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The feasibility to apply chitin and chitosan as film formers in
entirely aqueous-based tablet coating was evaluated using pan-spray method.
The physical properties and the drug release characteristics of the film
coated tablets were investigated in comparison with those derived from the
cellulosic polymers. The water solubility of the film formers themselves
mainly affected the extent of drug release characteristics of the coated
tablets. Increasing either the coating level or the proportion of water-
insoluble film former in the coating formulations, resulted in slower drug
release characteristics. The drug release mechanism appeared to be
concomitantly a combination of diffusion through the porous film structure
and osmotically driven release. In comparison with the commercial
preparation, the selected experimental formulation which followed the USP
standard, showed the complete drug release profile within 24 hours.
Tensile properties and ability of moisture sorption of the cast films were
also examined.

ﬂ'lfﬁ‘lﬂ b ﬂﬁﬂ@ﬂé'\ﬂﬂ? Y a]uﬁﬂ%oﬁam Qﬁ“ﬂﬂ’ ﬂfTﬂ 1 T\.} J) ﬁ

- 3 4 ¢
CALREL R awilevenronssmiInwa.. il ’( ¢ Frtide)
2 = Ng A J ] ’ -
Un1sfnw....2537 awisree0sgninyiiau /b'

—



Acknowledgements

I would 1like to express my sincere gratitude to Associate
Professor Garnpimol C. Ritthidej, Ph.D., my thesis advisor, for her
invaluable contributions, advice, and guidance throughout the
investigation. Her patience, kindness, and understanding are also

extremely appreciated.

I am also indebted to Assistant Professor Chairote
Kunpanitchakit, Ph.D., my thesis co-advisor, who devoted his valuable

time to the helpful suggestion and guidance.

A special appreciation is also extended to the National
Research Council of Thailand, who supported this research through the
Institute of Aquatic Resources, Chulalongkorn University, and to the
Graduate School, Chulalongkorn University for granting partial

financial support to fulfill this investigation.

To the members of thesis committee, I wish to appreciate for

their valuable suggestions.

The special acknowledgement is extended to all staffs in the

Department of Manufacturing Pharmacy for their assistance.

Certainly, I would like to express my infinite gratitude to my

parents for their love, continuous support, care and understanding.



Contents

Page

THOY  ARREROUL, S o on Bl R0 o ot ataatn v s s ks 40 BB bm wnin St iR Iv
BREERah. ADBRTRCL: 1, 6v o diis ain s s dvsows 00 oat 53 005 B0 ACES o Pab dhs s v
AoV LOCTOBOUEE Y o L5k o i pne o 0 o SLKS o bods TR v oo it o 2 5hs wie 8 8% viu & x VI
LISU B TRDINR . < iinnin e thove ob BBavinns oo B0 s mad e s o miie ey i, o SPIR VIII
LESY BE PLouBRls s idioihn vy mettvis s oeddsngneves dsanteil i ob o ikt XVII
Chapter

F o - Gonernl Deckanolilil, . {2, coewtane <56 St tetss saninees 1

IT' Expepimentalat o /. N R o0 ¢ siohs Bpi ot s oo & % v 5 = dvs e 43

PP RBBUALRLC Gii /o DR 0 e RNiw o ¢ diim 465 da's a'm & 65 ok o' 66

IV Discussion and CORCIPNPBNE. .. ¥esicio's s ave creee s sonasss 129
REFETONERE 15 < ot s awi o tohle o ONPIIIE L ANNN ic o d a8 s sive s ot anies 149
APPBRATCOB . ¢ < o508 i o vhinebio v n NI, « & &s ob o 6% ads 476 o8 s o Hln e s 164

1G5 .50 1\ SRR P AN ————————————————————— 4 SR DI T RS S 267



Table

(9] ]

