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Propranolol HC] wax matrix pellets were prepared by extrusion-spheronization
technique. Various kinds of waxy material were used as matrix forming agent. Lactose
was chosen as channeling agent in the formulation. The type and amount of matrix
additives affected the condition of extrusion-spheronization process and the physical
properties of matrix pellets. The release characteristics of propranolol HCI form wax
matrix pellet were not prolonged enough to have sustained release properties as required
except those containing highest percent of Compritol®. Thus, compaction of matrix
pellets in to matrix tablet was very effective way for reducing drug release rate as
required. The release rate was decreased with an increase in the content of wax or
propranolol HCI, whereas increasing lactose tended to increase the drug release. The
release characteristics of propranolol HCl from all formulations depended on
environmental pH medium. Lubritab®, Compritol®, and Precirol® were found to be the
most suitable waxes during the production process and exhibited the most satisfactory
release profiles. Adjusting the level of these waxes or other additives could provide the
release of propranolol HCI matrix tablet in compliance with commercial products.

The IR spectra of the obtained matrices indicated no interaction between drug,
wax, and other additives in the formulation. Propranolol HCl was still in crystalline form
and characteristic peaks of propranolol HCl were observed and negligibly shifted by x-
ray diffractometry investigation. The position of the major‘peaks remained relatively

unchanged by DSC investigation.

- [y A - &“[
AT, SATYQATIROTIY e awlio¥oiida.......... N 6:) ..................

M. INFUQANIUNTIN. e, awilsonrnndmfEn........ DA oS



ACKNOWLEDGEMENTS

I would like to express my grateful and sincere thankfulness to my
thesis advisor, Associate Professor Poj Kulvanich, Ph.D. for his invaluable attention,
guidance, encouragement and support throughout this research. His generosity and

helpfulness are really appreciated.

Special acknowledgements are given to Mr, Paisan Sefsuwan, Ph.D.
National Metal and Material Center (MTEC), Ministry of Science, Technology and
Environment, Thailand. For his helpfulness and supporting in X-ray diffractometry
evaluations. The other special acknowledgements is extended to Assistant Professor
Phongsak Kunluan, Department of Physiology, Faculty of Pharmaceutical Sciences,
Chulalongkorn University for his thoughtful advices and support for Image Analyzer
in my work. A special acknowledgement is extended to Thai Powder Technology
Center, Faculty of Engineer, Chulalongkorn University for supplying a momentous

instrument, Xtruder®, in this research.

A special appreciation is also given to Graduate school, Chulalongkorn
University for granting partial financial support to fulfill this investigation and being
the place for learning, participating academic activities, which is one. of the valuable

experiences in my life,

My special thanks is-send to all staffs-and members in the department
of Manufacturing Pharmacy and all of my friends in Master’s degree for their

encouragement and assistance,

Finally, I would like to express my tremendous gratitude to my parents.
Their endless love and encouragement given to me are immeasurable and contributed

me to finish this work.



CONTENTS

Thai ABStract....c..coovvvieive s e e et e e e
English Abstract...........ooocoiiieceiiin i
Acknowledgements..........oooveies it ies et i i b

Listof Tables...... ...ccccee e

List of FIQUIES......c.ocooivt it i o v sreretine e e e e

List of Abbreviations......co.cvvevnven cenvnnons

Chapter

I Introduction... .......ivcoinreiisveriionenes coeieniinnienneneen
.. 43
ceen 62
e 176
... 196
.. 206
veerr 264

II Experimental..............occooeiiineceinnnnn
III Results ....oonini i niin canainaes
IV Discussion and Conclusions... .......cccu.....

2 (=] = 1 1 =T TR

Appendices.............

VA oo ir cenens

Page

iv

.. Vil

.. XXiV



Table

1 Critical factors in extrusion-Spheronization... ......cc.ovvveecvvvreinves veeees v

2 Material used as retardants in matrix tablet formulations................co e ene
3 Formulation of core pellets. ... oo i iie it it e v e e s e cen e
4  The pelletization conditions for preliminary study and suitable

10

11
12

13

14

15

LIST OF TABLES

CONAITIONS. .. ... ... cevuriiruen v vieves seeernnuneeer

Compositions of propranolol HC| matrix pellets at different percentage
of wax content................

Compositions of propranolol HC! matrix pellets at different percentage
of loading dose..................

The angle of repose, flow rate, bulk density, tapped density and percent

compressibility of the matrix pellet prepared from each formulations.........

