
Colloidal silicon dioxide 1.0 3.0 RMO000305

Dissolution profile

Target weight: 300 mg
Actual weight: 299.0+2.81
100 - Target hardness: 80 — 100 N
Actual hardness:81.9+8.53
Friability: 0.170

%Assay: 97.4+0.42
Temperature: 22.9°C
Humidity: 54.0 %
—e—NVPO017 Yield: 67.4 %

J—

[N}

S
]

Cumulative % NVP release
B N
S S

—=— REFERENCE Comments
20 -No sticking
-No edge splitting
0 : : . -No capping
0 10 20 30 -Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP018
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 10h20 am
Batch Number: NVPO18 (end): 11h05 am
Blending Date: 18-04-2012 Tableting Time (start): 11h40 pm
Tableting Date: 18-04-2012 (end):  12h06 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 111 RMO000260
Methocel® K4M 25.0 83.33 RMO000060
SuperTab® Spray dried lactose 15.0 50 RMO000161
Avicel® PH102 13.5 45 RMO000038
Mg stearate 1.1 3.67 RMO000304
Talc 1.1 3.67 RMO000050
Colloidal silicon dioxide 1.0 3.33 RMO000305

Dissolution profile

—_—

[\

o
)

Target weight: 300 mg
Actual weight: 299.2+1.66
100 - Target hardness: 80 — 100 N
Actual hardness:85.2+13.9

]
SR Friability: 0.172
Z %Assay: 97.7+1.99
60 - Temperature: 22.9°C
2 ——NVP018 Humidity: 54.0 %
‘_i 40 —8—REFERENCE Yield: 80.0 %
E Comments
O 20 -No sticking
-No edge splitting
0 - - - -No capping
0 10 20 30

-Smooth surface finish
Time (hours)
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BATCH SUMMARY - NVP019
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  14h45 pm
Batch Number: NVP019 (end): 15h20 pm
Blending Date: 23-04-2012 Tableting Time (start): 16h00 pm
Tableting Date: 23-04-2012 (end):  16h20 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 90.82 RM000260
Methocel® K4M 30.0 81.82 RMO000060
SuperTab® Spray dried lactose 25.0 68.18 RMO000161
Avicel® PH102 18.5 50.45 RMO000038
Mg stearate 1.1 3.0 RMO000304
Talc 1.1 3.0 RMO000050
Colloidal silicon dioxide 1.0 2.73 RMO000305

Dissolution profile

120 Target weight: 300 mg
Actual weight: 295.7+3.26
100 - Target hardness: 80 — 100 N
Actual hardness:83.7+6.99
Friability: 0.166

%Assay: 96.5+0.29
Temperature: 21.7 °C
Humidity: 36.0 %
——NVPOI9 Yield: 79.1 %

Cumulative % NVP release
N N
(e} (e}

Comments
20 -No sticking
-No edge splitting
0 ' ' - -No capping

0 10 20 30
Time (hours)

-Smooth surface finish
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BATCH SUMMARY - NVP020
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  15h25 pm
Batch Number: NVP020 (end): 16h00 pm
Blending Date: 18-04-2012 Tableting Time (start): 16h30 pm
Tableting Date: 18-04-2012 (end):  16h55 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 95.14 RMO000260
Methocel® K4M 35.0 100 RMO000060
SuperTab® Spray dried lactose 20.0 57.14 RMO000161
Avicel® PH102 8.5 38.57 RMO000038
Mg stearate 1.1 3.14 RMO000304
Talc 1.1 3.14 RMO000050
Colloidal silicon dioxide 1.0 2.86 RMO000305

Dissolution profile

120 Target weight: 300 mg
Actual weight: 300.4+1.93
100 - Target hardness: 80 — 100 N
Actual hardness:94.9+£8.92
80 - Friability: 0.167
%Assay: 100.9+0.37
60 - Temperature: 21.7 °C

Humidity: 36.0 %

40 - —e—NVP020 Yield: 83.3 %

Cumulative % NVP release

—8—REFERENCE Comments
201 ‘No sticking
-No edge splitting
0 : ' ' ' : - -No capping
0 > 10 15 20 25 30 -Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP021
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  16h05 pm
Batch Number: NVP021 (end): 16h40 pm
Blending Date: 18-04-2012 Tableting Time (start): 17h01 pm
Tableting Date: 18-04-2012 (end):  17h30 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RMO000260
Methocel® K4M 30.0 90 RMO000060
SuperTab® Spray dried lactose 20.0 60 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Mg stearate 1.1 33 RMO000304
Talc 1.1 33 RMO000050
Colloidal silicon dioxide 1.0 3.0 RMO000305