10

1%

12

List of Tables

Common Methods to Eliminate Organic Solvents from the
COBLANG - PROCERES S '5ve o Delh « scoisinie oio s 0 ate nin e & 855 Wig o s 0 o siin oo
General Features of Pseudolatex Coating Systems for
CONEYO RIS DR  RETEASE .o vs i s aie e s o ose s bl es s oo e es s
The Compositions of Propranolol HCl Core Tablets.......
Viscosity Coefficient at Various Concentrations of
Chitosan Film Codling Foraulaltons v . ccccevcececcccoces
Viscosity Coefficient at Various Concentrations of
Hydroxypropyl Methylcellulose Film Coating Formulations
Viscosity Coefficient at Various Concentrations of
Methylcellulose Film Coating Formulations..............
Viscosity Coefficient at Various Concentrations of
Hydroxypropyl Cellulose Film Coating Formulations......
Concentration of Other Film Formers Providing the Same
Viscosity Coefficient as 5% w/w  Hydroxypropyl
Methylcellulose Film Coating Formulations..............
Solids Content of Chitin Aqueous DispersionsS...........
Mean Particle Size of Dispersed Phase in Chitin and
Ethylcellulose Aqueous DisSpersionS........eeeeeeeeeeens
Designations for Tablets Coated with Film Coating
Formulations Containing One Film Former..........co....
Properties of Propranolol HC1 Core Tablets before Being

Coated with Chitosan Film Coating Formulations.........

Page

25

47

70

70

71

i

T4 .

74

75

78

79



Table (cont.)

13

14

15

16

17

18

19

20

g1

22

23

Properties of Propranolol HCl Core Tablets before Being
Coated with Hydroxypropyl Methylcellulose Film Coating
FOXBplatlons. . o Vo s cowan s S gebin s vmin i
Properties of Propranolol HC1 Core Tablets before Being
Coated with Methylcellulose Film Coating Formulations
Properties of Propranolol HC1 Core Tablets before Being
Coated with Hydroxypropyl Cellulose Film Coating
Foraulations. il o/ N NG e s deae e obs . B
Properties of Propranolol HCl Core Tablets before Being
Coated with Chitin Film Coating Formulations..........
Properties of Propranolol HCl Core Tablets before Being
Coated with Ethylcellulose Film Coating Formulations...
Properties of Propranolol HCl Tablets Coated with
Chitosan Film Coating Formulations.....................
Properties of Propranolol HC1 Tablets Coated with
Hydroxypropyl Methylcellulose Film Coating Formulations
Properties of Propranolol HCl1 Tablets Coated with
Methylcellulose Film Coating Formulations..............
Properties of Propranolol HCl Tablets Coated with
Hydroxypropyl Cellulose Film Coating Formulations......
Properties of Propranolol HCl Tablets Coated with
Chitin Film Coating Formulations.......................
Properties of Propranolol HC1 Tablets Coated with

Ethylcellulose Film Coating Formulations...............

ix

Page

80

81

82

83

84

92

93

94

95

96

97



Table (cont.)

24

25

26

27

28

29

30

32

33

34

Properties of Propranolol HC1 Core Tablets before Being
Coated with Combination of Ethylcellulose and
Hydroxypropyl Methylcellulose Film Coating Formulations
Properties of Propranolol HCl Tablets Coated with
Combination of Ethylcellulose and Hydroxyp;opyl
Methylcellulose Film Coating Formulations..............
Tensile Properties of Various Cast Films...............
Absorbance Concentration Relationship of Propranolol
HC1 in pH 1.5 Buffer Solution, at 318.7 nm............ i
Absorbance Concentration Relationship of Propranolol
HCl in pH 6.8 Buffer Solution, at 318.7 nm.............
Absorbance Concentration Relationship of Propranolol
HCl in Methanol, at 289.1 mm.........covuvuuennnnn.... ;
Relationship between Concentration of Propranolol HC1
and the Peak Area Ratio of Propranolol HCl to Pindolol
in 650:350 WatersAcetomitrile. . ... 0. ... ... .. ... .. =
Relationship between the Rate of Shear and the Shearing
Stress of 3% w/w Chitosan Film Coating Formulations...
Relationship between the Rate of Shear and the Shearing
Stress of 4% w/w Chitosan Film Coating Formulations...
Relationship between the Rate of Shear and the Shearing
Stress of 5% w/w Chitosan Film Coating Formulations...
Relationship between the Rate of Shear and the Shearing
Stress of 6% w/w Chitosan Film Coating Formulations...
Relationship between the Rate of Shear and the Shearing

Stress of 7% w/w Chitosan Film Coating Formulations...