The water required and percent yield of matrix pellet product..................

Sphericity values of matrix pellets prepared with different wax content
and loading dose..............

Percent friability of matrix pellets prepared with different wax content
and loading dose.............c.covveeveeunsviereninn

The percentage of drug content in matrix pellets... .........
Characteristic peaks of the IR spectra of matrix pellet products
produced by different type of wax..........cc.ccv.

Characteristic peaks of the X-ray diffraction patterns of matrix pellets
produced by different types of waxes.............oouevvvevernninn .o

The endotherm and exotherm of thermal analysis of propranolol HCI,
waxes, and matrix pellet products produced by different types of
waxes at 40 % and propranolol HCl at40%........................... ...
Preliminary study on tabletting properties of pellets compressed at

different compression forces...............

Page
.13
34
47

. 47

.. 48

.50

WT5
.78

.. 80

.. 83
.. 85

.. 89

.. 93

o 102

e, 103



- 23

ix

Table (cont.) Page
16 - Thickness, diameter, hardness, and disintegration time of matrix tablets

from various matrix pellet formulations............ccccoevv e iee e iivini v een. 114
17  Physical properties of wax matrix tablet containing 40 % of propranolol HC1

With 40 % of Precirol® prepared from single punch tabletting machine....... 154
18  Corelation coefficient of the relationships between percent drug

released versus time (A), percent drug released versus square root

time (B), and log percent drug remained versus time (C) of matrix tablet

SOFIULELIONS ... ... o2 oee voette s s irevss s seeseesasee e artses suesesseesnsnnaseseeee 158
19 Comparison of linearity between plots of rate of release against reciprocal

amount (1/Q) and amount (Q) of propranolol HCI released from matrix tablet

in 0.1 N HCl and phosphate buffer pH6.8......... .o cee vt ns 160
20  Linear regression of release rate (%F.hr’®®) and the percentage of wax (%wax)

giving the slope b ([%F]fhr **){%wax']) and intercepts a ((%F][hr**]) and

correlation COETICIENt T... .\ eviureeeacrreeeeriee creerceernn s nne s in e neeaenne 167
21 Linear regression of release rate (%F.hr®*) and the percentage of loading dose

(%loading dose) giving the slope b ([%F)[hr **][%loading dose™']) and

intercepts a ({%F]{hr *°]) and correlation coefﬁcwnt r.. SRR [ .Y 4
22 The effect of wax content on the release rates (%F. hr‘:’5 or %F. hr'° 5) of

propranolol HCI from tablets containing propranolol HCI 160 mg...............168

The effect of propranolo]l HCI content on the release rates

(%F.hr? or %F.hr*°) of propranolol HCI from tablets containing

160 IE WRX... . ool oot el e e ettt et s een e vt s 69
24  Diffusional exponent and mechanism of diffusional drug release from

non swellable controiled release system............ .o v v veevie e nnenvenvnnnns 173
25 Diffusional exponent and mechanism of diffusional drug release from

swellable controlled release systemm... ......cccoeeieeverviniiriinvie vescevvmncananne 173



Table (cont.)

26

27
28
29
30
31
32
33
34
35
36
37
38

39

40

The value of kinetic constant (k), release exponent (n) and correlation
coefficient (r*) following linear regression of dissolution data for values
of MyM,, in 0.1 N HC! and phosphate buffer pH6.8..................... ...

Absorbance of propranolol HCl in methanol at 290 nm...................coccc
Asorbance of propranolol HCl in HCl acid pH 1.2 at 289 nm...................
Absorbance of propranolol HCI in phosphate buffer pH 6.8 at 289 nm.......

Percentage amount of propranolol HCI release from reference capsules,

reference tablets, and commercial product (Inderal®).....ovivveeeiicee i

Percentage amount of propranolol HCI matrix pellet release from series of

Percentage amount of propranolol HCI matrix pellet release from series of
carnauba wax... ... ...

Percentage amount of propranolol HCI matrix pellet release from series of
glyceryl monostearate... ....oovvscer eeven it e e

Percentage amount of propranolol HCI matrix pellet release from series of
Lubritab®...........o0.
Percentage amount of propranolol HC! matrix pellet release from series of
Compritol®.......coovvir e e
Percentage amount of propranolol HCI matrix pellet release from series of
Precirol®... .. .o oo
Percentage amount of propranolol HC] matrix pellet release from series of
Gelucire 50/02%... ... L
Percentage amount of propranolol HCI matrix peliet release from various
concentration of propranolol HCI and beeswax at 40 %........................
Percentage amount of propranolol HCI matrix pellet release from various
concentration of propranolol HCI and carnauba wax at 40 %...............

