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Controlled release indomethacin microcapsules can be prepared by
using complex coacervation technique. The microcapsule is formed by ionic
interaction of positive charged chitosan polymer and the negative charged
carboxymethycellulose polymer. Size distribution of the resulting
microcapsules ranged between 32-404 micron,

The processiﬁg conditions can affected the microcapsules surface
topography and its drug release behaviour. It was found that the
microcapsule prepared with pH3 of chitosan solution had the smoothest surface
in comparison with those prepared with pH4 and pH5 of chitosan solution
respectively.

The drug release of microcapsules prepared from pH 3 of chitosan
solution was declined with increasing hardening time and the drug release was
slowest when prepared with glytaraldehyde 1.0 gm/polymer 1.0 gm. While those
prepared from pH 4 and pH 5 solution their drug release slow down with
decresing hardening time and their drug release were slowest when prepared
with glutaraldehyde 0.5 gm/polymer l.Orgm. Further more it was found that
microcapsules prepared from pH 3 of chitosan solution had fastest drug
release profile. Microcapsules which were prepared from pH 4 and pH 5 of
chitosan solution had similar drug release profile to one another. Hence
microcapsules drug release can be controlled by varying the pH of chitosan

solution, hardening time and glutaradehyde content.

é R
M. SOREONRAU TN awileveiian A
1
- a A A % y 7 : clly *
GRETRPE ! oY 1IN UT NN« d/h/oﬁw/ C«X/%%y

e 4 4 4
Un1sAnw 45351 aeilareo10138Nn5nN13Iu




Acknowledgements

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

A special appreciation is also given to the graduate School,
Chulalongkorn University for granting partial financial support to fulfils
this investigation.

To the other members of the thesis committee, I wish to express
my appreciation for their valuable suggestions

The special acknowledgement is given to all staffs in the
Department of Manufacturing Pharmacy for their assistance.

Finally I would like to express my infinite thanks and deepest
gratitude to my parents for their endless love, continuous support, care
and understanding.



Contents

P Page

o TR SR ol IR R a2 P SR e v

T T e T ORI el S A D R D, AL e -

Y T T R S BT £ A KR e e vi

SRR RN . e g o TR LR 1O viii

R DE RN 1o i i s it s i ks i b X
Chapter

L OONel DachiNOl .0 it i 1

I RRportiment ... ... ca\ S G s i vk issse cinniinssis ot e

L BRI ... e R i il s 40

IV. Discussion and Conclusions .............ccceuvunenn... 91

L T GRS .00 /550 DN, SN S i 107

L R S ORNNRNRS G e . AN 114

e T ST OB 4 C TLANAING D e e 137



Table

=

10.

11.

12.

13.

14.

&

16.

List of Tables

Counter ions for ionotropic gelation of chitosan.................

Main applications for chitosan...............covueevenenenennnnennnn..
Solubility data of indomethacin...........c.ccovneeevnenunen.... - 14

Variable facters in indomethacin microcapsulc preparations.
Variable pH of chitosan solution in pindolol microcapsule
POCTORIIIIII i+ 5 viohus i alslhs dig o sl e mini s P oo o m 2
USP specification for indomethacin release at time interval..
Formability of chitosan-CMC microcapsule at various
processing condition ... (... . i b i

. Appearance of indomethacin microcapsule which fail in

FOODNOEY PrOCORRA. ./ /L i B ST RS v i osdianesssvsnnsnssavabesis
Percentage of drug entrapment and drug recovery of

indomethacin microgapsBR ... ... ...ttt

Percentage of drug entrapment and drug recovery of
indomethacin microcapsule prepared form different

L e T we e S G S

Geometric mean diameter (Dsg) of indomethacin
microcapsule prepared from various batches....................
Percentage of drug entrapment and drug recovery of
indomethacin microcapsule prepared from various batches.
The correlation coefficient of % drug release vs. time -

% drug release vs. square root time and

% log drug remained vs. time...........oooenmeiinmniniee s
Variance analysis of Higuchi's plot slope at different
concentration concentration of chitosan solution
CEOSIPIIDNL L L e
Variance analysis of Higuchi's plot slope at different batches
of prepacation 4 mictocapsmle...... .o oo s
Variance analysis of Higuchi's plot slope at different batches
of preparation 16 microcapsule...........coovnenenininenonnnnn .