Page

111

113

125

1686

166

168

168

172

173

174

175

176



Table (cont.)

36

37

38

39

40

41

42

43

44

Relationship between the Rate of Shear and the Shearing
Stress of 3% w/w Hydroxypropyl Methylcellulose Film
CoBLANEAEOPRULBLIONS . & av e st P icaialin % e oiste o o 35 TS & 6755
Relationship between the Rate of Shear and the Shearing
Stress of 4% w/w Hydroxypropyl Methylcellulose Film
COBLing FOrMIIBUEORS i v ot ot niis TS c ke e dihin s & it oia «
Relationship between the Rate of Shear and the Shearing
Stress of 5% w/w Hydroxypropyl Methylcellulose Film

Coating FOrRUIRL TORE e N N IL P are o sin st smms osbninsnesas b

. Relationship between the Rate of Shear and the Shearing

Stress of 6% w/w Hydroxypropyl Methylcellulose Film
Coating Formulabtions) // deoed.vesssne st B e o e g
Relationship between the Rate of Shear and the Shearing
Stress of 7% w/w Hydroxypropyl Methylcellulose Film
Coalting Fornulat doRS e r ot scoe chooesoosooossocnes
Relationship between the Rate of Shear and the Shearing
Stress of 3% w/w Methylcellulose Film Coating
RORRBIAL IOMB . 355 250 oo o hnsra cbih e s a s oilo s bo v oss sanissse
Relationship between the Rate of Shear and the Shearing
Stress of 4% w/w Methylcellulose Film Coating
FOTBUIRLAONS 50 s Uit o on dhets o oo b uip aid's s o bmadbins v Fns o
Relationship between the Rate of Shear and the Shearing
Stress of 5% w/w Methylcellulose Film Coating
BOVBI LB TONWCN v a b o' s o d 00 hidinis v o Bk 55 5 a5 o & sclis s
Relationship between the Rate of Shear and the Shearing
Stress of 6% w/w Methylcellulose Film Coating

Formilataens iy o8 Fin s bl W GREle o o UL AR g o

xi

Page

177

178

179

180

181

182

183

184

185



Table (cont.)

45

46

47

48

49

50

51

53

54

Relationship between the Rate of Shear and the Shearing
Stress of 7% w/w Methylcellulose Film Coating
FORMENE FOIRR. (% (. o i o B ibiaie o B g i, gl o Tt
Relationship between the Rate of Shear and the Shearing
Stress of 3% w/w Hydroxypropyl Cellulose Film Coating
FORMRLEE RO 0% o s Vil o wro b v it e o s Bt o s oS 0 She ity
Relationship between the Rate of Shear and the Shearing
Stress of 4% w/w Hydroxypropyl Cellulose Film Coating
FOorsulations..... oosov o s il SRR ik o # 66 6 40 w0 oo ¥ia WY
Relationship between the Rate of Shear and the Shearing
Stress of 5% w/w Hydroxypropyl Cellulose Film Coating
FORRBIREIOREL «.; & 56l OO, NGRS\, <8 oo b 3 i st
Relationship between the Rate of Shear and the Shearing
Stress of 6% w/w Hydroxypropyl Cellulose Film Coating

Formulat 1ons.. e s e et i e oo e e v e s e

Relationship between the Rate of Shear and the Shearing _

Stress of 7# w/w Hydroxypropyl Cellulose Film Coating
ROYIRANE LORR b, e T i s T B s e s e
Viscosity Coefficient at Various Concentrations of
Chitosan Film Coating Formulations...........eeeen.....
Viscosity Coefficient at Various Concentrations of
Hydroxypropyl Methylcellulose Film Coating Formulations
Viscosity Coefficient at Various Concentrations of
Methylcellulose Film Coating Formulations..............
Viscosity Coefficient at Various Concentrations of

Hydroxypropyl Cellulose Film Coating Formulations......

xii

Page

186

187

188

188

180

191

182

183

194

195



Table (cont.)

