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Various pharmaceutically acceptable components were investigated the possibility to

form microemulsion gel (MEG) and liquid crystal ). Spontaneous formation was obtained by
mixing four components. Isopropyl myristate or oil (CO) and soybean oil (SBO) were
used as an oil phase; tween 80 (Tso), cremophor EL f @nd cremophor RH (Cry) as surfactant;
Lutrol F-68 (Les), Brij 72 (B7,), Brij 7248 (B rij.s 5), cetyl alcohol (C), butanol (B),
glycerin (G) and propylene glycol«@)as-¢ t*ctanﬁlnd-hpure water were used. Pseudo-
ternary phase diagrams were cgis - tions of these excipients to

evaluate the MEG and LC existingsafeas®Palar Groscope was used to elucidate the
formation, structure and microse®y o ) {EG and LC. Transmission electron
microscope (TEM) and SemAfa puiefzed pro u‘ 1 ‘wereiused to determine the particle
size and size distribution of syste shys ' het Q‘. [on es were also investigated both
before and after stability testing® ingluding wi observation, "MEG type, conductivity, pH,
syringeability, viscosity, loadifig capagityfofi selected MBEG \\ . The potential of MEG and
LC to prolong the release of 1.53 ) idazéle wa ordingly evaluated in vitro using

modified Franz diffusion cell whergas ghe possibi ityiita; use s and LC as periodontal drug
delivery was studied on the antimig ivity-again phyFomonas gingivalis.

“Suffactant, cosurfactant and oil used had
pronounced effect on the existing region- of/ME LC. MEG area could be produced by
specific type and ratio of componentin afiarrow : C, B#,and-G as cosurfactant could not
form MEG at any ratio. The%areas of MEG in pseudo-ternary-phase diagrams were mostly
increased with the decreasingoil to surfactant ratio. The results! ffom dilution test and dye
solubility test including conduetivity test ost MEG and LC were o/w type.
Results from TEM revealed that'the mean droplet diameters of tf system were in the range of
25-85 nm and increased after fieeze-thawing. The, type and amount of oil, surfactant and
cosurfactant also affect i8CO! t ‘ ent of the possibility
of using these systems ﬁ‘ﬁg ﬁrﬁywl Eﬁ stfeﬂd rmulations could hold
a maximum of 1.5% wiy metronidazole. Most systems exhibited birefringent property under
cross-polarizing microscope. The non-newtohian and sheﬁthinnﬁxﬂow béhaviors could be

obtained indic %&@ﬁiﬁﬂﬂﬁﬁ!&}% fﬂ:ﬁ: drug diffusion
from MEG and HCls¥stet a ai n 24 "our itted with first

order kinetic and! Higuchi model. Antimicrobial activity of selected formulation showed the
strong inhibition zone against P. gingivalis. by agar diffusion method. After accelerated and Thai
FDA stability testing, MEG and LC still showed good physicochemical stability.

Department....Manufacturing Pharmacy.......Student’s si gnature........ NI : "ﬁtlﬂ "Q?j .........
3 N l 1,2 v
Field of study....Industrial Pharmacy.......... Advisor’s signature......4/ (:/"7“\/((’&&"‘7

Academic year...........2003................. Co-advisor’s signature

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



ACKNOWLEDGEMENTS

I would like to express my sincere gratitude to my thesis advisor, Associate
Professor Dr. Garnpimol C. Rittidej for her invaluable advice, problem solving,
encouragement and understanding. I could not succeed in my thesis and made it

valuable research without her support, I truly feel grateful to her.

Special thanks g

University and Gove

atieal Science, Chulalongkorn
lization for the support of
equipment and locatiofi thgo ’f s dy: Special thanks is also due to
Graduated School of Chufalofigornd I or gianting financial support to fulfill

this research.

I also wish 4 x_.a—-i:m:‘ ssociate Professor Dr.
Cholticha Amornchat, & ent, Faculty of Dentistry,

Mahidol University for endmg her time to support equipment and knowledge about

:;:r:t:;ayl actlvﬁtﬁ E] ?ﬁfﬂ’ﬂ?ﬂmﬁ? helped to improve
) Wi Bk (e MQJJMQM SR o e

Department of Manufacturing Pharmacy and to all my friends who helped and

encouraged me during my study and my thesis preparation.

Finally, I would like to express my infinite gratitude and great appreciation to
my mother, my father and sister who helped and encouraged me during my study. I
feel really grateful of my family for the love, caring, understanding throughout my
life.



CONTENTS

,"I

|

.
[

AUEINLNINING
ARIAATAUNNIING A Y



Table

N O L AW

o0

10
11

12

13
14

15
16

17

18

19

LIST OF TABLES

Non-degradable matrix systems under investigation for use as intra-
pocket devices in periodontal disease.................c.cooueeueireiineiiiii

Degradable matrix system under investigation for use as intrapocket

devices in periodontal disease

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

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

Study design of microemulsion gélsystems.....................................
Amount of ingredients f%EL:E2 (1:1)................
Amount of ingredi o EL:'E2 (2:1)....u.........
Representative form ,."‘~-.. paring MEG base and

MEG containing mg#fond@aZole. . 4. i i e e
The formability*of th€ idvgSiigated MBG systems. . ..........covvveeneenn,
Appearance an er 7 days storage for
equilibrium...... M. L & S AR N

Loading capacity stiidi ida icteemulsion gel...............
of MEG base and MEG

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

G base and MEG

o

oe c@aining metronicazole..

The pH, s -, e
= —_
%',

Viscosity of M% base at
Mean particle sizgs ‘o.f the represent&'gve MEG base system before and

after staﬁ%ﬂgfa . ‘n E] ‘V’I ‘j . w E“’]ﬂ ‘3 ....................

Rheologiédl change of MEG when diluted with water

containing 1.

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

Type and characteristic of representative MEG and LC selected from
freeze-thawing and FDA stability testing.................ccoooveiiiiiiii.
The coefficient of determination of microemulsion in various drug
diffusion kinetics calculated from total drug diffusion data...................