Page

20
22

25

33

39

41

42

73

3

88

88

100

103

104

104



Table

: Page
17. Absorbance of indomethacin in the mixture of methanal
and pH 7.5 phosphate buffer (1:1) at 322 nm................... . 115
18. Absorbance of indomethacin in pH 6.2 phosphate buffer
R SR R SR S e T S i |

19. Absorbance of pindolol in the mixtureof methanal and

ERAOCOTUEINEN LY ) B0 OB BIN....... . ivinnsiinini s baitois has dedasds 117
20. Number and size distribution of indomethacin microcapsule

prepared from various e ¢ L SRR S o 118
21. % Weight distribution of indomethacin microcapsule

prepared from various i o R e S O RS 119
22. Cumulative % frequency under size and Z value of

indomethacin microcapsule prepared from various

el i SR R O B L AN S SO SN 120
23. Geometric mean diameter (Dsy) of indomethacin
microcapsule prepared from various preparation............... 123

24. Percentage amount of indomethacin release from

microcapsule prepared from various preparation............... 124
25. Percentage drug release of preparations which are

conforming drug release of the USP specification........ FHAT 133
26. Percentage drug release of preparations which afe not

conforming drug release of the USP specification.............. 135
27. Slope of Higuchi's plot of indomethacin microcapsules

prepared from different concentration of chitosan solutions. 136
28. Slope of Higuchi's plot of indomethacin microcapsules '

prepared from various batches of preparations 4 and 16.... 136



Figure

A W oW N

0 3

10.
11.

13

13.

14.

1§.

List of Figures

Examples of commonly used wall material................................
Typical structures of Microcapsules. ... ....... .. ..cciiiiionineinciveeens
Typical steps in a coaccervation of microencapsulation...............
ldealiscd aphotical MICTOCAPSUIE. ... oocivnoiinciivnnnidbaaisinvassanineson
Drug release from homogeneous (a) and granular (b) matrices....
Zero order , first order and t'/2 dependent release rate for a drug
WELR 5 B BN O D BE. .. ihha bt i s siaians st R e be s
Structure of cellulose , chitin and chitosan.............ccovevvieennnnn..
Structure formula of carboxymethylcellulose..........covvuvenennnnn...
Structure I0rMBIa of NG ORI RO IS i tsn acsocmesrrarsosnbnnssbassesnnnn
Structure formula of pIpHolON ] ok . o . oo v ervnaiinnsiabannnsasonses
Schematic illustration of microencapsulation method using
chitosan and CMC as wall materials...............cooiiiiiiiiiinnennnnnnnns
Optical photomicrographs of pindolol microcapsule prepared from
glutaral 0.25 gm, 3 hr hardening time , X200 magnification;
chitosan solution pH 3 (A), chitosan solution pH 4(B), chitosan
e TR SR W e % VA R LS NS e L A el
Optical photomicrographs of indomethcin microcapsule prepared
from glutaral 0.25 gm, 3 hr hardening time , X200 magnification;
chitosan solution pH 3 (A), chitosan solution pH 4 (B), chitosan
solution pH S {CH RULALDNGKERN- ONIVERBEEX -<: covsiovsinsesslivbns
Scanning electron photomicrographs of chitosan (A) , CMC (B),
and indomethacin (C) , X200 magnification.......................oo...
Scanning electron photomicrographs of indomethacin
microcapsule prepared from glutaral 0.25 gm, 3 hr hardening
time, X75 and X750 magnifications; chitosan solution pH 3 (A),

~ chitosan solution pH 4 (B), chitosan solution pH 5 (C)............

14
14
17
18
23
24

26

82

44

. 45:%

46

48



Figure

16.

17

Scanning electron photomicrographs of indomethacin
microcapsule prepared frome glutaral 0.5 gm, 3 hr hardening
time, X75 and X750 magnifications; chitosan solution pH3 (A),
chitosan solution pH4 (B), chitosan solution pH5 (C)...............
Scanning electron photomicrographs of indomethacin
microcapsule prepared from glutaral 1.0 gm, 1 hr hardening
time, X75 and X750 magnifications; chitosan solution pH 3 (A),
chitosan solution pH 4 (B), chitosan solution pH o Rl R

18. Scanning electron photomicrographs of indomethacin

19

20.

2%,

2Z.

23.

microcapsule prepared from chitosan solution pH 3, 3 hr
hardening time, X750 magnification; glutaral 0.25 gm (A),
glutaral 0.5 gm (B), glutaral 1.0 gm (C),glutaral 15gm (D),
Pl 2.0 am (B)..... i R R
Scanning electron photomicrographs of indomethacin
microcapsule prepared from chitosan solution pH 3,

glutaral 1.0 gm, X75 and X750 magnifications; 1 hr hardening
time (A), 3 hr hardening time (B), 5 hr hardening time(C)........
Scanning electron photomicrographs of indomethacin
microcapsule prepared from chitosan solution pH 4,

glutaral 0.25 gm, 3 hr hardening time, X750 magnification;
chitosan solution 0.25% w/v (A), chitosan solution

0.50% w/v (B), chitosan solution 0.75% w/v (C),

chitosan solution 1LOUS WiV (D). . .. (. ... . 5. s o
The effect of chitosan solution pH on frequency curve of
indomethacin microcapsule prepared from glutaral 0.25 gm

AN W hmdening time...... o tEE o
The effect of chitosan solution pH on frequency curve of
indomethacin microcapsule prepared from glutaral 0.5 gm
ShracoenIng time,........0.. 00 R
The effect of chitosan solution pH on frequency curve of
indomethacin microcapsule prepared from glutaral 1.0 gm
SSEIRERwrdeNing e oo oot e oo damme s

xi

Page

49

50

51

53

54

56

56

57



Figure

24.

