CHAPTER 1V

RESULTS AND DISCUSSION

1. Microemulsion formulation and phase diagram of microemulsion gel (MEG)

The microemulsion systems which were composed of isopropylmyristate
(IPM), castor oil (CO) and soybean oil (SBO) as an oil phase, tween80 (Tgo),
cremophor EL (Cg), cremophor RH, (€gy) gs, a surfactant, Lutrol F-68 (Lgg), Brij 72
(B72), Brij 721s (B7s), Brij 3 ' ceria (G), propylene glycol (PG), butanol
(B) and cetyl alcohol (C) ag a crer investigated. The formability of
microemulsion gel (MEG)+ ]
B7; and C as co-surfactant
Similarly, system witk
surfactant:co-surfacta

Id not form MEG at any
m 14, 15, 17, 20. The results

also showed that IPM a ity to form MEG than CO and
SBO. The pseudo-te ilsion systems are presented
in Figure 5-17. These f glire rfam which composed of IPM
CO and SBO as an#®il actant and water phase that

surfactant used. Furthermo c, e ’ was‘umique and had narrow range that was

: aent in each formulation as shown in
each pseudo- temary =

MEG from variouss
formation except fots ystems
state such as system uding Lss, :

at 60°C was used in order to melt the solid composmo
the other components of eagh,system.

For themyﬂt l m El)m § m &m‘jomposmon oil phase
(IPM), surfactan (Tgo) and water p e with co-surfactant, the sy that composed
of Tgo: %m ﬁ'ﬂ ) but different
vt S BN e o Bk in Figure 5,

7, 6 and §revealed that system contained PG as co-solvent could form less MEG area
than system without PG in water phase. These might be explained by the effects of
surfactant: cosurfactant mixing ratio even the opposing effects of surfactant and the
cosurfactant. Theoretically, cosurfactants increased the size of polar head group of
surfactant and influenced the curvature of surfactant film to form microemulsion.
However, increasing or presence the amount of cosurfactant decreased the amount of
surfactant in the systems or decreased the surfactant: cosurfactant ratio. Hence, the
amount of surfactant in the systems may not be enough to form microemulsion.
Consequently, the area of microemulsion was decreased with the increasing amount
of cosurfactant. On the other hand, the results of surfactant was opposite. Higher
amount of surfactant in the system or increasing the ratio of surfactant: cosurfactant

obnducted by spontaneous
3.00-surfactant were in solid

surfactant. Melting method
efore mixing together with
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would result in enough surfactant to form microemulsion. The area of microemulsion
would subsequently increase.

Figure 9 and 10. illustrates the existence of MEG area form by system with
and without cosurfactant in the system as shown in system 5 and 6 from Table 8. The
results showed that system with Cg, as cosurfactant in this system could form MEG in
a narrow area than system without Cgp as cosurfactant. In addition, the system that
composed of B7y;s and Bgss as co-surfactant could form MEG in a specific minimum
ratio of oil: surfactant at 8:2, 7:3, 6:4, 5:5 and 4:6 and when percentage of water was
less than 20% in B7,;s as co-surfactant system as shown in Figure 11. When using Bss
as co-surfactant, the oil: surfactant ratio which MEG area could be obtained were

specific at oil:surfactant ratio were 3: &and 1:9 with percentage of water less than
15% as shown in phase diagram jn Fig eudo-ternary phase diagram showed
that area of MEG which formeéd by Bs: as'e6-stirfactant was less than B71s as co-
surfactant. Furthermore, M C as co-surfactant were also less
than other co-surfactant sy ining ﬂ composition of IPM: Tgy: W
system. In contrast, the >sed. d C as co-surfactant system
could not form MEG i This result is undoubtedly due

indering the formation of any
ads arbc whereas Brij 72 had 18
carbon atom which had Migh o“pomt a 5°€, and 43°C respectively. In
particular the relative gthsf of 1 )hgbic ehaips "of surfactant and oil are
extremely important in de ifig Whithet all or larger molecular volume oils
are solubilized to the grea Var

Comparison of MEG greas418s 5 surfactant systems that contained the
same composition of water phaséfard oil phase as in Figure 13 and 14 revealed
that the largest MEG area was . from the system composed of IPM : Cgy :
W+PG(4:1). This are decreased" Wlﬁn tﬁé" hrfact: ehanged from CgL to Cra.

Furthermore, this arga alsd ased_and comtdHoM WIFG in specific ratio of
surfactant when oil phas “’ e same composition of
surfactant and water ph oT: and 16, Similarly, for the system of
I[PM: Tgo: W and SB go: W that had the same surfaetant and water phase, IPM
could form the larger MEG’ a than SBO asgghown in Figure 9 and 17.

For MEﬁ uﬂ ’lﬂﬂ m i whﬂ’] ﬂif MEG could not be
obtained from fhost surfactants, ce—surfactants at ~any investigated ratios. The
formab1 btained only
R TR

igure

s shown This could be the high molecular weight and high density of
castor oil than others. Molecular weight of CO was more than SBO and IPM (CO =
939.5, SBO = 881 and IPM= 270.5). Therefore, it could be solubilized less than
smaller molecular volume oil (Malcomson et al, 1993). According to MEG area,
butanol as co-solvent system could not form MEG at any ratio but could form
microemulsion as transparent liquid or fluid in large area. These could be explained
by the low molecular weight with short chain alcohol of butanol which had influenced
on the formation of microemulsion by both interfacial and bulk effects. Their
amphiphilic nature, short hydrophobic chain (4 carbon atom; CH;CH,CH,CH,0H)
and terminal hydroxyl group, enable them to interact with surfactant monolayers at
the interfacial and influence the curvature of the interfacial energy.
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The formation and structure of LC and MEG phase depended on the
characteristic of the amphiphilic compound, the other component in the system and
the ratio of the components. The type of surfactant and co-surfactant as well as the
their relative concentrations was seen to have a pronounced effect on the region of the
existence of MEG.

According to the maximum amount of oil solubilized by various system
studies as shown in Table 8, it was seen that MEG regions for system IPM : Cg : W:
PG (4:1) and IPM : Cgy : W: PG (4:1) had the highest maximum amount of oil
solubilization as 82% and 80% w/w, respectively. In system containing B7,;5 and Bss
as co-surfactant, the maximum amount of oil solubilization was obtained as 80% and
30% w/w, respectively. The maxim q yunt of oil solubilization system composed
of IPM : Ty : L¢g : W:PG (Tgo: Lg ; was 70% w/w. Similarly with the
maximum amount of oil solubi M : Tgo : Leg : W(Tgo:Leg = 2:1 and
1:1) that were 70% and est maximum amount of oil
solubilization was 40% i :

indicated that the maxi arfofint . of -oil So zation was depended on the
molecular volume of oil @vf8lcefmstn ét al, 1993). The oilawith low molecular weight
could be solubilized to a g ' : igher molecular weight as
shown that the maxim ) fbjl sol ation was more than SBO and
CO that was ranked fro it olecular weis ’\\ PM<SBO<CO). Molecular
weight of CO, SBO andPN#fweéral© 9.5, 88 Land 270.5, réspectively (Kibbe, 2000).
Transparent gel 0il or microemulsion gel (MEG)
or transparent oil-water gel® (O By Provost and Kinget (1988)

drsist parent, clear and homogeneous,
optically isotropic and thermody: 1aMica @ablesA characteristic “ring” or resonance
occurs when a contaiger full 0f" s :
viscosity and stiffnegsigel mav be the cub nase “hexaoonal phase or reverse
hexagonal phase of k— Batantial use as the delivery
system by itself. Howerﬁ, he al ous lamellar phase gel to form
cubic phase or reverse heXagonal phase gel upon absorbirtg more water has resulted in

novel drug delivery opporgupities in term of gontes of administration and applications

et md g P INENINEIND

The oil plése used in this stu«y were IPM, CO and SBO; tk? also consumed
as edible il ed.as tai i i ial. CO is high
melting ’alﬁ?ﬁi‘\g \arﬁﬁw lﬁﬁa a mﬁm\ai%land stable at
temperaturg up to 150 °C. In topical formulation, CO was used to provide stiffness to
cream and emulsions. In oral formulation, it used to prepared sustained release tablets
and capsule. IPM and SBO are widely used in parenteral, oral, intramuscular as drug
vehicle or as component of emulsion (Kibbe, 2000). Moreover, effect of amount of oil
were reported that the molecular volume of oil appeared to be an important to
determine phase behavior. Warisnoicharoen et al (2000) also studied the formation of
o/w microemulsion solubilized by non-ionic surfactant and various molecular weight

oil. The results suggested that within the same series of oil, the low molecular volume
oil was solubilized to a greater extent than large molecular volume oil.
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The surfactant and cosurfactant used in this study were non-ionic surfactant
which was widely used in application in pharmaceutical, cosmetic, food product, oral,
parenteral, intravenous fat emulsion and topical pharmaceutical formulations. Interest
in using non-ionic surfactants is due to their low irritation and high chemical stability,
non-toxic, non-irritant material, compatible with other surfactant, retain this utility
over the broad range of pH value from 3 to 10. Non-ionic surfactants of
polyoxyethylene class are generally used in the formation of ME. Therefore, Tso, Cgy,
Cru, Les, Brij and glycerin were selected to produce MEG in this study. These
surfactant and co-surfactant also stable such as CeL and Cry can be sterilized by
autoclaving for 20 minutest at 121°C (Kibbe, 2000). Furthermore, the amount of oil in
microemulsion was increased with the increasing ratio of surfactant: cosurfactant.

Similar result was obtained from composition of mineral oil, water using Brij 96 as
surfactant and glycerin, propyle c gl “_ asjcgsurfactant (Kale and Allen, 1989).
Another interesting application of thé-dfiswueformed cubic phase gel was for

periodontal delivery of afifiB or prevention and. treatment of infections. The
larmellar phase can be i lantoperiodontal pecket Where it would transform into
a stiff, cull))ic phase or rg . 7 f? % \7\\"{’.?}{?:"
preventing infection. In thigfst / e \\‘ﬂ?‘h

to be the beginning poi ' ess cubic phase gel was
detected as the end point psS=polarizing microscope. These
mean that if this formul@tionf cghtdc with thejar of gingival fluid in periodontal
pocket, less viscous lamelfar felfphase ' iy be transform to viscous stiffness MEG
within periodontal pockef thaf culd 1 grelease and could receive local
action which may reduce advese dr g et al, 1992).

2lease the antibiotic locally
O mellar phase gel was recorded

X |

§
AULINENINYINg
IR TUNNINGAY



Table 8 The formability of the investigated MEG systems.
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0Oil

Surfactant

Cosurfactant

+ = The system could form microemulsion gel

- = The system could not form microemulsion gel

*

Sys Water phase | Ratio | Formability* | maximum oil
tem (ED) (E2) E1-E2 solubilized

(Yow/w)
1 |IPM | Tg Les | W:PG(&1)| 2:1 n 70%
2 |[IPM | Ty Les | W:PG(41)| 1:1 n 70%
3 |IPM | Tg Les W 2:1 T 70%
4 [IPM | T 7 11 T 2%
5 |IPM | Tg - T 71%
6 |IPM | Tg 11 + 60%
7 [IPM | Tg B B ~
§ |IPM| Ts J 1 + 80%
9 [IPM | Ts £l 1 + 30%
10 | IPM | Ty % = _ -
11 [IPM | Ca w7 _ m 82%
12 | IPM | Cra = WG (A1) - ¥ 80%
13 |IPM | Crn Joaany - Il T 40%
14 | CO | Tm 3 21 B B
15| Co| Th B B
6] Co | Ty B
17 | CO CpL = G B
18 | CO N 50%
19 B0 | T Tl 60%
20 [SBO| T g

= The results from weight ratio of oil :surfactant 9:1 to 1:9 and the characteristic

of microemulsion were semi-solid, viscous, stiffy and transparent gel which

confirmed by polarized light microscopic and TEM.
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Figure S Pseudo-ternagf pias ;
(IPM) : tween 80 (Tgo)* 3
water:propylene glycol (4
liquid crystal zone.

of isopropyl myristate

..........

IPM Tgo/L“ (1:1)

Figure 6 Pseudo-ternary phase diagram from the system of isopropyl myristate
(IPM) : tween 80 (Tgo) : Lutrol F-68 (Les) ratio of (Tso:Les) = (1:1) and co-solvent of
water:propylene glycol (4:1). The shaded area represents the microemulsion gel and
liquid crystal zone.
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Figure 7 Pseudo-tern ha o the syst of isopropyl myristate
(IPM) : tween 80 (Tg) : Lftroll 468 (st ¢ '\1' o A(Ts0:Les) = (2:1) and purified
water (W). The shaded afca gep sents the micre \. \"o gel and liquid crystal zone.

Tso/Les (1:1)

Figure 8 Pseudo-ternary phase diagram from the system of isopropyl myristate
(IPM) : tween 80 (Tgo) : Lutrol F-68 (Lgs) at the ratio of (Tso:Leg) = (1:1) and purified
water (W). The shaded area represents the microemulsion gel and liquid crystal zone.
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Water

IPM
Figure 9 Pseudo-terdary ghasefdia ofarr \ stem of isopropyl myristate
(IPM) : tween 80 (Tg)4f dw shaded area represents the

microemulsion gel and lig

( \Q\

IPM Tso/Cer

Figure 10 Pseudo-ternary phase diagram from the system of isopropyl myristate
(IPM) : tween 80 (Tso) : cremophor EL (Ce) at the ratio of (Tg:Cgr) = (1:1) and

purified water (W). The shaded area represents the microemulsion gel and liquid
crystal zone.
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Figure 11 Pseudo-ternaggphafedidoran fre ..-ﬁx-j cmlof isopropyl myristate
(IPM) : tween 80 (Tgo) “Brijf7 245 r@ \3‘ l'“\ 30 Bo21s) = (1:1) and
purified water (W). The shifided afea rgpresents t Amicro mulsion gel and liquid
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Figure 12 Pseudo-ternary phase diagram from the system of isopropyl myristate
(IPM) : tween 80 (Tgo) : Brij 35 (Bss) at the ratio of (Tg : Bys) = (1:1) and purified
water (W). The shaded area represents the microemulsion gel and liquid crystal zone.
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Figure 13 Pseudo-ternagf phas a ’\.\‘\,\‘\\ of isopropyl myristate
2 Q

(IPM) : cremophor EL {Cr) 2 gty :propylene glycol (4:1). The
shaded area represents the @iciden '1.‘.;3: gel and \ dicrystal zone.
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Figure 14 Pseudo-ternary phase diagram from the system of isopropyl myristate
(IPM) : cremophor RH40 (Cgry) and co-solvent of water propylene glycol (4:1). The
shaded area represents the microemulsion gel and liquid crystal zone.
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system of isopropyl myristate
(IPM) : cremophor RH4(
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Figure 16 Pseudo-ternary phase diagram from the system of castor oil (CO):
cremophor EL (Cgr) and co-solvent of water : propylene glycol (4:1). The shaded area
represents the microemulsion gel and liquid crystal zone.
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2. Preparation and physicochemical characterization of microemulsion gel base

2.1 Physical appearance

The physical appearance and microscopic pattern of MEG base and MEG
containing metronidazole by visual inspection and polarized light microscopy
technique are listed in Table 9. From the results, the characteristic of the obtained
MEG and liquid crystal systems may be classified into 4 characters according to
Table 9; 1= transparent, viscoelastic lamellar gel, 2=transparent, liquid-viscous gel,

3= transparent, rigid, highly viscous gel (ringing gel), 4= phase separation. Moreover,
the microscopic pattern were classifié groups; A=black background, B=
birefringent, lamellar phase, G=birefrings onal phase and D=birefringent,
butterfly pattern. :

Crystal or precipitation"6t.d < r cross-polarizer. Crystal or
precipitation were not foungdsifi st syster ex ulation 1/1 to 1/5 and 2/5,
2/6, 4/4 and 6/1 that p i izati etronidazole occurred. This
might be seen that cry le could be found in the

6/1 that. In some MEG bag
days storage while ME

se separation occurred after 7
e concentration of 1.5% w/w

; 5 /1, 3/6 and 4/4 as shown in
Table 9 but the preparatiod wgke reghivered tolane phase system by gently shaking for
a few seconds. These might/Pe gxplained by.the solubility of drug in MEG system.
The excess of drug solubility could=be 10 precipitation. On the other hand, the

The visual inspection of ¢ hat+he color of the product was
depended on the main gomposition of ge il, &u factant and co-surfactant.
The MEG system from so;/bean oil had yellowish color while system from IPM and
CO were colorless,, cl | S : ad Tgy and Cg as
s T SRS T o
surfactant gave oplorless, clearly transparent product. In addition, higher amount of
surfactant and co-surfactant in formufation caused#he color of th ct similar to
=R I AT
as surfactant,'the ap f | ct occ S yellow, Viscous formula
like the mdin component. Furthermore, the type of oil used in system also effect the
color of formulation. According to this study, SBO, CO and IPM were used and the

color of the last two oil are colorless whereas SBO are appear yellow. This could be
effect to the appearance or character of the obtained MEG.

The appearance of each formulation depended on the characteristic of
component used in formulation including surfactant and cosurfactant. Furthermore
amount of such component also affect the characteristic or appearance of final
product. System that composed of highly viscous surfactant such as Cry or Leg would
have the final appearance had viscous like the nature of them. Cru occurs as a white
semi-solid paste that made the final formulations were clearly transparent and viscous
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gel. Their viscosity are ranged between 650-850 cps whereas Lgg are practically
odorless and tasteless which brought about colorless gel (Kibbe, 2000).

In addition, the distinguish of formulation 7/1 that occurred a “ringing gel”
which was an excellent in all characteristic; physical stability, appearance, viscosity.
The appearance which had seen might be occurrence in a various type of oil:
surfactant: cosurfactant mixture. Transparent oil in water gel (TOW) and micellar
solution, both microscopically isotropic, presented a marked difference in viscosity
behavior.

These TOW gels can be described as semi-solid systems that consist mainly of
water, oil and emulsifying agent. They hdve jelly-like consistency and are transparent,
clear and homogeneous, optically ‘i ) and thermodynamically stable. A
characteristic ‘ring” or resonante ocet atainer full of TOW gel is tapped
or gently bounced. A surveyef litera 88) indicated that many terms are
used interexchangeably to™desighate (& >~gelS, {ransparent emulsion gel, clear
resonance gel, cream gels sditopic phase and ringing gel.

The MEG base (ro idazole that were clear,
transparent gel with baff Oc f__. by 4@ \»- fic characteristic such as
changing from liquid to g I : lly-like transparent gel when

contacted with certain affio rther investigation.

D
';k1
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3
U

AULINENINYINS
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2.2 Preparation of microemulsion gel (MEG) containing metronidazole

The saturation solubility of drug in MEG and LC was performed by
varyingconcentrations of metronidazole incorporate into MEG base of each system
from 0.50, 0.75, 1.00, 1.50, 2.00, 2.50 to 5.00 %w/w. The saturation solubility of
metronidazole in each MEG base and LC systems was determined by visual
observation and polarized light microscopy. The selected formula that possessed
viscous-stiffing, transparent and stable gel bases were selected to incorporate
metronidazole. Then the formulas were observed for 1 week, the highest drug
concentration at which drug crystals were not found was considered to represent the
saturation solubility of metronidazole in that system. The non-syneresis, non-
separated, non-precipitated and stablé forulations were selected. Figure 18, shows
the crystal precipitate under ' i
precipitation or crystal foundis

bnidazole MEG system might be

confirmed by the birefrin crmcross-polarizing microscope.
The phase transformation ould not observed in this
study.

The MEG contaigi idzzdle Systems studied for their loading

iment are shown in Table 10.
: W system could hold a

PM : Tgo: Lgg : W (Tgo:Leg
SBO : Tgg : W systems were
I the solubility of metronidazole
-S0lubility of metronidazole in water
(0.1%w/w). Metronidazole is an “ams dlccule. It is only slightly soluble in
both water and lipid phases, aﬂ@i@§ g molecule may align between the
surfactant molecules at'the interface of liquid ¢ ystems that was expected to
increase its solubili Sy vemny inco rporated-— mto—t iGture of liquid crystals.

are : 003) revealed that in the
Cture,"thc incorparated drug might be partly
artly lgjated at the given polarity part of the

amphiphillic surfactant mEoI n j | q ﬂ ‘j
Accordin ue corpora (g’] onrug MG system, as in surfactant and

block copolymer system, it is importaht to realizesthat the presenge’ of a drug in a

microemﬁ ﬁ ﬁTmrﬂ dﬂﬁiﬁmga,ﬂ the drug is
soluble in m gte it e iﬁr alt, m thetefore have a
significant ®ffect on the properties on microemulsions formed by ionic surfactants,
whereas those formed by nonionic surfactants are less sensitive to the presence of the
drug. For water —insoluble but oil-soluble drugs, on the other hand, the drug behaves
essentially as an oil, thereby causing a progression of structures toward oil or more
curved toward water for both ionic and nonionic and surfactants. At higher
concentration of drug, phase separation may occur if the surfactant system is not
balanced as shown in Table 10 in formulation 2/5 and 2/6 which phase separation
occurred. For surface-active drugs, finally, the effect of the drug is determined by a
delicate balance between different interactions. Nevertheless, addition of surface
active drugs can be expected to have significant effect on the microemulsion stability
and structure (Esposito et al, 2003).