55

56

57

58

59

80

61

62

63

64

Properties of Propranolol HC1 Core Tablets before Being
Coated with Chitosan Film Coating Formulations.........
Properties of Propranolol HCl Core Tablets before Being
Coated with Hydroxypropyl Methylcellulose Film Coating
FORMRIARIONS il 2o s s puivanios o dis bt e § ol ol oiis bt So% cxlliil
Properties of Propranolol HCl1 Core Tablets before Being
Coated with Methylcellulose Film Coating Formulations
Properties of Propranolol HCl Core Tablets before Being
Coated with Hydroxypropyl Cellulose Film Coating
FORBBIMLIONS . o o o ol ol I RN NS TN + 450 s 0o s n'onsons o
Properties of Propranolol HCl Core Tablets before Being
Coated with Chitin Film Coating Formulations..........
Properties of Propranolol HCl Core Tablets before Being
Coated with Ethylcellulose Film Coating Formulations...
Properties of Propranolol HCl Core Tablets before Being
Coated with Combination of Ethylcellulose and
Hydroxypropyl Methylcellulose Film Coating Formulations
Cumulative Percent Amount of the Drug Released from
Propranolol HCl1 Core Tablets before Being Coated with
Chitosan Film Coating Formulations.........ceveeuuun...
Cumulative Percent Amount of the Drug Released from
Propranolol HC1 Core Tablets before Being Coated with
Hydroxypropyl Methylcellulose Film Coating Formulations
Cumulative Percent Amount of the Drug Released from
Propranolol HC1 Core Tablets before Being Coated with

Methylcellulose Film Coating Formulations..............

xiii

Page

197

199

201

203

205

2086

208

212

214

216



Table (cont.)

65

66

67

68

69

70

71

72

73

74

Cumulative Percent Amount of the Drug Released from
Propranolol HC1 Core Tablets before Being Coated with
Hydroxypropyl Cellulose Film Coating Formulations......
Cunulative Percent Amount of the Drug Released from
Propranolol HC1 Core Tablets before Being Coated with
Chitin Film Coating Formulabions........cieesosisesioie
Cumulative Percent Amount of the Drug Released from
Propranolol HC1 Core Tablets before Being Coated with
Ethylcellulose Film Coating Formulations...............
Cumulative Percent Amount of the Drug Released from
Propranolol HC1 Core Tablets before Being Coated with
Combination of Ethylcellulose and Hydroxypropyl
Methylcellulose Film Coating FormulationsS..............
Properties of Propranolol HCl Tablets Coated with
Chitosan Film Co8Wing - Formulations-#¥.... .. ....ci.o00..
Properties of Propranolol HC1 Tablets Coated with
Hydroxypropyl Methylcellulose Film Coating Formulations
Properties of Propranolol HC1 Tablets Coated with
Methylcellulose Film Coating Formulations..............
Properties of Propranolol HC]1 Tablets Coated with
Hydroxypropyl Cellulose Film Coating Formulations......
Properties of Propranolol HC1 Tablets Coated with
Chitin Film  Coating Formulataons. . cece i veeecosesionses
Properties of Propranolol HC1 Tablets Coated with

Ethylcellulose FilmiCoating Formilations:iii..ci..onihin

xiv

Page

218

220

221

223

227

229

231

233

235

236



Table (cont.)

75

76

77

78

79

80

81

82

Properties of Propranolol HCl Tablets Coated with
Combination of Ethylcellulose and Hydroxypropyl
Methylcellulose Film Coating FormulationS..............
Cumulative Percent Amount of the Drug Released from
Propranolol HC1 Tablets Coated with Chitosan Film
CoNbitg FREMULRLEDRS ' <ol cn i ¢o v ot slb gt oS8 cn i
Cumulative Percent Amount of the Drug Released from
Propranolol HC1 Tablets Coated with Hydroxypropyl
Methylcellulose Film Coating Formulations..............