Percentage amount of propranolol HC! matrix pellet release from various

concentration of propranolol HCI and glyceryl monostearate at 40 %.........

Page

. 174

207
208

..209

214

. 215

. 216

.. 217

e 218

e 219

e 220

e 221

o 222

223



Tablp (cont.)

41

42

43

44

45

46

47

48

49

50

51

32

53

54

Percentage amount of propranolol HCI matrix peliet release from various
concentration of propranolol HCl and Lubritab® at 40 %........ ... ....

Percentage amount of propranolol HC] matrix pellet release from various

concentration of propranolol HCl and Compritol® at 40 %.......................

Percentage amount of propranolol HCI matrix peliet release from various
concentration of propranolol HCI and Precirol® at 40 %... ... ...............
Percentage amount of propranolol HCI matrix pellet release from various
concentration of propranolol HCl and Gelucire® at 40 %...............
Percentage amount of propranolol HC] matrix tablet release from series of
DEESWAK. ... v it e tar et ste eee oo ereaes

Percentage amount of propranolol HCI matrix tablet release from series of
carnanba WaX......... e oiviiine s ienns en e

Percentage amount of propranolol HCI matrix tablet release from series of
glyceryl monostearate... ... v venirnes

Percentage amount of propranolol HCI matrix tablet release from series of
Lubritab®.........covves '
Percentage amount of propranolol HCl matrix tablet release from series of
COMPEOI®...... e oo s v '
Percentage amount of propranoiol HCI matrix tablet release from series of
PreCITOl® .o e e e e e s et o e e e,
Percentage amount of propranolol HCl matrix tablet release from senies of
Gelucire®... ..o e e,

Percentage amount of propranolol HCI matrix tablet release from various

.concentration of propranolol HCl and beeswax at 40 %.............c.cccoeeere

Percentage amount of propranolol HC! matrix tablet release from various
concentration of propranolol HCI and carnauba wax at 40 %...............

Percentage amount of propranolol HCI matrix tablet release from various

concentration of propranolol HC! and glycery! monostearate at 40 %... ......

Page

o 225

226

.. 227
e 228
.. 229
. 230
. 231
et 232
v 233
. 234

e 235

236

.. 237



xii

Table (cont.) Page

55 Percentage amount of propranolol HCI matrix tablet release from various
concentration of propranolol HCl and Lubritab® at 40 %.............ec.c.. ... 239
56 Percentage amount of pfopra.nolol HCl matrix tablet release from various
concentration of propranolol HCI and Compritol® at 40 %....................... 240
57 Percentage amount of propranolol HC] matrix tablet release from various
concentration of propranolol HC1 and Precirol® at 40 %.............c..ccov..... 241
58  Percentage amount of propranolol HC] matrix tablet release from various
concentration of propranolol HCI and Gelucire® at 40 %............cccocoe o, 242
59  The release rate of propranolol HCI from matrix tablet produced from
propranolol HCI at 40 % with various concentration of beeswax in
60  The release rate of propranolol HC] from matrix tablet produced from
propranolol HCI at 40 % with various concentration of beeswax in
phosphate buffer pH 6.8.....coooviiiimn 243
61  The release rate of propranolol HCI from matrix tablet produced from
beeswax at 40 % with various concentration of propranolol HCl in
52 The release rate of propranolol HCI from matrix tablet produced from
beeswax at 40 % with various concentration of propranolol HCI in
phosphate Buffer PHES. .. i i e 244
63 The release rate of propranolol HC] from matrix tablet produced from
propranolol HCI at 40 % with various concentration of Compritol®
64 The release rate of propranolol HCI from matrix tablet produced from
propranolol HCI at 40 % with various concentration of Compritol®

in phosphate buffer PH 6.8... ....c..cocvviviiv v o neve e o s cin e e sae s 243



Table (cont.)

65

66

67

68

69

70

71

72

73

74

75

10BAINE AOSE... ... cvveer v rve vt e e ee et e vre e nn s e e e e en s

The release rate of propranolol HCI from matrix tablet produced from
Compritol® at 40 % with various concentration of propranolol HCI

The release rate of propranolol HCI from matrix tablet produced from
Compritol® at 40 % with various concentration of propranolol HCI

in phosphate buffer pH6.8..........oooooiiiii i
Values for rate, amount released, and the corresponding reciprocal for the

release blank propranolol HCl matrix and Inderal®...........coovvmriieinineenn.