Dissolution profile

120 Target weight: 300 mg
Actual weight: 297.8+3.78
100 - Target hardness: 80 — 100 N
Actual hardness:87.3+7.20
Friability: 0.169

%Assay: 94.1+0.21
Temperature: 21.7 °C
Humidity: 36.0 %

Yield: 71.2 %

N
[w]

—o—NVP21

Cumulative % NVP release
()]
(=)

——REFERENCE Comments
20 -No sticking
-No edge splitting
0 . . - -No capping
0 10 20 30 _Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP022
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 11h30 am
Batch Number: NVP022 (end): 12h10 pm
Blending Date: 24-04-2012 Tableting Time (start): 12h35 pm
Tableting Date: 24-04-2012 (end):  12h50 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RMO000260
Methocel® K4M 25.0 75 RMO000060
SuperTab® Spray dried lactose 20.0 60 RMO000161
Avicel” PH102 18.5 55.5 RMO000038
Mg stearate 1.1 33 RMO000304
Talc 1.1 33 RMO000050
Colloidal silicon dioxide 1.0 3.0 RMO000305

Dissolution profile

120 Target weight: 300 mg
Actual weight: 297.7+2.85
100 - Target hardness: 80 — 100 N
Actual hardness:92.1£8.37
Friability: 0.169

%Assay: 96.2+0.31
Temperature: 22.6 °C
Humidity: 39.0 %

=0—NVP022

Cumulative % NVP release
N
(e}

40 Yield: 74.6 %
——REFERENCE
Comments
20 - -No sticking
-No edge splitting
0 . . - -No capping
0 10 20 30 _Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP023
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 12h15 pm
Batch Number: NVP023 (end): 12h50 pm
Blending Date: 24-04-2012 Tableting Time (start): 13h06 pm
Tableting Date: 24-04-2012 (end):  13h25 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RMO000260
Methocel® K4M 35.0 105 RMO000060
SuperTab® Spray dried lactose 15.0 45 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Mg stearate 1.1 33 RMO000304
Talc 1.1 33 RMO000050
Colloidal silicon dioxide 1.0 3.0 RMO000305

Dissolution profile

120 Target weight: 300 mg
Actual weight: 293.5+4.15
$ 100 - Target hardness: 80 — 100 N
= Actual hardness:84.7+8.64
& 80 - Friability: 0.166
2 %Assay: 96.7+0.31
2 60 Temperature: 22.6 °C
= Humidity: 39.0 %
= 40 —¢—NVP023 Yield: 65.9 %
g —8—REFERENCE Comments
=
O 201 -No sticking
. -No edge splitting
0 10 20 3 Nocapping

-Smooth surface finish
Time (hours)
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BATCH SUMMARY - NVP024
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  12h55 pm
Batch Number: NVP024 (end): 13h30 pm
Blending Date: 24-04-2012 Tableting Time (start): 13h32 pm
Tableting Date: 24-04-2012 (end):  13h47 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RMO000260
Methocel® K4M 30.0 90 RMO000060
SuperTab® Spray dried lactose 20.0 60 RMO000161
Avicel® PH102 13.5 40.5 RMO000038
Mg stearate 1.1 33 RMO000304
Talc 1.1 33 RMO000050
Colloidal silicon dioxide 1.0 3.0 RMO000305

Dissolution profile

120 Target weight: 300 mg

Actual weight: 303.9+£1.37

g 100 - Target hardness: 80 — 100 N

2 Actual hardness:92.0+8.36

~ 80 - Friability: 0.341

2 %Assay: 96.1+0.20

60 - Temperature: 22.6 °C

= Humidity: 39.0 %

% 40 - ——NVP024 Yield: 71.3 %

g

S

—8—REFERENCE Comments
20 - -No sticking
-No edge splitting
0 . . - - - -No capping
0 5 10 15 20 25 30 _Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP025
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  10h30 am
Batch Number: NVP025 (end): 11h05 am
Blending Date: 26-04-2012 Tableting Time (start): 11h50 am
Tableting Date: 26-04-2012 (end):  12h07 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 90.82 RMO000260
Methocel® K4M 35.0 95.45 RM000060
SuperTab® Spray dried lactose 20.0 54.55 RMO000161
Avicel® PH102 18.5 50.46 RMO000038
Mg stearate 1.1 3.0 RMO000304
Talc 1.1 3.0 RMO000050
Colloidal silicon dioxide 1.0 2.73 RMO000305

Dissolution profile

120 Target weight: 300 mg
Actual weight: 295.7+4.81
100 - Target hardness: 80 — 100 N
Actual hardness:81.8+8.17
Friability: 0.168