=2:1),IPM : CgL: W: P (
1.5% w/w of metronidazolé.

systems which had lamellar p et
built between the lamellar space and p
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Most of the loading drug were completely dissolved in all formulation at the
concentration from 0.5% w/w until 1.5% w/w. At three days after preparation, the
solubility of metronidazole was decreased in the MEG systems containing more than
1.5% w/w of metronidazole and the crystal were observed. It is indicated that the
excess amount of drug that existed in the interface of the oil-surfactant mixture was
released to the aqueous phase and grew the crystal or precipitation in the course of
time. This results similar to the preparation flubiprofen-loaded microemulsion for
parenteral delivery from ethyl oleate and tween 20 system (Park and Kim, 1999). The
amount of drug which could be incorporated into microemulsions depended on both
the microemulsion structure and the properties of the drug. As previously discussed,
unless the microemulsion was completely balanced. An o/w microemulsion can only
incorporate a certain fraction of oil, 0% hydrophobic drug and a w/o microemulsion
only a certain amount of water or @ polar-'d?gywithout phase separation (Esposito et
al, 1996). ,f___,

Figure 18 The photomicrographs from cross-polarizing microscope showing crystals
and precipitate of metronidazole that occurred after three days of incorporation of
metronidazole over maximum loading capacity.

Some system such as IPM : Cry: W: PG (4:1) and IPM : Tg : Bss: W could
hold maximum loading at 2.5 % w/w and 5% w/w, respectively without any
precipitation or crystallization was observed as shown in Table 10. These might be the
appropriated system for this drug loaded to from aggregation with hydrophobic part of
surfactant molecule (Djordjevic et al, 2004).
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2.3 Determination of MEG type and conductivity

MEG type is another important consideration for pharmaceutical applications.
A single method may yield misinterpret results. Instead, the type of MEG should
always be confirmed by mean of other methods. In this study, the dilution test and dye
solubility test were employed since it provided a convenient and useful tool for the
investigation of MEG type (Constantinides, 1995). Furthermore, conductivity test was
used to confirm the determination of MEG type in each system.

Table 11 summarizes the results of the tests for MEG type and conductivity of
MEG base and MEG containing metronidazole determined by three
methods. From the dilution test on v t metronidazole, the MEG became
slightly turbid when water was: ad r a few minutes. After thirty

minutes standing at room temperat A ere clear transparent gel and
phase separation was not show: 5 mf, 2/3, 2/5, 6/1, 6/2 and 8/1
in which the opposite results™¥es ' tained. " in. ,» most formulations were

turbid after adding IPM intoss¥sief ' and bha: € separation. occurred after standing at
room temperature for™ thi es e \.

tur whereas the lower phase

e G containing 1.5%w/w

aforementioned. The uppg
metronidazole, the res . dilur est were similar to MEG  without

formulation was hydrophific ghage expt 6, the formulation 1/1-1/6, 2/3, 2/5. 6/1
6/2 and 8/1 that external phag hilic-phat ich could be classified as water
in oil system. feene

was easily miscible with MEG; 3 S“exh :
solution except for formiilation 1/1-1/6. ° 2, /L6727 andi8/1 in which coagulation

refe-observ ' soluble dye (D&C red
1n0.17) was added the dycs )t 2 € system became turbid.
For the MEG containing w/w metronidazole, the resulés from dye solubility test
were not different from MEQ githout metroni@ole.

Furthermdfd) %(&x}d@ti frchtihg OF bt fthg, frécland drug loaded MEG

revealed that the cgnductivity of formulation 1/1-1/6, 2/3, 2/5, 6/1,6/2 and 8/1 were

lower than the others which correspofidingl confifmed with the tion and dye
e RN R AN E e = o
conductivityl testlindi t'mes tion o and without drug were
o/w MEG a(cept formulation 1/1-1/6, 2/3, 2/5, 6/1, 6/2 and 8/1 which were w/o
MEG. In addition, the trend of conductivity value of MEG containing 1.5%w/w
metronidazole were more than those without metronidazole except formulation 5/3,

5/4 and 5/5 which drug loaded MEG had lower conductivity than MEG base as shown
in Figure 20.

This might be due to the changing in phase behavior of such formulations after
drug-loading. The drug molecule might adsorbed the water from system in order to
solubilize its molecule. Therefore, the lower of water in continuous phase was
obtained which resulted in the lower in electrical conductivity value. Another aspect
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revealed that the solubilized macromolecules can even induce temperature percolation
followed by a phase separation (Esposito et al, 2003). Moreover, it was also observed
from complex behavior of the higher electrical conductivity with increasing
percentage of water content in formulation. A ternary system containing water,
toluene and triton X-100 (40: 40: 20% w/w) had shown a very drastic change in
electrical conductivity where a marked fluctuation was expected as a sign of dynamics
occurring at the boundary (Hyde, 1996).

The percolation behavior in microemulsion has been exploited to explore the
structural property of microemulsion. The other study of conductivity along with flow
and electrical birefringent methods for isotropic phase of AOT/water/dodecane
system had reported for a constant oil§Wdter ratio and increasing water content, the

(Malcomson et al, 1993). ™™=

The thermody

if ;\ \‘:\ ets during percolation has
also studied by Paul (18 7,> enomenon of percolation of
conductance has been in binary \‘\

U i binary ne 10NS containing conductor and
insulator. It has been fou a fhreshold v 0'55\\;‘ action of spherical particles

of the conductors the*co € a* sha By " d then levels off. This
phenomenon is known i tolation’ and\hasybeen critically studied and
analyzed.The phenomenon pctance, pergola :r,\ 11 colloidal solution, i.e. w/o
microemulsion, is equally inferesting - Jnot moreso. The droplets containing

surfactant ions come to a thr fierein'transfer of charge between them
occurs efficiently; they are” phigai { dynamic and can approach their
neighbours by diffusion to tran §iis how ‘dynamic percolation’ arises
after a threshold volume fraction at the ondition or temperature. The
phenomenon can beiad > c ol tempeiature at a fixed droplet
concentration. The S/ i ithe’ non-ionic amphiphiles
containing soluble salt | 1birmonductance percolation as
well.

‘' a L7
75l 0Lt g
surfactant fromlohe et rfand“the other b 1echanism of fusion,

interfacial layer (ilening and ion-tra:wfer as shown 'ﬁin Figure 19 which (A) Hopping
mechani i i irgetiongdndicate t . JIon transport
TR SRR
9

In general, the presence of o/w MEG droplets is likely to be a feature in MEG
where the volume fraction of oil is low. Conversely, w/o droplets are likely when the
volume fraction of water is low. For systems where the amounts of water and oil are
equal, a bicontinuous structure may results (Lawrence and Rees, 2000). In addition, it
is generally accepted that low HLB (3-6) surfactants are favored for the formation of
w/o MEG whereas surfactants with high HLB (8-18) are preferred for the formation
of o/w MEG system (Attwood, 1994).
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88 a0

Random dispersion charge Association
transfer restricted by the augmenting charge
distant of separation transfer by hopping

Fission
et transfer of

m® ions

Figure 19 A schematiefrep,
and Paul, 1998).

arge transfer (from Moulik

There are many meth@d to*8€termi

-

type. A single method may
lead to incorrect results. In steadifihe-tvpe of should always be confirmed by at
least two methods. Due to the hi gh TR ¢ nic surfactant used in this study; Tgo
(HLB=15), Cg. (HLB=1 “Cru =14-16), B35 (HLB=17), L (HLB=17),
including that most {formulation contained small-ameuntof oil, thus, these MEG
systems should be clagsified to be o/w typs »me system using these
surfactant exhibited lowi co vhenTdiluted with water which
implied to be w/o MEG=such as formulation 1/1-1/6, 2/3; /5, 6/1,6/2 and 8/1. These
results might be explained by, the low percegtage of water presented in formulation
1/1-1/6 which 0 %alzﬂ ﬂ»ﬂm\ﬁlﬂm 15%, 9% and 7% in
formulation 2)&”& /1, Ir . er, the results from

dilution test, dyeqkolubility test and ‘ponductivity test could be cﬁ?}nﬁrmed the w/o

RS HRTINIeNA Y

Similar resE has been revealed by Djordjevic et al (2004). Percolation
phenomenon was observed in conductivity and viscosity of system composed of
water, IPM, Labrasol and Plurol that using caprylocaproyl macrogolglycerides based
microemulsion drug delivery vehicles for an amphiphilic drug. Furthermore, it has
been demonstrated that there is a strong correlation between specific structure and
their electron conductive behavior. While the water volume fraction increase, the
electrical conductivity slightly increased as well until the critical is reached when a
sudden increase in conductivity is observed. The non-ionic amphiphiles also exhibited
electroconductive behavior in spite of non-ionic type (Ho et al, 1996).
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2.4 Birefringent property of microemulsion gel

Among all available techniques, polarized light microscopy provides the
easiest way to qualitatively identify the different phases of liquid crystals by their
textures. The lamellar and the hexagonal phases are optically anisotropic and can be
directly observed under an optical microscope with polarized light. The sample of
these phases look radiant when viewed against a light source placed between crossed
polarizer, whereas the cubic phase is optically isotropic and consequently not visible
in polarized light. Structure of cubic phase is unique and consists of a curved
bicontinuous lipid bilayer which spontaneous formation and thermodynamically
stable in many lipid/water syste
polarized light, the two phase

, ip et al, 2001). Under microscope with
#and hexagonal phase also display
different microscopic patterns: ' ..))

ar mesophases that exhibit distinct
arizer microscope. Typically, the
texture is “streaky” or i arbling in freshly cut streak.
Alternatively, lamellar caggé g into vesicles. The formation
of lamellar mesophase ' 18 v( El 1€ majority of amphiphile-water
systems. Double chain s ¢ e lar, phases on water dilution,

: cture under more concentrated
nésophase are anisotropic phase
 and Bicontinuous cubic phases. The
ense packing of cylindrical

optical textures, when cG

which intermediate viscosity
standard picture of hexagbna

micelles. It is often identified by—a Steristi@ “fan” texture in the optical
microscope, due to focal conic dofs _cofumns (Stephen, 1996).
PAETTIRI T
. A N A s . s s

The formationwandsthe structure’ of rg€mulsion gel and liquid
crystal were a:"--"-'-_'__"— ding to the classification
established by Makar€t al (1999), (2001). Liquid crystal and
microemulsion gel systgﬂfo IPM: Tgo: WiSystem hadja lamellar liquid crystalline
structure especially in ulation (1/1), (1/3), (1/5) had outterfly pattern in lamellar

phase as shown in Figure 21422 and 23 respéetively whereflzfﬁnulation (172), (1/4)
en i
m

and (1/6) appe m%ﬁMxﬁﬁ f;il ndicating of non-
birefringent pro | , they lassified ‘a8 mi Ision.
¢ = o/

i W mlﬁ mamls \ﬁ)ﬁt under cross-

polarizer. i mﬁas t en in-Water system.

The lutrol §ystem, IPM : Ty : L : W(Ts0:Les=2:1); in formulation (3/ 1)-(3/6) had a
well-organized hexagonal phase structure in almost every ratio in this study as shown
in Figure 24-29. In IPM : Cg; : W: PG (4:1) system, lamellar liquid crystalline phase
was found in formulation (4/2) to (4/4) as shown in Figure 30, 31 and 32 whereas
formulation (4/1) were appeared dark, this would be microemulsion system.

The IPM : Cgy : W: PG (4:1) system had lamellar structure in formulation
(5/1) and (5/2) as shown in Figure 33 and 34. Both lamellar phase structure and
hexagonal phase structure could be obtained in formulation (5/3) to (5/5) when
viewed with the same sample at interval time as shown in Figure 35-37. The initial
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time, hexagonal structure could be seen at 40x polars then come after with lamellar
phase structure when used 100x polars in such formulation.

The IPM : Tgp : CgL : W system almost all formulation (6/1), (6/3), (6/4) had
lamellar phase structure especially formulation (6/4) which exhibited most butterfly
pattern in lamellar phase structure of liquid crystalline while formulation (6/2) were
appeared dark that exhibited microemulsion property as shown in F igure 38, 39 and
40.

The system that composed of IPM : Tgp: Bss: W had a specific microscopic
pattern as shown in Figure 41. which exhibited unique lamellar phase with butterfly
pattern. The last system; SBO : Tgg : ited microemulsion property that were
appeared dark when viewed wit
between appearance and micres
dark under cross-polarizer

d that the systems that appeared
iquid gel and the system that
were viscoelastic lamellar

and highly viscous lamellar g sual observation
The results show e ( om isopropyl myristate to
castor oil or soybean & ire fringe crty,occurred. In pharmaceuticals

and cosmetics, combinatié

surfactant tended to “Inciéasg’ formulationi's abiliy rotta, 1999). Hence, the
combining effect of two : [ rmafion and structures of liquid crystals
between two surfactants w, “byfusing tween80:lutrol F-68, tween80:

ls show that the combination of two
] phase and hexagonal phase

cremophor EL and tween80 :/F j3
surfactants caused more ocg

structures of liquid crystallkpj,agggs@? nded on the characteristic of the
amphiphillic compoucr’ig the other component erd, the type and ratio of the
components and timey =

The advantages Ethese ; and liﬂid crystal mesophase were
that these characteristic 0f mesophase could be controlled drug delivery. Upon contact

with liquid from gingival flvid 0mposi from lamellar phase gel
structure to a r ﬂﬁg%aﬁig € lﬁhﬁﬁrﬁted with the site of
action and rele the active ‘agent i controlled fashion.
¢ o o/
BN R A L N TR prrocone
disease—ﬁ inserti m e I(1éss S able) which

known to dbsorb water and body fluids in situ and directly into the periodontal pocket
by using injectable syringes, where water from the gingival fluid induces the
spontaneous in-situ formation of the reverse hexagonal or cubic phase structure that
have a high-viscosity, the biodegradability, ability to incorporate and deliver drugs of
varying size, water solubility, physical stability (Jaymin et al, 2001).

The high viscosity and stiffness of the hexagonal or cubic phase gel limited
the potential used as the delivery system by itself. However, the ability of the less
viscous lamellar phase gel to form cubic or hexagonal phase gel upon absorbed more
water had resulted in novel drug delivery opportunities in term of routes of
administration and applications that could inject into the periodontal pocket where it
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would transform into a stiff highly viscous gel and release antibiotic locally
preventing infection (Esposito et al, 1996).

The lamellar phase of lyotropic liquid crystals is utilized as a model of
biological membranes because of its structural similarly with such membranes.
Amphiphilic polar lipid such as phospholipids when placed in water spontaneously
forms thermodynamically stable lipid bilayers, which can assume various geometric
shapes and structures. Liposome is one such example in which amphiphile lipids
reorganize into closed circular lipid bilayer enclosing an aqueous phase. However, the
spontaneous reorganization of amphiphile lipids in aqueous environment can result in
other three-dimensional structures such as the lamellar phase, the cubic phase and

lamellar phase has a long-rang "‘-z;;\:i 0 ouedimension. Its structure consists of a
linear arrangement of alternati g lipi ay€iswand water channels. The reverse
hexagonal phase consists_of wate: two-dimentional lattice and

separated by lipid bilayer ' i ' erved between the lamellar
phase and reverse hexago W nt is increased (Jaymin et al,
2001).

Non-aqueous liqui - ned by lecithin is capable of self

f T ents as glycerol, ethylene
3 hey are prone to a formation
hich is the most common
‘Induced by dissolved water is
ical aggregates (Kantaria et al,
clastic liquid which formed by

glycol and formamide.
of numerous hydrogen

transformation of the sphefic
1999). The lecithin organo

three-dimensional network withOut—fis mtact between entangled polymer like
micelles. It should be mentionﬂd% ceithin-erganogel exist in a rather narrow
range of water conqjﬁraﬁons. If this amq oxceeded, there is phase

separation (Norling elfaf=2666;

Surprisingly, in@lis study anizing mto liquid crystal of three
component could be obtained liquid crystal which derived from pharmaceutical
acceptable material. This Co i 10-0f oil, surfactant and
cosurfactant us iﬂj} §m;ﬁia i galﬁi @eﬁ into system. These
three component gyere presented lamellar phase structure, exagonal phase structure
including phase transformation brought about by inreasinéjwater &dntent. Since the

ARSI RIS
gel, whic contact wi eSS water f] ds-fo iff viscous gel

providing shistained released.

The unique structure and physicochemical property of this LC gel make it
suitable as local drug delivery system. In summary, the high viscosity, biodegradable,
ability to incorporated drug and chemical and physical stability of lamellar and
hexagonal phase make this novel surfactant LC structure gel an excellent candidate
for use a drug delivery system which may be limited to specific application such as
periodontal, mucosal, vaginal (Osmond et al, 2001).
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The TOW gels were rigid, highly viscous systems while the micellar solution
were of low viscosity. The difference between the TOW gels and the anisotropic
liquid crystal phase was noted. The TOW gels were perfectly isotropics, while the
anisotropic nature of the liquid crystal phase was apparent from the textures they
exhibited under polarized light. Since the TOW gels are optically isotropic, no attempt
was made to subject the preparations to centrifugation.

The phase area defined as anisotropic liquid crystal phase also included the
mixtures of this phase with TOW gels. Nor was a distinction made between the
lamellar and hexagonal liquid crystal phases, so mixture of these two phases might be
present as well in the liquid crystal area as illustrated by the photomicrograph from
polarized light microscopy showing € Structure of lamellar phase, hexagonal phase

and discuss ext topic (Nina et al, 1999).
The typical hexagonal 3 & are shown in Figure 42. This

phase behavior composed 0f IHeptane heptane/polyo ethylene glycol nonylphenyl
ether and water systeris" exhib : exagonal liquid-crystalline structure
(Cordobes et al, 1997).4H¢ si i‘/ z\g\\“\ﬁ" ture has been revealed by
o o At \\,_ e system in order to induce
} - o SN,
the complete hydration® N Juismight be found tha the common phenomenon
i 1ced b "th olve -\A-.; is transformation of the
spherical micelles into€yligdrigal @gerépates (Vitoria et al, 1999).
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’
Figure 21 The microscopicpattern under crOs{learized light microscope showing
the birefringent property of*Systeii (1/ 1) PMZgg"W(10%), (IPM:Tg¢=5:5) exhibited
lamellar phase structure (left: 40Xerossed polars.and right: 100X crossed polars).

-,

| S

Figure 22 The micrbs’fgqpic pattern under cross-polarized“ﬁlght

microscope showing
the birefringent property jof system (1/3) IPMET30:W(10%), (IPM:Tg0=4:6) exhibited

lamellar phase structure (left: 40X crossed polars and right: 100X crossed polars).

Figure 23 The microscopic pattern under cross-polarized light microscope showing
the birefringent property of system (1/5) IPM:Tgo:W (10%), (IPM:Tgo=3:7) exhibited
lamellar phase structure (left: 40X crossed polars and right: 100X crossed polars).
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Figure 24 The microscopic-pattein under cross@zed light microscope showing
the birefringent propertymof*system (3/ 1) IPMiggilics: W (15%), (Tgo:Lgs=2:1)
(IPM:Tgo:Le¢g = 3: 4.67:2)%);bited exagonal phase structure (left: 40X crossed
polars and right: 100X €fossed pelats)! .

Figure 25 The Microscopic pattern under cross-polarized light microscope showing
the birefringent.. property ~of~system (3/2), JPNET s0:kq8: Wi (26%)y 1 (Tgo:Leg=2:1)
(IPM:TspLeg/s 3:{4:67%2.83) exHibitedillexagonal ghase structire (leftr 40X crossed
polars andgright: 100X crossed polars).
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Figure 26 The microscopic pattern under cross—polé.nized light microscope showing
the birefringent property._ofs sysiem q3/3) IPMiigoilies: W (25%), (Tso:Les=2:1)

(IPM:Tgp:Leg = 3: 4.67:‘3.(33)%3' biied hexagonal phiase structure (left: 40X crossed
polars and right: 100X ef8Sscd®olars)

Figure 27 The microscopic pattern ginder cross-pelarized light migroscope showing
the birefringent ~preperty 40f 5ysten (J/DRIPMTH W 026% )k (Tso:Lgs=2:1)
(IPM:Tgo T 12: 533: 2067) exhibitéd hexagonal phaselstrdcturé®(left’ 40X crossed
polars and Fight: 100X crossed polars).
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Figure 28 The microscopiC pattern ungder crdss,—?ﬁ'axized light microscope showing

the birefringent propert

stiem (3/5)SIPMiskggal os: W (25%), (Tso:Leg=2:1)
tied hexagonal phase structure (left: 40X crossed

Figure 29 The microscopic'pattem under cfoss—polarized light microscope showing
the birefringent property of systerh (3/6). [IPM&Fep:Lesi W (17%0)s (Ts0:Les=2:1)

(IPM:Tsgallesl 51 2: 1533 42.67) exhibited hexagonal phasel stractré(left; 40X crossed
polars and right: 100X crésSed polars).
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Figure 30 The microscopic pattern under ci@arized light microscope showing
the birefringent property of SYStem (42) 1eNECsW PG (25%), (IPM:Cg;=2:8)
4'|6X and Tight"100X crossed polars).

exhibited lamellar phase strueture(left:
— —

Y

Figure 31 The micros‘cﬁpic pattern under cross

-polarizedj’réht microscope showing
the birefringent properfy| of System (43)PMECE - W PG (25%), (IPM:Cg=3:7)
exhibited lamellar phase*structure (left: 40X and right: 100X crossed polars).