Appearance of MEG base and 1.5% w/w metronidazole MEG before-
stability, after freeze-thawing and after FDA stability

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

viii

Page

61
65

70

90
96

127
146

153

154

155



ix

LIST OF TABLES (Cont.)

Table (Cont.) Page
20  pH of MEG base and 1.5% w/w metronidazole MEG before-stability,

after freeze-thawing and after FDA stability.................................... 168
2] Syringeability of MEG base and 1.5% w/w metronidazole MEG before-

stability, after freeze-thawing and after FDA stability......................... 170
22 Conductivity of MEG bas oy W/w metronidazole MEG before-

stability, after freeze-thawing and afCrLidA stability........................ 173
23 Viscosity of MEG"base-s W/ etronidazole MEG before-

stability, after free AWIGE an DA Stability.......................... 242
24 Mean particle si a0 cen base system before and

after stability tegtifie # £4L “5 N W 246
25  Antimicrobial a fle MEG conts mg 1:5% w/w metronidazole

before stabilty: afjéh Gfhcdohharin @A X6 Sbilcy. ... ... 247
26  Antimicrobial activi harmacéutical &xcipient...................... 255
27  Antimicrobial actiVityfof icroernilsion gel basc............................. 257
28  Antimicrobial activity aiming 1.5% w/w metronidazole... 257
bl The diffusion of metronidazoic ion 1/6., [[PM:T80:W,

IPM:T80 =19 AONDLRT o e 220
b2 The diffusion 6fmet on .J , [CO:CEL:W:PG

(4:1), 327, 25%0WPRLCT]...occseisnssnmnnsnmennemrnensesessross oM essssn ssssssstmmmn e eeensee e 220
b3 The diffusi ‘myﬁ IEiFnTﬁ[?M:T8O:L68:W,

(TSOzLatﬁ;EI; :2.33525% eﬂ ................................................. 220
b4 The diffusion of metronidazolé from formufiition 3/4 , [ IPMT80:168:W,

R0 B bt 9 T EL TR ™
b5 Th% diffusion of metronidazole from formulation 3/5,

[ [PM:T80:L68:W,(T80:L68 =2:1), 2: 5.33: 2.67 , 25% water]......c.cceeuuenn. 221
b6 The diffusion of metronidazole from formulation 4/3, [IPM : CEL : W:

PG (4:1), 3:7 , 25%WaLEr]....uveeeeeeeeee oo 221



Table
b7

b8

b9

bl10

bll

bl2

bl3

cl

c2

c3

c4

c5
c6

e7

c8

LIST OF TABLES (Cont.)
Page
The diffusion of metronidazole from formulation 5/2 [IPM : CRH: W: PG
(4:1), 4:6 ; 2000WALET].....ucensenrmsnensensnavusessnsessmssssnssssratissssostasasmmeneiomemn e ens 222
The diffusion of metronidazole from formulation 5/3 [IPM : CRH: W: PG
(4:1), 4:6 , 15%WALET].....covereieeeeeee e 222
The diffusion of metronidazo ulatlon 6/1, [IPM : T80 : CEL :
W,3:3.5:3.5, water 15%].... , ............................................... 222
The diffusion of m » n 6/4, [IPM : T80 : CEL
W,1:45:45,w 1. e 223
, -~"~"b f,7/1 [IPM : T80 : B35

\. s ioveinnnnnnnnenisanssnssseens | 223

. s A & . We R 223

................................................. 224

cal’excipient inhibition zone.... 227

Antimicrobial activity p* 316 MEG base..........oo.vovvoorooo 227
Antimicrobial.a tivity of the MEG containis ng-13%wi/w metronidazole.... 228
The result Ot/ .f: ition zone of each
component. ..... ll ....................................................................................... 229
The result of ANOVNstest of rnmmt&l inhibitjo each base.......... 230
The resﬂwg gt]oa %{l ﬁzii% individual
formulatlg‘!l (DUNABIITS ), cnesues cxndlffosnosvosasssnissossgieon oo suseseesenssonssedladlbsss corsssseisans 231

AUARAR AT NEIA L

between formulation before and after freeze-thawing stability testing
(Formulation 2/4)..........cccoiemueieeeeeeeeeeeeeeeeeee e 232
The result of 2 tailed paired-sample T test of minimum inhibition zone

between formulation before and after FDA stability testing (Formulation



LIST OF TABLES (Cont.)

Table (Cont.)

c9

cl0

cll

cl2

cl3

cl4

di-1

d1-2

d2-1

d2-2

d3-1

d3-2

The result of 2 tailed paired-sample T test of minimum inhibition zone
between formulation before and after freeze-thawing stability testing
(Formulation 3/4)

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

between formulation befo DA stability testing (Formulation
£ 1 N / =
The result of 2 t ‘{ﬂminimum inhibition zone
between formu 7 awing stability testing
(Formulation \ B eecesssenseensssessanns

The result of mimum inhibition zone

between formu cfoge and-afte EDA ity testing (Formulation

T4 ) ROV 7 W R el ) N S

The result of 2 tailéd paired sampleiiiite inimum inhibition zone

between formulationffbefore and affer fregze-thawing stability testing
) Kb < 2

(Formulation 7/1). ...... T I e eeeenteeenteeeetteeeee e et eeseeeeenens

The result of 2 tailed Paired=sampl igimum inhibition zone

between forrmy f.‘.?r:?_‘.m?'"“‘"ﬁ“' #itesting (Formulation

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

Si“iiﬂiﬁ EI":JT! am mm;;; """ W
ﬁ“ﬁiﬁiﬁﬁﬂmﬁmmm """ o

T80—4 6) before stability testing..................ococooeooeeoo
Particle size distribution of formulation (1/3) IPM : T80 : W (10%)
(IPM:T80=4:6) after stability testing
Particle size distribution of formulation (1/5) IPM : T80 : W (10%)
(IPM:T80=3:7) before stability teSting...............ocoooovorooooooo
Particle size distribution of formulation (1/5) IPM : T80 : W (10%)

(IPM:T80=3:7) after stability teSting..............cooevermemeremroeeooooooo

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

X1

Page

232

232

233

233

233

233

261

261

262

262

263



Xii

LIST OF TABLES (Cont.)