%Assay: 97.5+0.18
Temperature: 22.7 °C
Humidity: 52.0 %

Cumulative % NVP release
N
S

—e—NVP025 )
0 —8—REFERENCE Yield: 72.3 %
Comments
20 1 -No sticking
0 -No edge splitting
0 10 20 30  ~Nocapping

Time (hours) -Smooth surface finish
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BATCH SUMMARY - NVP026
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 11h10 am
Batch Number: NVP022 (end): 11h44 am
Blending Date: 26-04-2012 Tableting Time (start): 12h10 pm
Tableting Date: 26-04-2012 (end):  12h35 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 111 RMO000260
Methocel® K4M 25.0 83.33 RMO000060
SuperTab® Spray dried lactose 20.0 66.67 RMO000161
Avicel® PH102 8.5 28.33 RMO000038
Mg stearate 1.1 3.67 RMO000304
Talc 1.1 3.67 RMO000050
Colloidal silicon dioxide 1.0 3.33 RMO000305

Dissolution profile

-

\®)

(e
]

Target weight: 300 mg
Actual weight: 301.2+1.71
100 - Target hardness: 80 — 100 N
Actual hardness:79.6£5.56
Friability: 0.174

%Assay: 99.8+0.28
Temperature: 22.7 °C
—e—NVP026 Humidity: 52.0 %

60

Cumulative % NVP release

40 = REFERENCE Yield: 70.3 %
Comments
20 -No sticking
0 -No edge splitting
0 5 10 15 20 25 30 -Nocapping

Time (hours) -Smooth surface finish
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BATCH SUMMARY - NVP027
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 12h25 pm
Batch Number: NVP027 (end): 13h09 pm
Blending Date: 27-04-2012 Tableting Time (start): 13h46 pm
Tableting Date: 27-04-2012 (end):  14h10 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 111 RM000260
Methocel® K4M 30.0 100 RMO000060
SuperTab® Spray dried lactose 15.0 50 RMO000161
Avicel® PH102 8.5 28.33 RMO000038
Mg stearate 1.1 3.67 RMO000304
Talc 1.1 3.67 RMO000050
Colloidal silicon dioxide 1.0 3.33 RMO000305
Dissolution profile
120 Target weight: 300 mg
Actual weight: 295.2+3 .41
% 100 Target hardness: 80 — 100 N
< Actual hardness:95.4+7.91
~ 80 - Friability: 0.169
- %Assay: 96.8+0.07
£ 60 - Temperature: 21.3 °C
2 Humidity: 48.0 %
E 40 - O NVPO27 Yield: 76.4 %
g —8—REFERENCE Comments
O 20 1 -No sticking
. -No edge splitting
0 10 20 3  Nocapping

-Smooth surface finish
Time (hours)
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BATCH SUMMARY - NVP028
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 13h12 pm
Batch Number: NVP028 (end): 13h48 pm
Blending Date: 27-04-2012 Tableting Time (start): 14h17 pm
Tableting Date: 27-04-2012 (end):  14h32 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 90.82 RMO000260
Methocel® K4M 35.0 95.45 RMO000060
SuperTab® Spray dried lactose 25.0 68.18 RMO000161
Avicel® PH102 13.5 36.82 RMO000038
Mg stearate 1.1 3.0 RMO000304
Talc 1.1 3.0 RMO000050
Colloidal silicon dioxide 1.0 2.73 RMO000305

Dissolution profile

Target weight: 300 mg
Actual weight: 293.8+4.64
100 - Target hardness: 80 — 100 N
Actual hardness:80.9+7.22

—_

[\

(e
)

80 - Friability: 0.169
%Assay: 94.7+1.34

60 Temperature: 21.3 °C
Humidity: 48.0 %

40 ——NVP028 Yield: 78.4 %

Cumulative % NVP release

—8—REFERENCE Comments
20 -No sticking
. -No edge splitting
0 0 20 30 -No capping

Time (hours) -Smooth surface finish
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BATCH SUMMARY - NVP029
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  13h50 pm
Batch Number: NVP029 (end): 14h25 pm
Blending Date: 27-04-2012 Tableting Time (start): 14h37 pm
Tableting Date: 27-04-2012 (end):  14h50 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 100 RMO000260
Methocel® K4M 30.0 90 RMO000060
SuperTab® Spray dried lactose 25.0 75 RMO000161
Avicel” PH102 8.5 25.5 RMO000038
Mg stearate 1.1 33 RMO000304
Talc 1.1 33 RMO000050
Colloidal silicon dioxide 1.0 3.0 RMO000305

Dissolution profile

120 - Target weight: 300 mg
Actual weight: 296.2+3.32
100 Target hardness: 80 — 100 N