Figure 32 The microscopic

the birefringent property of system (4/4) IPM:Cg:W:PG (20%), (IPM:Cg =3:7)
exhibited lamellar phase structure (left: 40X and right: 100X crosse

pattern under cross-polarized light microscope' showing

d polars).
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Figure 33 The microscop pattcrn und% Cross-polarized light microscope showing
the birefringent properigfof sten (ﬁ/I)TIIQM:CRH:W:PG (14.52%), (IPM:Cry=3:7)
exhibited lamellar phase siffictdra (left;_ 40X and right: 100X crossed polars).

Figure 34 The microscopic pattern under cross-polarized li
the birefringent property of system (5/2) IPM:Cry:W:PG (4:1) (20%), (IPM:Cry=4:6)
exhibited lamellar phase structure (left: 40X and right: 100X crossed polars).

ght microscope showing
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> - 4

f’i_,
Figure 35 The microscgpie/, Gm under cross-polarized light microscope showing
the birefringent property of g¥st

158) IBRMECri "W BG(4:1) (15%), (IPM:Cgy=4:6)
their texture could be amellat and bexagoenal'phase structure (left: 40X,
hexagonal phase structure it fOOXErBssed polars;lamellar phase structure).

| )
FII ! ‘3 -!'i
4 >y

itd

Figure 36 «The microscopic pattern under cross-polarized light microscope showing
the birefringent property of system (5/4) IPM:Cgyy:W:PG (4:1) (15%), IPM:Cry=5:5)
their texture could be found both lamellar and hexagonal phase structure (left: 40X,
hexagonal phase structure and right: 100X crossed polars, lamellar phase structure).
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— e
Figure 37 The microscgpit/f T ¥nder cross-polarized. light microscope showing
the birefringent property ofs¥s mA(5/5) IBM:Cry "W PG (4:1) (15%), (IPM:Cry=5:5)

their texture could be foftnd.#o

1 lamellan and hexagonalphase structure (left: 40X,
t f10_0)(§rossed polars, lamellar phase structure).

Figure 38 "Thelmicréscopié pattern ‘under cross
the birefringent property of system (6/1) IPM:Tgo:CeL: W (15%), (IPM:Tgy:Cg=3: 3.5:
3.5) exhibited lamellar phase structure (left: 40X and right: 100X crossed polars).

-polarized light microscope showing
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1
Figure 39 The microscopj

e, unde} Cross-polarized light microscope showing
the birefringent property#®f s

o (§/3) TRM: T G 13W (15%), (IPM:Tg:Cgr=1: 4.5
1gture (Teftt 40X andwight: 100X crossed polars).
r '.. - ¥

Figure 40 The microscopic pattern und

the birefringent property of system (6/4)
4.5) exhibited lamellar phase structure (1

€r cross-polarized light microscope showing
IPMITg()ICELZW (20%), (IPMITgoICELZII 4.5:
eft: 40X and right: 100X crossed polars).
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den cross-polarized light microscope showing
the birefringent property of T)JPM:;: 150, B35 (15%), (IPM:Tgo:B3s=3 :

3.5 : 3.5) exhibited lamellar

Figure 42 Typical hexagonal liquid-crystalline texture formed by heptane: non-ionic

surfactant and water system (from Cordobes et al, 1997).
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2.5 pH

The value of pH in each formulation are shown in Table12 and comparison pH
of MEG base and MEG containing metronidazole are shown in Figure 43. The pH of
MEG in IPM:Tgy:W system without drug were varied in the range of 6.20 to 6.95.
After the incorporation of metronidazole, the pH were decreased in most preparations
to the range of 5.89 to 6.46 except in formulation 1/1 and 1/2 that pH of formulation
were slightly increased. In CO: Cg: W: PG (4:1) system without drug the pH were
varied in the range of 5.97 to 6.65 while the pH of drug-loaded system was increased.
InIPM : Tgo : Leg : W (Tso:Les = 2: 1) system without drug were varied in the range of
6.75 to 7.52, the pH of drug loaded avere decreased in all formulations when
compared with MEG base. The -ﬂ\ " MiGgbase of system IPM:Cg: W:PG (4:1),
IPM:Cru: W:PG (4:1), .4:1:*'.,‘“ ! s 59i835: W and SBO:Tgy:W were similar
to drug-loaded MEG as sho ‘1, e aformulation 5/2 and 6/1 that the
pH of MEG base was less i 8tronidazole about 0.68 and 1.14,
respectively. These could mge pH of final preparations
were depended on the pH g oii.in formulation such as the pH
of Lgg was about 5.0-7'2 pu and Tgy were about 6.0-8.0
(Kibbe, 2000). Furthermdte 4 incorporated drug did not
affect the optical texture of t influence significantly pH
values of the vehicles.

It was also foundstha ] n. '
both MEG base and drug-lgadgd 1-hag L th ¢ highest pH whereas formulation 6/1
of IPM:Tgp:Cg.:W MEG ba S . 44 :
drug loaded system, respectiVelfiihad- the lowe
loaded MEG had lower pH than MEG
acid in formulation similar to foratiils

) pH. In formulation 2/1, the drug
night due to the degradation of free fatty
nd n contrast, in formulation 6/1

n Mi i§ latter results would be
further investigated at-molecular feve ie changing of pH. The
results could be indicated that the p : G base (5.76 to 8.13) and
i .8-7.9¢ in“the range that could be

compatible with biologiczil éizsue and non-iejtation resulted in biologic membrane

(Jonesetal,l99ﬁuﬂq NENINEINT

2.6 Syringeability ¢ . o
nﬁﬁ%@ d%ﬁ};riém e%!éﬂe;ra pr%r?o]itr;]ielfﬂﬁ he syr;rl:ge)tggﬁit;

hypodermig needle or trans
are closely related to the viscosity, flow characteristic and particle characteristics of
MEG. Syringeability of this study was measured in term of rate of injection. This
means the higher rate of syringeability, the greater performance of flowability of
sample which consequenced in the ease of application of dosage form. The
syringeability of each formulation is shown in Table]?2 and comparison between
syringeability of MEG base and MEG containing metronidazole are shown in F igure
44. The results indicated that the lowest and highest syringeability of MEG base were
0.0046 and 0.0772 ml/second in formulation 5/2 and 6/1, respectively. The
syringeability of 1.5% w/w metronidazole were varied in the range 0.1686 ml/second
in formulation 1/1 and 0.0039 ml/second in formulation 2/4.
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8.50

|- #- MEG base —e—1.5% metronidazole MEG]

8.00

7.50

7.00

pH

6.50 -

6.00  —

5.50

5.00

1

!

1

1

1.

!
Rx5/4
Rx5/5
Rx6/1
Rx6/2
Rx6/3
Rx6/4
Rx7/1
Rx8/1

Figure 43 Comparison of tk

(before stability study).

.

\ w/w metronidazole MEG

The overall syringeabilityfof“most fommulhtion of MEG base were similar to

1.5%w/w metronidazole MEG an j"‘t*j in the optimum range of 0.0040 to
0.0500 ml/second except ix *"-"-***r $ FE i 4 ghat the syringeability of

drug loaded were greaterthan MEG ba s was auctohie consequent occurrence
of phase separation i ese systems after the t 'c' 3 EG structure due to the
presence of metronidaz" ot onaﬂiistribution and aggregate
structure of system. This‘behavior could be attributed to the amphiphilic property of
metronidazole molecule thatmight be act agygo-surfactant located at the interfacial
between the tw) ﬁ) a tﬂNﬁr stabilized system
(Esposito et al, mwmm Mi obtained due to the

decreasing in visc®kity. Similar with szringeability study of loadinw metronidazole

into HEC opol ich the i i i oncentration
and visccﬁr; sy tﬁ obt md Zﬂj 2) H

The syringeability results also revealed that the syringeability of non-
newtonian behavior system were more than those from newtonian system as shown in
Table 12. In CO: Cg : W: PG (4:1) system which was newtonian system, the rate of
syringeability were lower than those of other systems in this study. The lower
syringeability was meant the inconvenient of injection and it could not easily pass
through the syringes hence could not ease of application. These might be assumed that
the shear-thinning behavior of non-newtonian fluid cause the breakdown of MEG
base and MEG containing 1.5% w/w metronidazole structure when shear stress or
force was applied (Jones et al, 1997).
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One of the major obstacles in the direct administration of drug incorporated
cubic phase gel is its extremely high viscosity. This makes the gel impossible to inject
for periodontal administration. One of the ways to circumvent this problem has been
the use of considerably less viscous lamellar phase gel, which is known to absorb
water and gingival fluid in situ and converted to the cubic phase. Lamellar phase
possess the non-newtonian and shear-thinning properties that mean the inherently
fluid which can be injected using syringes. Moreover, the shear-thinning behavior of
these non-newtonian systems will ease the application due to the breakdown structure
when increasing the shear stress or force. The break down structure of MEG by shear
stress brought about formulation to be easily injectable and to have good
syringeability property (Esposito et al, 1996).

All non-newtonian systenisir 1 ad good syringeability and also was
easily administered by syringes equi : icedles appropriated for intrapocket
delivery. The schematic ofsthis.flow be Gi=eotpling with less viscous lamellar
phase structure made this"§y8tem able mjected using syringes (confirmed by

viscosity study in next 69! L . @bsorb water at gingival fluid and
converted to highly viscg aS€ A3ty e \\:':E\ ion had Cremophor RH40
as surfactant which exhik ar Wi ¢ gel, good appearance and

physical stability.

\

AULINENINYINS
AMIAANTUAMINYAE
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2.7 Viscosity of microemulsion gel

L. Viscosity of microemulsion gel base

The viscosity of MEG base and MEG containing 1.5% w/w metronidazole are
shown in Table 13 In this study, the rheology of MEG system was found to be both
newtonian and non-newtonian systems which were classified according to the type of
flow and deformation. Newtonian system had a constant viscosity upon changing in
shear rate or time whereas non-newtonian system exhibited shear-thinning or shear-
thickening system which was time-dependent condition. For non-newtonian system,
the viscosity value was detected at inutes after viscometer was operated. The
theology of the obtained MEG would in he mixing and flow of material, the
removal prior to use, extrusion'from tubs through a syringe needle. The
viscosity of these systems could tange i om fluid to semi-solid viscous

fIPM : Tg : W system;
formulation 1/1, 1/3 and and 1,567 cps whereas the
viscosity of formulatios STE. » 387 cps and 435 cps,
respectively. In these systefis. #hg oSty ( ) decreased when decreasing
I \‘\ age of water (10% water)
0; i0n 1/2, 1/4 and 1/6, the viscosities
iCtant decreased from 4:6 to 3:7 and 1:9 at
: ). The'results also found that the flow
behavior of MEG base wa$ ¢ drom neWtonian to non-newtonian system when
the percentage of water in fofmuffation. was inetéased from 8 to 10% water at both
ratio of oil: surfactant as 4:6 and 3:7-Fh: 5.t could be concluded that in lamellar
phase or non- newtonian systemy, e Vis €Cteased when the amount of oil in
formulation was decrqaed. For newtor System the wisCogity increased when the

amount of oil in fo mutation was d “the ahount of surfactant in
formulation was conseqiﬂi m
| 4
The relationship bel;ween time and viscosity of these non-newtonian systems
ifw

(formulation 1/1,.4/ 1 S]I isawell known that the
viscosity of ME e yftr There was a linear

ARENS

relationship betwegh emulsion viscoasig' and the viscosity of continuous phase. And
the greater volume of the internal phase, the greate cent yis In addition,
the visco eaﬂmlﬂzﬁ @gﬁﬂﬁﬁ% agqtﬁge dependent
non-newtoni e r that'c shear- ng system” whereas formulations
172, 1/4 and 1/6 were classified as newtonian systems which had constant viscosity
even changing in the rate of shear and time (Martin, 1993). These time-dependent
non-newtonian behavior may be called as thixotropic or pseudoplastic flow behavior,
this structure referred some degree of rigidity on the system and it resembled as gel.
As shear was applied and flow started, this structure began to break down as the point
of contact was disrupted and the particle became aligned (Berni et al, 2002). The
material underwent a gel to sol transformation and exhibited shear-thinning system.
Upon removal of the stress, the structure started to reform. This process was not

instantaneous, rather it was a progressive restoration of consistency as asymmetric
particle came into contact with one another by undergoing random Brownian
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movement. Thixotropic system was highly dependent on time of shear, the rate of
shear and degree of structure in the sample (Jones et al, 1997).

For CO: CgL: W: PG (4:1) system; the viscosities of formulation 2/1 to 2/6
were 895 cps, 1,080 cps, 858 cps, 3,078 cps, 1,605 cps and 2,346 Cps, respectively.
The results revealed that formulation 1/4 had the highest viscosity eventhough the
percentage of water was the highest (25% water). These may be described together
with the results from polarized light microscopy technique that this system could be
cubic phase of liquid crystal system which would absorb amount of water and
transform into a stiff and more viscous gel. Therefore, this formulation would achieve
the highest viscosity due to transformation of structure by absorbing more water.
Similar results was observed by Jaymin i} and Trotta (1999), the effect of oil:
surfactant ratio in the formulation © d that increasing the ratio of oil:
surfactant would increase the. he ratio oil: surfactant of 2:8 and
3:7 in formulation 2/1-2/2 and his observation was not noted

in the formulation 2/5 and sepatation. In addition, the viscosity of
MEG formulation increa erLghe parcentage.oi water was increasing from 10%
to 25% water in formulati : N& 0. 20% water in formulation
2/5 and 2/6 at the same rat surfa omy1ulation as 3:7 and 5:5 except the
formulation 1/1 and 1/2#hgifbefcéntace ofava \ ad, noeffect on the viscosity of
system. All of formulatigh i the ] x d e-independent newtonian
behavior that had cons iScgsify i ety ghangingshear rate and time interval as
shown in Table 13. -7 . \

In IPM: Tgo : Leg : ¥ ﬁzg '""
increased when increasing thg pereitage
13 and Figure 46 At the ratio®of dil=surfa “eo8urfactant of 3: 4.67: 2.33, when the
percentage of water were increasing fr 4010.20% and 25% water, the viscosity
of formulation 3/1, 3/2 and'3 1 0~ cr ,990 cps and 19,080 cps,
respectively. At the ratigof oil: aCtant COSURECIRRL ORA5.33: 2.67, the viscosity
of MEG was increased#rom 7,020 cps to 18,330 cps. ,800 cps in formulation
3/6, 3/4 and 3/5, respectﬁ;: y wher g€°01 watgr was increasing from 17%
to 20% and 25% water. At the same ratio of component, the viscosity increasing with
the amount of water contgnt.in formulation.gp this case might be explained by the
cross link poly. 1 ml‘?lﬁﬁﬂﬁﬁnduced hydration as
shown in Figul:ﬁ4 ﬂ:lm i f head §roup of resulting in

rigidity of system4{Paul and Moulik, 1 297).

AFANT P NI D B i

, iscosity of MEG system was
Water il formulation as shown in Table

increasing amount o phase in lon and consequently decreasing amount of
surfactant in formulation as shown in formulation 3/ 1, 3/2 and 3/3 which had the ratio
of oil: surfactant: cosurfactant of 3: 4.67: 2.33 and amount of oil phase of 25.5, 24.8
and 22.5%. At the ratio of oil: surfactant: cosurfactant 2: 5.33: 2.67, the same results
of decreasing viscosity was also exhibited. When the amount of oil phase was
increased from15% to 16%, 25% oil phase respectively. In MEG system that had the
equal amount of 20% water as in formulation 3/2 and 3/4, The viscosity of MEG was
decreased from 18,330 cps to 12,900 cps when the ratio of oil: surfactant: cosurfactant
was increased from 2: 5.33: 2.67 to 3: 4.67: 2.33. Like the 25% equal amount of water
system in formulation 3/3 and 3/5, the viscosity of MEG was also decreased from
25,800 cps to 19,080 cps when the ratio of oil: surfactant: cosurfactant was increased.
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-© :SURFACTANT

Figure 44 The possibilify
Moulik, 1997).

lymer network (from Paul and

NG|
Most formulations N1 system - wA mellar ‘phase microstructure which
Systerii Were Lary
composed of non-ionic surfagtant and ,.'.....ﬁ"r p6lyn \ hich exhibited pseudoplastic
. . . - | i .
flow and thixotropic flow be avior,as shown in Figure 46 and 47 . From the
relationship between time ang 15¢08 B on=newtonian systems showed the

characteristic of time-dependent aha Ng system. Microstructural transition

These would be described that
the shear induced transitior petsed multilamellar vesicle
phase (call droplets, ofien—structure—or-—v iciephiase)swhich recently had been
observed in block-copoi¥ine sBarp decreased in viscosity
was presented when the! increasing alC, suggesting a changed in lamellar
orientation (Berni et al, 2002). Furthermore, the observed behavior could be assigned

to a structure which brok isi rought to decrease
the viscosity of s ES ﬂl% ‘ﬁ

For IPM : &L : Wi PG (4:1) system; the viscesity of MEG wés’increased from

630 cps t mﬂﬂ ﬂﬁﬁi mma /2 and 4/3,
respectivg n li m m f At higher=tatio of oil:
surfactant, the greater of viscosity was obtained as shown in formulation 4/ 1, 4/2 and
4/3 excepted formulation 4/4. Furthermore, the viscosity of MEG base was markedly

decreased from 35,250 cps to 7,860 cps and 630 cps when the amount of surfactant
increased from formulation 4/3, 4/2 and 4/1, respectively.
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Table 13 Viscosity of MEG base and microemulsion gel containing metronicazole.

Composition of formula Sys Ratio of oil: surfactant Viscosity (cps)

tem (percentage of water) MEG base 1.5% metronidazole

IPM : Tgo: W 1/1 | 5:5 (10%) *21,600 *2.670

12 | 4:6 (8%) 382 294

113 | 4:6 (10%) *1,080 *3,000

1/4 | 3.7 (8%) 387 350

15 | 3:7 (10%) *1,567 380

1/6 | 1:9 (7%) 435 458

CO:Cg: W:PG(4:1) | 2/1 | 2:8%@B° 895 1,378

212 1,080 1,134

858 930

7. 25 3,072 3,078

:5 (13% 1,605%* 1,170

2,346** 2,032

IPM: Tgo: Leg: W *6,120 *8.850

(T301L63 = 221) - * 12,900 *19,500

P4 *19,080 *96,100

3 = Y A *18,330 *37.500

5 : 3133\ *25.800 *33,600

3@ F 2 533 .67 ) 7,020 12,150

IPM: CgL: W: PG (4:1) | 41 M 216, 630 754

/ 2 *7.860 *7,868

4 LT *3523(0 *47 500

4/4 *3,900 *3,980

IPM: Cru: W: PG (4:1) | 544437 ¢ 45,600 60,000

(A4850 ) 200,000 280,000

'~ = 124,000 125,334

- 5/4 | 105,000 107,666

A 55 | 40 %) 110,000 160,000

IPM : Tgo : Cgr: W 3 :3.5:3.5(water 15% *11,610 *12,140

- 9%) 480 536

qu 6/ . Stwaterle5%) |1 T+13 000 728%**

6/4 |1:45:45 (water 20%) *24,840 *24.620

PM - : ﬁ%ﬂmﬁﬂf ’Tﬂﬂ ¥93,000

SBO §Tgy: W 1:9 (water 7%) 480 492

*

minutes after measurement
** = separation

non-newtonian behavior of s

ystem, the viscosity value were detected at |
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Figure 45 Time-viscosity relationship of IPM: T80: W system; formulation 1/1

(IPM:Tgo=5:5, 10%water) (top), 1/3 (IPM:Tgo=4:6, 10%water) (middle) and 1/5
(IPM:Tgo=3:7, 10%water) (bottom). Using spindle no.62.



viscosity (*lO‘cps)

viscosity (*10%cps)

,_n.-ﬂscosity *10* cps)

Time (minutes)

Figure 46 Time-viscosity relationship of IPM : Tso : Lgs

: W (Tgo:Les=2:1) system,

(IPM:Tg:Leg = 3 : 4.67 : 2.33); formulation 3/1 (15% water) (top), 3/2 (20%water)

(middle) and 3/3 (25%water) (bottom). Using spindle no.62.
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); formulation 3/4 (20% water) (top), 3/5 (25%water)
(bottom). Using spindle no.62.
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From these studies, it was likely that at higher percentage of water presented
in the formulation, the structure of system may transform lamellar phase which had
low viscosity into highly viscous cubic phase or hexagonal phase (J aymin et al, 2001).
Cubic phase was presented between lamellar and reversed hexagonal phase with the
phase transformation brought about by increasing water content. Therefore, the
viscosity of the formulation 4/3 was much higher than 4/2, 4/4 and 4/1. In addition,
there was linear relationship between MEG viscosity and the viscosity of the
continuous phase. And the greater volume of the internal phase, the greater apparent
viscosity was obtained (Kuneida et al, 1999). In this study, the high viscosity of
formulation 4/3 additionally resulted from the increasing in the amount of oil phase
which was internal phase.

shown in Table 13 and Figuie 48'¥t could be eehiai d that when shear was applied
and flow started, this st
disrupted and the parti
underwent a gel to sol tr.
were similar the IPM :

a-ct al, 1999). The material
hinning system. The results

el §- A\ commercially available poly
éo

Interestingly, pol Fuf
ap I containing 73% polyoxyethylene
. 1b1li th
eomp 1
i 2 2 "'
JAM B - .