Table (Cont.)

d4-1

d4-2

ds-1

ds-2

de-1

de6-2

d7-1

d7-2

ds8-1

ds-2

d9-1

Particle size distribution of formulation (1/6) IPM : T80 : W (7%)
(IPM:T80=1:9) before stability teSting................o.coooovvoeooo
Particle size distribution of formulation (1/6) IPM : T80 : W (7%)
(IPM:T80=1:9) after stability testing

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

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

Particle size distrib :CEL:W: PG(4:1) (23%)
(CO:CEL = 2:8) afierStabitiy testing Moo e .
Particle size di : T80 : L68

W(T80:L68=2: 4.67 : 2.33) before

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

: T80 : L68 :

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

on (3/2) IPM : T80 : L68 :
= 3 :.4.67 : 2.33) before

The TEM photomictog ’ i

AR
W(T80:L68=2:1) (W=20%) {IPMT
stability testi g e eer—f

: T80 : L68 :
W(T80:L68=2:1) (W=20%) (IPM:T80:L68 = 3 : 4.67 : 2.33) after

stability testi fa . A
Particle Eljjlﬂtgm&fmiﬁﬂ %!;;'Qd : T80 : Le68
W(T80:L6?§=2:1) (W=20%) @APM:T80:L68»= 2 : 533 49

AR INIUURITNYIR
Paﬂicle size distribution of formulation (3/4) IPM : T80 :
W(T80:L68=2:1) (W=20%) (IPM:T80:L68 = 2 : 533 : 2.67) after
stability testing.

Particle size distrit

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

) before
L68 :

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

Particle size distribution of formulation (3/5) IPM : T80 : L68 :
W(T80:L68=2:1) (W=25%) (IPM:T80:L68 = 2 : 5.33 - 2.67) before
stability testing

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

Page

265

265

266

266

267

267

268

268



LIST OF TABLES (Cont.)

Table (Cont.)

d9-2  Particle size distribution of formulation (3/5) IPM : T80 : L68 :
W(T80:L68=2:1) (W=25%) (IPM:T80:L68 = 2 - 5.33 : 2.67) after
SEabIlity teStNG.......oovoooooeeeeeeeceeveeeeeeeeeeee e

d10-1 Particle size distribution of formulation (4/2) IPM : CEL : W: PG 4:1)

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

d10-2 Particle size distributi f formulatien : CEL : W: PG (4:1)

(25%) (IPM:CEL =2:8)-afier stabilitytestife w......... ...
dl1-1 Particle size dist CEL : W: PG (4:1)
(20%) (IPM:CE s TR
dl1-2 Particle size dis CEL : W: PG (4:1)

(20%) (IPM:CE
d12-1 Particle size distri
(W=14.52%) (IF ‘
d12-2 Particle size distributibn offiGhmulaion (/) [PM : CRH : W: PG (4:1)
(W=14.52%) (IPM:CRESH5 afia lityltesting

d13-1 Particle size distributien-of forniulati PM _.CRH : W: PG (4:1)

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

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

e T et

(W=15%) (RERE= S et ity iesing.

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

d13-2  Particle size distib M : CRH : W: PG (4:1)
(W=15%) (IP RH = 5:5) after stability testing. ..........................._

d14-1 Particle 80 : CEL : W
(W=15 *@'mtﬁﬁm‘gwmnﬁy testing...........
d14-2  Particle size distribution of formulation EL : W
A s I SR

d15-1 1cle size distribution of formulation (6/4) IPM : T80 : CEL : W
(W=20%) (IPM: T80 : CEL=1:4.5 - 4.5) before stability testing...........
d15-2  Particle size distribution of formulation (6/4) IPM : T80 : CEL : W
(W=20%) (IPM: T80 : CEL=1:4.5 - 4.5) after stability testing..............
d16-1 Particle size distribution of formulation (7/1) IPM : T80 : B35 :
W(W=15%) (IPM: T80 : B35=3:3.5: 3.5) before stabilit testing

Xiii

Page

269
270
270
271
271
272
272

273



LIST OF TABLES (Cont.)

Table (Cont.)

d16-2

d17-1

d17-2

el

e2

e3

e4

es

e6

e7

e8

e9

el0

ell

Particle size distribution of formulation (7/1) IPM : T80 : B35 :
W(W=15%) (IPM: T80 : B35=3:3.5: 3.5) after stability testing...........
Particle size distribution of formulation (7/1) IPM : T80 : B35 :

The result of 2 tailed pa: : l@‘ mean particle diameter

between before affeLstability testing (Fotmulation 1/1)

The result of 2ef8iled patstifsample T test ean particle diameter
between befor_ ‘ on 1/3).cccciceccenn.
The result of 2 ilof ghifed sample eS| o fmean particle diameter
between before F Stabiilgfot: c rmulation 1/5)...................
The result of ued jpair, \ mean particle diameter
between before afd affe \u - lation 1/6)

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

,r
The result of 2 tailed p —'5'4 est of mean particle diameter

between before and afietstability te srmulation 2/1)

s J-vcllluu-lnliui-:nv.l::nnu \iﬂ"{l partlcle dlarneter

between befo -g» .

The result of 2 ean particle diameter
betwee jl eﬁl ......................
The reEﬁe ﬁeﬂi m% WMMUCR diameter
between before and after stabfli testm I£:3 <P
Qeﬁﬂ aMdsm fiﬁl&lhameter

be%ween before and after stability testing (F ormulation 3/5)..........c...........

iled paired-sample T test of 1

The result of 2 tailed paired-sample T test of mean particle diameter
between before and after stability testing (Formulation 4/2).....................
The result of 2 tailed paired-sample T test of mean particle diameter
between before and after stability testing (Formulation 4/4)........... S—

Xiv

Page

277

278

278

278

279

279

279

280

280

280

281



LIST OF TABLES (Cont.)