Values for rate, amount released and the corresponding reciprocal for the

release of propranolol HCI tablet containing various amounts of beeswax.....

Values for rate, amount released and the corresponding reciprocal for the
release of propranolol HCI tablet containing various amounts of
CATNAUDA WAX... .0t vutveeaee verieeeee rs cinaes sas snnnenbanass sesses sensrn s sunoos

Values for rate, amount released and the corresponding reciprocal for the

release of propranolol HCI tablet containing various amounts of GMS... ...

Values for rate, amount released and the corresponding reciprocal for the

release of propranolol HC! tablet containing various amounts of Lubritab®.

Values for rate, amount released and the corresponding reciprocal for the
release of propranolol HCl tablet containing various amounts of
Compritol®..............

Values for rate, amount released and the corresponding reciprocal for the

release of propranolol HCl tabiet containing various amounts of Precirol®....

Values for rate, amount released and the corresponding reciprocai for the

release of propranolol HCI tablet containing various amounts of Gelucire®...

Values for rate, amount released and the corresponding reciprocal for

the release of propranolol HC! tablet with series of beeswax at different

Xiii

Page

.. 246

... 246

247

248

... 249

250

.251

e 252

253

254

verer 255



Table (cont.)

76

77

78

79

80

8]

82
83

Values for rate, amount released and the corresponding reciprocal for

the release of propranolol HCI tablet with senies of car. wax at different

10AAING AOSE... ..ot vvt vt eenrrr s ee e e e e b e ees et e b

Values for rate, amount released and the corresponding reciprocal for
the release of propranolol HCI tablet with series of GMS at different

10BAING AOSE... .00 uee it it arcirais tin oe et ses vre oo e s e ene e vrecen vee s een aas

Values for rate, amount released and the corresponding reciprocal for

the release of propranolol HCI tablet with series of Lubritab® at

different 10ading dOSe........ouce it iiiiii it e i e et e e e et e e

Values for rate, amount released and the corresponding reciprocal for
rcléasc of propranolol HCI tablet with series of Compritol®at -
different loading dose.............oocooiii i e e,

Values for rate, amount released and the corresponding reciprocal for

the release of propranolol HC! tablet with series of Precirol® at

different l0ading dOSe. .. ... ..o iit i et e i cae i e e e ean e

Values for rate, amount released and the corresponding reciprocal for
the release of propranolol HCI tablet with series of Gelucire® at

different loading dose................ccciee e

Sieve analysis of each pellet formulation from different loading dose... ..

Steve analysis of each pellet formulation from different wax content... ...

X1v

Page

256

...257

258

. 259

260

.. 261
e 262
oo 263



Figure

1  Pellet-forming mechanism...................oooe.

2 Geometry of the spheronization plate................coouevee.

3 Diagrammatic representation of the stages of compaction................ccccee e
4  Lipid classification and Structure... .......coovivisioesen s nninnsinien eenn i i
5  Outline of pellmix PL 1/8 high shear miXer.........cccoccvvmnevinvvviinvicee e,
6  Impeller with changeable impeller blades............cccove v i iin e ven e
7  The destructive nucleation growth mechanism of high shear pelletization.......
8 GTanulatioﬁ formation mechanisms in melt agglomeration... .........

9  Schematic representation of a twin screw compounding extruder...............

ek ek ek
w o= O

i4

15

16

17

LIST OF FIGURES

Scheme of CF granulator (CF-3608)......c.cco o i et e e e i e i
Schematic representation of principle of TMG method..................ccovivn0 32

Niro-fielder, Model S320... oo viiiii it e e e e e e b e

Scanning electron photomicrographs of matrix pellet from the formulations
using Compritol® with various content of propranolol HCI (20%, 30%) at
different magnifiCationS... ... oo cveuvrvvsvsaee e iieven aeen e e cenaae e

Scanning electron photomicrographs of matrix pellet from the formulations

using Compritol® with various content of propranolol HCI (40%, 50%) at

different magnifications..................... ...

Scanning electron photomicrographs of matrix pellet produced from
different kinds of wax (40 %) at different magnifications.....................
Scanning electron photomicrographs of matrix pellet produced from

different kinds of wax (40 %) at different magnifications.....................