(oxyethylene) poly (ox
units. Lutrol has low toxi
Poloxamer possessed i
concentration above 20%
a critical temperature (T.).
whilst above T, a transparen JC
reversible process and it occurs whengve
without any appreciable alteratidirin the
2000). In this respecty&
when approaching bods |
formulation were 15.7° (Es 996). Tﬁefore, when using this
formulation wherever abeve this temperature, transparent¥iscous gel was formed in
mount cavity which has ayerage temperaturegabout 37.5 ° C. (Rawrence and Rees,

2 AUNINENINEINT

In IPM : CRiz: W: PG (4:1) sysagm; the viscosity of MEG w%,increased from
45,600 cps to_1 00.cp 0 : s @nj formulation
5/1, 5/4, ,ﬁw ﬁ%&}@ﬁﬁmﬁﬂ Eoﬁ) e of water.
Similarly, the ViScosify ‘was increased when increasing the amount of surfactant from
5:5t0 4:6. At the same amount of oil: surfactant was 4:6; the viscosity increasing with

the higher water content in formulation except formulation 5/1, syneresis were
observed after storage for 7 days after preparation.

) ‘with other chemical. Moreover,
tes. When used at the
ersible gels characterized by
Lutrol was low-viscosities sol,

ed. The sol-gel trasition is a

wand heating cycles are conducted,
racteristic and viscosity (Moore et al,
ature and viscous gels
20% poloxamer in

>

From the results, it could be verified as in other system that at higher
percentage of water in the formulation, the structure of system may transform lamellar
phase to higher viscous cubic phase (Jaymin et al, 2001). Therefore, the formulation
that had the highest percentage of water was the most viscous system (20% water,
200,000 cps) as in formulation 5/2. In contrast, the effect of oil: surfactant ratio in
system was unlike the former system [IPM: Cg;: W: PG (4:1)], these may explained
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by the viscosity of MEG depended on the nature of composition in system. In these
systems, Cry were used as surfactant and the characteristics of this excipient was
white, semi-solid viscous material paste. The material contained mainly ricinoleyl
glycerol ethoxylated with 40 molecules of ethylene oxide, approximately 75% of the
component of the mixture were hydrophobic (HLB value=14-16). Accordingly, the
viscosities of this system was depended on the amount of this viscous surfactant
present in the formulation. The higher amount of surfactant in formulation, the greater
in viscosity were obtained (Kibbe, 2000).

The time-dependent non-newtonian behavior also observed in formulation 5/1-
5/5 as shown in Table 13. Eventhough these systems possessed highly viscous MEG,
shear-thinning thixotropic system could Wbsewed under this experiment. This

indicated that a breakdown of s ucture o urred shear-thinning behavior that
gradually reformed. \\“ : f/
_.J

The IPM : Tgy : CE™™ W system show esults as the IPM : Cgry: W:
PG (4:1) system. Formulati6f 6/4*Had hidl est viscosit; d were decreased following
by formulation 6/3, 6/1 ande) ’1‘/.!; Vel \”’u\?‘{ ed on the higher amount of

water in formulation. In addifiod’ € '_ COS xﬁ% ABG was increased at lower ratio
of oil: surfactant excej iy mulg »k& °n oil: surfactant ratio was
decreased from 3: 3.5: 3.5 & 4.5 4 ', the VISCOs] ;\\

as increased in formulation

6/1, 6/3 and 6/4, respectively Fhate forg, the wisco \'\; "MEG system depended on

the main composition of s¥s S.i:. pecially \ Ctant and co-surfactant in
formulation. o
*"!1 A

These systems composgd of toes At surfactant and co-surfactant which

highly affected the entire ¥iscds
containing higher surfactant and e¢ d have higher viscosity as shown
in formulation 6/1 (Tso, : Cg 7 7646%) and 6/4 (Tgo : Cgr=
72%) from Table 13.8% don 672 had the fowest viscosity even at
high ratio of oil: sur . S ‘“’; be explained by the
existence of newtonian tﬂ

ation. Therefore, the formulation

The exitence of ngn-newtonian behayior was observed under this study,

especially in fo ITE /ﬂgﬁ] " Ustween viscosity and
time were illustaEll i ﬂe s ﬂ ﬂ ?lwmkﬂ
Y / -
In IPM : B35 . W system,, ( 5 sy Bas 3% 79 i | ep),|the viscosity
was 10, q«@?& ﬁib' e &E%ni &fn ‘ﬁb vior. Shear-
’ _

0
thinning pr@perty could only be seen at lower shear rate (1 rpm). When performing

the measurement with higher shear rate, constant viscosity was observed as shown in
Figure 50.
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Figure 48 Time-viscosity relationship of IPM: CeL : W: PG (4:1) system;

2

formulation 4/2 (IPM: Cg =2:8, 25%water) (top), 4/3 (IPM: CeL =3:7, 25%water)
(middle) and 4/4 (IPM: Cg; =3:7, 20%water) (bottom). Using spindle no.62.
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Figure 49 Time-viscosity relationship of IPM: Tgo: Cgr: W system; formulation 6/1
(IPM: Tgo: Cgr =3: 3.5: 3.5, 15%water) (top), 6/3 (IPM: Tso: CeL =2: 4: 4, 9%water

(middle) and 6/4 (IPM: Tgp: Cgp =1: 4.5: 4.5, 15%water) (bottom). Using spindle
no.62.
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The last system in this study was SBO: Tgg : W (SBO: Tgo=1: 9). The viscosity
was 480 cps. The system also showed newtonian time-independent behavior that
provided constant value of viscosity while shear rate and time had changed. This
might be the nature of soybean oil had viscosity only 50.09 cps at 25°C and could not
form liquid crystal structure when mixing with the tween 80 in formulation.
Therefore, the lower viscosity than other system could be obtained.

The schematic illustration of effect of shear rate on the viscosity for non-
newtonian and shear-thinning system of studied formulation are shown in Figure 51-
55. Formulation 1/1, 1/3 and 1/5 had shear-thinning behavior as illustrated by the
decreasing in viscosity when increased shear rate were observed in this experiment in
Figure 51. Similar to [IPM:Tgg: Leg: (T80ilgs=2:1)], [IPM: Tso: Cgr: W], [ IPM: Cgp:
W: PG (4:1)] and [IPM: Tgo: B; \ i o il strated from Figure 52 to 55.

viscosity (*10%cps)

AUYININTNYINT

Figure 50 Timﬂviscosity relationship of IPM: Tgo: Bss: W systgm; (IPM: Tgo: Bss

R TI T I B a
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Figure 51 Schematic i vf-cifeet of shear rate on the viscosity for non-
newtonian and shear- i = 180: "W system; formulation 1/1
(IPM:Tgp=5:5, 10%water ‘ PV ) \‘\.\%\ and 1/5 (IPM:Tge=3:7,
10%water); using spind 2 an. cted.a \\ after start measuring.
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Figure 52 Schematic illustration of effect of shear rate on the viscosity for non-
newtonian and shear-thinning system of IPM:Tgp:Leg:W (Tgo:Les=2:1) system,
formulation 3/1, 3/2, 3/3, 3/4, 3/5 and 3/6; Using spindle no.62. and detected at 1
minutes after start measuring.
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Figure 53 Schematig of ef f shedn, rateion the viscosity for non-

newtonian and shear-thinni steh ‘of TPM ) (4:1) system; formulation

4/2 (IPM: Cp, =2:8, 250waterf 43, (TPME G 53172 5%water) and 4/4 (IPM: Cpy
62 eCte minutes after start measuring.
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Figure 54 Schematic illustration of effect of shear rate on the viscosity for non-
newtonian and shear-thinning system of IPM: Tgo: Cgr: W system; formulation 6/1
(IPM: Tgo: CgL=3: 3.5: 3.5, 15%water), 6/3 (IPM: Tgo: Cg, =2: 4: 4, 9%water) and 6/4
(IPM: Tgo: CeL=1: 4.5: 4.5, 15%water); using spindle n0.62 and detected at 1 minutes
after start measure.
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3.5: 3.5, 15%water) of fg
after start measuring.
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Effect of oil type on viscosity

There were three types of @ il were | in this study; isopropyl myristate
(IPM), castor oil (CO)=and “oil (SBO). osity of IPM was about 5-7
cps whereas SBO waSg5e-89 cosand COwas ahouc TE8E 54 Comparative study of
differrent oil types wa. illu on176 [IPM : Tgo : W (IPM:
Tgo =1:9, water = 7%)] and formul D" Ty (SBO:Tgp=1:9, water =

7%)]. These two systemS*had different types of oil (IPM-S O) but the same amount
of surfactant (Tso) and watef (3%). The resultsishowed that (ﬁ‘em with SBO as an oil

phase had highﬂ‘ﬁﬂfglﬁtmﬁ% (ﬁ’ég Table 13. These

concluded that t %] ity ‘of pended th in” composition in the

system. P a o/
Tﬂsmmzﬂajﬁd&m M:@%:l) also had

the same aMount of surfactant and water phase in the 2/4 and 4/3 but lower viscosity
was observed in formulation 2/4 that had castor oil as oil phase. Similar result was
observe in formulation 2/6 and 4/4 that lower viscosity was observed in formulation
2/6 that contained castor oil as oil phase. These may explained by the occurrence of
lamellar or hexagonal liquid crystal in IPM : Cg : W: PG (4:1) system that had IPM
as oil phase while castor oil as an oil phase could not form lamellar and hexagonal
liquid crystal in at all. IPM had a more possibility to form liquid crystal system than
castor oil and could form lamellar and hexagonal phase in most ratio and other type of
oil (Kuneida et al, 2001). Most formulations in system of IPM: CeL: W: PG (4:1)
formed lamellar and hexagonal phase including non-newtonian behavior thus induced
greater viscosity (Makai et al, 2002).
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Effect of co-surfactant type on viscosity

To study the effect of co-surfactant on viscosity, system IPM : Tgy : Cgr: W
(6/1) and IPM : Tgg : B3s: W (7/1) at the same amount of oil: surfactant: co-surfactant
(3:3.5: 3.5 )and 15% water in formulation were selected to be discussed. The results
found that the system with Cg; as co-surfactant had more viscosity than that of Brij
35. '

The structural formula of Brij 35 (Polyoxyl 23 lauryl ether) is long chain
polymer with this structure CH3(CHy)x (OCH,CH,)y OH. It had 23 polyoxyethylene
glycol ether group of lauryl alcohol. Cg, (polyoxyethylene 35 castor oil) had more
chain length than Brij 35 that induced, n iscosity of system IPM : Tgy : CgL: W

System IPM: Cg 2 . ; \\ PM T PG (4:1) had different

surfactant type. The viscg FSystént thatiisec | Gy 2 factant was 10 fold more
viscous than that of Cg; asgsfirfaéia’ afl any raf ese may be the characteristic
of Cry that was viscet id pa \ "arthermore it could form
lamellar, hexagonal or c S¢' with the appropriatéd type and amount of oil,
surfactant, co-surfactant# : } fividual f \‘ iont. The viscosity of Cg was

P 1 \t s paste of Cry due to their

about 650-850 cps which
structural formula.

CeL  (polyoxyethylenef' 3 aston ' and Cry (polyoxyethylene 40
hydrogenated castor oil) also"had/#Hé ount of chain length. Cry had 40
polyoxyethylene groups, wherea__s:,_ 1adonly.35 polyoxyethylene groups.

The physical appm:ance of drug-loaded MEG wa&imilar to drug free MEG
and no precipitation of megronidazole crystalgcould be seen in all formulations. The
overall trend of ?}L i ﬂdﬁmﬁﬁ?ﬂﬂﬂm metronidazole was
incorporated int w e. ity ©f oa G and LC of each

system were inve&lgated and compargtive value with drug free I\/E,G as shown in

S RTATIAN INENa Y

In fgrmulation of MEG containing drug, the viscosity of IPM : Tgy : W system
at the ratio of oil:surfactant 5:5, 4:6 and 3:7 in formulation 1/ 1, 1/2, 1/4 and 1/5 were
2,670 cps, 294 cps, 350 cps and 380 cps whereas the viscosity of formulation 1/3 and
1/6 were 3,000 cps and 458 cps, respectively. The viscosity of MEG with drug was
decreased in formulation 1/1, 1/2, 1/4 and 1/5 and lower than the formulation without
metronidazole while the viscosity of drug loaded MEG in formulation 1/3 and 1/6 was
increased from 1,080 to 3,000 cps and 435 to 458 cps respectively. This was due to
the formulation had a phase separation upon addition of drug in formulation 1/1, 1/2,
1/4 and 1/5 which could lower the viscosity of system. In addition, it was found that
the flow behavior of MEG base was changed from non- newtonian to newtonian in
formulation 1/5 at the both ratio of oil: surfactant as 3:7 whereas formulation 1/ 1 and
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1/3 still exhibited non- newtonian behavior but had less viscosity than the MEG base
without drug. The relationship between time and viscosity of these non-newtonian
systems (formulation 1/1 and 1/3) are shown in Figure 58. In addition, the viscosity of
formulations 1/1 and 1/3 were classified to be a time dependent non-newtonian
behavior that called “shear-thinning system” whereas formulations 1/2, 1/4, 1/5 and
1/6 were classified as newtonian systems (Martin, 1993). This time-dependent non-
newtonian behavior (thixotropic or pseudoplastic flow behavior) did not change after
metronidazole was incorporated in formulation. This structure resulted in some degree
of rigidity on the system and it resembled as gel referred that the stability of 1.5%w/w
metronidazole MEG.

drug system; the viscosities of

: W :1)y onfaining
formulations 2/1 to 2/4 were increasec i % to 1,378 (2/1), 1,080 to 1,134 cps
212), 858 cps to 930 (2/3), ‘. y gf (2/4) when the drug was

incorporated into MEG basemh was decreased in formulation
2/5 and 2/6 when 1.5%w/w me acoporated. These could be assumed

that the occurrence of p ormulation at the ratio of oil
surfactant 5:5 water co elydn formulations 2/5 and 2/6,
phase separation was obseg 0 s g was ineorporated. All formulations in
these systems still exhibite ¢-independent newtonia havior (Martin, 1993) as
shown in Table 13. It is ig ay alize that the presence of drug in MEG may
affect the stability and MEG: S€ I etronidazole is insoluble
drug formed by non-ionigSurfacgant actant that are less sensitive to the

presence of drug.

For drug loaded IPM : 5 v :1) system; the viscosity of all
formulations with drug were incféaséd at fdtio of oil: surfactant. The viscosity
of drug loaded MEG was 8,850 19,50C 2. 100 cps, 37,500 cps, 33,600 cps
and 12,150 cps in fo ion~ 3/1-3/6, ‘résp s- expected, addition of
metronidazole wouldijribrease the concentration of both iaternal phase and disperse
phase due to its solubl surf; } iteimal micelles. Therefore,

the viscosity of all form oul ta:udazole was incorporated
into MEG base (Macd dald et al 1972). Furthermore e drug did not interfere
thermodynamic behavior #pd, breakdown sgmcture of system did not occurred.
Therefore, the 1 mmm%&‘gvery ratio similar to
MEG without d di non-ionic surfactant
and block copolymer which exhlbl d pseudoplastlc flow and quxotroplc flow
behav1or en after the
ncomriabnlif HO4 Wimmwm@ and 60, T
relationship) between time and viscosity of these non-newtonian systems showed the
characteristic of time-dependent and shear-thinning system.

Microstructural transition was observed in all formulation in these systems.
These would be described that the shear induced transition from sheet-like lamellar to
dispersed multilamellar vesicle phase (call droplets, onion structure or vesicle phase)
which recently had observed in block-copolymer (Ziptel et al, 1998). Structure was
broken down arising from the change of thermodynamic system brought to decrease
in viscosity of system was not observed in all formulations.
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metronidazole in formulation 5/1-5/5 and 7/1 (continue).
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Figure 58 Tlﬂmmum / em containing 1.5%
metronidazole ; i 1 “Ag0—5:5] 1 er)/(top) and 1/3 (IPM:Tgo=4:6,
¢

10%water). Us1n§lsp1ndle no.62. - ,.] a ﬂ EI ,-] a‘;ﬂ

VaheHe agﬁasfl(]a?:dfirHP%IJ: H: WTJPG (4:1) system; their viscosity at
the ratio of oil: surfactant of 1:9, 2:8, 3:7, 3:7 at 10, 25, 25 and 20% water content was
increased as shown in Table13. The viscosity of drug loaded MEG in formulation 4/1-
4/4 was higher than the corresponding formula without metronidazole as compared in
Figure 56. Similar to aforementioned, incorporation of metronidazole into MEG base
would increase the concentration of drug both in polarity part of amphiphile surfactant
molecule and between the inter lamellar space (Makai et al, 2003). It could be
supposed that MEG with large concentration of water phase came to forming
aggregates of the drug molecules, which reflects on the apparent viscosity of system.
In the formulations which are proved to have cylindrical and bicontinuous structure,
metronidazole is probably located in the interfacial film of tensides and it could not
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affect the viscosity of the system. In the system with low water content and high
amphiphiles concentrations, metronidazole is most likely solubilized in the oil-
continuous system (Djordjevic et al, 2004). This results had also revealed by using
diclofenac diethanolamine incorporated into IPM, water and capric triglyceride with
similarly in the increasing in viscosity.

Lamellar structure and time-dependent non-newtonian behavior was also
observed in formulation 4/2, 4/3 and 4/4 similar to the MEG without drug as shown in
Figure 61 whereas formulation 4/1 exhibited newtonian fluid system. The figure
illustrated that the remain of this lamellar liquid crystal structure still remained and
the break down did not appear (Malmsten, 1999). The material underwent a gel- to-
sol transformation and exhibited shear-thidning system. It could be found that these

viscosity of MEG in tained. At the every ratio of
oil:surfactant as 3:7, 4:6 $414.52, 20, 15, 15 and 15%,
d in formulations 5/1-5/5
) s shown in Figure 57.
Comparison of MEG an ed that the viscosity of the latter
was makedly increas { otre ing formulation without
metronidazole. These migiit rating of metronidazole into
MEG base would incréas ug both in polarity part of
amphiphile surfactant mol ellar space (Malcomson and

Lawrence, 1993). Phase se as also not observed in these
systems.

In drug loaded, I}P\V Vmste'm; an obviously increase in
’ 7 )

These may explain “stabili MEG were depended on
the nature of composition i ~

surfactant and the characteristic of thi S
material paste. This exﬂien are 1 1Zing agent and emulsifying agent
such as vitamin, essentiatoil and certain drug and also imptove the solubility of drug.
This excipient is stable ahgds,compatible with other pharmaceutical excipients or

electrolite. Therﬂr sé} W%{Waﬁﬂrﬂtﬁﬁt had no significant
for product insta '{ll e,2000).

The time-depend ‘ £ iorwvasyal ) ,u in formulation
5/1-5/5 fﬁnc a&ﬂﬁm 0 ﬁaﬂﬂt ﬁ ese systems

possessed highly viscous MEG, shear-thinning thixotropic system could be observed
under this experiment. This indicated that a breakdown of structure and hence shear-
thinning was gradually reformed. Moreover, this formulation had Cremophor RH40

as surfactant which exhibited excellent clearly white gel and good appearance and
physical stability.

IPM : Tgo : Cgr : W containing drug showed similar results as the IPM - Cru: -
W: PG (4:1) system. The viscosity of drug loaded MEG of formulation 6/ 1, 6/2 and
6/4 was higher than the corresponding formulation without metronidazole. The
viscosity of formulation 6/1, 6/2 and 6/4 was 12,140, 536, 24,620, respectively and
was higher than MEG base without metronidazole at the ratio of oil:surfactant:co-
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surfactant=3: 3.5: 3.5 (15%water), 2: 4: 4 (9%water) and 1: 4.5: 4.5 (20%water)
whereas formulation 6/3 at oil: surfactant: co-surfactant of 1: 4.5: 4.5 (15%water)
showed a dramatic  decrease in viscosity when the drug was incorporated.
Furthermore, shear-thinning behavior of this non-newtonian fluid was changed to
newtonian fluid that the viscosity decreased from 13,000 cps (time-dependent non-
newtonian) to 728 cps which had constant viscosity even when shear rate and time
had changed. These might be the occurrence of phase separation in formalution 6/3
which brought to breakdown the lamellar structure and unstable formulation. The
existence of non-newtonian behavior was still observed under this study especially in
formulation 6/1and 6/4. The relationship between viscosity and time were illustrated
in Figure 62.