Table (Cont.)

el2

el3

el4

els

el6

el7

The result of 2 tailed paired-sample T test of mean particle diameter
between before and after stability testing (Formulation 5/1)

The result of 2 tailed paired-sample T test of mean particle diameter

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

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

The result of-2"ailed phited-sample test, ean particle diameter
between beforef i bility testing (Formulation 7/1)

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

X

U]

ﬂ‘lJEl’WlEWIﬁWEI’]ﬂ‘i
’QWWNﬂ‘iWﬂMTAm}’]ﬁH

XV

Page

281

282

282

282

283



Figure

10

11

12

LIST OF FIGURES

The physiology of periodontal pocket and tissue pathogen....................

Pictorial representation possible microemulsion and reverse micelles

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

Pseudo-ternary phasé™dia J : 3 of isopropyl myristate

(IPM): tween 80 ( . 10 O (T'30:Les) = (2:1) and co-
‘N

solvent of water:psOpyleflc glfeol (- 1)e. o

Pseudo-ternary ph#ise m frop fen isopropyl myristate

\\I\\ LY Tgo Lsg) = (1 1) and

,,L
(IPM) : tween 80 @so)f J l ol I-0f 8‘}
% ".", ivJ e \
0.

co-solvent of water:gfon

. RII . . « 4 eoese s 25 Aipdincn o o
A add ‘
Pseudo-ternary phasefididgsamf Sy \\ of isopropyl myristate
Pl i
(IPM) : tween 80 (Tgo) & LutuodF<é ¥ () 2 the ratio of (Tgo:Leg) = (2:1)

(P )
and purified water ( ....“'f‘rr'

Pseudo-ternary phase_di e of 'sopropyl myristate

30-{Lge. f(Tgo Leg) = (1:1)
and purified wateH{ W) ﬁ

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

Pseudo-ternary ph e diagram from the system of isopropyl myristate

e FEL mninnng,
ok G REE L4 inieh 11V

Pseudo-ternary phase diagram from the system of isopropyl muyristate
(IPM) : tween 80 (Tg) : Brij 7218 (B7215) at the ratio of (Tg : Byys) =
(1:1) and purified water (W)................cccccccoomeii
Pseudo-ternary phase diagram from the system of isopropyl myristate
(IPM) : tween 80 (Tso) : Brij 35 (Bss) at the ratio of (Tgo: B3s)=(1:1) and
purified water (W)............ooooooo

22

23

43

32

52

53

53

54

54

55

55



Figure

13

14

15

16

17

18

19

20

21

22

23

LIST OF FIGURES (Cont.)

Pseudo-ternary phase diagram from the system of isopropyl myristate
(IPM) : cremophor EL (CeL) and co-solvent of water - propylene glycol

(IPM) : cremophor RH40
glycol (4:1).............
Pseudo-ternary ph,
(IPM) : cremopho
Pseudo-ternary ph#

0;solvent of water : propylene

t@ of isopropyl myristate

and \\\\ ater : butanol (4:1)...

system._ of castor oil (CO
R (CO)
°ne glycol (4:1)......
isoybean oil (SBO) :
The photomicrograpiy$ - Crods 01arizing Ymicroscope show the
crystals and precipitate tetronida hatioccurred by incorporated

A schematic represe

Comparison co ; ityofMEG-base RS ToWIIc tronidazole

The microscopic pattern under cross-polanzed light microscope showing

- ‘;::frmm HPNTNENGy
L VIS bR WD | NSV il

exhibited lamellar phase structure

-

The microscopic pattern under cross-polarized light microscope showing
the birefringent property of system (1/5) IPM:Tgp:W (10%),
(IPM:Tgo=3:7) exhibited lamellar phase structure.......................... .

XVii

Page

56

56

57

57

58

64

69

72

77

77

77



Figure

24

25

26

27

28

29

30

31

LIST OF FIGURES (Cont.)

The microscopic pattern under cross-polarized light microscope showing
the birefringent property of system (3/1) IPM:Tgo:Les:W (15%),
(Tgo:Leg=2:1) (IPM:Tgo:Leg = 3: 4.67: 2.33) exhibited hexagonal phase

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

\ ’ i
the birefringent properts A M 52) PM:Tgp:Leg:W  (20%),
(Tso:Les=2:1) (IPM . :ﬁjbited hexagonal phase

structure..........

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

The microscopic 20 t microscope showing
the birefringen system (3 L:Tgo:Leg:W  (25%),

(Tso:Leg=2:1) (IPM S 283 ¢ ed hexagonal phase

structure............ .4 JE B - Aol AN
The microscopic pa de¥ ¢ 0ss-pola \ ight microscope showing
the birefringent pro of  Syst 3/4) IPM:Tgo:Leg:W  (20%),

(Tsgo:Leg=2:1) (IPM:Tgo: L68 ' 67) exhibited hexagonal phase

structure........

The microscopik ’ +F microscope showing
the birefringent _ 1%1 Tso:Leg:W  (25%),
(Tso:Leg=2:1) (IPM: Iso :Les = 2: 5.33;: 2, 67) exhibited hexagonal phase

structure I;Lm ?] E}V}‘i w H"]‘n‘j ..................

The mlcroswplc er cross-polanzed light microscope showing

RO} 1 R (P TUE U 1

structure

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

The microscopic pattern under cross-polarized light microscope showing
the birefringent property of system (4/2) IPM:Cg:W:PG (25%),
(IPM:Cg=2:8)exhibited lamellar phase structure ............................
The microscopic pattern under cross-polarized light microscope showing
the birefringent property of system (4/3) IPM:Cg:W:PG (25%),

(IPM:Cg1=3:7)exhibited lamellar phase structure

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

xviii

Page

78

78

79

79

80

80

81

81



Figure

32

33

34

35

36

37

38

39

40

LIST OF FIGURES (Cont.)