23,

26.

ot

28.

29.

30.

1.

50,

33.

34.

The effect of chitosan solution pH on D,, value of
indomethacin microcapsule prepared from glutaral 0.25 gm

SRO IR DOrdOninm CI0 . .......o00 i i s s s

The effect of chitosan solution pH on Dy, value of
indomethacin microcapsule prepared from glutaral 0.5 gm

BRE DR DArOURIRG B .. oi i i e e s s v e e g

The effect of chitosan solution pH on Dy, value of
indomethacin microcapsule prepared from glutaral 1.0 gm

ST BERARNORIng S . B i e e
The effect of hardening time on frequency curve of indomethacin

microcapsule prepared from giutaral 1.0 gm and pH3 chitosan

L e Ry L GO SR SRR S R R
The effect of hardening time on frequency curve of indomethacin

microcapsule prepared from glutaral 0.5 gm and pH4 chitosan

o et R Ml et N NS T R R e
The effect of hardening time on frequency curve of indomethacin

microcapsule prepared from glutaral 0.5 gm and pH5 chitosan

BOTMIRON.. e R S i R s

The effect of hardening time on Dy, value of indomethacin
microcapsule prepared from glutaral 1.0 gm and pH3 chitosan

BOEBNION ... . N L LT T :

The effect of hardening time on D, value of indomethacin

microcapsule prepared from glutaral 0.5 gm and pH4 chitosan
solution...... GHULALUNGEOBN. AANWVERSREX . o0 . i

The effect of hardening time on D, value of indomethacin
microcapsule prepared from glutaral 0.5 gm and pHS5 chitosan

e SORER R S R M T TR e

The effect of glutaral content on frequency curve of
indomethacin microcapsule prepared from 3hr hardening time,

PELS Chistounn WOIBBION. .. 0 . B L G e

The effect of glutaral content on frequency curve of
indomethacin microcapsule prepared from 3hr hardening time,
PEES CRITOMRE SOIMIMBE - .. i e e b e v s

xii

Page

57

58

58

60

60

61

61

62

62

64

64



Figure

35. The effect of glutaral content on frequency curve of
indomethacin microcapsule prepared from 3hr hardening time,
PHSCRUNERR SORMEIOE. ... i it it b i ik s e da S

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

The effect of glutaral content on Dy, value of indomethacin

microcap
chitosan

sule prepared from 3hr hardening time, pH3
T R AN R s SRR T R LT TR

The effect of glutaral content on Dy, value of indomethacin

microcap
chitosan

sule prepared from 3hr hardening time, pH4 ]
i T TR i DR SO BB PR S I L ;

The effect of glutaral content on D,, value of indomethacin

microcap

sule prepared from 3hr hardening time, pHS

CRITURAR SOIREION. ... .o O i

The effect of glutaral content on frequency curveof indomethacin

microcapsule prepared from 1hr hardening time, pH4
chitosan sOMNION........ /7 A/ /el NS .

The effect of glutaral content on frequency curveof indomethacin

microcapsule prepared from lhr hardening time, pHS

CRITOBRIE BOIMMEOM. o .. ..ol BB L i i ssnnnrt
The effect of glutaral content on D, valueof indomethacin
microcapsule prepared from lhr hardening time, pH4

chitosan SORIMON. ... SO oY

The effect of glutaral content on D,, valueof indomethacin
microcapsule prepared from lhr hardening time, pHS
chitosan sOINHORE 1. AL AN CKORAL AU BRGITY o st

The effect of chitosan concentration on frequency curve of

indometh
solution,

acin microcapsule prepared from pH4 chitosan
0.25 gm glutaral and 3hr hardening time...................

The effect of chitosan concentration on Dy, value of

indometh
solution,

Effect of chitosan solution pH on Higuchi's plot of indomethacin

acin microcapsule preparcd from pH4 chitosan
0.25'gm glutaral and 3hr hardening time....................

microcapsule prepared from glutaraldehyde 0.25 gm, hardening

time 3 hr

.........................................................................

xiii

Page

65

65

66

66

67

67

68

68

70

70

75



Figure

46. Effect of chitosan solution pH on Higuchi's plot of indomethacin
microcapsule prepared from glutaraldehyde 0.5 gm, hardening

47.
.
49.
50.
53,
53.
23.
54.
. 3 2

56.

