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Theophylline granules of 18/20 mesh size were coated with different level and lot
of Eudragit® NE 30D [ poly(ethylacrylate methylmethacrylate) aqueous dispersion ]
containing Cab-O-Sil as an antiadherent by fluidized bed technique. Different ratios of
Eudragit® NE 30D to hydroxypropylmethylcellulose, a nonelectrolyte, water soluble
polymer, or to Eudragit® RL 30D ( ammonio methacrylate copolymer, type A ), a cationic
water insoluble but higher permeabie polymer, were also employed. The physical
properties and the drug release characteristics of coated granules were evaluated. The
influences of processing variable, spraying method and atomizing air pressure, were also
studied,

All Eudragit® NE 30D coated granules exhibited smoother surface than uncoated
granules. Increasing the level of coating increased the thickness of film, thus the rate of
drug release was decreased. Eudragit® NE 30D lot B produced rougher and more porous
surface coating film than lot A which led to higher release rate, probably due to the
polymer stability. The mode of spray apparently affected the surface characteristics and the
flow rates of coated granules but both top spray and bottom spray method caused similar
drug release characteristic. This result might be due to differences in the particle motion
during the coating process. Higher atomizing air pressure gave less continuous
characteristic of film coating probably due to the decreasing temperature in coating
chamber which might not be conductive to optimum film formation. Thus, higher drug
dissolution was obtained.

Addition of hydroxypropylmethylcellulose caused less porous and smoother
surface whereas Eudragit® RL 30D caused more porous and sponge-like surface. Both
polymers dramatically increased the drug dissolution. The release of drug from granules
coated with 4.66 % Eudragit® NE 30D lot A and 13.51 % Eudragit® NE 30D lot B could
conform to the monograph of extended-release theophylline capsules in USP XXIII.

MAIN \ neftignd wns Ty mufedefidn.. Lot B onavm paigom.

NI ANTHOAWOIIY. .. DVWTODOBIOTIG ST OMN j"“ﬂﬂ"-/ C"zﬂ"(f
Wnsfinmn 2540 nwiioteor0nssifinuian Y r?ﬂﬁmmm




ACKNOWLEDGEMENTS

I would like to express my sincere gratitude to my thesis advisor,
Associate Professor Garnpimol C. Ritthidej, Ph.D. for her invaluable advice,
guidance and encouragement throughout this study. Her patience, kindness and
understanding are also deeply appreciated.

My special thanks are also extended to Assistant Professor Wichein
Thanindratarn, M.Sc. in Pharm , my co-advisor, for his invaluable suggestion.

Grateful acknowledgement is expressed to TRITON ( Thailand ) Ltd. for
kind provision of Eudragit®NE 30D used in this study.

A special appreciation is also given to the Graduate School, Chulalongkomn
University for granting partial financial support to fuifill this investigation.

The special acknowledgements are given to all members in the Department
of Manufacturing Pharmacy and my friends for their kind assistance.

And most of all, I would like to express my infinite thanks and deepest
gratitude to my parents for their endless love, encouragement, care and understanding.



Thai
Engli

CONTENTS

A DSITACT ... .eeeeeeeeiieeereresesetestresssesiesaasestassssisssrnssnsensaeesassasssnssarassessesssansras
SR ADSIIACL. .....cecneeeesiiieesereiistseeesestsssnnsssenasisnesosssnssesssesassssesssssnesssrnesssns

Acknowledgements..............cceiiivnnieriniennen T s iesessesstasessenssenessensrras
List Of TabIES........cceeieiriiiniviieniressiisnnirassnrsssnerssansrnssssssessssnssssessssssssesssssenes
List Of FIGUIES.....ccociviiiieesiinnin i cicncsnnintsssnensisscsnsssssnsresssassssnssnsssssasssesenes
List of ADDIeviations..........cccccevviciiiiernisniinnnisersienenisnssesseransssssersssassassersasenss
Chapter

I INtTOAUC ION. e sivreeeeeeiiervesessssessaarseeessianenetsesssessasesessnteessensseesans
[T EXPELIMENL.....cviiieiiiiiiiiisiirsieatinie e aiet st et e e essebe e stasbesasresaasserens
ITT  RESUILS.......coocrviieieeeciiiiiiiiiiieeeisissseesinesscessssereessasateesesssesssessesisneasssnee

-----------------------------------------------------------------------------------------------------------------

Page

v

vi
viil
Xiit

Xviii

128
145
153
178



Table

10

11

12.