The microscopic pattern under cross-polarized light microscope showing
the birefringent property of system (4/4) TPM:Cg:W:PG (20%),
(IPM:CgL=3:7)exhibited lamellar phase structure.........................__

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

The microscopi ,CrO8s pola [ ight'microscope showing
the birefringent system®(5/3) 1 “W:PG (4:1) (15%),
(IPM:Cry=4:6) thei 458, found '_ amellar and hexagonal

The microscopic patte ndés - " arizedilight microscope showing

the birefringent property i ), [PM:Cry:W:PG (4:1) (15%),
(IPM:Cry=5:5).theirtesfure couldibe for angellar and hexagonal
phase structure V— 3 AR
The microscopic Patte 7ed 'ig@microscope showing

the birefringent pro.perty of system %55) IPM:Cry:W:PG (4:1) (15%),

W L1 LU AL L

phase structure. ... 0 ...

Rov b NiawL bty i) ikt i

(IPM Ts0:CgL=3: 3.5: 3.5) exhibited lamellar phase structure.................
The microscopic pattern under cross-polarized light microscope showing
the birefringent property of system (6/3) IPM:Tgp:Ce:W  (15%),
(IPM:Tgo:Cg1=1: 4.5: 4.5) exhibited lamellar phase structure.................
The microscopic pattern under créss—polarized light microscope showing
the birefringent property of system (6/4) IPM:Tg:Cp:W  (20%),
(IPM:Tgo:Cgr=1: 4.5: 4.5) exhibited lamellar phase structure.................

XiX

Page

81

82

82

83

83

84

84

85

85



Figure

41

42

43

44
45

46

47

48

49

50

51

52

LIST OF FIGURES (Cont.)

The microscopic pattern under cross-polarized light microscope showing
the birefringent property of system (771) IPM : Tgo : Bss : W (15%),
(IPM:Tgo :B3s = 3 : 3.5 : 3.5) exhibited lamellar phase with butterfly

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

Comparison of the % metronidazole MEG
(before stability). / B ey R
Comparison syri ity 6 \-\nﬂv etronidazole MEG...
Time-viscosity ' - formulation 1/1, 1/3
and 1/5............ \

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

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

Time-viscosity relationghip efsfPat - : Legy: W (Tg0:Les=2:1) system,
T
(IPM:Tgo:Les = 2: 5.33: 2.6%): formula /4,3/5and 3/6...................

T Il

Time-viscosity _relationship= &f [PV W: PG (4:1) system;
formulation 4/ 43 and- e - (SOSER——
Time-viscosity re; . smém formulation 6/1
6/3and 6/4......00

Schematic lllustratlon of ﬁ ai ‘ﬁrﬁr non-
nemm ﬁJ Al (VIR

1/1 ,1/3 and 175,
Schematic illustration of effect of shear rate on the viscosity for non-
newtonian and shear-thining system of IPM:Tgo:Leg:W (Tgo:Les=2:1)
system, formulation 3/1, 3/2, 3/3,3/4,3/5and 3/6........................._

Page

86

86

88
92

97

98

99

102

103

104

105

105



Figure

33

54

55

56

57

58

59

60

61

62

63

64

65

LIST OF FIGURES (Cont.)

Schematic illustration of effect of shear rate on the viscosity for non-
newtonian and shear-thining system of IPM: CeL: W: PG (4:1) system;
formulation 4/2,4/3 and 4/4.........................

formulation 6/1, 6/3 an,

é,f ...... S

0 shem the viscosity for non-
newtonian and shes

\. B3s: W system;...........
Comparison of th gOS ¥ _ d MEG containing

Schematic illustratio «

1.5% wiw metronid@zolé” £ 4L 5 SN W

Comparison viscosit

metronidazole in forg

Md-l /
Time-viscosity relatiofis D0l TPM: AR\ stem containing 1.5%

13 1
metronidazole ; formulagion 14041 f§ ................................
, : Tgo @ Leg 1 W
(Ts0:Leg=2:1) system, 0L s 7= ; formulation 3/1, 3/2

Time-viscosity relationshipe ¢

Time-viscosity

i
(T301L68—2 1) Syste (IPM Tgo L63 =2: 5 33: 2. 67) formulatlon 3/4 3/5

and 3/6. 3 Elf] n} ..................
Time- v1sc£‘1nyueﬂ ghlm gj m/l ﬂ (4: l) system;
formulation 4/2, 4/3 and 4/4....6 .. e @)

T"‘Q wqyalﬁﬁjmmﬂﬁ él')luﬂ’lauﬂon 6/1

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

Time-v130051ty relationship of IPM: Tg: Bss: W system; (IPM: Tgo: Bss
=3:3.5:3.5, 15%water) of formulation 6/1.........................
(A) Collision, fusion and fission with mass transfer and (B) fragmentation
followed by coagulation causing mass transfer.............................
Comparison of the mean particle size of microemulsion gel system

between before and after freeze-thawing

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

Page

106

106

107

110

110

111

114

115

116

117

117

120

126



Figure
66

67

68

69

70

71

72

73

74

75

76

77

78

LIST OF FIGURES (Cont.)

The TEM photomicrograph and particle size distribution of formulation
(1/1) IPM: T80: W (10%) (IPM:Tgy=5:5) before stability testing.............
The TEM photomicrograph and particle size distribution of formulation

(1/3) IPM: Tgo: after stability testing...............
The TEM photo \-\f\*'- bution of formulation
(1/5) IPM: Tgo: ¥ - \ e stability testing. ..

The TEM photo and-pa : ' distribution of formulation

(1/5) IPM: Tgo: W Pyo=347) after Sta ility testing................
The TEM photomicrderaph atticletsize distribution of formulation
(1/6) IPM: Tgo: W (7% i ";A, 9y be or ‘aility (75111 1 1

The TEM photomlcrdgra sarticle Size distribution of formulation
(1/6) IPM: Tso: W (7%) (IENE 9y sility testing. .