Compritol® ratio of 1:1 (40 %:40 %) prepared from different spheronization

Page

15
18
24

.. 24

26

ceenn 27
.30

31

46

... 64

veers 65

. 66

e 67

Scanning electron photomicrographs of matrix pellet with propranotol HCl to

speed (700 and 900 RPM) and different spheronization time (10 and 15 min) at

different magnifications....................

. 68



Figure (cont.)

18  Size distribution of propranolol HC! pellets produced by various amounts of
beeswax and carnauba wax at the same pelletization conditions... ...

19  Size distribution of propranolol HCI peliets produced by various amount of
GMS and lubritab® at the same pelletization conditions............

20  Size distribution of propranolo! HCI pellets produced by various amounts of
Compritol® and Precirof® at the same pelletization conditions..................

21  Size distribution of propranolol HCI pellets produced by various amounts of
Gelucire® and at the same pelletization conditions. .. ................cc.cevvennn..

22  Size distribution of propranolol HCI pellets produced by beeswax and
carnauba wax at 40 % with various amount of propranolol HCI at the
same pellefzation CONAItIONS. ., ... ... ciiveevitie e ree s ceecnnrce s renren vee e ceens

23 Size distribution of propranolol HCI pellets produced by GMS and

" Lubritab® at 40% with various amount of propranolol HC at the

same pelletization conditions... e e et e aee e

24  Size distribution of propranolol HCI pellets produced by CompntolO and
Precirol® at 40 % with various amount of propranolol HCI at the same
pelletization cONAItioNS... ... .. e it veeiiriircee e e e e e e e e

25  Size distribution of propranolol HCI pellets produced by Gelucire®
at 40 % with various amount of propranolol HCI at the same pelletization
conditions................o..l |

26 IR spectra of propranolol HCL............c..i v

27 Rspectraof Avicel PH 101®. ... . o,

28 IR spectraof Lactose.............ccccvnne oo

29 IR spectra of various kinds of wax..................ccovvv o,

30 IR spectra of white beeswax from first batch..................

31 IR spectra of propranolol HCI (PL) and matrix pellet produced from

40% PL with various kinds of 40%wax ...

Page

.. 70

.. 70

71

71

72

e 12

.13

e 13
...86
. 86
... 86
. 87
e 87

e 88



Figure (cont.)

32

33

34
35

36

37

38

39

40

41

42

43

X-ray diffractograms of propranolol HCI, Avicel PH 101, lactose, and

VAETOUS KINAS OF WAKES ... oee et e e venereesee s nn ets saneerenn vabnesavennenrnans

X-ray diffractograms of matrix pellets produced from propranolol HCl

at 40% and various kinds of waxes at 40%... ... .....ccoo i iiiiniin e
DSC thermograms of propranolol HCI, Avicel PH 101%, lactose.................
DSC thermograms of white beeswax, carnauba wex, glyceryl monostearate

and LubHtab®... ... ooi it e iitvs s e en et eas s e s aan et s e e e e e s

DSC thermograms of Compritol 888ATO®, Precirol ATOS®,

Gelucrie 50/02%...............

DSC thermograms of matrix pellets prepared from 40% white beeswax,
carnauba wax, glycery! monostearate, and Lubritab® with 40%

propranoiol HCL... ...... ..o it vt e e e e e

xvii

Page

91

v 92

97

98

veee 99

...100

DSC thermograms of matrix pellets prepared from 40% Compritol 888ATO®,

Precirol ATO5®, and Gelucire 50/02° with 40%Propranolol HCI ............

Scanning electron photomicrographs of matrix tablet prepared by
40 % commonly used wax and 40 % propranolol HCI before
dissolution test..........c. i iiiiinii e e

Scanning electron photomicrographs of matrix tablet prepared by

40 % gattefosse’s wax and 40 % propranolol HC1 before dissolution test......

Scanning electron photomicrographs of matrix tablet prepared by

40 % common wax and 40 % propranolol HCI after dissolution test..........

Scanning electron photomicrographs of matrix tablet prepared by

40 % gattefosse’s wax and 40 % propranolol HC] after dissolution test.......