13

14

15

16

LIST OF TABLES

Characteristics of three fluid-bed coating processes..............ccoeeeeuinnnee.
Composition of theophylline granules for coating...........cocoevevvinninicnnns
Composition of coating dispersion in preliminary investigation............
The coating condition using top spray method............coocvvueeivineeiiinnas
Compositions of aqueous polymeric coating dispersion..............o.cewuuens
Physical properties of uncoated theophylline granules..........................
Physical properties of top-spray Eudragit®NE 30D coated granules......
Physical properties of bottom-spray Eudragit®NE 30D coated granules

Physical properties of Eudragit® NE 30D coated granules using
different atomizing Air PreSSUTE.......cocermmiicrmienieiiiinsisiesssnssrscsiesens

Physical properties of Eudragit®NE 30D / HPMC coated granules........
Physical properties of Eudragit®NE 30D /RL 30D coated granules.....

The angle of repose of the granules...........cvvcvniiinnencrscscnsisrmessine:
Specific surface area of Eudragit®NE 30D lot B coated granules..........

USP XXII reqdiremcnt and cumulative percent release of drug from
selected formulations of . top-spray Eudragit®NE 30D coated granules

Correlation coefficient of the relationships between percentage drug
release versus time (A), percent drug released versus square root time
(B), and log percentage drug remained versus time (C) from uncoated
theophylline granules and Theo-24%..............ccocoeeererensivesrernensessennns

Correlation coefficient of the relationships between percentage drug
release versus time (A), percent drug released versus square root
time (B), and log percentage drug remained versus time (C) from
theophylline granules coated with Eudragit®NE 30D using different
spraying method.............occooriiii e

Page
29
41
42
43
43
94
94

94

95
95
95
95

9%

113

117



Table ( cont.)

17

18

19

20

21

22

24
25

26

Correlation coefficient of the relationships between percentage drug
release versus time (A), percent drug released versus square root
time (B), and log percentage drug remained versus time (C) from
theophyllme granules coated with Eudragit®NE 30D using different
atomizing air pressure ( 10 % coating level )........ccooivericnimnenannnces

Correlation coefficient of the relationships between percentage drug
release versus time (A), percent drug released versus square root
time (B), and log percentage drug remained versus time (C) from
theophylline granules coated with various ratio of polymer blends
(10 % coating leVel ).o.c.oviiiniicniiiicstsssinsses s

Comparison of linearity between plots of rate of release against
reciprocal amount (1/Q) and amount (Q) of theophylline released
from uncoated granules and THE0-24%.....oooeo it

Comparison of linearity between plots of rate of release against
reciprocal amount (1/Q) and amount (Q) of theophylline released
from granules coated with Eudragit®NE 30D using different spraying

Comparison of linearity between plots of rate of release against
reciprocal amount (1/Q) and amount (Q) of theophylline released
from granules coated with Eudragit®NE 30D using dxﬁ'erent atomizing
air pressure { 10% coating level ).

Comparison of linearity between plots of rate of release against

~ reciprocal amount (1/Q) and amount (Q) of theophylline released

from granules coated with various ratios of polymer blends ( 10%
CORLINE JEVEL N....oerrtrres ittt st cbbe bt ss s st ssss s ssas st sins

.Perceut wuter sorption , percent clongation at break and tenstle

strength of aqueous polymenc filtpst. 12} . L LS L L.
Absorbance of theophyllme in phosphate buffer pH 6.6 detennmed

Ratio between peak area of internal standard and theophylline
anhydrous with HPLC method at 272 ni........covuveeeessecossensesissans

Amount percent of theophylline release from uncoated granules in
phosphate buffer pH 6.6........ccovriininninininniicrssoneeinmsriersesnsasssseresses

Page

118

118

119

119

120

120

124

153

154

157



Table ( cont.)