Actual hardness:81.5+£5.11
Friability: 0.169

%Assay: 98.8+0.94
Temperature: 21.3 °C
Humidity: 48.0 %

—o—NVP029

Cumulative % NVP release
N
(e}

40 Yield: 75.3 %
Comments
20 - -No sticking
-No edge splitting
0 , , , . -No capping
0 5 10 15 20 25 30 -Smooth surface finish

Time (hours)
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BATCH SUMMARY - NVP030
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  10h30 am
Batch Number: NVP030 (end): 11h20 am
Blending Date: 07-06-2012 Tableting Time (start): 11h45 am
Tableting Date: 07-06-2012 (end):  12h30 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 90.82 RMO000260
Methocel® K4M 33.16 90.44 RMO000060
SuperTab® Spray dried lactose 25 68.12 RMO000161
Avicel® PH102 15.32 41.78 RMO000038
Mg stearate 1.1 3.0 RMO000304
Talc 1.1 3.0 RMO000050
Colloidal silicon dioxide 1.0 2.74 RMO000305
Dissolution profile
120 Target weight: 330 mg

—&—Optimal F

Cumulative % NVP release
N
(e}

40 —=—REFERENCE
20 -
0 T T T 1
0 5 10 15 20 25

Time (hours)

30

Actual weight: 328.5+4.30
Target hardness: 100 — 150 N
Actual hardness:117.0+4.73
Tensile Strength: 1.4543.70
Friability: 0.171+2.34
%Assay: 99.7+£3.80
Temperature: 22.0°C
Humidity: 61.0 %

Yield: 78.5 %

Comments

-No sticking

-No edge splitting

-No capping

-Smooth surface finish
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BATCH SUMMARY - NVP031
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 11h30 am
Batch Number: NVP031 (end): 12h10 pm
Blending Date: 07-06-2012 Tableting Time (start): 12h45 pm
Tableting Date: 07-06-2012 (end):  13h10 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 90.82 RM000260
Methocel® K4M 33.16 90.44 RMO000060
SuperTab® Spray dried lactose 25 68.12 RMO000161
Avicel® PH102 15.32 41.78 RMO000038
Mg stearate 1.1 3.0 RMO000304
Talc 1.1 3.0 RMO000050
Colloidal silicon dioxide 1.0 2.74 RMO000305
Dissolution profile
120 Target weight: 330 mg
Target hardness: 100 — 150 N
100 Temperature: 22.0°C
Humidity: 61.0 %
80 Yield: 76.9 %
Comments
60 -

40 -

Cumulative % NVP release

20 -

—o— Optimal F

10 15 20 25 30
Time (hours)

-No sticking

-No edge splitting
—8—REFERENCE -No capping

-Smooth surface finish
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BATCH SUMMARY - NVP032
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start):  12h20 pm
Batch Number: NVP032 (end): 12h55 pm
Blending Date: 07-06-2012 Tableting Time (start): 13h20 pm
Tableting Date: 07-06-2012 (end):  13h45 pm
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 90.82 RM000260
Methocel® K4M 33.16 90.44 RMO000060
SuperTab® Spray dried lactose 25 68.12 RMO000161
Avicel® PH102 15.32 41.78 RMO000038
Mg stearate 1.1 3.0 RMO000304
Talc 1.1 3.0 RMO000050
Colloidal silicon dioxide 1.0 2.74 RMO000305

Dissolution profile

20 -Smooth surface finish

120 Target weight: 330 mg
Target hardness: 100 — 150 N
2 100 - Temperature: 22.0°C
e Humidity: 61.0 %
e 80 - Yield: 75.7 %
% Comments
X 60 - -No sticking
z —e—Optimal F -No edge splitting
E 40 —@— REFERENCE -No capping
3

0 5 10 15 20 25 30
Time (hours)
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BATCH SUMMARY - NVP033
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 22h20 pm
Batch Number: NVP033 (end): 23h03 pm
Blending Date: 20-07-2012 Tableting Time (start): 01h30 am
Tableting Date: 20-07-2012 (end): 01h50 am
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 90.82 RMO000260
Methocel® K15M 33.16 90.44 RMO000060
SuperTab® Spray dried lactose 25 68.12 RMO000161
Avicel® PH102 15.32 41.78 RMO000038
Mg stearate 1.1 3.0 RMO000304
Talc 1.1 3.0 RMO000050
Colloidal silicon dioxide 1.0 2.74 RMO000305
Dissolution profile
70 - Target weight: 330 mg
2 Target hardness: 100 — 150 N
% 60 1 Temperature: 22.0°C
& 50 - Humidity: 61.0 %
; 40 | Yield: 72.8 %
S Comments
z 20 -No sticking
=20 - -No edge splitting
g 10 4 -No capping
S -Smooth surface finish
0 T T T T T 1
0 5 10 15 20 25 30