In drug loaded, IPM : Tgg Bss' sy stom; (IPM : Tgo: B3s=3:3.5:3.5,15%
water), the viscosity of form \-:‘:M JustiafCdean obvious increase in viscosity
when drug was added. The wiseosity was,increas om 10,200 cps to 93,000 cps as

shown in Tablel3. In addifion shear-thinnt g.and non-newtonian time-dependent

behavior still exhibited &8 ( o Fig & iﬁ”% ore, more transparent and
ep th .~.~\\\§k\‘ corporated.
: A\ W
N

LA
clearly ringing gel was alse" 5" -’:}f (
p off [CIERES \ dy; SBO: Tgp: W (SBO:
yea

53
The viscosity offthedrus :'*

Tg=1:9) in formulationd 8/ the viscesity of MEG containing
metronidazole was inceéased agd lightly Righe :‘i

=
hat"of the MEG without drug.
The viscosity was increasgd film 43 s't0 49 \ N ] fien the drug was incorporated
into MEG base. The #inchéing d behavior, v r\%{ observed and still showed
newtonian time-independest b OF: SYStBM si i: 0 corresponding formulation
without drug that provided cg st iscosity while shear rate and time had
changed. Soybean oil had viscdgits- ps at 25°C. This might affect the
viscosity of MEG base and drug :

0
-

o

AULINENINYINS
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Figure 59 Time-viscosity relationship of drug loaded IPM : Tgy : Leg : W
(Tso:Les=2:1) system, (IPM:Tgp:L¢s = 3 : 4.67 : 2.33); formulation 3/1 (15% water)
(top), 3/2 (20%water) (middle) and 3/3 (25%water) (bottom). Using spindle no.62.
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Figure 60 Time-viscosity relationship of drug loaded IPM : Tg : Leg : W
(Tgo:Les=2:1) system, (IPM:Tgp:Les = 2: 5.33: 2.67); formulation 3/4 (20% water)
(top), 3/5 (25%water) (middle) and 3/6 (17%water) (bottom). Using spindle no.62.
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Figure 61 Time-viscosity relationship of IPM: Cg. : W: PG (4:1) system;
formulation 4/2 (IPM: Cg. =2:8, 25%water) (top), 4/3 (IPM: Cg_ =3:7, 25%water)
(middle) and 4/4 (IPM: Cgp =3:7, 20%water) (bottom). Using spindle no.62.
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15%water) (bottom). Us g s i

i¥

visco:isty(*loﬁ)
89N NN TN

ugInening s
iUEI

;
|

0 1 2 3 4 S 6
Time (minutes)

Figure 63 Time-viscosity relationship of IPM: Tgp: Bss: W system; (IPM: Tgo: Bss
=3:3.5: 3.5, 15%water) of formulation 6/1. Using spindle no.62.
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2.8 Particle size and shape of MEG

Droplet size is one of the properties which is usually used to characterize ME.

TEM technique is primarily concerned with the examination of bulk specimen and is
the most important technique for the study microstructures because it directly
produced images at high resolution and it can capture any coexistence of structures
and microstructural transition. During the experiment, the images were viewed at
various magnification to see overall of the samples. Then the droplet sizes were
analyzed using SemAfore to count and calibrate their sizes. The mean particle
diameter could be obtained from SemAfore program after setting the scale before
measuring had performed, the image sgalgshad to be determined. Scaling requires that
: izeyvisible in the image. Usually a size

image. The scaling was started
i shape was changed to indicate

calibration bar (‘micron bar") ws
by selecting Settings/ Scale.i

that scaling was in progress : :
cursor was moved to onesend 7 ; ther image object of known
size), the left mouse butten™vas’ ptesscd 2 | hold. while dragging with the
mouse to the other end ; . ouse b was released. A dialog box
was appeared, the lengfh of 't fcalibration bar in. meters was entered, and
pressed <Enter> or clickg he fength supge 1w hen the dialog box opened
aleulate the magnification. The
[, The frequency, mean, mode,
median, summation and#istg e SPSS version 11.0 and are
shown in Appendix D.

NATET
T e e,

by TEM listed in Table 14 and Figure
id, particle size distribution of MEG

66-99 shows the TEM photom EFegrap

system without metronidazole b6tk Jbﬁ’( nd after stability testing. The mean
particle diameter of was compa hokigure 65. The shapes of
particles in most fo -'":———* €8 Whereas particle shapes of
some were irregular of-eluster shape 1@ad mean particle size in the

range of microemulsion! which was under 100 nm Fur ermore, wide particle size
distribution were obtaineq,in formulations (1/3) IPM: Tso: W (10%), (1/6) IPM: Tgo:
W (7%), (5/1) ; (W RG=4: ‘ : Tgo: Cer: W (15%)
WILE particle Sﬁﬁ%ﬁsﬁ&ﬂ%ﬁﬁﬂw (10%), (1/5) IPM:

Tgoiw (10%), (Ml) IPM:Tso:LssZW (15%) and (3/2) IPMZTgoIL@ZW (20%) were

narrower (SD <10). The largest afficle size tai 0 ulation (7/1)
IPM: Ty BY: eﬁxﬁal atti aﬁuﬁw ot tﬁmlaﬁon (1/5)
IPM: Tsgo: 0%)¥ After'stabili sting, the mean particle diameter was increased

in most f%rmulations except in formulations (5/1) and (6/1). The mean particle
diameter after stability testing was decreased from 81.63 to 54.28 nm and 82.09 to
27.28 nm in formulations (5/1) and (6/1), respectively as shown in Table 14 and
Figure 65. The overlapping of microstructures in a thicker sample would also make
the image difficult to interpret. The high viscosity of both two formulations which had
45,600 cps and 11,610 cps (from characterization of viscosity in Topic 2.6) in
formulations (5/1) and (6/1), respectively resulting in the excess could hardly be
drained off thus netlike or an overlapping picture were obtained. Therefore, the mean
particle diameter appeared larger than it should be in formulations (5/1) and (6/1).
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However, MEG could not be easily imaged with TEM due to the difficulty to
prepare the viscous, oily sample which had to be prepared by specialist. Furthermore,
electron may induce chemical reaction in MEG systems that could change the
microstructure. There was insufficient contrast between the MEG structures and their
surroundings. The undetectable results might be due to some sample had low internal
phase. In addition, high viscosity which the excess could hardly be drained off thus
netlike or an overlapping picture were obtained. The microemulsion were also
examined for their particle size by the light scattering technique. Unfortunately, the
component of these MEG systems could not be detected by this technique due to they
could not be diluted with the external phase or other solvent used in light scattering
technique. When the sample was diluted with water, the transformation of
microstructure from lamellar to hexagenal phase would resulting in the stiff viscous

gel phase. The TEM photomig ”‘\ article size distribution of these
formulations both before and },&}! abi are shown in Figure 66-99. All
formulations produced spheri¢ 1 icle size distribution.

The TEM photo
formulations (1/1), (1/
Figure 66-73. The shape
wide particle size dis
particle size distribution
formulations (1/3) and

as obtained from formulation
llest one (27.68+ 6.13) was

~particle diameter was increased when
ikl formulations (1/1), (1/3), (1/5) from
ulation (1/5) was lower than
that not followed by this
was decreased with the

obtained from formulation
increasing the ratio of oil: sutfa
Table 14. The mean nparticle . te
formulations (1/1) and except-fo
pattern. On the o :

increasing amount of sttfactant in form £\

This results indieated that the higher surfactant inarstem causes the interfacial
film to condense while gn_addition of theygosurfactant would cause that film to
expand. Simil | ih |t w iﬂtﬂ!ﬁon using Brij 96 as
cosurfactant a:lﬁu ﬁm&nl ﬂ)yl elglycol as cosurfactant.
Results suggestedl that the higher sg,rfactant: cosurfactant ratio, the decreasing in
particle size i roposed was
that theﬁi

btaine t g 997,
%5{:1 ﬁssﬁfﬁﬁnﬁt vﬁe ﬂa urfactant or
surfactant'qo was increased when use mineral oil, Brij 96 and PEG 400. These might
be explained by the decrease in the internal phase diameter could be attributed to the
solubilization of oil within a lager number of surfactant micelles, which were

consequently swollen to lesser extent (Rosano et al, 1988).

After freeze-thawing, the mean particle diameter was dramatically increased in
all formulations in this system. Moreover, the wider particle size distribution than
before stability testing was obtained in all formulations as shown in Table 14 and
Figure 65. The TEM photomicrographs and particle size distribution of these MEG
base after freeze-thawing are shown in F igure 67, 69, 71 and 73. All formulations still
remained spherical particle with wider particle size distribution than before stability
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testing. Similarly, statistically evaluation showed statistical significant difference in
mean particle diameter of all formulations in these system between before and after
freeze-thawing (P<0.05, test by 2 tailed pared-sample T test).

This indicated that upon freeze-thawing the rapid change in temperature and
stress condition occurred including the high temperature produced high kinetic
energy. This might affect or destroy the layer of surfactant film. Consequently, the
high activation kinetic energy had increased with increasing the droplets size of
system. The possibly mechanism of component redistribution among droplets in MEG
was occurred to maintain dynamic condition after high kinetic energy from high
temperature, the mechanism in exchange and transfer of mass among droplet by
fusion and fission including with aggldniefation between droplet had been proposed

by Moulik and Paul (1998) as showr in Fi
-e@mass transfer and chemical
ple . According to experimental
/ its amiong droplets in microemulsions were

Experiments revealed
reactions could occur
evidences, the redistributie
fairly rapid which had beg
Figure 64 (A) Droplets co

then broke and fission

> of processes as shown in
erged;ifused into larger droplets and

’ dynamic process led to reaction
by way of mass exchanggf roke with loss of fragments
which subsequently asgbci other droplets. This dynamic

process also helped in chémidal freact ss\distribution (Moulik and Paul,
1998). o '

Diswm

P —
AREAmandwe e
ARIAINTUURIINIAY

Figure 64 (A) Collision, fusion and fission with mass transfer and (B) fragmentation
followed by coagulation causing mass transfer (from Moulik and Paul, 1998).

CO: CgL: W: PG (4:1)
The most stable formulation which had a good physicochemical stability was

found in formulation (2/1). Figures 74 illustrated the TEM photomicrographs and
particle size distribution of MEG base of formulation (2/1) compared with that
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formulation after freeze-thawing as shown in Figures 75. The shape of particles of this
formulation both before and after freeze-thawing were spherical. The mean particle
diameter of this formulation was increased from 72.94+19.67 to 83.84422.04 nm after
freeze-thawing. The particle size distribution of this formulation was wide as shown
in Table 14. Furthermore, the shape of particle remained spherical and slightly wider
distribution was obtained after freeze-thawing as shown in Figure 75. Comparison of
the mean particle diameter between before and after freeze-thawing showed that after
freeze-thawing the mean particle diameter was significantly increased (p<0.05, test by
2 tailed pared-sample T test).

Accordingly, the new layer of surfactants film of microemulsions was reformed
thereby the mean particle diameter of mickdemulsion was altered. Similarly, the mean

particle diameter of formulations i ' gystom_showed an increase after freeze-
; (ﬁle might occur during freeze-

thawing. Furthermore, coale
thawing cycle thereby the increased after freezing and

thawing cycle (Attwood ? ——
IPM : Tgp: Les 2 NN :

In this system,
base before and after
particle of all form
formulations (3/4) and (3

otomicrographs of MEG

/1)-(3/5). The shapes of
cle size distribution of

~'The largest particle size was
obtained from formulation (3/4) gave the smallest. The

mean particle diameter of 4 :
formulations (3/1) and (3/2) hq_c}_@_p A€ diameter more than formulation (3/4)

11
=

which containing highﬂ amount of surfactant
as shown in Table 14

The results ind}?te ' e diameter decreased with the
increasing of the surfattant: cosurfactant ratio in formulation. This result was in
accordance with the repdrtethat the additiém’ of surfactant to the microemulsion
systems decreaﬂ?iﬁ)% %ﬂm ﬂfﬂtﬁjﬂ film. The interfacial
film was thereby ¢o d and's s the r patticle*was obtained. While
the addition of coSurfactant caused the film exp%%:e to the amoynt of cosurfactant

e

ohincd ks 1IN oybidoNle dnd M M honacd v

(1992), Hdlet al (1996) and Corswant et al (1998).

The mean particle diameter was decreased when decreasing the ratio of oil:
surfactant in formulation as shown in Table 14. The mean particle diameter of
formulation (3/4) was less than formulations (3/1) and (3/2) which had higher amount
of oil in formulation. Exception in formulation (3/5) the largest mean particle
diameter was obtained eventhough the higher amount of surfactant and cosurfactant in
formulation. Furthermore, the mean particle diameter of formulation (3/2) that
contained 20% water was more than 15% water content of formulation 3/1).
Similarly, the mean particle diameter of 25% water content in formulation (3/5) was
more than 20% water content in formulation (3/4). The percentage of water in systems
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showed that the higher percentage of water in formulation, the larger mean particle
diameter of MEG was obtained at the same oil: surfactant ratio. This was due to the
increasing the percentage of water in formulation resulted in the decrease amount of
surfactant in formulation or dilution effect was occurred (Kale and Allen, 1989).
Therefore, the mean particle diameter was increased with the percentage of water in
formulation as indicated by effect of decreasing surfactant: oil ratio like
aforementioned above.

After freeze-thawing, their mean particle diameter was 84.81, 52.94, 57.87,
73.54 nm, respectively. It was found that the mean particle diameter of all
formulations was dramatically increased after freeze-thawing as shown in Figure 65.
The Ttem photomicrographs of MEG jbage; revealed that spherical particle were
remained in all formulations afterf . g as seen in Figure 77, 79, 81 and 83.
The particle size distributio ere wider than before stability
testing. Comparison of the

thawing showed that after ffeczc-thawing: icle diameter was significantly
increased (p<0.05, test b2 tai /! ole T . These could be explained by
thermodynamical stabilj CChfinaSy o1 ttwood (1994) and Moulik
and Paul (1998). \

formulations (4/2) and (4/4) and afier frec wing are shown in Figure 37-
44. The shapes of particle$'i formulatic pherical. The mean particle
diameter was 49.03 and 57.33 np with 1 ticle Size distribution were 10.57 and
14.82 in formulations (4/2) and:={474). Wely. The larger particle size was
obtained from formulation (4/&}@@& y er was obtained from formulation

(4/2). The results showed«that

: ai these might be the effect
of surfactant: oil ratiosafid amount of ation similar as described in
the first system. '

After freeze-thawifigemthe mean partigle diameter of formulations (4/2) and

(4/4) were 99.1 W?Wﬁm %t the mean particle
diameters of b ation extensive c d “including the wider

particle size distribution than before stability testir&was obtained gs;shown in Table

e BT Mok ST E el bed B e
particle were i stafter!fréeze- 3 in Figure 85

and 87. CSmparison of the mean particle diameter between before and after freeze-
thawing showed that after freeze-thawing the mean particle diameter was significantly
increased (p<0.05, test by 2 tailed pared-sample T test). These could also be explained
by thermodynamical stability mechanism aforementioned by Prince (1977); Moulik
and Paul (1998).

IPM : Cry: W: PG (4:1)

The TEM photomicrographs of MEG base and particle size distribution of
formulations (5/1) and (5/3) before and after freeze-thawing are shown in Figure 88-
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91. The shapes of particles in both formulations were spherical. The mean particle
diameter was 81.63 and 50.70 nm with the particle size distribution were 21.69 and
16.62 in formulations (5/1) and (5/3), respectively. The larger particle size was
obtained from formulation (5/1) whereas the smaller was obtained from formulation
(5/3). According to the theory smaller particle should be obtained from formulation
(5/1) but in this study mean particle diameter of formulation (5/1) was larger than
(5/3), unlike the mean particle diameter after freeze-thawing that followed other
results in this study. The overlapping of microstructures in a thicker sample would
make the image difficult to interpret. The high viscosity of sample could be resulting
in the preparation of sample before measure which excess could hardly be drained off
thus netlike or an overlapping picture were obtained. Therefore, the mean particle

diameter appeared lager than it shoul ’ formulation (5/1). Furthermore,
From the results showe , w icle diameter was increased with
the increasing ratio of oil: sho 14. These might be the effect

of surfactant: oil ratio and u&cm@aﬁon similar as described in

the first system.

r of formulation (5/1) and
d that the mean particle
ulation (5/1) as shown in
of MEG revealed that
r freeze-thawing as seen in
Figure 88-91. Compari between before and after
freeze-thawing showed t o-tha) ean particle diameter was
significantly increased (p<0.0§, te d.pared-sample T test). These could be
also explained by thermodyflantjcai“sta “mechanism aforementioned by Gasco

After freeze-thawi
(5/3) were 54.28 and

In this system, _[ TEM,- otomicrographs of MEG
base before and after ff€eze-thawing of formulation (6/T) and (6/4). The shapes of
particle of both formulafiens were spheriedl. The particle size distribution of

h

gTable 14. The mean
1

formulation (6/ ﬁ fo ﬁﬂ)ﬁs ﬂ
particle diamete ' ' : lation d (6/4), respectively.
The larger particl€ size was obtained from formylation (6/1) whegeas formulation
(6/4) gayeyt 1le i i @Tll\ﬂﬁ the ratio of
st R Y OB 1 Ot (L DR e o
which confaining higher amount of surfactant: cosurfactant (4.5: 4.5) in formulation
as shown in Table 14. Moreover, the mean particle diameter was decreased when
decreasing the ratio of oil: surfactant in formulation as shown in Table 14. The mean

particle diameter of formulation (6/4) was less than formulation (6/1) which had
higher amount of oil in formulation.

The results indicated that the mean particle diameter decreased with the
increasing of the surfactant: cosurfactant ratio in formulation. This result was in
accordance with the report that the addition of surfactant to the microemulsion
systems decreased the amount of cosurfactant at the interfacial film. The interfacial
film was thereby condensed and stable thus the smaller particle was obtained, while
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the addition of cosurfactant caused the film to expand due to the amount of
cosurfactant that penetrated into the interfacial film increased therefore larger particle
was obtained. Similar results were obtained from Kale and Allen (1989); Attwood et
al (1992); Goa et al (1998) and Kuneida et al (2001).

After freeze-thawing, their mean particle diameter was 27.28 and 158.89 nm,
respectively. It was found that the mean particle diameter of formulation (6/4) was
dramatically increased after freeze-thawing. Surprisingly, the mean particle diameter
of formulation (6/4) was extensively decreased including with narrow particle size
distribution as shown in Figure 95. The Tem photomicrographs of MEG base revealed

that spherical particle were remained in both formulations after freeze-thawing as
seen in Figure 92 and 94. Comparisen e mean particle diameter between before
and after freeze-thawing showed. that 1 '
of formulation (6/4) was signi tly incrdd 0.05, test by 2 tailed pared-sample
T test) whereas significantl i 101 (6/1). These could be explained
by thermodynamical stabili#y" Mechani emcntioned by Rosano et al (1988) and
Moulik and Paul (1998)"6r he” i0 4 C mean particle diameter of
formulation (6/1) should.jpé ting but in this case showed
the opposite result. These nechanism which should be
further investigated.

IPM : Tso . B3

Figure 96 illustrated
of MEG base of formula

ohs and particle size distribution
“that formulation after freeze-

freeze-thawing were spherical. Phe :
dramatically increased from 84. 0T I256+31.97 after freeze-thawing. The
particle size distributio ider stabilitytesting as shown in Table 14.
Comparison of the megn particle diam xeen betoreand after freeze-thawing
showed that after ft I _ eter was significantly
increased (p<0.05, test ﬂ ai . _ﬁlis indicated that the mean
particle diameter increased after freezing and thawing cycle.

‘o L
Accordirﬁ'u-lgrm ﬂ(ﬂﬁﬁﬂ%ﬁdcroemuhions was
reformed thereBy e eter Ision was altered.

Similarly, the m@4n particle diameter of formulations in this system showed an
e
e

increased_a eze-thawi E ) icle might
occur duﬂg ez ﬁ % ea(ﬁ ﬁ Iﬂg di as increased
) X )

after freezxqg and thawing cycle (Attwood et al, 1992).

eter of this formulation was

SBO : Tgy: W

The TEM photomicrographs and particle size distribution of MEG base of
formulation (8/1) compared with that formulation after freeze-thawing are shown in
Figure 98-99. The shape of particles of formulation before and after freeze-thawing
were similarly spherical. The mean particle diameter of this formulation was slightly
increased from 78.33+20.00 to 79.58+26.52 nm after freeze-thawing. The particle size
distribution was wider than before stability testing as shown in Table 14. Comparison
of the mean particle diameter between before and after freeze-thawing showed no
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statistical significant difference in mean particle diameter before and after freeze-
thawing (p>0.05, test by 2 tailed pared-sample T test). This indicated that the mean
particle diameter was not difference after freezing and thawing cycle. These might be
the highly amount of surfactant in formulation (oil: surfactant=1:9) could stabilize the
thermodynamic of system.