27

28
29
30

31

32

33

34

35

36
37

38

39

Amount percent of theophytline release from Theo-24® in phosphate
buffer PH 6.6........ccooecreciiiiiiei s ses st ssasane e

Amount percent of theophylline release from top-spray Eudragit® NE
30D lot A coated granules in phosphate buffer 6.6..............cccovviverninees

Amount percent of theophylline release from top-spray Eudragit® NE
30D lot B coated granules in phosphate buffer 6.6..................ccc.........

Amount percent of theophylline release from bottom-spray Eudragit®
NE 30D lot A coated granules in phosphate buffer 6.6..........................

Amount percent of theophylline release from granules coated with
10 % Budragit®NE 30D lot A using different atomizing air pressure
in phosphate buffer pH 6.6...........cccorriiiviiii e

Amount percent of theophylline release from granules coated with
10 % of polymer blends containing various ratios of Eudragit®NE
30D/HPMC in phosphate buffer pH 6.6...........ccccovveeviennncrencccrences

Amount percent of theophylline release from granules coated with
10 % of polymer blends containing various ratios of Eudragit®NE

- 30D/RL 30D in phosphate buffer pH 6.6..........cccoo.eviviirrenrinssreiernereensnns

The release rate of theophylline from uncoated granules and Theo-24°
in phosphate buffer PH 6.6...........mmmimnsinnis

The release rate of theophylline from top-spray Eudragit® NE 30D lot
A coated granules in phosphate buffer pH 6.6..........cccoviivinvrnnnrerrienees

The release rate of theophylline from top-spray Eudrag: NE 30D lot
B coated granules in phosphate buffer pH 6.6..........c..civiuuici N D e

" The reiease rate of theophylline from bottom-spray Eudragit® NE 30D

lot B coated granules in phosphate buffer pH 6.6.................ccvvevervenae.

The release rate of theophylline from granules coated with 10 %
Eudragit® NE 30D using different atomxzmg air pressure in phosphate

buffer pPH 6.6..........covicricccn ettt besssesressnes

The release rate of theophylline from granules coated with 10 % of
polymer blends containing various ratios of Eudragit® NE 30D/HPMC
in phosphate buffer pH 6.6..........c..ccccccnmirimnrnecerecnerreseiaie e

Page

157

158

160

162

163

164

166

167

167

167

168

168

168



Table ( cont,)

40

4]
42

43

45

46

47

48

49

50

The release rate of theophylline from granules coated with 10 % of
polymcr blends containing various ratios of Eudragit®NE 30D/RL30D
in phosphate buffer pH 6.6..........covvunriiiiniii e

Values of rate, amount released and the corresponding reciprocal of
uncoated theophylline granules and Theo-24%......oeeeeeeeresrerinnes

Values of rate, amount released and the corresponding reciprocal of
top-spray Eudragit®NE 30D lot A coated granules.................coueveeceeeonece

Values of rate, amount released and the corresponding reciprocal of
top-spray Eudragit®NE 30D lot B coated granules.............ccceccvcrrernsece

" Values of rate, amount released and the corresponding reciprocal of
bottom-spray EudragltoNE 30D lot B coated granules ...........................

Values of rate, amount released and the corresponding reciprocal of
granules coated with 10 % Eudragit®NE30D using different atomizing
AT PIESSUIE. ....eeeriiurensirteranessnanenseeoeesbenbisesassidshtsebssanssnessssarsssssnssshssnsstorsosss

Values of rate, amount released and the corresponding reciprocal of
granules coated with 10 % of polymer blends containing various ratios
of Eudragit® NE 30D/RL 30D........c..uuumummsesiimimmssisisssmssssersesssssmssssen

Values of rate, amount released and the corresponding reciproéal of
granules coated with 10 % of polymer blends oontammg various ratios
of Eudrag:t NE 30D/HPMC........cocootrerieriessisssrseniissssssssssnsssssssssssssssases

The release rate of theophyllme in a period of constant release rate
from top-spray Eudragit® NE 30D lot B coated granules. in phosphatc
buffer pH6.6...........cccovninen restsiatagurtssntet st tesa s as i nsnan s g naies

Comparison of the release rate of theophyllme in a period of constant

 release rate from top-spray Eudragit® NE 30D lot B coated granules

between that calculated from the equation 8 and that ﬁ'om the
dissolution test in phosphate buffer pH 6.6.............ccevrvrreenirernrnscsncnns

Comparison of the percent of theophylline release ina period of
constant release rate from top-spray Eudragit® NE 30D lot B coated
granules between that calculated from the equation 8 and that from the
dissolution test in phosphate buffer pH 6.6..............c.ccevcvivnnenveniiiane.

xi

Page

169

169

170

171

172

173

173

174

174

175

175



Table ( cont.)