Time (hours)
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BATCH SUMMARY - NVP034
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 23h14 pm
Batch Number: NVP034 (end): 23h50 pm
Blending Date: 20-07-2012 Tableting Time (start): 02h00 am
Tableting Date: 20-07-2012 (end): 02hl15 am
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 90.82 RMO000260
Methocel® K100M 33.16 90.44 RMO000060
SuperTab® Spray dried lactose 25 68.12 RMO000161
Avicel® PH102 15.32 41.78 RMO000038
Mg stearate 1.1 3.0 RMO000304
Talc 1.1 3.0 RMO000050
Colloidal silicon dioxide 1.0 2.74 RMO000305
Dissolution profile
50 - Target weight: 330 mg
2 45 Target hardness: 100 — 150 N

Cumulative % NVP

Temperature: 22.0°C
Humidity: 61.0 %
Yield: 79.3 %
Comments

-No sticking

-No edge splitting

-No capping

-Smooth surface finish

0 5 10 15 20
Time (hours)

25

30
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BATCH SUMMARY - NVP035
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 24h00 pm
Batch Number: NVP035 (end): 24h37 pm
Blending Date: 20-07-2012 Tableting Time (start): 02h30 am
Tableting Date: 20-07-2012 (end): 02h42 am
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 90.82 RMO000260
Methocel® K4M 33.16 90.44 RMO000060
SuperTab® Spray dried lactose 25 68.12 RMO000161
Avicel® PH101 15.32 41.78 RMO000038
Mg stearate 1.1 3.0 RMO000304
Talc 1.1 3.0 RMO000050
Colloidal silicon dioxide 1.0 2.74 RMO000305
Dissolution profile
100 - Target weight: 330 mg
g 90 - Target hardness: 100 — 150 N
S g0 - Temperature: 22.0°C
E 70 - Humidity: 61.0 %
E 60 - Yield: 72.8 %
X 50 Comments
2 40 1 -No sticking
l:{ 30 -No edge splitting
E 20 -No capping
o 10 -Smooth surface finish
0 T T T T )
0 5 10 15 20 25 30

Time (hours)
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BATCH SUMMARY - NVP036

Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 24h30 pm
Batch Number: NVP036 (end): 01h10 am
Blending Date: 20-07-2012 Tableting Time (start): 02h50 am
Tableting Date: 20-07-2012 (end): 03h05 am
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 90.82 RMO000260
Methocel® K4M 33.16 90.44 RMO000060
SuperTab® Spray dried lactose 25 68.12 RMO000161
Avicel® PH200 15.32 41.78 RMO000038
Mg stearate 1.1 3.0 RMO000304
Talc 1.1 3.0 RMO000050
Colloidal silicon dioxide 1.0 2.74 RMO000305
Dissolution profile
120 - Target weight: 330 mg

100

80

60

40

20

Cumulative % drug release

0 5 10 15 20
Time (hours)

25

30

Target hardness: 100 — 150 N
Temperature: 22.0°C
Humidity: 61.0 %

Yield: 76.9 %

Comments

-No sticking

-No edge splitting

-No capping

-Smooth surface finish
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BATCH SUMMARY - NVP037

Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 01h20 am
Batch Number: NVP037 (end): 01h55 am
Blending Date: 20-07-2012 Tableting Time (start): 03h10 am
Tableting Date: 20-07-2012 (end): 03h26 am
Formula
Material %w/w  Amount added (g) Rhodes #
NVP 333 90.82 RMO000260
Methocel® K4M 33.16 90.44 RMO000060
Tablettose® agglomerated lactose 25 68.12 RMO000161
Avicel® PH200 15.32 41.78 RMO000038
Mg stearate 1.1 3.0 RMO000304
Talc 1.1 3.0 RMO000050
Colloidal silicon dioxide 1.0 2.74 RMO000305

Dissolution profile

100 -
90 -
80 -
70 -
60 -
50 A
40 ~
30 A
20 ~
10 -

Cumulative %NVP release

0 5 10 15 20
Time (hours)

25

30

Target weight: 330 mg
Target hardness: 100 — 150 N
Temperature: 22.0°C
Humidity: 61.0 %

Yield: 73.7 %

Comments

-No sticking

-No edge splitting

-No capping

-Smooth surface finish
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BATCH SUMMARY - NVP038
Faculty of Pharmacy, Rhodes University