Comparison MEG gel system before and after freeze-thawing

The TEM photomicrographs and particle size distribution showed that mean
particle sizes and standard deviation of most formulations were increased after freeze-
thawing as compared in Figure 64-99. Formulation (173) IPM: Tgp: W (10%) and (6/4)
IPM: Tgo: Cgr: W (20%) exhibited the OF ’g reasing in mean particle diameter and
wide size distribution formulatio 1 as 2 and }o ds compared with before stability
testing respectively. From this study. t Cstilis¥indicated that the mean particle
diameters were increased af Qcess. These may occurred by
rapid temperature changing be 2 processy(-4°C) and thawing process
(45°C) could affect the s and viscoelastic property of formulation especially
around the droplet of in ing 6 : Teeze-thawing process. Thus
the droplets may changg aintain thermodynamic of the

system. Firstly, the neW la yf fsurfac film icroemulsions was reformed
thereby the mean particlé dié MUCTOE as altered. Furthermore,
coalescence of some particle i ur, duri ceze-thawing cycle thereby the

mean particle diameter i
2001).

wing cycle (Alany et al,

Secondly, upon freeze-gha ing

condition occurred including the #ig} produced high kinetic energy. This

might affect or destroy the 1ayq_r : ilime. Consequently, the high activation
kinetic energy had increased'with increz 5i2€ of system. According to

\

the possibly mechanis Istr i 0L LOLLPONENLS £ 3( ng droplets in MEG, in
order to maintain dynamdic ition orgy from high temperature.
The mechanism in exch?e and tran hassamong droplet by fusion and fission
including with agglomefation between droplet were proposed as shown in Figure 64
(Moulik and Paul, 1998). ¢ &, o

o EMELANENANGINT
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accordance] with the report that the addition of surfactant to the microemulsion
systems decreased the amount of cosurfactant at the interfacial film. The interfacial
film was thereby condensed and stable thus the smaller particle was obtained. While
the addition of cosurfactant caused the film to expand due to the amount of
cosurfactant that penetrated into the interfacial film increased therefore larger particle
was obtained. Similar results were obtained from Kale and Allen (1989), Attwood et
al (1992), Ho et al (1996) and Corswant et al (1998).

Another proposed was that the diameter was found to decrease when the
surfactant: cosurfactant or surfactant: oil was increased. This could be explained that
the decrease in the internal phase diameter could be attributed to the solubilization of
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oil within a lager number of surfactant micelles, which are consequently swollen to
lesser extent (Zheliaskova et al, 1999).

Comparison between surfactant: co-surfactant system

Formulation that had the similar system (type and ratio of surfactant) and
percentage amount of water but different type of oil, showed equal mean particle
diameter as shown in formulation (1/6) and (8/1) that contained Tg, as surfactant and
7% water. Both formulations had mean particle diameter of 78.53+20.48 and
78.33+£20.00 nm, respectively. Similarly, in formulation (6/1) and (7/1) that had the
ratio of surfactant: co-surfactant of 3: 3.5: 3.5 and 15% water had similar mean
particle diameter before stability testingjof 82.09 nm and 84.37 nm, respectively. The
ratio of surfactant: cosurfacts als jeated
formulation as shown in Tablel4, € m ' Ogmulation (6/1) and (7/1) that had
ratio of surfactant: cosurfactafit~of : ation (3/1) that had ratio of
surfactant of 2:1 and the sa mean particle diameter was
decreased when increasing ant.
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Overall results indicated that most MEG and LC systems which contained
suitable surfactant, cosurfactant, oil: surfactant ratio were thermodynamically stable
for a long period of time. The mean particle diameter of these systems was in
nanometer size range that less than 100 nm The surfactant to surfactant ratio had
influence on the mean particle diameter of MEG and LC. Moreover, the particle size
decreased with the increasing of surfactant: cosurfactant and surfactant: oil ratio.
Obviously, after freeze-thawing the mean particle diameter was statistically increased
(p<0.05) in all formulation except in formulation (8/1) that showed no statistical
significant difference in mean particle diameter (P>0.05) between before and after
freeze-thawing.
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Table 14 Mean particle size of the representative MEG base system before and after
stability testing.

Composition and ratio Mean particle diameter (nm)

Before stability | SD | After stability | SD
IPM : Tso W
1/1) | 5:5 (10%) 43.31 5.80 52.86* 13.47
172) | 4.6 (8%) - - - -
173) | 4:6 (10%) 71,27 26.64 114.83* 29.85
1/4) | 3:7 (8%) - - - -
1/5) | 3:7 (10%) 27.68 6.13 99.50* 34.47
1/6) | 1:9 (7%) 78.53 20.48 105.90* 26.79
CO: CgL: W: PG (4:1) -l ,
2/1) | 2:8 (23%) 19.67 83.84* 22.04

2/2) | 2:8 (20%) ' - - - -
2/3) | 3:7 (10%) ) == - -
2/4) | 3.7 (25%) I - -

2/5) | 5:5 (13%) 7/ EON A - -
2/6) | 5:5 (20%) o - -
IPM : Ty : Los : W(TggfLosZ2:d) /| \

3/1) | 3:4.67:2.33(15% 4137 . 84.81* | 21.64
3/2) | 3:4.67:233400%) £ ). 278 .\ N9 5294 | 1652
3/3) | 3:4.67:2.33 (2% s - - -
3/4) | 2:533:2.6780%) F.| 23973, |\ 57.87* 15.50
3/5) | 2:5.33:2.67 Q) F 758 7 73.54* 18.52
3/6) | 2:5.33:2.67(17% i \ - -
IPM : Cr: W: PG (4:1) F Jiascsc o

4/1) | 1:9 (10%) B T . - - -
42) | 2:8 (25%) 49037 [ 4. 99.14% | 21.58
43) | 3:7 (25%)g= = “H -

4/4) | 3.7 (20%) 99.89* | 23.47

IPM : Cry: W: PG (4:

5/1) | 3:7 (14.52%) 81.63 21.69 54.28* | 11.20
52) | 46 (20%) .  Ta&s | < — -

513) | 4:6 (%) JF17 1 VIFEIW. 62 60.70* | 17.85
5/4) | 5:5 (18%) ° ok el - 1 "- -

5/5) | 5:5 (12*!@ ¢ - O - -/ -

IPM : T 4L St I

6/1) | 333'5": 355" (water'15%) ; 20.45" ™" 27281 549
6/2) |274:4  (water 9%) - - - -

6/3) [ 1:4.5:4.5 (water 15%) - - - -

6/4) | 1:4.5:4.5 (water 20%) 47.25 1025 | 158.89* | 24.81
IPM:T803B35:W

7/1) [3:35:3.5(water 15%) | 8437 | 1604 | 112.56* | 31.97
SBO : Tgy: W

8/1) | 1:9 (water 7%) 78.33 20.00 79.58 26.52

(-) = exclude from the representative formula due to poor physical stability testing.
* = statistically significant difference (p<0.05) of mean particle diameter between

before and after freeze-thawing that was calculated from 300 particles.
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Figure 68 The TEM photomicrograph and particle size distribution of formulation
(1/3) IPM : Tgy : W ( 10%) (IPM:Tgy=4:6) before stability testing.
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Figure 69 The TEM phote . r-u,,-w anc{@ize distribution of formulation
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Figure 71 The TEM photomicrograph and particle size distribution of formulation
(1/5) IPM : Tgo : W (10%) (IPM:Tgo=3:7) after stability testing.
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Figure 72 The TEM photo \regrrap size distribution of formulation
(1/6) IPM : Tgo : W (7%) (I# :9):5efo 12 Y testing.
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Figure 74 The TEM photomicrograph and particle size distribution of formulation
(2/1) CO:CgL:W: PG(4:1) (23%) (CO:Cgy = 2:8) before stability testing.
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Figure 75 The TEM photomieic andpartiele size distribution of formulation
(2/1) CO:CgL:W: PG(4:1) (2 . L stability testing.
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Figure 76 The TEM| paotomicroz “and particle size : Sfribution of formulation
(3/1) IPM : Ty : Lgg ™2 2 s0:Leg = 3 : 4.67 : 2.33)

before stability testing.
a L
NN
: | é u

IRTINYINY

Particle size (nm)

Figure 77 The TEM photomicrograph and particle size distribution of formulation
(3/1) IPM : Tgo s L63 5 W(T802L63=2:1) (W=15%) (IPMZT802L63 =3:467: 2.33) after
stability testing.
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Figure 78 The TEM photomi
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before stability testing.
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Figure 79 The TEM paotomicrom d-particie Siz =
(3/2) IPM : Ty : Log : WAT: |
stability testing.

Figure 80 The TEM photomicrograph and particle size distribution of formulation
(3/4) IPM : Tgo : Leg : W(Tso:Les=2:1) (W=20%) (IPM:Tgo:Lgg = 2 : 5.33 : 2.67)
before stability testing.
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Figure 83 The TEM photomicrograph and particle size distribution of formulation
(3/5) IPM : Tso 5 L(,g : W(T301L68=221) (W=25%) (IPMZT301L63 =2:533: 2.67) after
stability testing.



134

%Frequency
38
8

20.00

1.00 10.00 100.00 1000.00

Particle size (nm)

1000 100.00 100000 |
Particle size (nm)

Figure 85 The TEM p tormie S1Z

0 eﬂistribution of formulation
(4/2) IPM : CgL: W: PG4:1) (25%) (IPM:Cgp. = 2:8) afterStability testing.
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Figure 86 The TEM photomicrograph and particle size distribution of formulation
(4/4) IPM : CgL: W: PG (4:1) (20%) (IPM:Cgr = 3:7) before stability testing.
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Figure 88 The TEM Eotomicrogr ph and particle sizmiistribution of formulation
(5/1)IPM : Cry: W: PG (ﬁ; 12‘(W=14.52%) (E)IM:CRH = 3:7) before stability testing.
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Figure 89 The TEM photomicrograph and particle size distribution of formulation
(3/1) IPM : Crur: W: PG (4:1) (W=14.52%) (IPM:Cry = 3:7) after stability testing.
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Figure 90 The TEM photo ..- -~ €1 size distribution of formulation
before stability testing.
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Figure 92 The TEM photomicrograph and particle size distribution of formulation
(6/1) IPM : Tgo : CeL : W(W=15%) (IPM: Tsgo : CeL = 3 : 3.5 : 3.5) before stability
testing.
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Figure 94 The TEM. j id ibution of formulation
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Figure 95 The TEM photomicrograph and particle size distribution of formulation
(6/4) IPM : Tgo : CeL : W(W=20%) (IPM: Tg : Cg = 1 : 4.5 : 4.5) after stability
testing.
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Figure 98 The TEM photomicrograph and particle size distribution of formulation
(8/1) SBO : Tgp : W (7%) (SBO:Tgp=1:9) before stability testing.
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2.9 Physical property when contacted with water

During the release study of MEG containing metronidazole from various MEG
Base, their unique characteristics were noticed when contacted amount of water that
diffused from the released medium. The microemulsion transformed into emulsions,
liquid crystals or remained as microemulsion. This transformation of phase
microstructure was confirmed by polarized light microscopy. From this point, these
characteristics could be exploited. The lamellar phase was less viscous which phase
transformation could be obtained by increasing water content. Since the lamellar
phase is less viscous and injectable, it could be used to deliver the gel. Upon contact
with excess water from gingival of b sid lamellar phase formed stiff viscous

2

Most formulations fg;
triple folds of water. More
milky emulsion. Polarizing

diluted with one, double and
sformation into solution or
ir transformation structure.
- L'sgs W increase in viscosity after
diluted with equal amount of watg : mula he higher viscosity when

$fo1 w i ulation 1/3, 1/4 and 1/6

whereas formulation 1/1, ulsion and solution after

diluted with double, tgif ) :
confirmed the phase tran : 1 e '0f microemulsion to lamellar
phase structure as sho

For CO: Cg: W: P
with one, double and triple [ Was d%in formulation 2/1-2/4 whereas
milky emulsion could observed whes-dil with ten folds of water. Formulation 2/5
and 2/6 became milky emuls_ion;&fawéfw? ted With double, triple and ten folds of
water. These might bg the‘occurrence of phase s fiontin these formulations. Cross
polarizing microscope~/contirmed the phase transformation of liquid phase of
microemulsion to hexagl al ¢ fire E shown in Figure 102.

For IPM: Tgo: Lgs: }V Tgo:Les = 2:1) &)jstem; the increasing in viscosity upon
higher water diluti iSC@sity~0 ulation 3/1-3/6 was
higher when inﬁﬂﬂe aﬁﬂ.\%%owm m folds. After water
dilution triple andjten folds formulation 3/1-3/3 and 3/6 bacame colloidal solution

whereas formulation 3/4 and 3/5 Were 0 o, solution, *€ross polarizing
microsc m‘ﬁtﬁxﬂs%o&daﬁ | w ﬁa agonal phase
ig 03" '

structure ag. sho

In IPM: Cgr: W: PG (4:1) system; the increasing in viscosity upon higher
water dilution was also observed. The viscosity of formulation 4/1 and 4/3 was higher
when increasing water dilution from one, double and triple folds before the forming
solution in water dilution of ten folds. In formulation 4/2 and 4/4, the increasing in
viscosity could only found when water dilution of one fold. After water dilution
double, triple and ten folds, formulation 4/2 and 4/4 were transform to solution and
milky emulsion, respectively. Cross polarizing microscope confirmed the phase
transformation of liquid microemulsion phase to lamellar phase structure as shown in
Figure 104.
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The viscosity of IPM: Cgry : W: PG (4:1) system showed the increasing in the
viscosity after diluted with one and double folds of water in formulation 5/1-5/5
whereas colloidal solution could observed when diluted with triple and ten folds of
water. Cross polarizing microscope confirmed the phase transformation of lamellar
phase structure phase to hexagonal phase structure as shown in Figure 105.

The viscosity of IPM: Tgp: Cgr: W system showed the increasing in the
viscosity after diluted with water up to triple folds which finally bacame a rigid
viscous gel in formulation 6/1-6/4 whereas clear solution could observed when diluted
with ten folds of water. Cross polarizing microscope confirmed the phase
transformation of liquid microemulsion structure phase to lamellar phase structure as

shown in Figure 106. Similarly, visee sp increased in IPM: Tgo: Bss: W after
water dilution of ten folds, colloi i0n, was observed. Cross polarizing
microscope confirmed the phase transfo amellar phase structure phase to
hexagonal phase structure ‘@s»shown in Figt e viscosity of SBO: Tgy: W
system increased with water dil d triple folds. They became
solution when water dil et as performed. Cross polarizing microscope
confirmed the phase tual S\ of emulsion structure phase to

lamellar phase structure ag

phase structure or hexagg ; ife W w release required for drug
delivery system. The lowest relés pstant (1.14*10%) was observed in

is8éashex; “phasc structure after transformation.
The results also showed slower iolea dfor other formulations which had
hexagonal phase strueturesifi formulation 5/2

: ewcorrelated with the final
dilution transformationﬂ each systems as rate_@system that transform into
hexagonal phase structtite should be lower than those 6f lamellar phase structure.
Surprisingly, the transfornf into hexagonal phase structure of formulation 3/5 and 3/6
had higher rate ﬁ:ﬁﬂl&}ﬂiﬁnﬁ/ﬁaﬁﬂ%ﬁﬁhue These might be
correlated with! the diution. ef water" difuti f "triple and ten folds,
formulation 3/4 and 3/5 transformedyinto solution whereas formylation 5/2 and 5/3
transformedg loidal di ion. sther release from
T S A A
system wd§ about two or three times lower than that from a solution because liquid
crystals have a highly ordered microstructure and high viscosity (Trotta, 1999). The
proposed mechanism for drug release was diffusional exchange of water from the
external media into matrix of gel, with exchange of drug and water from the interior
phase to the external media. The stiffness and high viscosity of the transformed gel

phase by slowing diffusion could provide a slow sustained release of incorporated
drug (Jaymin et al, 2001).

This study was similar to the phase transformation of indomethacin release
from microemulsion which percentage of indomethacin released from liquid crystal
phase transformation was much lower than other systems. The transformation of
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system composed of IPM, alcohol, lecithin and isolecithin occurred when contacted
with released medium. These might be the lipophilicity of lecithin molecule which
having critical packing parameter of 0.8. Formation of lamellar phase or bilayers are
thus favored (Trotta, 1999).

Interestingly, one of surfactants used in this study “Poloxamer or Lutrol” is
thermoreversible gel which is commercially available. The liquid to semi-solid phase
change be triggered by increased temperature. This gels are liquid at room
temperature (20-25°C) and undergo gelation when contact with body fluids (35-37
°C), due to an increase in temperature. They formed gel by central hydrophobic part
(polyoxypropylene) surrounded by hydrophilic part (ethylene oxide). Depending on

the ratio and distribution along the hair ydrophobic and hydrophilic subunits,
' ing to different gelation property

several mmolecular weights arg 3 /1

(Esposito et al, 1996; Victoria

<

Three principal mechanisms have pioposed to explain the liquid-gel
phase transition after an Case" opEre eluding the gradual desolvation of
the polymer, increased : /‘” and. 1 ased entanglement of the

polymeric network (Andrg
intramolecular hydrogef® bg
poloxamers is supposed # bg

ence process is that the
ucomimetic property of
c and hydrophilic sequences

simulating mucin acti6 y ad ion \ofi th \ o s layer on hydrophobid
epithelium (Moore et al, 2000). Croi0te, indreasing, the polymer concentration
decreased the release raté of fhe fug whereass incre -.)'i‘-_ drug lipophilicity decreased

the release rate (Kantaria etfl,

HYDROPHILIC SUBNETWORK

Figure 100 Covalently cross-linked polymer network in o/w microemulsions (from
Moulik and Paul, 1998).
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/,

.
Figure 101 The microscopy-patterns of the sys{m.fIPM : Tgo : W after dilution with
released medium (magnification. x 100), Theiransformation before dilution from
liquid microemulsion (left) to lameliar phase structure (right).

Q) £
Figure 102 The micm;t_:opy patterns of the system CO :;QQIL : W: PG after dilution
with released medium (1ifagnification x 100). Thetranisfommation before dilution from

liquid microemulsion (left) to lamellar phase structure (right).

Figure 103 The microscopy paﬁems of the system IPM : Tgy : Lgg : W (Tgo:Lgg = 2:1)
after dilution with released medium (magnification x 100). The transformation before

dilution from liquid microemulsion (left) to lamellar phase structure (middle) and
hexagonal phase structure (right).
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I

/

Figure 104 The microscopy patterns of the/{)ﬁm In IPM : Cg: W: PG (4:1) after
dilution with released meditim (magnificatief®®100). The transformation before
dilution from liquid microcmulSiSi{left)do lamicllai-phase structure (right).

£
fﬁRH : W: PG (4:1) after

.\i g y
Figure 105 The mictosg ; of the system IPM
dilution with released”medium (magnification x 100).=-'T'he transformation before

dilution from lamellar phase structure (left) and hexagonal phase structure (right).

Figure 106 The microscopy patterns of the system IPM : Tso : CgL : W after dilution
with released medium (magnification x 100). The transformation before dilution from
liquid microemulsion (left) to lamellar phase structure (right).
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Figure 107 The microscopy patterns of the'sgstem IPM : Tg, : B3s :W after dilution
with released medium (magnification x 100) 7% transformation before dilution from
liquid microemulsion (left) o.damellar phase stiiciure (middle) and hexagonal phase
structure (right). 4

N =L et J

- -2
Figure 108 The miciios: € system :ﬂ";o : W after dilution with
released medium (magnification x 100). The transformsation before dilution from
liquid microemulsion (leff) to lamellar phase structure (right).
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3. In vitro drug diffusion

Representative formulations from stable system that passed both freeze-thawing
and Thai FDA stability testing were selected to evaluate the in-vitro drug diffusion.
Twelve formulations from excellent appearance and stable system were selected. Their
viscosity of MEG before and after metronidazole loading are shown in Table 16, The
type and characteristic of these MEG are shown in Table 17. These selected formulations
were transparent, semi-solid or viscous, birefringent microemulsion gel and all
representative system passed both stabilityites ing; freeze-thawing and Thai FDA stability
could be classified as liquid crystal or Hetofmulsion gel (including lamellar, hexagonal
or cubic phase gel). The study ofidre g diffusionf MEG containing metronidazole was
performed by using modified cranz diffusion abmatatusias it were reported to be the most
reliable methodology (Washington: Of Wndix B) showed the average
percentage of metronidazolesdiffiisic i various ase and liquid crystal system
compared with each other age# ne. . rordrug diffusion of metronidazole
from different MEG basgs y
prolonged the release of deffe nabrs

The diffusion profile of  from N
o dispe

process; drug’s transfer frg wpliase 1o the continuous phase and drug

diffusion through the menibrade om, ‘ ~conti uo! to the sink solution (Trotta,
1989). It can be explained by c'beginning of the experiment the donor
compartment contained the drugrloaded Mi Wi ile the receiver was filled by a drug-free

aqueous medium. Since the drug-ldaded MEG waslrepared prior before the beginning of
the experiment, it could be reasonal v-assumed that at the equilibrium the drug could be
distributed among three different” phases: . liSperSeyphase,. the continuous phase and
surfactant layer. For oildifl water YPe MEG. “at the-Beaiming a drug concentration
gradient existed betweg e aqueous of external phase thedonor and receiver so that
the drug molecules left the ME aqu : tjﬁoreceiver fluid crossing the
interposed membrane which resulted in the drug concentratfon increased in the receiver

compartment. It should be neted that during elease experiment, the milky emulsion
P

was seen in the I sm ﬁlﬁlﬂgthe receiver solution
penetrated throu m m rﬁ n was destroyed into

microemulsion and¢then emulsion. Another aspect that could be seen in this experiment
’ﬁi

was the rigidity and slow diffusion of s gonal or cubic

yStem.t ‘
phase gel im ﬁlﬁj& ﬁﬁtﬂ%ﬁ of water from
receiver co ent ‘that t lamellar phase system to hexagonal or cubic

phase system'that providing sustained release of metronidazole (Jaymin et al, 2001).