Scanning electron photomicrographs of matrix tablet prepared by
(20%, 30%, 40%, 50%) Compritol ATO888® and 40 % propranolol HCI

After diSSOIULION 1ESE. .. o.i vt ie vt et it et e e crenereas rae e

101

oo 103

106

107

108

. 108



Xviii

Figure (cont.) Page

44  Scanning electron photomicrographs of matrix tablet prepared by

40% Compritol ATO888% and (20%, 30%, 50%) propranolol HCI

aﬁerdissolutiontes_t............................................;....................... 110,
45  Scanning electron photomicrographs of matrix tablet prepared by

50 % Compritol ATO888® and 40% propranolol HC after dissolution

test in different dissolution medium (I=pH 1.2, I=pH 6.8)................... 111
46  The release profiles of reference propranolol HCI capsules, reference

tablets and Inderal® capsule in medium pH1.2 and pH 6.8.......c..c.ccovenn.. 118
47 The release profiles of matrix pellet prepared from series of beeswax

in medium pH1.2 and pH6.8...... ... .ovvee e iieerinee e renenrsesve o sercen e 118
48  The release profiles of matrix pellet prepared from series of

carnauba wax in medium pH1.2 and pH6.8... ..o v vcieiiniiiiiin i 119
49  The release profiles of matrix pellet prepared from series of

glyceryl monostearate in medium pH1.2and pH 6.8........0ocvviininnennn 119
50 The release profiles of matrix pellet prepared from series of

" Lubritab® in medium pH1.2 8nd PH6.8... e vereeeasiactsescos e rer s vveeess 120

51  The release profiles of matrix peliet prepared from series of

Compritol® in medium pH1.2 and pH6.8.........c oo iiivncicinnc e 120
52  The release profiles of matrix pellet prepared from series of

Precirol® in medium pHI.2 8nd PH 6.8... ... c.trteoteesirsierseeereerserreneens 121
53  The release profiles of matrix pellet prepared from series of

Gelucire® in medium pH1.2 and pH6.8...........oc.. e v 121
54  The release profiles of matrix pellets containing 40 % of beeswax with

different loading dose in 0.1 N HC! pH 1.2 and phosphate buffer pH 6.8...... 123
55  The release profiles of matrix pellets containing 40 % of carnauba wax with

different loading dose in 0.1 N HC1 pH 1.2 and phosphate buffer pH 6.8...... 123



Xix

Figure (cont.) | Page

56

57

58

59

60

61

62

63

64

65

66

67

68

The release profiles of matrix pellets containing 40 % of glyceryl monostearate
with different loading dose in 0.1 N HCI pH 1.2 and phosphate

BUSTEr PH 6.8 c.v v et ceteet e ren e v ee e e e sesbe sra e saee e ns sae e onns 124
The release profiles of matrix peliets containing 40 % of Lubritab® with
different loading dose in 0.1 N HCI pH 1.2 and phosphate buffer pH 6.8...... 124
The release profiles of matrix pellets containing 40 % of Compritol” with
different loading dose in 0.1 N HCI pH 1.2 and phosphate buffer pH 6.8... .. 125
The release profiles of matrix pellets containing 40 % of Precirol® with

different loading dose in 0.1 N HCi pH 1.2 and phosphate buffer pH 6.8...... 125
The release profiles of matrix pellets containing 40 % of Gelucire® with
different loading dose in 0.1 N HCI pH 1.2 and phosphate buffer pH 6.8...... 126
The release profiles of tablets containing matrix pellets of series of

beeswax in 0.1 NHCIPHE2.. 0. vt i e e nee e eneser s s s ven e e 129
The release profiles of tablets containing matrix pellets of series of

beeswax in phosphate buffer pH 6.8... .......coooivnn v iinen i i e 129
The release rate profiles of propranolol HCl matrix tablet containing

various amount of beeswax at different medium.................. ..ol 130
The release rate profiles of propranolol HCI matrix tablet produced by

beeswax at 40 % with various amount of propranolol HCl at

different medium.......coooi il i e e e e e ses e 130

The release profiles of tablets containing 40 % of beeswax with different

loading dose in 0.1 N'HCI pH 1.2 and phosphate buffer pH 6.8................. 132
The release profiles of tablets containing 40 % of carnauba wax with different
loading dose in 0.1 N HCI pH 1.2 and phosphate buffer pH6.8... .............. 132
The release profiles of tablets containing matrix pellets of series of
carnauba wax in 0.1 NHCIpHIL.2..........coccoiiivn e ves v v vnn e e 133