51

52

53

54

The t-values of percentage drug release between granules coated with
Eudragit®NE 30D lot A and lot B using top-spray method...................

The t-values of percentage drug release between top-spray and bottom-
spray Eudragit®NE 30D lot B coated granules..............oo....eveerineeennn.

The t-values of percentage drug release between selected top-spray
Eudragit®NE 30D coated granutes and Theo-24%............ccooocomvrcenerren,

The t-values of percent of theophylline release in a period of constant
release rate from top-spray Fudragit® NE 30D lot B coated granules
between that calculated from the equation 8 and that from the
dissolution test in phosphate pH 6.6..........c..ccoocivivenivinincennics e

Xii

Page

176

176

177

177



Figure

10

11

12

13

14

15

16

LIST OF FIGURES

Structural formula of Methacrylate ester copolymers...........cccccvciinnnen.

Combination of Eudragit aqueous dispersion............cecciereneenncersiine

Chemical structure 0f HPMC ... ....vvviiriiiioiiersneisesssnrenersisessssssensrrsssessens .

Chemical structure of Theophylline.............cccociiininrmnrinvsnimninnenn. :

TOP SPrAY COBLEL....cc..corevircinrssiineasiusninrasiesiisseriasssrassssasensssnsasssesersssssesssnas
Wurster bottom SPray COAtEr.........v.vviieiiiniiitciersiene e ieseransseeneans
Rotor tangential Spray COater.......ociviiiniiniinrn s
The photograph of standard template of aqueous polymeric films.........
The photomicrographs of uncoated theophylline granules.....................

The photomicrographs of 1.55 % Eudragit® NE 30D lot A coated
granules using top spray method............cviiiineninicnrresnnmeniessns

The photomicrographs of 4.66 % Eudragit® NE 30D lot A coated
granules using top spray method...........ccocvvneniierinencsninssnississsssensenes

The photomicrographs of 5.40 % Eudragit® NE 30D lot A coated
granules using top spray method............ccvercnnierencennicennseersisirension

The photomicrographs of 8.75 % Eudragit® NE 30D lot A coated
granules using top spray method.............ccocorueveneee. eerenerebesenarennessnnaeses

The photomicrographs of 10.83 % Eudragit® NE 30D lot A coated
granules using top spray method...........cccoevinciiiminnnicsniessissanssiisnens

The photomicrographs of 13.25 % Eudragit® NE 30D lot A coated
granules using top spray method..............ciiiiiminnnicinonemen,

The photomicrographs of 4.28 % Eudragit® NE 30D lot B coated
granules using top spray method............covuvniiniinnnniciersnniinn

19
22
25
25
27
54

59

60

61

62

63

65

66



Xiv

Figure ( cont. ) Page

17 The photomicrographs of 7.18 % Eudragit® NE 30D lot B coated
granules using top spray method............c.ocuevurmreerevrnneriesesee e 67

18  The photomicrographs of 7.85 % Eudragit® NE 30D lot B coated
granules using top spray method.............ccccoooverivccvineienren e 68

19 The photomicrographs of 8.75 % Eudragit® NE 30D lot B coated
granules using top spray method..........ccc.ocieiieicieeeveernceneiereeeeeeeeinenes 69

20  The photomicrographs of 10.60 % Eudragit® NE 30D lot B coated
granules using top spray method...........c.cccocveiiivvecrrvnernrsincssnisissisenenns 70

21  The photomicrographs of 13.51 % FEudragit® NE 30D lot B coated
' granules using top spray method.............occcoeciiiivenicceeccee e 71

22 The photomicrographs of 21.20 % Eudragit® NE 30D lot B coated
granules using top spray method. ..o iiiiivei e, 72

23 The photomicrographs of 4.16 % Eudragit® NE 30D lot B coated
granules using bottom spray method...........ccccooovvevevnecrvcinenieec e 73