The TEM pho &1‘ ___________ '?""'S""”"""';;""‘—\ s of formulation
(2/1) CO:Cgy:

The TEM photom crograph and particle size distribution of formulation

(/1) CO ﬂ ﬁ lity testing......
The TEﬂnﬁﬂ ﬁiﬂ i eﬂﬂxsﬁl :3 of formulation
(3/1) IPM: Tg ﬁ’ 4.67 :
d) t sgm ﬂﬁ 3ﬁ ﬁT’T ﬂ ..........

The EM photomlcrograph and particle size distribution of formulation
(3/1) IPM: Tso: Les: W (Tso:Lgg=2:1), (W=15%) (IPM:Tgo:L¢s = 3 : 4.67 :
2.33) after stability teSting..............o.uuiiineiensin e

fore stability testing...

I°
|

The TEM photomicrograph and particle size distribution of formulation
(3/2) IPM : Tgo . L(,s : W(T302L63=221) (W=20%) (IPMZTgoZLsg =3:467:
2.33) before stability testing..................ooeeueeeeiiee

Page

128

128

128

129

129

129

130

130

130

131

131

131



Figure

79

80

81

82

83

84

85

86

87

LIST OF FIGURES (Cont.)

The TEM photomicrograph and particle size distribution of formulation
(3/2) IPM : Tgo : Leg : W(Ts:Les=2:1) (W=20%) (IPM:Tgo:Leg = 3 : 4.67 :
2.33) after stability testing..................cccoooeriiiii

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

The TEM photomicrogtaph and gartic istribution of formulation
(B/4)IPM : Tgp : ' ‘ PM:Tgo:Les =2 : 5.33 :
2.67) after stabili

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

The TEM photos o ‘ and particle s o bution of formulation
(3/5) IPM : Tgo : f gL o2l (WE25%) (BM:Top:Leg = 2 - 5.33 -
2.67) before stabilif ..........................
The TEM photomicrggraphea; izk istribution of formulation
(3/5) IPM : Tso : Leg - W Tgoihie=2:1 \. ) (IPM:Tgo:Leg =2 : 5.33 :
2.67) after stability testing?= R . L anaaans
The TEM photomicrograph afid pa -il i rib ion of formulation

(4/2) IPM : f?fi"::.‘?:f"“ "'""‘"‘—'-’; 8) before stability

testing............ .

The TEM photoxﬂcrograph and particle size distribution of formulation

::;iL;P”ﬁ w’*?wﬁ%’ PEFa Ty oo i

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

The TEM ﬁhoto ﬁg ﬁ W 'ﬁl\ﬁmw‘ ﬂﬂuﬁz

The TEM photomicrograph and particle size distribution of formulation
(4/4) IPM : CgL: W: PG (4:1) (20%) (IPM:Cg = 3:7) after stability

BB . ¢ v 3 AR s s oo s AR 5 4 e 5 e 3 s s

XXiii

Page

132

132

133

133

133

134

134

134

135



Figure

88

89

90

91

92

93

94

95

96

LIST OF FIGURES (Cont.)

The TEM photomicrograph and particle size distribution of formulation
(5/1) IPM : Cry : W: PG (4:1) (W=14.52%) (IPM:Cry = 3:7) before
stability testing................cccoviiiiiii i

stability testing......... .

The TEM photomic ic ot ribution of formulation
(5/3) IPM : Cry : Wiee %) Ril = 5:5) before stability
(7521111 SO | ' Ny
The TEM photog
(5/3) IPM : Cgry: W v !
testing............ . 4 Y &
The TEM photomicrggra
(6/1) IPM : Tgo: Cgi : :
stability testing............. e

The TEM photomicrograph-and "'
(6/1) IPM : ;':i;:::;::.:;q;.m;“ : 3.5 : 3.5) after

— e L)
Y

stability testing . . - L8
The TEM photonficrograph and particle size distribution of formulation

o U YRS T

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

Bution of formulation

RE = 5:5) after stability

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

distribution of formulation
\ CpL=3:3.5: 3.5) before

distribution of formulation

The TEM :hotomi,cro aph anfl particle siz&distributi : ulation
A TP TV Il L E1 L By e
stabi?ity L O
The TEM photomicrograph and particle size distribution of formulation

(7/1) IPM: Tgo. Bzs : W(W=15%) (IPM: Tgo: Bss= 3 : 3.5 : 3.5) before
stability testing................ccoooii

XXiv

Page

135

135

136

136

136

137

137

137

138



Figure

97

98

99

100

101

102

103

104

104

105

106

107

LIST OF FIGURES (Cont.)

The TEM photomicrograph and particle size distribution of formulation
(7/1) IPM: Tgo. B3s : W(W=15%) (IPM: Tgo: B3s=3 : 3.5 : 3.5) after
stability testing.............ooiiiiiiiniii i

(8/1) SBO: Tgp: W BO:Tgp=1:9) before stability

testing................... .

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

after  stability
testing............ A B RN N T

Covalently cros

...........

The microscopy : e system TPV 14 g0.aW after dilution with

released medium...

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

The microscopy patt

with released medi

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

The microscopy patterns

after dilution with rele 1005 00107 R b

The microscop: .:.w------“-----_:.,—:*-""u v Cp ‘ W: PG (4:1) after

dilution with relé

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

EL: W: PG (4:1) after
dilution ? ...................
The mi ﬁﬁﬂ MﬂgmmPG (4'1) after
dilution with released medium f............& @&/

RAY e KB R EIL s X (TP K

with'released medium.................................

The microscopy P ttems of the system In IPM :

The microscopy patterns of the system IPM : Ty : B3s :W after dilution

with released medium............................

Page

139

138

139

142

143

143

143

144

144

144

144

145



Figure

108

109

110

111

112

113

114

115

116

LIST OF FIGURES (Cont.)