The release profiles of tablets containing matrix pellets of series of

carnauba wax in phosphate buffer pH6.8.............c.cco i, 133
i



Figure (cont.) | Page
69 The release profiles of tablets containing matrix peliets of series of

glyceryl monostearate in 0.1 NHCIpH 1.2.........ccoovivivniiinnvennnnviennn e 135
70  The release profiles of tablets containing matrix pellets of series of

glyceryl monostearate in phosphate buffer pH 6.8..........c..cc..ecovcve e creees 135
71  The release profiles of tablets containing 40 % of glycerylmonostearate with

different loading dose in 0.1 N HC] pH 1.2 and phosphate buffer pH 6.8...... 137
72  The release profiles of tablets containing 40 % of Lubritab® with different

loading dose in 0.1 N'HCI pH 1.2 and phosphate buffer pH6.8................. 137
73 The release profiles of tablets containing matrix pellets of series of

Lubritab®in 0,1 NHCIPH 1.2, oovoveviecve e i ie v evaerreevereessreeee e enes 139
74  The release profiles of tablets containing matrix pellets of series of

Lubritab® in phosphate buffer pH 6.8... ... .c. o vvevvevciie v iiniiccinn e 139
75 Time to be used for releasing propranolol HCI at 30 and 50 % from |

formulation containing 40 % of propranolol HC! with various amount of

Lubritab® in different medium.............cooorceeiiaee e sen coe i vienveic e e, 140
76  Time to be used for releasing propranolol HCI at 30 and 50 % from

formulation containing 40 % of Lubritab® with various amount of

propranolo} HCl in different medium...........ccoooevieieeiii i 0. 140
77  The release profiles of tablets containing matrix pellets of series of

Compritol®in 0.1 N HCIPH 1.2 ..o orevrsoe oot ess oo ees e e seen 142
78  The release profiles of tablets containing matrix pellets of series of

Compritol® in phosphate buffer pH6.8................cocoiivinn e 142
79  The release rate profiles of propranolol HC] matrix tablet containing

various amount of Compritol® at different medium................c..ceeevn.... 144
80  The release rate profiles of propranolol HCI matrix tablet produced by

Compritol® at 40 % with various amount of propranolol HC! at different



Figure (cont.) Page

81

82

83
84
85
86
87
88
89
90
91
92

93

Time to be used for releasing propranolol HCl at 30 and 50 % from

formulation containing 40 % of propranolol HCI with various amount of
Compritol® in different medium..............ccoeeiieveveeien e vie s e e eer e 145
Time to be used for releasing propranolo! HCI at 30 and 50 % from

formulation containing 40 % of Compritol® with various amount of

propranolol HCI in different medium.......cocco oo cvenn e v il 145
The release profiles of tablets containing 40 % of Compritol® with different
loading dose in 0.1 N HCI pH 1.2 and phosphate buffer pH 6.8................. 147
The release profiles of tablets containing 40 % of Precirol® with different

loading dose in 0.1 N HCI pH 1.2 and phosphate buffer pH6.8................. 147
The release profiles of tablets containing matrix pellets of series of
Precirol®in 0.1 N HCIPH 1.2... c.. vt cveseeieeimeviaveevee e e venaarsen e v eeen 148

The release profiles of tablets containing matrix pellets 6f series of

Precirol® in phosphate buffer pH 6.8.....c.cccvv v verieciniic e e 148
The release profiles of tablets containing matrix pellets of series of

Gelugire® in 0.1 NHCIPH 1.2..c oo v v v cneieis e v e e 150
The release profiles of tablets containing matrix peliets of series of

Gelucire® in phosphate buffer pH6.8... ... ... covvrvirieerecvcerienceevcseeee. 150
The release profiles of tablets containing 40 % of Gelucire® with different
loading dose in 0.1 N HC] pH l‘.2 and phosphate buffer pH6.8................. 151
The sustained release power of various kind of waxes from matrix tablet

im0 INHCIPH 1.2, i et e et e ere e e e 153
The sustained release power of various kind of waxes from matrix tablet

in phosphate buffer pH 6.8... ..........oviiiiiir e et et e vee vt ere snaervresreees 153
The release profile of Inderal® and matrix tablet prepared from