The drug diffusion from MEG system was sustained more than 24 hours. The
different amount of drug diffused from solution and from MEG could be attributed to the
partition of drug between the dispersed oily droplets and the continuous phase of the
microemulsions. Two main processes governed the diffusion of drug from MEG system.
The transferring of drug from the disperse phase to the continuous phase and diffusion of
drug from continuous phase through the membrane to the diffusion medium. Only the
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drug dissolved in the external aqueous phase was able to diffuse through the membrane.
Thus, the diffusion of the drug through the membrane would be initially governed by
drug concentration in external aqueous phase of MEG (Trotta, 1989).

Comparison diffusion profile within the same main composition system
IPM : Tgg: L¢s: W (T80:L68=2:l) system

Among formulations containing metronidazole at the concentration of 1.5% w/w,
the amount of drug diffusion in formulatic 3/1 (IPM:Tgy: Leg = 3: 4.67: 2.33, 15%
water) was higher than formulation ‘\ ‘“ﬁ #30-Les = 2: 5.33: 2.67, 25% water) and 3/4
(IPM:Tgp:Lg¢s = 2: 5.33: 2.67, 20¢ vater) in -- ount of drug diffusion in 24 hours
were 12.67 mg, 12.64 mg and 2.86-mg, respectively, Bhe higher percentage of diffusion
in this system in 24 hours o R4 p
3/1 and 3/5 and lower pe . 18%
these results, the amount of dat ﬂr ini \v\ :
F-68) in formulation decr€aseg “uftle NpariSe tween MEG containing 1.5%
metronidazole at the egifal 4 i ‘\}‘ ants ratio in formulation 3/4
(IPM:Tgo:Leg = 2: 5.33: 2.67400% N r) showed that the amount of
drug diffusion increased shenfthé gerce fage vateriin formulation increased. These
could be explained that ation, gradi polymer (Lutrol F-68) in
formulation 3/5 was lower#y hie ation that induced the system
to lower viscosity. At higher o ] 8 micellar system formed clear
viscous, stiffing gel which a€codntedifor the 7 jidity and slower diffusion of this system
whereas formulation 3/4 whenfad SOEh water backward from receptor of Franz

diffusion cell could transform to viscous. st MEG that also formed gel-like structure
which possibly maintained the dr fom MEG base. The diffusion profile of
1.5% w/w metronidazolmE i \ 30- Log— W {180:Leg=2:1) comparison in
formulations 3/1, 3/4 and-375are shown |

The higher correlaan coefficient of formulations 3?mand 3/5 were obtained from
first order as shown in Tab]@ 18. In formulati%3/4, the highest correlation coefficient
followed the Higuchi laww ( | ] mﬁl, 2003). And the that
diffusion coeffici %ﬁm tﬁ mﬁﬂfﬁm t creasing Lutrol F-68
content, which wasjjconsistent with a onsequent increase in bulk viscosity and gel
rigidity. In addition, there was an abilj fi t of this system
that could ﬂeﬂ@ﬁﬁ%ﬁaﬁﬁz %@?ﬂl Es, it could be
concluded that iffusion Kinetic of 1.5%w/w metronidazole in formulations 3/1
and 3/5 was mostly fitted with first order model.

IPM: Cgry: W: PG (4:1) system

The amount of drug diffusion of formulations 5/2 (IPM: Cry=4:6, 20% water) and
formulation 5/3 (IPM: Cry=4:6, 15% water) were 15.14 mg and 10.27 mg The higher
percentage of diffusion profile 24 hours 84.46% was obtained form formulation 5/2 that
more percentage of drug diffusion than formulation 5/3 (68.46%). The ratio of
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oil:surfactant in formulations 5/2 and 5/3 were similar (oil:surfactant=4:6) but the
different in percentage of water content in formulation. The results showed that the drug
diffusion was faster in formulation 5/2 when the percentage of water in formulation was
increased from 15% to 20%. On the other hand, when the percentage of water was lower
the higher amount of cremophor RH40 was in formulation which could result to increase
the viscosity of system. Therefore, drug diffusion was decreased due to drug molecule

could not easily diffuse through surfactant layer and viscous medium (Lostritto et al,
1987).

%release
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.
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20 -

¢ 1]
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Figure 109 Compaii t i lﬁ)ﬁ sﬁlEG containing IPM :
Tgo : Leg : W (Tgﬁzg): ingfo i ater), B/@ (20%water) and 3/5
U

(25%water). o

¢ =
PAHAAIAN NI o e
to form H-bopding bétWeen water ctant that brought about the faster and higher

drug diffusion, due to the higher surfactant transferring of drug from the disperse phase to
the continuous phase and the diffusion of drug from continuous phase through the
membrane to diffusion medium.

24 Time(hrs)

The drug diffusion kinetic of MEG in both formulations in IPM : Cry: W: PG

(4:1) system followed first order model that could sustained the diffusion of drug more
than 24 hours.
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Figure 110 Compariso - onide zole MEG containing IPM :

r B ' = ;
Crir: W: PG (4:1) of formulgffon$ 50 (IPNEC - **' Water) and 5/3 (IPM:Cry=4:6,
15% water). : v
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Figure 111 Comparison of the diffusion profile of metronidazole MEG containing [PM:
Tgo: CeL: W system in formulations 6/1 (3: 3.5: 3.5, water 15%) and 6/4 (1: 4.5: 4.5 water
20%).
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IPM: Tgy: Cgr: W system

The diffusion profiles of formulations 6/1 (IPM: Tgp: CgL=3: 3.5: 3.5, 15%water)
and 6/4 (IPM: Tgo: CgL=1: 4.5: 4.5, 15%water) showed that the amount of drug diffusion
in formulation 6/4 were more than that of formulation 6/1 as 12.77 mg and 9.19 mg after
24 hours or 85.11% and 61.26%, respectively. The results indicated that the amount of
drug diffusion increased when the amount of oil in formulation decreased. On the other
hand, when the amount of surfactant in formulation was higher, the greater drug diffusion
was observed. Furthermore, the percentage of water content in formulation also affected
the drug diffusion. The higher percentage 0§ water content in formulation, the apparently
higher amount of drug diffusion was own in Figure 111.

The in vitro drug diff ant:cosurfactant systems showed

that the amount of drug diffusion-decres amount of oil in formulation
increased. This was attributedsth® Tetent : rsed phased oily droplets, the
larger amount of which wa St aseover longer period of time. In
this way a reservoir of tHg and sustained release effect was achieved

as the drug continuously

im0l droy ‘\ 0 continuous phase to replace drug
diffusion from MEG systemFriédh4n and Benita 103

Table 16 showed thé chiracteri I 0ath M G\-. s¢ and drug-loaded MEG. The
MEG base and drug-loaded wére inuestisatod elr tlow behavior, viscosity including the
appearance of obtained ME@. The e Of-separation formulations after drug-loaded
including the formulation whicli'hs doptimum sity from various systems. Moreover,
the formulation which passedthd/feez= and Thai FDA stability testing were
preferable. The highly viscous fo Qre preferable than the liquid system
that confirmed with physic “of water. Therefore, liquid

or fluid systems were Sase=sitdy. Table 17 Showes the
ot Iz X
characteristic of representa

edffom system passed freeze-
thawing and Thai FDA stqjli .

Table 17 shows bire i istics; conductivity and
type of the represéntative % ] p v lation exhibited non-
Xcep

birefringent prope formulation 1/6, 2/4 and 8/1 which birefringent property

could be obtained after diluted with wafer. T e of MEG also_effec elease of drug
from the fi dﬁ% lati %as 0 f;ﬁehy /0 different methods;
conductivi@tg;ﬂgt tion te ﬁm %J) I-]Ca
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Table 16 Viscosity of investigated microemulsion gel before and after metronicazole loading.

Composition of formula Sys Ratio of oil:surfactant Viscosity (cps)
tem (% water) MEG base 1.5% metronidazole
IPM: Tgy: W 1/1 5:5 (10%) *21,600 -
1/2 4:6 (8%) 382 -
1/3 4:6 (10%) *1,080 -
1/4 3:7 (8%) 387 -
1/5 337 % *1,567 -
1/6 : 435 458 (+)
CO:CrL: W:PG (4:1) | 2/1 895 8
20% 1,080 1
%o ——— 858 L
59 3,072 3,078(+)
18%), . 1,605 -
Yo 2,346 -
IPM: Tgp: Leg: W 4 ) *6,120 *8,850(+)
(T302L63 =2: 1) 2 B 3 * 12,900 =
3 44670, 5% *19,080 -
4 F XTI *18,330 *37,500(+)
=3 : 2 *25,800 *33,600(+)
2] ! (17 *7,020 -
IPM: CgL: W: PG (4:1) | 4/1 > 630 L
4/ 3~ *7,860 *75,000(+)
4/3 =395 *35,230 -
W 4/4 7 | *3.900 -
IPM : Cry: W: PG (4:1) 45,600 60,000(+)
/2 71 200,000 280,000(+)
15/3 : 0 ' 124,000 125,334(+)
34 | 5:5 (15%)II . 105,000 107,666(+)
/ % M\ 15 ¥0,000 160,000(+)
IPM : Tgo - cﬁﬁﬁ /1 : 8.5 (Fated16%) 1l TH1,610 | *12.14007)
q 6/2 12:4:4  (water 9%) L
6/ 4.5 ater 35%) 1 l -
14 ter 24 21h840) | *24,620(+)
IPM : Tgog B 1 7173:35:3.5 (water 15%) *10,200 *93,000(+)
SBO : Tgy: W 8/1 | 1:9 (water 7%) 480 492(+)
* = non-newtonian behavior of System, - = phase separation , L = liquid or fluid

(+) = more increased in viscosity




Table 17 Type and characteristic of representative MEG and LC selected after freeze-

thawing and Thai FDA stability testing.

System | Polarized Conductivity Type Dilution test
light (s) oil dilution | water dilution
1/6 NB 3.40 W/0 NS S
2/4 NB 23.20 O/W S NS
3/1 B 3.40 NS NS
3/4 B 2.30 NS NS
3/5 B 5.0¢ S NS
4/3 B 1 NS
5/2 B NS
5/3 B NS
6/1 B NS
6/4 B NS
71 B NS
8/1 NB S
A
NB = non-birefringent prope i
B = birefirngent propert
S = separati%)n P 2705

NS = non-separation
o/w = oil in water

w/0 = water in oil
M = bicontinuous or me structure

1y
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Table 18 The coefficient of determination (R?) of microemulsion in various drug

diffusion kinetics calculated from total drug diffusion data.

Formulation Coefficient of determination (R%

Zero order | First order | Higuchi

model model model

1/6) IPM : Tgy: W 0.9922 0.9960 0.9548

2/4) CO: CgL: W: PG (4:1) \ 0.9856 0.9917 0.9636

3/1) IPM: Ty : Leg : W (Tgo! : 7907 0.9943 0.9570

3/4) IPM : Tgp: Lgg: W ) 0.9886 0.9936

3/5) IPM : Tgp : Leg : 0.9981 0.9491

4/3) IPM : Cgr: W: PG ( 0.9942 0.9820

5/2) IPM : Cry: W: PG (4 . ,ﬁ"_. 0.9917 0.9854

5/3) IPM : Cry: W: PG (4: - 4 0.9972 0.9627
Wi

6/1) IPM : Tgy : Cpr: W i - 9316 0.9749 0.9954
‘fjﬂﬁ'g §

6/4) IPM : Tgo: Cp: W = 3 0.9975 0.9581

7/1) IPM : Tg : Bss: 0.9833 0.9958

por |
8/1) SBO:Tgo: W  oJ 0.989 ' 0.9962 0.9520

AUD MO

MR TUNN NN Y
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(A) Effect of type of oil

The diffusion profiles of metronidazole MEG of formulation 1/6 [IPM : Ty :
W] and formulation 8/1 [SBO :Tgy : W] at the ratio of oil: surfactant as 1:9 and 7%
water content are compared in Figure 112. The results showed that the drug diffusion
from both formulations was sustained for more than 24 hours. A slightly higher
percentage of drug diffusion (91.36%) was obtained from formulation 8/1 compared
to formulation 1/6 (90.1%). Both formulations of had nearly similar viscosity which
was about 458 cps and 492 Cps, respectively. The amount of drug diffusion in 24
hours from formulations 1/6 and 8/1 were 13.50 mg and 13.70 mg, respectively.
Furthermore, the particle size and size dis ibution from TEM photomicrographs of
both formulations were 78.53+20.48 nrn and +20.09 nm in formulations 8/1 and
1/6, respectively. It could be Ve ,*:‘* olecule could easily diffuse from
continuous phase through thg 5 i eendition due to low viscosity of the
formulation. In addition thesets R d%tlhmeuar or hexagonal phase
structure. Thus the fastepss rhér dnug 100 ese two formulations than

other system in this stud

Figure 113 shq

;T '— ) \‘u
1

. 0 alc
=3 08 0% w s? d ¢ higher and faster drug
diffusion was observed ingors tf’%n ichiha 8% drug diffusion whereas
formulation 4/3 exhibitél 791 f usion, These may be explained by the
viscosity of these systems. I uu formulationresulted in higher and faster drug
diffusion. The viscosity of fofmulats 2/ .t-?-'_',-'i_ abouit 3078 cps whereas formulation
rmulationl 4/3 tended to form lamellar or

4/3 was 47,500 cps. Furth€rmig
hexagonal phase structure that ¢ e viscous and stiffing system than

For oil in we .,..* : g concentration gradient
existed between the aqeﬁ s-of [he d(ﬁ)r and receiver so that the
drug molecules left the.ME aqueous phase to reach thé*teceiver fluid crossing the

interposed membrane whi sulted to increase the dru concentration in the receiver
P I ase g

compartment. | u : mw‘mﬂﬁaeriment, the milky
emulsion was sﬂ the! deno t. esult wa$' due to the receiver

solution penetratedithrough the donor ompartment and then MEG destroyed into
f é?s

microem}lﬁ,i(ﬁ ar}_ci ﬂén ﬁnﬁs% gﬁwﬁﬁw 1@74-1\1 rErt al, 1992).

(B)i:ffect of type of surfactant

]

To study the effect of different surfactant on diffusion profile, formulation 4/3
of the system IPM : C; : W: PG (4:1), IPM:Cg=3:7, 25% water and formulations 5/2
and 5/3 of the system IPM : Cry: W: PG (4:1), (IPM:Cry=6:4) that had 20% water
and 15% water content in formulation, respectively were compared in Figure 114. The
faster and higher percentage of drug diffusion (79.14%) was obtained from
formulation 4/3 that had cremophor EL as surfactant in the system whereas the lower
percentage drug diffusion were obtained by the formulations 5/2 and 5/3 (84.46% and
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68.46%, respectively) which had cremophor RH40 as surfactant in formulation. These
could be explained by the nature of surfactant used in formulation, cremophor RH40
is more viscous (2-4*10° cps) than cremophor EL (650-850 cps) (Gasco et al, 1988;
Kibbe, 2000). Therefore, formulation 4/3 which contained cremophor EL had low
viscosity which could be assumed that the drug molecule would easily diffuse from
continuous phase through the membrane in sink solution. In addition, cremophor
RH40 had the possibility to form viscous hexagonal or lamellar structure of more than
cremophor EL.

In addition, the lower percentage amount of drug diffusion was obtained in
formulation 5/3 at the first 12 hours before the higher percentage of drug diffusion
was observed after 22 hours. Theselthicht attributed to the presence of lower
percentage of water in formulation 5/ yced ghe more increasing in viscosity than

formulation 5/3. Furthermore "WiLO0s penetrated  through the donor
compartment could effect the.ira i é to viscous, stiffing hexagonal

phase structure that prol difflsi n@dazole MEG (Gasco et al,
1988; Levy and Bernita, . \

(c) Effect of type of ¢

System IPM : Tg : 54 80 : CeL: Wand IPM : Ty, :
Bss : W were selected e effe ol ctant on drug diffusion as
shown in Figure 115. Fo I 3 o142 t€ compared with formulations
6/1 and 6/4 including fo s€ system had similar main

composition; IPM, tween80 ahd Water b
F-68 , cremophor EL and Brij 35.-The resuli ound that faster and higher percentage
of drug diffusion (85.11%).was obt from fort ione6/4 that used cremophor
EL in the system whéréas the | /SL_Pereentage _Grig iffusion (49.01%) were
obtained by the formulatior ‘ Phese was due to the higher
viscosity of formulation 1 the ﬁer hand formulation 7/1
exhibited the most proloaged diffusion. In addition, the disfinguish of this system that
occurred a “ringing gel” that Avas an excellengyin all characteristics; physical stability,

appearance, visc mﬂﬂﬂﬂlﬁ%ﬁ? this gel that could
provide a slow rele m“g!l ]
U

The diffusion profile indi ¢ adi .. similarly for
matrix-tya ﬁ%ﬁ%l i m@m"m&ﬂn out of the
gel matrixg This could be assumed that the gel controlled the release of drug
incorporated or location of drug from the hexagonal phase gel or aqueous channels or
lipid bilayers. Therefore, when diffusion across aqueous boundary layer was not
released rate limiting, gel controls the release of incorporated drug. Metronidazole
would be controlled by this hexagonal liquid crystal gel. However these results
suggested that diffusion rate of drug could be controlled to only a limited extent by
the liquid crystal gel dependent on drug’s solubility and diffusivity in the aqueous
diffusion boundary layer. Furthermore, the release kinetics and duration were not
influenced significantly by the form of drug incorporation or where it may reside in
the phase gel (Costa and Lobo, 2001; Jaymin et al, 2001).
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Similar systems from formulations 3/1 and 6/1 as ratio of oil: surfactant: co-
surfactant =3: 3.5: 3.5 with 15% water content showed similar diffusion profile
pattern as shown in Figure 159. The percentage of drug diffusion of formulations 3/1
and 6/1 were 65.75% and 61.27%, respectively. The results showed that the amount
of oil: surfactant: co-surfactant were important for diffusion characteristic eventhough
the co-surfactant was change from Lutrol F-68 in formulation 3/1 to cremophor EL in
formulation 6/1. The percentage of diffusion profile of formulations 3/4, 3/5 and 6/4
were 84.49%, 84.32% and 85.10%, respectively.

The highest correlation coefficient of formulations 3/1, 3/5 and 6/4 were
obtained from first order model as shown in Table 18 whereas the formulation 3/4,
6/1 and 7/1 had the highest correlatic n\coefficient when treated with Higuchi model
as shown in Table 18. Furth i"u‘"-_l , ,\/ gher correlation coefficient of all
formulations 4/3, 5/2 and 5/: K taini due Lglirst order as shown in Table 18.
From these results, it could+b " ided, that %
metronidazole in formulations 3/-and 3/5 was.m
The diffusion profile are 1118 oot Figlire

IFig diffusion kinetic of 1.5%w/w
fitted with first order model.

U
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Figure 113 Diffusion profile of 1.5% w/w metronidazole MEG formulation 2/4; [CO
: CgL: W: PG (4:1), CO:CgL =3:7, 25% water] and formulation 4/3[ IPM : CgL: W:

PG (4:1), IPM:CgL=3:7, 25% water].
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Figure 114 Diffusion puéfilafo
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Figure 115 Diffusion profile of 1.5% w/w metronidazole MEG in system IPM : Ty, :
Leg : W (Tgo:Leg = 2:1); [formulation 3/ 1, 3/4, 3/5] and IPM: Tso: Cer: W [formulation
6/1, 6/4] and IPM : Tso : Bss: W [ formulation 7/ 1].
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4. Physical stability

The stability of MEG is one of the most important factor to consider. The
physicochemical properties of ingredient used may result in instability of these system.
All preparations were studied for their stability. Shelf-life stability of the obtained MEG
as a function of time and storage temperatures were evaluated by visual inspection
including the physical appearance, pH, syringeability, conductivity, viscosity, particle
size and microbial activity of MEG and LC after stability testing were undertaken by
various technique to confirm the stability, ??the system. The results are shown in

following Table 19-25. All preparations & under accelerated conditions at 4
°C for 48 hours and 45°C for 48 hours about 6 ¢ eze-thawing study whereas the
second groups were selected to ob ' 45°C 75% relative humidity

The physical appear
metronidazole are shown in T

ase and MEG containing
, the appearance of most

IPM:CeL:W:PG (4:1) that w rate 0“two, phases “after freeze-thawing for 6
cycles. Durin(% stability testing Ofing 'z "{ >, all formwlations were turbid. When
storing at 45”C, phase separation feouldl bt seen dduring first cycle. Although phase

separation occurred in such form iQns;#hey were able to'recover to one phase MEG by
gently shaking. The MEG which containi "as an oil phase, Ty as surfactant
showed the phase separation which-tipper phase likelito be a mixture of IPM and Tso
whereas the lower phase waSiafhixture of water ¢ otant.