Formulator: Chiluba Mwila Batch size: 300 g
Product: Nevirapine tablets Blending Time (start): 02h05 am
Batch Number: NVP038 (end): 02h40 am
Blending Date: 20-07-2012 Tableting Time (start): 03h32 am
Tableting Date: 20-07-2012 (end): 03h47 am
Formula
Material Y%ow/w Amount added (g) Rhodes #
NVP 333 90.82 RMO000260
Methocel® K4M 33.16 90.44 RM000060
FlowLac® Spray dried lactose 25 68.12 RMO000161
Avicel® PH200 15.32 41.78 RMO000038
Mg stearate 1.1 3.0 RMO000304
Talc 1.1 3.0 RMO000050
Colloidal silicon dioxide 1.0 2.74 RMO000305
Dissolution profile
100 - Target weight: 330 mg

Cumulative % NVP Release

0 5 10 15 20
Time (hours)

25

30

Target hardness: 100 — 150 N
Temperature: 22.0°C
Humidity: 61.0 %

Yield: 77.5 %

Comments

-No sticking

-No edge splitting

-No capping

-Smooth surface finish

206 | Page



APPENDIX THREE

Diagnostic and response surface plots for responses monitored in Box-Behnken design
optimisation process.
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Design-Expert® Software
R1(Amount of drug released at 2hr)

Color points by value of

RI(Amount of drug released at 2):

E 16.481
7.8657

Design-Expert® Software
R1(Amount of drug released at 2hr)

Color points by value of
R1(Amount of drug released at 2hr):
L ———

7.8657

Design-Expert® Software
R1(Amount of drug released at 2hr)

Lambda
Current = 1
Best = 2.51
Low C.l. =-1.26
High C.I. = 5.47

Recommend transform:

(Lambda = 1)

Normal % Probability

Internally Studentized Residuals

Ln(ResidualSs)

Normal Plot of Residuals

Diagnostic plots for response Y: NVP release at 2 hours — quadratic model.

Figure Ap. 3.1. Normal plot of residuals for Y.

Figure Ap. 3.2. Plot of residuals vs. predicted response for Y.
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Box-Cox Plot for Power Transforms
220 —
2.00 —
1.80 —
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1.20 —
-
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Figure Ap. 3.3. Box-Cox plot for power transforms for response Y.



2. Response surface plots for response Y

Design-Expert® Software
Factor Coding: Actual

R1(Amount of drug released at 2hr)

R1(Amount of drug released at 2hr) 250
® Design Points
I16.481
7.8657
23.0
X1 = A: HPMC
X2 = B: SDL

Actual Factor
C: Avicel PH102 = 13.5

B:SDL

A: HPMC

Figure Ap. 3.4. Contour plot of the effect of SDL and HPMC on response Y.

Design-Expernt® Software

Factor Coding: Actual

R1(Amount of drug released at 2hr) 185
® Design Points

I16.481

7.8657

X1 =A: HPMC

X2 = C: Avicel PH102

R1(Amount of drug released at 2hr)

165

Actual Factor

B: SDL = 20.0 145

C: Avicel PH102

A HPMC

Figure Ap. 3.5. Contour plot of the effect of PH102 and HPMC on response Y.

Design-Expert® Software
Factor Coding: Actual

R1(Amount of drug released at 2hr)

R1(Amount of drug released at 2hr) 185
® Design Points
I16.481
7.8657
16.5
X1 =B: SDL N
X2 = C: Avicel PH102 o
—
Actual Factor T
A: HPMC = 30.0 o 145
©
L
>
<
.. 125
]

105

B: SDL

Figure Ap. 3.6. Contour plot of the effect of PH102 and SDL on response Y.
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Design-Expert® Software

Factor Coding: Actual

R1(Amount of drug released at 2hr)

® Design points above predicted value
o

516 481
7.8657
XL=A: HPMC
X2 =B:SDL

Actual Factor
C: Avicel PH102 = 13.5

R1(Amount of drug released at 2hr)

150 25.0

Figure Ap. 3.7. 3-D plot of the effect of SDL and HPMC on response Y.

Design-Expert® Software

Factor Coding: Actual

R1(Amount of drug released at 2hr)

® Design points above predicted value
o

EIG.ABI

7.8657

XL=A: HPMC

X2 = C: Avicel PH102

Actual Factor
B: SDL =20.0

185 35.0

R1(Amount of drug released at 2hr)

125
C: Avicel PH102 105

85 250

Figure Ap. 3.8. 3-D plot of the effect of PH102 and HPMC on response Y.

Design-Expert® Software

Factor Coding: Actual

R1(Amount of drug released at 2hr)

® Design points above predicted value

°
E 16.481

7.8657 18
X1 =B:SDL
X2 = C: Avicel PH102 16

Actual Factor
A: HPMC = 30.0

25.0

R1(Amount of drug released at 2hr)

C: Avicel PH102 105 7.0 B: SDL

Figure Ap. 3.9. 3-D plot of the effect of PH102 and SDL on response Y.
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3. Diagnostic plots for response Y,

Design-Expert® Software
R2(8hr)

Color points by value of
R2(8hr):

558 561
33.523

Normal % Probability

Normal Plot of Residuals

: NVP release at 8 hours — linear model.