40% of Precirol® by hydrautic press and single punch tabletting machine..... 155
The release profile of Inderal® and matrix tablet containing 40% of Precirol®

prepared by single punch tabletting machine......................co il 155
I



xxii

Figure {(cont.) Page
94  The Higuchi plot of propranolol HC} matrix tablet containing various amount
of Lubritab® in different medium... ... .......cove e ceeeurcee e ere e veemre rvnener 162
95  The first order plot of propranolol HC] matrix tablet containing various
amount of Lubritab® in different Medium.........ocoivue i e i anrnn 162
96 The Higuchi plot of propranolol HCl-lubritab matrix tablet with different
loading dose in different medium ... L 163
97  The first order plot of propranolol HCl-lubritab matrix tablet with different
loading dose in different medium...............coocesiiiin e e, veernnenn 163
98  The Higuchi plot of propranolol HCI matrix tablet containing various amount -
of Compritol® in different medium ..........c.ocoviiiiverir e e i rreveeeeennn . 164
99  The first order plot of propranolol HCI matrix tablet containing various
amount of Compritol” in different medium ..........oceveveriervvreer e vrrene .. 164
100 The Higuchi plot of propranolol HCl-compritol matrix tablet with different
loading dose in different medium.............o i iiiiin e i i e iaeenn 0, 168
101 The first order plot of propranolol HCl-compritol matrix tablet with
different loading dose in different medium... ......cccooeivevviceevensii i nnann ... 165
102 Relationship between release rate of propranolol HCI (%F.hr**) and the
percentage of commonly used wax contained in the formulation in different
MEAIUM L.. i ces e cveaes tesnae coe rne saemanvenesnnresns sansensas srevessessosssneenns 70
103 Relationship between release rate of propranolol HCI (%F.hr'o‘sj and the
percentage of loading dose in the formulation containing 40 % of commonly
used wax in different medium... ... Ll 170
104 Relationship between release rate of propranolol HCl (%F.hr®*) and the
percentage of Gattefosse wax contained in the formulation in different
MEAIUT oo oo s as s e e eee e see s e s e 171
105 Relationship between release rate of propranolol HCl (%F.hr®*) and the

percentage of loading dose in the formulation containing 40 % of Gattefosse

wax in different Medium.........ccovie it ven et e e e v e e e 1T



Xxiil

Figure (cont.) Page
106 Calibration curve of propranolol HCI in methanol at 290 nm.....................207
107 Calibration curve of propranolol HCI in HCl acid pH 1.2 at 289 nm............ 208
108 Calibration curve of propranolol HCI in phosphate buffer pH 6.8

AE289 MM ... vvs it e cn et vt cae vt bt senaas e 2enmee e eeaes nrn cente s bn san ann eer see 10 209
109 Absorbance scanning of beeswax blank pellet in 0.1 N HCl pH 1.2 and

phosphate buffer pH 6.8 ....c..oovvivenver e viies i i v e vee e a0, 210
110 Absorbance scanning of camnauba wax blank pellet in 0.1 N HCl pH 1.2 and

111

112

113

114

115

116

phosphate buffer pH6.8..........coi i . 210
Absorbance scanning of glyceryl monostearate blank pellet in 0.1 N HCI

pH 1.2 and phosphate buffer pH6.8 .........ccocorviviecin i vinvie e 211
Absorbance scanning of Lubritab® blank pellet in 0.1 N HCI pH 1.2 and
phosphate buffer pH6.8 .........coo it i s e e 211

Absorbance scanning of Compritol® blank pellet in 0.1 N HCl pH 1.2 and
phosphate buffer pH6.8 ..o i e 00 212
Absorbance scanning of Precirol® blank pellet in 0.1 N HCI pH 1.2 and
phosphate buffer pH 6.8 ..o e 212
Absorbance scanning of Gelucire® blank pellet in 0.1 N HC! pH 1.2 and
phosphate buffer pH 6.8, .........ccovivimiiiieriee i e v cee eee e 213
Absorbance scanning of propranolol HCl in 0.1 NHCI pH 1.2, .

phosphate buffer pH 6.8 and methanol 213



%

ug

cm
cm
CMC
DSC

min

ml

No.

LIST OF ABBREVIATIONS

percentage

microgram (s)

degree celcius (centrigrade)
degree

centimeter (s)

cube centimeter (s)

carboxy methyl cellulose
differential scanning calorimetry
exempli gratia, for example

Et alli, and others

gram (s)

glyceryl monostearate
hydrochloric acid or hydrochloride salt
hour (s) |

infared

kilogram (s)

kilopound (s)

microcrystalline cellulose
milligram (s)

minute (s)

milliliter (s)

nanometer (s)

number

the negative logarithm of the hydrogen ion

concentration



PL
psi
PVC
q.s.
RPM
SD
SEM

w/v

w/w

the negative logarithm of the dissociation
constant

propranolol HCI

pound per square inch
polyvinyl chloride

make to volume

round per minute

standard deviation

scanning electron microscopy
ultraviolet

weight by volume

weight by weight



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Abbreviations