Effect of chitosan solution pH on Higuchi's ploi of indomethacin
microcapsule prepared from glutaraldehyde 1.0 gm, hardening
TR T TR R O O O A I 5 U _

Effect of hardening time on Higuchi's plot of indomethacin
microcapsule prepared from glutaraldehyde 1.0 gm, chitosan

DRRIEIEE DR -l s i e e e i e T S

Effect of hardening time on Higuchi's plot of indomethacin
microcapsule prepared from glutaraldehyde 0.5 gm,chitosan

QOINEION DEIAL ... s () i GBI s v s s s oo e sl s bV S NS b s S s

Effect of hardening time on Higuchi's plot of indomethacin
microcapsule prepared from glutaraldehyde 0.5 gm,chitesan

BOIUHON BEEN.. ... o e NN i e

Effect of glutaraldehvde on Higuchi's plot of indomethacin
microcapsule prepared from hardening time3 hr,chitosan

solution PEI3.........../ AUTPRETTIIIN S b v ovss s nsotiobais ibearns st

Effect of glutaraldehyde on Higuchi's plot of indomethacin
microcapsule prepared from hardening time3 hr,chitosan

SOIGNON DEIA . ... T2 R S i R e

Effect of glutaraldehyde on Higuchi's plot of indomethacin
microcapsule prepared from hardening time3 hr chitosan

solution pHNGHULALONGKORN . UMIVERSITY......oiiwa i,

Effect of glutaraldehyde on Higuchi's plot of indomethacin
microcapsule prepared from hardening time5 hr,chitosan

L B TR e i NS LR e L S DR el e

Effect of glutaraldehyde on Higuchi's ploi of indomethacin
microcapsule prepared from hardening timcl hr,chitosan

BINEEOR PRl o B s 1 s DR 4 i B s ek

Effect of glutaraldehyde on Higuchi's plot of indomethacin
microcapsule prepared from hardening timel hr,chitosan

SORERROR PIER. o iviin s it i i AR v B s e e ke

Xiv

Page

75

76

77

77

78

80

80

81

81

82

82



Figure : ' i Page

57. Effect of chitosan solution concentration on dissolution profile
of indomethacin microcapsyle prepared from chitosan solution
pH4, glutaraldehyde 0.25, hardening timel hr................c....... 83
58. Scanning electron photomicrograph of indomethacin microcapsule
preparation 4, X75 and X750 magmfications batch I (A), batch II
B RRSEREIR EO0D oo dis Bl S s as diin s s T v s MG 5.0 ' 85
59. Scanning electron photomicrograph of indomethacin microcapsule
preparation 16, X75 and X750 magnifications; batch T (A),

Do SEEBE MR TN (C) ai i e et L 86
60. Frequency curve of various batches preparation 4 microcapsuie... 87
61. Frequency curve of various batches preparation i6émicrocapsuie.. 87
62. Higuchi's plot of various batches formulaiion 4 microcapsule...... 90 '
63. Higuchi's plot of various batches formulation 16 mxcrocapsulc 90 -

64. Scanning electron photomicrographs of indomethacin

microcapsule prepared from chitosan solution pH 3, glutaral 0.25

gm and 3 hr hardening time, X7500 magnification: before drug

release (A), after drug roleApRl By, . . oune e iiiaiioionsannans 95
65. Scanning electron photomicrographs of indomethacin

microcapsuie prepared from chitosan solution pH 4,giutaral 0.25

gm and 3 hr hardening time, X7500 magnification; before drug

release (A), after drugielease (B). .ot iooeerniiiniinsansnss 96
66. Scanning electron photomicrographs of indomethacin

microcapsule prepared from chitosan solution pH 5 glutaral 0.25

gm and 3 hr hardening time, X7500 magnification: before drug

selease (A), Mtch deug reléase (BY. ... il . .......oh s 96
67. Calibration curve of indomethacin in the mixtureof methanal and

PH 7.5 phosphate Butlor (110 86 32200 oo ieh i s 115
68. Calibration curve of indomethacin in the pH 6.2 phosphate :

SRt (11BN ... . anae T 1ie

69. Calibration curve of pindolol in the mixtureof methanal and ;
chloroform(1:1) at 322 nm 117

.................................................



CMC
cm
Oc'
gm
hr

IPA

mg
ml

nm
psi
rpm
SD
w/v

ng
pm

Abbreviations

carboxymethylcellulose
centimetre

degree Celsius

gram

hour

isopropyl alcohol
kilogram

litre

milligram

millilitre

normal

nanometer

pound per square inch
revolution per minute
standard deviation .
weight by volume
microgram
micrometer



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