Figure Ap. 3.10. Normal plot of residuals for response Y.

Design-Expert® Software
R2(8hr)

Color points by value of
2(8hr):
I e ——————
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Internally Studentized Residuals
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-2.00 1.00 0.00 1.00 2.00
Internally Studentized Residuals
Residuals vs. Predicted
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Figure Ap. 3.11. Plot of residuals vs. predicted responses for response Y.

Design-Expert® Software
R2(8hr)

Lambda
Current = 1
Best = -2.55
Low C.I. = -6.49
High C.I. = 2.89

Recommend transform:
None
(Lambda = 1)

Figure Ap. 3.12. Box-Cox plot for power transforms for response Y.
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4. Response surface plots for response Y>

Design-Expernt® Software
Factor Coding: Actual
R2(8hr)
e Design Points

58.561

33.523
X1 =A: HPMC
X2 =B: SDL

Actual Factor
C: Avicel PH102 = 13.50

B:SDL

R2(8hr)

25.00 27.00 29.00 31.00 33.00 35.00

A: HPMC

Figure Ap. 3.13. Contour plot of the effect of SDL and HPMC on response Y.

Design-Expert® Software
Factor Coding: Actual
R2(8hr)

® Design Points

I58.551
33.523
=A: HPMC
= C: Avicel PH102

Actual Factor
B: SDL = 20.00

C: Avicel PH102

18.50

16.50

14.50

12.50

10.50

R2(8hr)

25.00 27.00 29.00 31.00 33.00 35.00

A: HPMC

Figure Ap. 3.14. Contour plot of the effect of PH102 and HPMC on response Y.

Design-Expert® Software
Factor Coding: Actual
R2(8hr)

® Design Points

I58.561

33.523

X1 = B: SDL

X2 = C: Avicel PH102

Actual Factor
A: HPMC = 30.00

C: Avicel PH102

18.50

16.50

14.50

12.50

10.50

R2(8hr)

15.00 17.00 19.00 21.00 23.00 25.00

B: SDL

Figure Ap. 3.15. Contour plot of the effect of PH102 and SDL on response Y».
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Design-Expent® Software

Factor Coding: Actual

R2(8hr)

® Design points abowe predicted value
°

ESS.SGI
33.523

X1 =A: HPMC
X2 = B: SDL

Actual Factor
C: Avicel PH102 = 13.50

R2(8hr)

15.00 25.00

Figure Ap. 3.16. 3-D plot of the effect of SDL and HPMC on response Y.

Design-Expert® Software
Factor Coding: Actual
R2(8hr)

® Design points above predicted value
°
ESS 561

33.523 60
X1 = A: HPMC
X2 = C: Avicel PH102 55
Actual Factor 50
B: SDL = 20.00

R2(8hr)

18.50 35.00

12.50

C: Avicel PH102 10.50

8.50 25.00

Figure Ap. 3.17. 3-D plot of the effect of PH102 and HPMC on response Y.

Design-Expert® Software

Factor Coding: Actual

R2(8hr)

® Design points above predicted value
°

ESB 561

33.523

X1 =B: SDL

X2 = C: Avicel PH102

Actual Factor
A: HPMC = 30.00

R2(8hr)

14.50

12.50

C: Avicel PH102 105\/ 17.00 B: SDL

8.50 15.00

Figure Ap. 3.18. 3-D plot of the effect of PH102 and SDL on response Y».
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5. Diagnostic plots for response Y4: NVP release at 24 hours- 2FI model

Design-Expent® Software
R4( 24hr)

Color points by value of
R4( 24hr):

590.451
81.574

Normal % Probability

Normal Plot of Residuals

Figure Ap. 3.19. Normal plot of residuals for response Y.
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Figure Ap. 3.20. Plot of residuals vs. predicted responses for response Y 4.

Design-Expert® Software
R4( 24hr)

Lambda

Current = 1

Best = -2.71

Low C.I. = -27.81
High C.I. = 22.38

Recommend transform:
None |
(Lambda = 1)

Ln(ResidualSs)

Box-Cox Plot for Power Transforms

4.70 —

4.60 —

450 —

4.40 —|

4.30 —

420 —

4.10 —

Lambda

Figure Ap. 3.21. Box-Cox plot for power transforms for response Y.
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6. Response surface plots for response Y4

Design-Expert® Software
Factor Coding: Actual
R4( 24hr) 25.00
® Design Points
5.