Cumulative Percent Amount of the Drug Released from

Propranolol HC1 Tablets Coated with Methylcellulose Film

Coating FOrmulat Tols . . AR 31s e s e o e oo oevasodsenaia,
Cumulative Percent Amount of the Drug Released from
Propranolol HCl1 Tablets Coated with Hydroxypropyl
Cellulose Film Coating Formulations.........eevunun....
Cumulative Percent Amount of the Drug Released from
Propranolol HCl Tablets Coated with Chitin Film Coating
FOXRRBELOBEING 750w in F v bl S ondn T e o B ma St n Bs &
Cumulative Percent Amount of the Drug Released from
Propranolol HCl Tablets Coated with Ethylcellulose Film
COBGINR: FOrmUIMUAONE . - dui . v bt enl oot S i it
Cunulative Percent Amount of the Drug Released from
Propranolol HC1 Tablets Coated with Combination of
Ethylcellulose and Hydroxypropyl Methylcellulose Film

Colting POrMuaNBEoNS .. o500 s . bihee cie s P e R NS

XV

Page

238

242

243

244

245

246

248

251



Table (cont.)

83

84

85

86

87

88

89

90

91

92

Cumulative Percent Amount of the Drug Released from
Propranolol HC1 Tablets Coated with Film Coating
Formulations EH 8218 in Comparison with the Commercial
Proparallon . « S i s S s v s v SR oo v e BN e 3
Tensile Properties of Chitosan Cast Films..............
Tensile Properties of Chitosan with 20% Polyethylene
GIpeol 400 CaBL FIIBE: i v s ilh o oo o oihon 6T T ot B o
Tensile Properties of Chitosan with 1% Colloidal Silicon
Dioxide Casl Phlesvas : (D). . cotovvt s oo i &e osihesot v sas
Tensile Properties of Chitosan with 20% Polyethylene
Glycol 400 and 1% Colloidal Silicon Dioxide Cast Films

Tensile Properties of Hydroxypropyl Methylcellulose Cast

Tensile Properties of Methylcellulose Cast Films.......
Tensile Properties of Hydroxypropyl Cellulose Cast Films
Tensile Properties of Film Coating Formulations EH 5050

GRS LaRaehe s . S N A N e D A D s e o L Fe

xvi

Page

256

258

259

260

261

262

263

264

265

266



Figure

10

11

12

13

List of Figures

Chemical structure of chitin, chitosan and cellulose...
Schematic process for emulsion-solvent evaporation
LeCERIQUBG . o5 by s S ek s e B s S e e ST B s
Schematic process for phase inversion technique........
Schematic process for solvent change and self-
dispersible technique............ s diaieis o 0 e I NS P
Spray box drawing: exhaust filter (a); rotating sample
holder (B); spray gun assembly (C).vevvevennnnn. sio ¢ ot el
Schematic process for preparation of chitin pseudolatex
aqueous dispersions........ NG Ty AR R B S S L
Rheograms of chitosan film coating formulations, at
VArSous conpeME IR L T
Rheograms of hydroxypropyl methylcellulose film coating
formulations, at various conmcentrations................
Rheograms of methylcellulose film coating formulations,
Bl vBrious ORCORLERERORS . .\ .t eiviilh e e osates die
Rheograms of hydroxypropyl cellulose film coating
formulations, at various concentrations................
Viscosity coefficient concentration relationship of
various water-soluble film formers........oceeeeeeenn..
Chitin (A) and ethylcellulose (B) aqueous dispersions..
Chitin (A) and ethylcellulose (B) aqueous dispersions

piber- Sohours sERMBIRG. rl Wl cnd U R, T e A

Page

21

23

24

40

58

67

67

68

68

72

76

76



Figure (cont.)