24  The photomicrographs of 6.61 % Eudragit® NE 30D lot B coated
- granules using bottom spray method.............cccocoiievciiinnimrenarinnniennene. 74

25  The photomicrographs of 7.97 % Eudragit® NE 30D lot B coated
granules using bottom spray method...............cvcveiiicenrierieernieerniennnsines 75

26  The photomicrographs of 8.78 % Eudragit® NE 30D lot B coated
granules using bottom spray method...... ... vscnisennssin, enrureees eeveerene 76

27  The photomicrographs of 11.49 % Eudragit® NE 30D lot B coated
' granules using bottom Spray Method..........cc.uusuwsissssmasssssessisssnssiseesinssens 77

28 The photomicmgraphs of 10 % 'Eudragit® NE 30D coated granules
using atomizing air Pressure at 1 bar........cowrvveecrsnnerrsssnnsisssseinsssssnenes 78

29  The photomicrographs of 10 % Eudragit® NE 30D coated granules
using atomizing air pressure at 2 bar............ocveveeevennereensssesessessesssessnnens 79

30  The photomicrographs of 10 % Eudragit® NE 30D coated granules
using atomizing air pressure at 3 bar................ocovvevirireeereeeereens e, 80



AV

Figure ( cont. ) Page

31 The photomicrographs of 10 % Eudragit® NE 30D /HPMC in ratio

3:2 coated Granules............ccoevvivveriivieireiresnienrireeseseseessee e ssessersesnens 81

32 The photomicrographs of 10 % FEudragit® NE 30D /HPMC in ratio
J:1.5 coated Granules..........ivmnienineinniissi s 82

33 The photomicrographs of 10 % Eudragit® NE 30D/ HPMC in ratio
3:1 coated Granules.........ccccooeeiiiiriieitiecesteeeerae e st se e e st se s 83

34  The photomicrographs of 10 % Eudragit® NE 30D/ HPMC in ratio
3:0.5 coated GranUIEs.......c.cccieeirccrieareciineteteeeensrnsesesnesasrsssssreseseeranes 84

- '35 The photomicrographs of 10 % Eudragit® NE 30D / HPMC in ratio
‘ 12.5:1 coated granules.............ccivimecinniiiecnionnies i neeneses e sresesens 85

36  The photomicrographs of 10 % Eudragit® NE 30D /HPMC in ratio
12.5:0.5 coated granules............ccooiiiiiiiii s 86

37  The photomicrographs of 10 % Eudragit® NE 30D / HPMC in ratio
100:1 coated ranules............c.cccvrvrrereerieresrerenssmressensonseineressssessesseresenes 87

38 The photomicrographs of 10 % PBudragit® NE 30D /RL 30D in ratio
50:50 coated granules.................. Ot 88

39  The photomicrographs of 10 % Eudragit® NE 30D /RL 30D in ratio
80:20 coated GrANUIES..........ccooviiiiiciiciiiniiccninnssirisseissesenesssensassecernns 89

40 The photomlcrographs of 10 % Eudragit®NE 30D /RL 30D in ratio
90:10 coated granules..............ccocoieerrncensssnrsseesaresssesssensecnssssssssansesans 90

41  The photomicrographs of 10 % Eudragit°NE 30D /RL 30D in ratio
95:5 coated grAnuIES.............cocoieirisenarnansessessonssesssssssasnnas crenensnesnesns 91
42 The release profile of uncoated theophylline granules.................... 98
43  The release rate profile of uncoated theophylline granules.................... 98

44 The release profiles of theophylline granules coated with Eudragit® NE
30D lot A using top spray method............cc.ocereeiviieieierinesieesesnseesseanes 100

45  The release rate profiles of theophylline granules coated with Eudragit®
: NE 30D lot A using top spray method...............ccocoviiniieeeeeenrseessenens 100



Figure ( cont. )

46
47
48
49

50

51

52

53

54

455
6
57

58

The release profiles of theophylline granules coated with Eudragit® NE
30D ot B using top spray method..........c.cooviiiinciin

The release rate profiles of theophyltine granules coated with Eudragit®

NE 30D lot B using top spray method...........cooiiiicn

The release prof les of theophylline granules coated with Eudragit® NE
30D lot B using bottom spray method. .......ov oot

The release rate profiles of theophylline granules coated with Eudragit®

NE 30D lot B using bottom spray method..............ccccccccenvieninirirnnieenn.