I90.4 1
81.574

X1 = A: HPMC
X2 = B: SDL

R4( 24hr)

23.00

Actual Factor

C: Avicel PH102 = 13.50 21.00

B:SDL

19.00

17.00

25.00 27.00 29.00 31.00 33.00 35.00

A: HPMC

Figure Ap. 3.22. Contour plot of the effect of SDL and HPMC on response Y 4.

Design-Expert® Software
Factor Coding: Actual

R4( 24hr)

R4( 24hr) 18.50
e Design Points
I90.451
81.574
16.50
X1 =A: HPMC N
X2 = C: Avicel PH102 <
—
Actual Factor T
B: SDL = 20.00 o 14.50
@
L2
>
<
.. 12.50
o
10.50
8.50
25.00 27.00 29.00 31.00 33.00 35.00

A: HPMC

Figure Ap. 3.23. Contour plot of the effect of PH102 and HPMC on response Y 4.

Design-Expert® Software

Factor Coding: Actual R4( 24hr)
RA4( 24hr) 18.50
® Design Points
I90.451
81.574
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X1 =B: SDL N
X2 = C: Avicel PH102 e
—
Actual Factor T
A: HPMC = 30.00 o 14.50
©
L
>
<<
.- 12.50
O
10.50
8.50
15.00 17.00 19.00 21.00 23.00 25.00

B: SDL

Figure Ap. 3.24. Contour plot of the effect of PH102 and SDL on response Y.
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Design-Expert® Software
Factor Coding: Actual
R4( 24hr)

® Design points above predicted value
°

%90 451
81.574

X1 = A: HPMC
X2 = B: SDL

Actual Factor
C: Avicel PH102 = 13.50

R4(24hr)

15.00 25.00

Figure Ap. 3.25. 3-D plot of the effect of SDL and HPMC on response Y 4.

Design-Expert® Software

Factor Coding: Actual

R4( 24hr)

® Design points above predicted value
°

EQD 451
81.574

) 92
X1 =A: HPMC

X2 = C: Avicel PH102 90
Actual Factor 88

B: SDL = 20.00

R4( 24hr)

18.50 35.00

12.50

C: Avicel PH102 10.50

8.50 25.00

Figure Ap. 3.26. 3-D plot of the effect of PH102 and HPMC on response Y 4.

Design-Expent® Software
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14.50
12.50

C: Avicel PH102 10.50

8.50 15.00

Figure Ap. 3.27. 3-D plot of the effect of PH102 and SDL on response Y.
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7. Diagnostic plots for response Ys: f5 factor — quadratic model

Design-Expert® Software

RS(2) Normal Plot of Residuals
Color points by value of
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Figure Ap. 3.28. Normal probability plot of residuals for response Ys.
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Figure Ap. 3.29. Plot of residuals vs. predicted responses for response Y.
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Figure Ap. 3.30. Box-Cox plot for power transforms for response Y's.
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8. Response surface plots for response Y's

Design-Expert® Software
Factor Coding: Actual
R5(12)
e Design Points

81.5

43

X1 = A: HPMC
X2 =B: SDL

Actual Factor
C: Avicel PH102 = 13.50

Figure Ap. 3.31

Design-Expert® Software
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. Contour plot of the effect of SDL and HPMC on response Y.
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Figure Ap. 3.32. Contour plot of the effect of PH102 and HPMC on response Ys.
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Figure Ap. 3.33. Contour plot of the effect of PH102 and SDL on response Y.
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Figure Ap. 3.34. 3-D plot of the effect of SDL and HPMC on response Ys.
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Figure Ap. 3.35. 3-D plot of the effect of PH102 and HPMC on response Y.
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Figure Ap. 3.36. 3-D plot of the effect of PH102 and SDL on response Y.
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9. Diagnostic plots for response Yg: n-exponent- linear model
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Figure Ap. 3.37. Normal plot of residuals for response Y.
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Figure Ap. 3.38. Plot of residuals vs. predicted responses for response Y.
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Figure Ap. 3.39. Box-Cox plot for power transforms for response Y.
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10. Response surface plots for response Y
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Figure Ap. 3.40. Contour plot of the effect of SDL and HPMC on response Y.
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Figure Ap. 3.41. Contour plot of the effect of PH102 and HPMC on response Y.
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Figure Ap. 3.42. Contour plot of the effect of PH102 and SDL on response Y.
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Figure Ap. 3.43. 3-D plot of the effect of SDL and HPMC on response Y.
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Figure Ap. 3.44. 3-D plot of the effect of PH102 and HPMC on response Y.
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Figure Ap. 3.45. 3-D plot of the effect of PH102 and SDL on response Y.
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