14

15

16

37

18

19

20

21

22

23

Cumulative percent amount of the drug released from
propranolol HC1 core tablets before being coated with
chitosan film coating formulations...........ouuunnn...
Cumulative percent amount of the drug released from
propranolol HC1 core tablets before being coated with
hydroxypropyl methylcellulose film coating formulations
Cumulative percent amount of the drug released from
propranolol HC1 core tablets before being coated with
methylcellulose film coating formulations..............
Cumulative percent amount of the drug released from
propranolol HC1 core tablets before being coated with
hydroxypropyl cellulose film coating formulations......
Cumulative percent amount of the drug released from
propranolol HC1 core tablets before being coated with
chitin film coating formulations..............oovunnn..
Cumulative percent amount of the drug released from
propranolol HC1 core tablets before being coated with
ethylcellulose film coating formulations...............
Photomicrographs of propranolol HC1 core tablets at
magnification of 300x (A); and (B) S00X......ovonnun....

Chitosan (A) and hydroxypropyl methylcellulose (B)

Cumulative percent amount of the drug released from
propranolol HC1 tablets coated with chitosan film

CUBGIngG TORMBIREIONR . .00 i Wi ¥ o vumh i s E Sller oo by

xviii

Page

86

86

87

87

88

88

839

91

91

98



Figure (cont.)

24

25

26

27

28

29

30

31

Cumulative percent amount of the drug released from
propranolol HC1 tablets coated with hydroxypropyl
methylcellulose film coating formulations............ $i
Cumulative percent amount of the drug released from
propranolol HCl tablets coated with methylcellulose film
corting fOrMulabRBNg. (.. .iumii.eei oy airnnntin i s
Cunulative percent amount of the drug released from
propranolol HC1 tablets coated with hydroxypropy1l
cellulose film coating formulations....................
Photomicrographs of propranolol HC1l tablets coated with
chitosan film coating formulations at magnification of
300x: at the coating level of 52 (A); 10% (B); and 15%
(€Y incressed weiglt .| . At .ot et ece e ii i e
Photomicrographs of propranolol HC1 tablets coated with
HPMC (A); MC (B)3 and HPC (C) film coating formulations
at magnification of 300x and 900x......................
Cumulative percent amount of the drug released from
propranolol HC1 tablets coated with chitin film coating
POrmuIBLIORE. Pl i v i e s e o e e
Cunulative percent amount of the drug released fronm
propranolol HC1 tablets coated with ethylcellulose film
opating ToPMEMIRAORE. . 3. .00 o io e R L B
Photomicrographs of propranolol HCl tablets coated with
chitin film coating formulations at magnification of
300x and 900x: at the coating level of 5% (A)s and 10%

ABY. AicPosest velghb i o L 0 B i el e

xXix

Page

98

99

98

101

102

104

104

106



Figure (cont.)

32

33

35

36

37

[7>]
(=]

Photomicrographs of propranolol HC1 tablets coated with

ethylcellulose film coating formulations at magnification

of 300x and 900x: at the coating level of 5% (A); and
ROR D) ANRrented SRENE ol T o b e e
Photomicrographs of propranolol HC1 tablets coated with
chitin film coating formulations after drug release test
at magnification of 200x and 900x: at the coating level
of 5% (A); and 10% (B) increased (o5 1, TSR R A R
Photomicrographs of propranolol HC1 tablets coated with
ethylcellulose film coating formulations after drug
release test at magnification of 300x and 900x: at the
coating level of 5% (A); and 10% (B) increased weight..
Cumulative percent amount of the drug released from
propranolol HCl1 core tablets before being coated with
combination of EC and HPMC film coating formulations...
Cumulative percent amount of the drug released from
propranolol HCl tablets coated with combination of EC
and HPMC film coating formulations.....................
Cumulative percent amount of the drug released from
propranolol HC1 tablets coated with film coating
formulations EH 8218 in comparison with the commercial
PERRATEL I 000 o liy 65 v ons S SR s B e s okl o i
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hr
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kg
kp
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log
min
hg
mL
nn
nm
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nm
Pa
rpm
s, sec
senilog
Mg
uL
Al
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Abbreviations

degree celsius
centimeter
centimeter square
gram

hour

internal diameter
kilogram
kilopound
kilovolt
logarithm

minute

nilligram
milliliter
nillimeter
millimeter square
millimolar
nanometer

Pascal

revolution per minute
second
semilogarithm
microgranm
microliter
micron, micrometer

weight by weight
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