Influence of different lot of Eudragit® NE 30D in about 4 % coating
level on the theophylline granules release profiles from coated

Influence of different lot of Eudragit® NE 30D in about 8 % coating
level on the theophylline granules release profiles from coated

Influence of different lot of Eudragit® NE 30D in about 10 % coating
level on the theophylline granules release profiles from coated

Influence of different spraying method in about 4 % coating level on
the theophylline granules release profiles from coated granules............

Influence of different spraying method in about 7 % coating level on
the theophylline granules release profiles from coated granules............

Infiuence of different spraying method in about 8 % coating level on
the theophylline granuls release proﬁles from coated granules............

The release profiles of theophyllme granules coated with 10 %
Eudragit® NE 30D usmg different 8tOMiZing 8ir PreSSure............vvvv

The release rate profiles of theophylline granules coated with 10 %
Eudragit® NE 30D using different atomizing air pressure.......................

The release profiles of theophylline granulés coated with 10 % of
blends containing various ratios of Eudragit® NE 30D/HPMC...........

xvi

Page

101

101

102

102

104

104

105

105

106

106

108

108

109



Figure ( cont. )

39
60
61

62
63

64
65
66
67

68

69

70
71
7
73
74

75

'The release rate profiles of theophylline granules coated with 10 % of
blends containing various ratios of Eudragit® NE 30D/HPMC..............

The release profiles of theophylline granules coated with 10 % of
blends containing various ratios of Eudragit® NE 30D/RL 30D............

The release rate profiles of theophylline granules coated with 10 % of
blends containing various ratios of Eudragit® NE 30D/RL 30D.............

The release profile of Teo-28%............ccccommmssecrmmmmmmmisssscrsesearmssosss

The release rate profile of TRE0-24%........coovcisricinnssesnsessiissesss s ssaens

The release profiles from the selected formulations of top - spray
Eudragit®NE 30D coated granules compared with the USP requirement

The release profiles from the selected formulations of top - spray
Eudragit®NE 30D coated granules compared with Theo—24® ................

The release profiles from 4.66 % Eudragit®NE 30D lot A coated

_granules compared with Theo-24% ... rssessssseenssnsanes

The release profiles from 13.51 % Eudragit®NE 30D lot A coated
granules compared with Theo-24%....cooeseeesvereeresesstrissssessrsnsessesssnsios

IR spectra of aqueous polymeric diSpersion............c..euvearerescsssasssonses

Plots of release rate in a period of constant release rate against percent
coating level of top-spray Eudragit®NE 30D lot B coated granules.......

The release profile of 6.08 % Eudragit®NE 30D lot B coated granulés,
The release profile of 7.22 % Budragit®NE 30D lot B coated granules.
The release profile of 7.53 % Eudragit®NE 30D lot B coated granules,
Calibration curve of theophylline in phosphate buffer pH 6.6................

Calibration curve of theophylline from HPLC method...........................

‘The representative chromatogram of the calibration curve.....................

xvii

Page

109
110

110
112

112
114
114
115

115

127

138
138
139
139
155
155

156



LIST OF ABBREVIATIONS

bar
°C
cm
EA
e.g
et al.

GI

HPMC
HPLC

min.

BEZEgRa

S.

-

% RH

kg/cm?

degree celsius ( centigrade )
centimetre (s)

ethylacrylate

exampli gratia, for example
et alii, and others

gram (s)

gastrointestinal

- hydroxypropylmethylcellulose

high performance liquid chromatography
hour ()

id est, that is

infrared

square metre (s)

minimum film-forming temperature
minute (s)

milligram (s)

millilitre (s)

millimetre (5)

methylmethacrylate

normality

nanometre (s)

the negative logarithm of the hydrogen ion
concentration

make to volume

coefficient of determination

percentage of relative humidity



rpm
sec.

SD
SEM
TAMCI
USP

w/w

wiv

HE

pm

revolution per minute

second (s)

standard deviation

scanning electron photomicrograph
trimethylammonioethylmethacrylate chloride
The United States Pharmacopoeia
ultraviolet

weight by weight

weight by volume

microgram (s)

microlitre (s)

micrometre (s), micron (s)

Xix



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