The microscopy patterns of the system SBO : Tgy : W after dilution with

released medium

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

Comparison of the diffusion profile of metronidazole MEG containing

IPM : Tgo : Leg : W (Tgo:Les=2: 1) in formulations 3/1 (15%water), 3/4
(20%water) and 3/5(25%water

\\U/Z -

nidazole MEG containing
IPM : Cru: W: PG _()of & ati@MchH=4:6, 20%water)
and 5/3 (IPM:Cry=4
Comparison of
IPM: Tgo: Cgr:
and 6/4 (1:4.5:4.3
The Diffusion profi
W] and formulation 8§
as 1:9 and 7% water'con nt Mﬁ v
The Diffusion profile of 1 " ” dazole MEG formulation 2/4;
[CO : CeL: W: PG (4:1):CO “‘” sater] and formulation 4/3[
IPM : CgL: W: 6-- LD} '-""'—-"T':'Tm—’“'\ “]

Comparison of the dif on. n

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

MEG containing

\\:\ 3.5, water 15%)
N

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

hulation 1/6 [IPM : Tg, :
itio of oil: surfactant ratio

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

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

Comparative diffusion l\getromdazole MEG
formulation 4/3; M : Cg. : W: PG (4:1), IP eL=3:7, 25% water

compare ﬁ ﬁ f I']nyl 136:4 system in
formulatm%u Mﬁ /oﬂgl ..............................
Comparative dlffusmn 5% EG in
AN DL mﬁﬂ“ﬁrﬁﬂ“’iﬁﬁﬂ .
IPM Tso: CeL: W [formulation 6/1,6/4] and IPM - Tgo : Bss :

formulation 7/1]

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

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

XXVi

Page

145

150

151

151

159

159

160



LIST OF FIGURES (Cont.)
Figure
117 Comparison of pH of MEG containing 1.5%w/w metronidazole. ......... .
118  Comparison of syringeability of MEG base (before stability, after freeze-
thawing and FDA stability)...................coooemeieiiiii
119 Comparison of syringeability of 1.5%w/w metronidazole MEG (before
stability,after freeze-thawing and FDASstability)..........................
120 Conductivity of MEG after freeze-thawing)......
121 Conductivity of @d after FDA stability
teshng).. « cononn. gl L e e e
122 Conductivity of g \r dazole base (before
stability and afterdif€ezefthWing). . 4l b i
123 Conductivity of < tronldazole (before
stability and after FOIA stability testimg).. % % .o
124 Viscosity of MEG b '- eeze-thawmg and after
FDA stability testing... AL A,
125 Viscosity of MEG base i ‘E o 5 system before-stability, after
freeze-thawing and af A
126  Comparison vi «v“--'-‘=mf—"—m‘, ow/w metronidazole
before-stability, afie; DATStability................
127  Comparison v1s01 of MEG contalmng 15%@5 metronidazole in
w0121} (133 (11
FDA stabH ..... ET Fg ..... (El ................................................
128  Mean particle size of mic oﬂ gf d after
o Wesiosad L1 13 T TRET
129 Porp yromonas  gingivalis (strain 381) or P. gingivalis (Pg) from

130

periodontal pocket (left) and P. gingivalis (Pg) isolated to pure prior
collected in plaque (right)..................oooiiiiiiee

Unique characteristic of short rod-shape gram-negative on blood agar......

XXVii

172
175

175

176

176

179

179

180

180

182

184
185



LIST OF FIGURES (Cont.)

Figure

131

132

133

134

135
136

137

138

139

140

141
142

Porphyromonas gingivalis in plaque recovered from frozen condition (A),
inoculated and sub-cultured onto tryptic soy. agar (B), multiple sub-
cultured on plaque agarto obtain isolated colony (C)...oouovvvnvninninnnn..,

Agar plates perforated for placmg the formulation into the hole prior to

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

bOX..ceiiiiinn A S SO
Microbial sensiti \3' of microemulsion gel
base; isopropyl en 80, cremophor EL

and cremophor san le was performed in

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

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

8.The duphcatlon of each Samiple er ormed in the same condition. ..

Microbial  activity tést™“of / § orepatel.5%metronidazole

-
-“ ............................
cnmmulsion after freeze-

microemulsions
Microbial activity-te

thawing and FDA tablhty teSting.......oiiiiiii
(continue gﬁmﬂ)ﬁmlcroemulswn
after freem ag xﬁﬂmy BT 2 vss) Easmds 15 mmmmemonss
Average minimum 1nh1b1t1iﬁ lﬁ( f MEG
AR TIN TN

Ave age minimum inhibition zone of MEG base system (mm)

Comparison of microbial activity between base and 1.5%metronidazole

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

XXViii

Page

185

186

187

190
192

193

194

196

197

199
199



LIST OF FIGURES (Cont.)
Figure
143 Comparison of microbial activity of 1.5% metronidazole MEG system.....
144 Comparison of inhibition zone of microemulsion gel systems; freshly
prepared, freeze-thawing and FDA stability testing............................
dl-1 The TEM photomicrograph of formulation (1/1) IPM : Tgo : W (10%)
(IPM:Tgo=5:5) before stability testing b 4.............................
d1-2 The TEM photomicrog Tso : W (10%)
(IPM:Tg=5:5) after sta e I
d2-1 The TEM photomi | ation. (173 : Tgo : W (10%)
(IPM:Tso=4:6) b \ o S
d2-2  The TEM photo Tgo : W (10%)
(IPM:Tgo=4:6) aftepStapilishy festingms .. b N o oo
d3-1 The TEM photomi Tso : W (10%)
(IPM:Tgo=3:7) before sfabilityfestingatbdl % N ...
d3-2 The TEM photomicto Tso : W (10%)
(IPM:To=3:7) after st e
d4-1 The TEM photomicrograph-of foimt : Tso : W (7%)
(IPM:Tgo=1:9) % -ﬁz\‘ A
d4-2 The TEM phototiicrog ‘ PM : Tgo : W (7%)
(IPM:Tgo=1:9) aftef stability testing.................... e
d5-1 The TE ¢ ";ﬁ Mﬂﬁ ﬁ?uw: PG(4:1)
(23%) (gﬂiﬁﬁ) mﬁl tsting &= MMl e o
d5-2 The TEM photomicrograph of formulation=(2/1 - Eﬁl- G(4:1)
R B AN b b ool 3 TLET TR E
d6-1 The ql‘EM photomicrograph of formulation (3/1) IPM : Ty : Lgg :
W(Tsgo:Les=2:1) (W=15%) (IPM:Tgp:L¢s = 3 : 4.67 - 2.33) before stability
BESHING. ..ot
d6-2 The TEM photomicrograph of formulation (3/1) IPM : Tgy : Les :

W(Tso:Les=2:1) (W=15%) (IPM:Tgo:Lgs = 3 : 4.67 : 2.33) after stability

L

XXiX

Page
200

200

235

236

237

237

238

239

240

240

241

242

243

243



Figure
de6-2

d7-1

d7-2

ds-1

ds-2

d9o-1

d9-2

d10-1

d10-2

dl1-1

LIST OF FIGURES (Cont.)

The TEM photomicrograph of formulation (3/1) IPM : Tgo : Lgs :
W(Tgo:Leg=2:1) (W=15%) (IPM:Tgp:Leg = 3 : 4.67 : 2.33) after stability
testing

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

The TEM photomicrograph of formulation (372) IPM : Tgy : Lgs :
W(Tso:Les=2:1) (W=20%)._(IP 3:L : 4.67 : 2.33) before

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

The TEM photomie iatt 2) IPM : Tg : Legs :

W(Tgo:Les=2:1) : 2.33) after stability
testing.......... i g N N .o
The TEM pho Loepaphfof IPM : Tgo : Lgs :
W(Tso:Les=2:1) @ 1PM 33 : 2.67) before
stability testmg... r. Y .........................
The TEM photdmigfogfaphaf o ulation (6/4) IPM : Ty : Leg :
W(Tsgo:Les=2:1) ( ‘ UV Teotllge = 2 95.33 : 2.67) after stability
testing................ ..} e

The TEM photomicrogfaph:of o 3/5) IPM : Ty : Leg :
W(Tso:Leg=2:d L AW=257%) (IPMiTenlr — 25738 : 2.67) before
stability testing’.,..

The TEM phomﬂcrograph of formulation (3/@ IPM : Tgo : Les :

e NN TN LT i

The TE photomicrograph of formulatlowﬁ IPM : ﬁ{z‘l

QDR 2 Slide W3- K12

Thé TEM photomicrograph of formulation (4/2) IPM : Cg; : W: PG
(4:1) (25%) (IPM:Cg = 2:8) after stability testing..................oo....
The TEM photomicrograph of formulation (4/4) IPM : CgL: W: PG
(4:1) (20%) (IPM:Cgy, = 3:7) before stability testing........................

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

Page

243

244

244

245

246

247

248

249

249



Figure
dl1-2

di2-1

d12-2

d13-1

d13-2

d14-1

d14-2

d15-1

d15-2

dl16-1

d16-2

d17-1

d17-2

LIST OF FIGURES (Cont.)

The TEM photomicrograph of formulation (4/4) IPM : Cg : W: PG
(4:1) (20%) (IPM:Cg = 3:7) after stability testing.................coovvevvonn...
The TEM photomicrograph of formulation (5/1) IPM : Cgry : W: PG

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

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

The TEM photmi ) IPM : Tso: Cpy :
W(W=15%) (IPMf T -
The TEM photomi€ro “of - fo
W(W=20%) (IPM: Tgg#Ci= 7
The TEM p) M dPM : Tgo : Cgp :
W(W=2 O%) rr 111ty testing...

The TEM pho !l micrograph of formulation (7 IPM : Tgo : Bss :

W(W=15% ngi m testing.......

The Tﬂﬁo 1%7‘1 Ejaijlﬁﬁy Tgo : Bss :

W(W=1 A) (IPM: Tgo: B3s+3 : 3.5 : 3.5)after stability testing. ..

‘5} Y abedieloant b Sk ) B0} ) B o
SBO:Tgo=1: 9) before stability testing.....................ocooo

The TEM photomicrograph of formulation (8/1) SBO : Tgy : W (7%)
(SBO:Tgp=1:9) after stability testing

aftc stability testing.........
io (6/4) IPM Tgo : CgL :

before stability testing.......

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

XXXi

Page

251

251

251

252

253

254

254

255

256

257

258

259



BBL
B35
B72
B721S

CeL
Cru

i. €.
IPM
v
LC
Ldg
Les
Li27

LIST OF ABBREVIATIONS

butanol
Trypticase soy agar
Brij 35

Brij 72

Brij 7218
cetyl alcohol

centipoisg

emulsifier
Early Onset §
et alii (and'o h

freef aci

gram 1 V
Glycerin] nl

gingival creaylcular fluid

PHATNENINING

ance

ﬂmﬁﬂfﬁﬁtﬂﬁvﬁwmaa

id est (that is)
isopropyl myristate
intravenous

liquid crystal
logarithm

Lutrol F-68

Lutrol F-127

XXX11



XXXiii

LIST OF ABBREVIATIONS (Cont.)

MEG = microemulsion gel
MTZ =  metronidazole

mg = milligram (s)

ml = milliliter (s)

mm = millimeter (s)

nm = nanometer (s)

NCCLS = Aboratories Standard Procedure
NMR =

No. =

o/w =

Pg =

PEG =

PG = propylene g

pH = the negativefogarithtn‘of th 08en ion concentration
PK, = the negative logaritht Ot S issdciation constant
R? = coefficient o det it |

rpm = revolution pe

SANS = small ;‘

SBO = soybean l

SD = standard C e.ylatlon

o mmmmwmm
o qﬁiﬁﬂﬁ“‘a’”ﬁﬁ'ﬂiﬁ"ﬁﬂmaﬂ

volume by volume

W = water

w/o = water in oil

w/w = weight by weight
ug = microgram (s)
uL = microliter (s)

pum = micrometer (s)



XXXV

LIST OF ABBREVIATIONS (Cont.)

microsemens

wavelength of maximum absorption

AULINENINYINT
ARIAINTAUNN TN



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