In Thai FDA stabil ity ting, =2/5, 2/6, 312, 3/3, 3/6, 4/4
and 6/3 were separated into! two phases as 'shown in Table {19. The upper phase was
yellow solution while the lov(/eE, phase also yello%’viscous gel which was separated by

thin layer between upFﬁr mﬁﬁiﬂ INEINT

The physical appearance 0 containing 1.5%w/w metronidazole is also
shown in Table 19. In IPM : Tg : W sﬁtem, the ’ﬁhﬁe separation recipitation
ﬁ .

s i § AR
Similar results Were'als | , 216, 3/15 376

ormulation 3/2
and 3/3 were separated when observed under Thai FDA stability testing whereas phase
separation was not occurred when performed by freeze-thawing similarly to the
observation in formulation 5/4 and 5/5 that synereis were occurred after Thai FDA
stability testing. Other formulations that passed both stability testing (freeze-thawing and
Thai FDA stability testing) still showed birefringent property in liquid crystal system
whereas the birefringent property was not obtained in isotropic system when observed
under polarized light microscope similar to before stability testing. -
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Upon sterilization with high temperature and stress condition, the high
temperature produced high kinetic energy. This might be affect or distroy the layer of
surfactant film. Hence IPM and CO was separated from surfactant and co-surfactant film
(Martin, 1993). Moreover, the hydrogen bonding between hydroxyl group of propylene
glycol and polyoxyethylene unit chain of cremophor EL in CO: Cg: W:PG and
IPM:Cg:W:PG was possibly broken down by high temperature and stress condition
during freeze-thawing stability therefore phase separation could be occurred. However,
the preparations were recovered to one phase lamellar gel by gently shaking because
MEG were spontaneous formation, which was the unique characteristic of MEG.

ch&bility. The pH of MEG base
ASe mulz after freeze-thawing when

compared with before stabilit§ iE % 2s shown in.Table 20 and Figure 116. The
results indicated that prolonggd# ociof molyoxyetk e ctant (Tgo) could lead to

. : A

°om. Whic i might increase the pH of
formulation (Kibbe, 2000). ast fthc ik of mulation2/5 and 2/6, 3/1-3/6 and
5/3-5/5 were markedly decreasgll affeqs andafter, Thai FDA stability tesing

4.2 pH

This parameter affects th

study as also shown in Figur€ 160 hi Gould be explained by the pH of MEG falled on
freeze-thawing, and also as a fulictionof tigde difting storage onsequently, the result of
glyceride and phosphatide hydrol§si %qu Iberate frec fatty acid. This was the main

degradation pathway of fat emul$ionfleads “for ation of fatty acids which gradually
' 0; Lién, 2000). The rate of free fatty
on was between 6 and 7 after stress

acid production was minimal if the pﬂﬁ
condition (Floyd and Jain, 1996). Other study: ; orted that the pH of intraveneous
lorazepam emulsion was deereased after a r 0. Fhis result explained that
autoclave sterilization causéd some hyd lown, resultthg in the liberation of
free fatty acids with conseE ’nt reduction i ¢‘ (Lostritto et al, 1987;
Levy and Benita, 1990). D m

The pH of MEG contaifiing 1.5%w/w metronidazole are shown in Figure 117.

The pH of all formufati mmemw mﬁbility testing were
slightly changed whe ou sefore ftesting. H as also maintained
with in the standard deéWiation of less than #l. In drug-l%ded MEG systgm, the obtained
pH was the tusat ili i C , tem. Most
Frmuions i Wb IR b4 b 1) eloas bbb L bt
between 7.5 and) 8.0. This average pH range was the stable pH range for metronidazole.
Similarly, commercial metronidazole injection also has the pH between 4.5 and 7.0
which was recommended pH range for stabilized metronidazole (Reynolds, 1996).
Metronidazole undergoes hydrolysis in aqueous solution, under alkaline conditions (pH>
8), hydrolysis also observed to yield ammonia, acetic acid and unidentified compound
produced a pink to violet colour with ninhydrin reagent (Attwood, 1984). This results

indicated that degradation of metronidazole and other component did not occurred during
both freeze-thawing and Thai FDA stability testing.
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4.3 Syringeability

The syringeability of MEG base are shown in Figure 118. The syringeability of all
formulations after freeze-thawing and Thai FDA stability testing were similar to that of
before stability study except in formulation 1/3 and 1/5, 4/2-4/4, 5/1-5/5 and 7/1. This
could be explained by the phase separation occurred in formulation 1/3, 1/5, 4/4 which
could be comfirmed by physical appearance study in aforementioned topic. Surprisingly,
formulation 4/2, 4/3, 5/1-5/5 and 7/1 showed an increase in syringeability while the high
viscosity of formulation could be observed. These might be the effect of non-newtonian

of the lamellar phase behavior including thélddeurrence in breakdown structure of this
formulation during rapid changing in temperature e¢zing and thawing cycle (Provost
and Kinget, 1988). The shear-thinuing beha uld_be' obtained when increased in a
little force or shear stress (Jone hese S the advantage and unique
structure of this drug delivery s : as_inherently fluid and could be
injected using a syringes that HAd" ‘ ess viscous lamellar phase

The syringeability of MWIE( g . nidazole are shown in

Figure 119. The pattern of o Sygingeability pfanost s after freeze-thawing and
Thai FDA stability testing wergfSirg DITES) ation before stability as
shown in Figure 119 and Table j 1 , 413, 4/4 and 5/1-5/5 that the
syringeability was increased ung orated i freezesthawing stability. These were

For MEG base systemt, the -73_& imafter freeze-thawing
and Thai FDA stability testing v sim: ADMity system as shown in
Table 22, Figure 120 and 1 1ed cor_ﬁ.\ctivity of each system
before stability and after freez ~thawing and Thai FDA stability testing were less than 5
uS. The conductivity of formulatien 2/6 and 4/3 afier freeze-thawin were higher than

those corresponding ﬁeﬂﬂ?ﬂ& i ﬁﬁl@iﬁm the occurrence of
excess water in formulation2/6.and@/ séparation es€ formulations.
U
. € o . e/ :
The co 1 on1 mﬂﬂshown in
Figure 122 an ‘iﬁﬁ elc rm:;Jf ch fmt a e-thawing

and Thai FDA gstability testing was similar to those before stability system. The
conductivity of formulation 2/6 and 4/3 after freeze-thawing were higher than those

corresponding system before stability. The results were similar to the MEG base as
aforementioned.

4.5 Viscosity

Viscosity measurement are also useful in determining MEG stability. The
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viscosity during storage at different temperature and time were examined. From the
results, the viscosity of most MEG base systems were slightly increased after freeze-
thawing and Thai FDA stability testing as shown in Figure 124 and Figure 125. These
were explained by the viscosity increased upon aging (Floyd and Jane, 1996). In contrast,
the viscosity of formulation 1/1, 1/3, 1/5, 2/5, 2/6, 3/2, 3/3, 3/6, 4/4 and 6/3 after Thai
FDA stability testing were dramatically decreased. These was due to the occurrence of
phase separation in such formula after Thai FDA stability testing which brought about to
breakdown of structure in formulation hence decreasing viscosity in formulation could be
observed (Andrews et al, 1984). Furthermore the changed from non-newtonian to
newtonian also observed in formulation 141 ﬁS, 3/2, 3/3, 3/6 and 6/3 whereas the

formulation 2/5, 2/6 and 4/4 obvio e separation. The comparison
viscosity of MEG base before stabi awing and Thai FDA stability
testing are shown in Table 23. —

The viscosity of dru
incorporated and increased upon®

when metronidazole was
2001) as shown in Table
tion 1/1-1/5, 2/5-2/6, 3/6,
4/2 and 4/4 after freeze-thaWing# hay FDAsstabil : were performed. From
the results, MEG composed of ' 1PM; G WIRG were unstable systems.

The overall results indicate@ ; 'MEG ‘systems which contained suitable
surfactant and cosurfactant, oi : fatiofwere thery 00 ynamically stable for long
period of time in Thai FDA stabi sfin g.and alsosin accelerated conditions at 4 °C for
48 hours and 45°C for 48 hours abo 6'5ypT s-in freeze-thawi g stability.

A e

. . 5 L - SEET g
4.6 Particle size and size distribiit on PEEEE

. . TR N :
Particle size of MEG was & prominent prop: 0 .% y used to characterize
ME. After stability testing;ithe mea gigmeter weredtdcreased in almost all
formulations as shown in Cable 24. an SEMEG remained sphear.
but wider distribution wasT®btained

ate: Il that the mean particle
diameters were increased when passed the freeze-thawing stability process. These may

occurred by rapid temperature <hanging betweengeezing process and thawing process
e B T P WA T o
droplet of internal ph an yéle eze- g process, thus the

droplets may changingihto large diameter tp maintain thermodynamic of the system.
¥ A"

A RNR I ANTINETR Y

Comparison of the average minimum inhibition zone against anaerobic bacteria
representative by P. gingivalis of each MEG base system (mm) showed that system of
[IPM: Cry: W: PG (4:1) ] which composed of isopropyl as an oil phase, cremophor RH40
and propylene glycol as co-surfactant and co-solvent exhibited the largest clear inhibition
zone by histograms in Table 25. All inhibition zone diameters of three group of MEG;
freshly prepared, after freeze-thawing and after Thai FDA stability testing MEG system
of formulation 2/4, 3/4, 5/1 and 7/1 showed no statistically significant difference after
freeze-thawing and Thai FDA stability testing (p>0.05). Most systems still had inhibition
zone diameters of more than 70 mm. The following representative formulations were
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shown in Table 25. Formulation 2/4, 3/4, 4/3, 5/1, 5/2, 6/4 and 7/1 were selected from
their good appearance and passed both freeze-thawing and Thai FDA stability testing.
This results indicated that 1.5% w/w metronidazole MEG system had an excellent
physical and chemical stability.

e stability - - after freeze-thawing - ‘—t:afterFDé stability
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Figure 116 Comparison of gH >
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Figure 117 Comparison of pH of MEG containing 1.5%w/w metronidazole.
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Figure 119 Comparison of syringeability of 1.5%w/w metronidazole MEG.
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Figure 121 Conductivity of MEG base (from Thai FDA stability tasting formula).
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Figure 123 Conductivity of MEG containing 1.5%w/w metronidazole (from Thai FDA
stability tasting formula).
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Figure 125 Viscosity of MEG base in IPM:Cry:W:PG system before-stability, after

freeze-thawing and after Thai FDA stability testing.
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Figure 127 Comparison viscosity of MEG containing 1.5%w/w metronidazole in

IPM:Cry:W:PG system before-stability, after freeze-thawing and after Thai FDA

stability.
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Table 24 Mean particle sizes of the representative MEG base system before and after

freeze-thawing.

Composition and ratio Mean particle diameter (nm)
Before SD After SD
stability stability

IPM : Tso W

1/1) | 5:5 (10%) 43.31 580 | 52.86 | 13.47
12) | 4:6 (8%) - - - -
13) | 4:6 (10%) 71.27 | 26.64 | 114.83 | 29.85
1/4) | 3:7 (8%) - - - <
1/5) | 3:7 (10%) 27 99.50 | 34.47
1/6) | 1:9 (7%) N 105.90 | 26.79
CO: CgL: W: PG (4:1) /

2/1) | 2:8 (23%) W—r/0.04 [ 83.84 | 22.04
2/12) | 2:8 (20%) = -1 -
2/3) | 3:7 (10%) o -
2/4) | 3:7 (25%) /] -
2/5) | 5:5 (13%) //E " -
2/6) | 5:5 (20%) AL N - -
IPM : Tso Lss o W(Tg 68T~ . - — N

3/1) | 3:4.67:2.33(15% 41,7797 840 4.81 | 21.64
3/2) | 3:4.67:2.33 (2% 47644 1. 5294 | 16.52
3/3) | 3:4.67:2.33(25% I A - -
3/4) | 2:5.33:2.67 (20%) 4897334 01.62%] 75787 | 15.50
3/5) | 2:533:2.67 25%)F i¥is8a3 -t 67 73.54 | 18.52
3/6) | 2:533:2.67(17%) =~ - -

IPM : CpL: W: PG (4:1) it =
41D | 1:9 (10%) L2 ] lA ==%3 -
v 49.C 21.58

4/2) | 2:8 (25%)

4/3) | 3:7 (25%) @ - -
4/4) | 3:7 (20%) = 23.47
IPM : Cgry: W: PG (4:1) ¢ o

5/1) W? [ 11.20
5/2) il bl =2 =
5/3) 570 | 16.62s] 60.70 | wmss

5/4 ” - - -
N | - hRLE pEuLllitiarat
IPM : Tgo ¥ Cgr: W
6/1) |3:3.5:3.5 (water 15%) 82.09 | 4045 27.28 5.49
6/2) 12:4:4  (water 9%) - - - -
6/3) [1:4.5:4.5 (water 15%) - - - -
6/4) |1:4.5:4.5 (water 20%) 47.25 10.25 | 158.89 | 24.81
IPM : Tso . B35: \\%

7/1) [3:3.5:3.5 (water 15%) | 84.37 | 16.04 [ 112.56 | 31.97
SBO : Tgy: W

8/1) | 1:9 (water 7%) 78.33 | 20.00 79.58 26.52
(-) = exclude from the representative formula due to poor physical stability testing.
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RX7/1
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between before and after

dh diameter inhibition zone

1 (cm.)
. fregﬁy after after FDA-
Formulation System prepare freeze- stability
A YE 4 M N
U | Average+ Average+ Average+
e sp__ | 98D SD
co:c'a: : 33401047 |7035:9.p0 | 7.60+0.00
4 P 0 € _
IPM: Tgo: Leg: W | 3/4) |2:5.33:2.6(20%) | 7.40:0.14 | 7.54x0.06 | 7.340.06
(T303L63 = 2:1)
IPM: CeL: W:PG | 4/3) |3:7 (25%) 7.55+0.07
(4:1)
IPM : Cry: W: PG S/1)  13:7 (14.52%) 7.00£0.00 | 7.55+0.07 | 7.18+0.11
(4:1) 5/2) 4:6 (20%) 7.39+0.01
IPM : Tgo: CeL:W | 6/4) | 1:4.5:4.5(20%) | 7.18+0.11
IPM: Tgo:Bss: W | 7/1) |3:3.5:3.5(15%) | 7.30:0.07 | 7.690.01 | 7.3820.04
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5. Anti-microbial activity of MEG base and 1.5%w/w of metronidazole MEG

Antimicrobial activity is measured in vitro in order to determine the potency and
sensitivity of a given P. gingivalis to know the minimum inhibition zone of each
composition, microemulsion gel base and microemulsion gel containing metronidazole.
Two general types of tests; dilution test and diffusion method were used. In dilution test;
various increasing amount of antimicrobial substances were incorporated into liquid or
solid bacteriologic media. The media were subsequently inoculated with test bacteria and
incubated. The end point was taken as that amount of microbial substance required to
inhibit the growth or to kill the test A4 Tube dilution tests were usually more
accurate than the diffusion tests but w goutinely because of time and expense.
For diffusion method or modified a , 3
porous cup or an open ended cylinder idini g-aceusated quantities of drug is placed on

- ' est organisms. This experiment
aced in the perforated hole of

tryptic soy agar plate. A
by diffusion from the peuf e fl ple. After incubation, the
diameter of the clear zone o itign' surtotnding the deposit of sample was taken as a
measure of inhibitory péwef® of fthewms erpuls N

type and composition of #migfoe ] 1 ,‘ asé, and ‘microemulsion gel containing
b 16asT he ability of an agent to inhibit
rather than kill. In vitro s ed the modified agar diffusion

method.

It is well documented that:k 2 Progress
stages of severity begilﬁwith an accumulatio laque). Colonization of the
gingival margin and gifgivateieviee-begins-with-aceurm #on of bacteria that thrive in
the presence of oxygen{derobic) as well an tolerate low levels of oxygen
(facultaive anaerobic bacteria). Gingivitis is associz ith an increase in the quantity
and complexity of plaque. In adult periodontitis, the total amount of plaque is further
increased which ch acterisﬁcﬂly contaj ic_bacteri It peridontitis lesions
contain high pr ﬁ%ﬂﬂ%ﬁngﬁtﬁﬁ;mbes especially P.
gingivalis, P. inte Cact ycelemcomitan. P. gingivalis is closely related to
advanced adult peridontitis and seems to be one ef the numerically most important

sy ora oAl b B8 S I L AN BN B ol o
any oral mﬁ . @ s asseciat ith titis as well as
gingivalis. A actinomycetemcomitans is mostly associated with juvenile peridontitis. In
this study, P. gingivalis was a representative of microbials in adult periodontitis.

The antimicrobial activity of MEG base and 1.5%w/w of metronidazole MEG
were performed by using Porphyromonas gingivalis (strain 381) or P. gingivalis (Pg)
which represented the anaerobic bacteria in adult periodontal pocket. The effectiveness-
against P. gingivalis (Pg) was evaluated by using the agar diffusion method. First,
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gingival fluid of periodontal disease patient was collected from periodontal pocket then
was isolated to pure prior collected in plaque as shown in F igure 129.

Deep frozen Porphyromonas gingivalis in plaque was recovered from frozen
condition and melted then inoculated and sub-cultured onto tryptic soy agar. Figure 130

shows the unique characteristic of short rod-shape gram-negative anaerobe that form black
brown to black colonies on blood agar.

g I g
L
i I"-._il
L

o as

= 'i--\\' L
w)

il :- .IL! %

p&a

i Pl

-

s
=

=

Figurel29 Porphyromom‘];j gingivalis ( 3 or P. gi@valis (Pg) from periodontal
pocket (left) and P. gingivalié. (£§) isolated to Pyte prior collected in plaque (right).

HANININYNT

Plaque agarﬁtjia es were prepared by adding tryptic soy agar (see the composition

in Appendix C to each petri-dish with a diameter®of 10 cm. T plates were
perforated mlﬁﬂgﬂﬁZﬁb&%s ’cgc lv% @I in anaerobic
glove box to ‘tonttol robi i n'Fi 1
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Figure 130 Unique characte

Figure 131 Agar plates perforated for placing the formulation into the hole prior to
perform anti-microbial activity test.
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Figure 132 Porphyromonas gingivalis in plaque recovered from frozen condition (A),

inoculated and sub-cultured onto tryptic soy agar (B), multiple sub-cultured on plaque
agar to obtain isolated colony (C).
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Figure 133 Subcultures and cultures in anaerobic glove box to control anaerobic
conditions; the top view (top) and side view (bottom) of anaérobic glove box.
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S.1  Antimicrobial activity test of MEG and liquid crystal system using
modified agar diffusion method

The formulations from qualified system that passed physicochemical stability test
and excellent physical appearance were selected to be formulation for microbial activity
test. Individual components, MEG base and MEG containing 1.5% w/w metronidazole
were subjected to test microbial activity by modified agar diffusion method. The sample
was divided into three groups; first: the composmon of each system (castor oil, soybean
oil, 1sopropy1 mynstate tween 80, crer r. RH40, cremophor EL and propylene
group: MEG containing 1.5% w/w
: as filled into the perforated hole
of plaque agar. The plates werenmeubated i ove box at 37°C for 3-5 days. At
the end of incubation period, the diameter of inhibilion Zone was measured. The results

The antimicrobial ac \\l EG composition (castor oil,
soybean oil, isopropyl i ) 0 40, cremophor EL and
propylene glycol) showed of less than 6 mm based on the
same quantity and conditién. - or EL was larger than tween
80, cremophor RH40 and and 2.03 mm, respectively as

shown in Table 26 and" Fi , \ dination of commonly used
pharmaceutical excipients : QT vas the ability of anti-microbial
activity. The components us 2 NEG ftmulation are non-toxic solubilizer for

lipophilic drug used in the
injectable medications.

ety ‘of topical, oral and IV and IM

Castor oil, soybean‘oil, isopropyl myristate, cremop por/EL, propylene glycol and
lutrol F-68 are widel _— _____ 3%id solubilizer for lipophilic
drugs and vitamins. Cre hor apparent membrane damage
to cell, and lutrol F-68 are being used to enhance absorbtio 'I. drugs through the mucous
membranes (Midolo et al‘- 95). 1croem Ision gel bases were found to exhibit
moderate antimic zone of inhibition are
shown in Flgureﬁ uglﬁaﬁ 8 1 11?w metronidazole was
found to exhibit pétent antimicrobial act1v1ty as shown in Table 28 and the inhibition
zone are shown in Figure 136-1

o RASH3  uANYNa Y
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Table 26 Antimicrobial activity of each pharmaceutical excipient.

Group 1

Mean diameter inhibition zone

pharmaceutical composition (mm.)

control group 0.00£ 0.00
1.07+ 0.06
2.04+ 0.04

isopropyl myristate

castor oil

soybean oil

tween 80

cremophor EL

cremophor RH40

The result of miefobiz
by modified agar diffusion,
and exhibited the minimum 1

in microemulsion gel base
MEG had microbial activity

ﬂ‘lJEl’J‘l’lWlﬁWEl'mi
Q“mﬁﬁﬂ‘ifu NN Y
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Figure 134 Microbial sensitivity test of the each component of microemulsion gel base;
isopropyl myristate, castor oil, soybean oil, tween 80, cremophor EL and cremophor
RH40. The duplication of each sample was performed in the same condition.
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Table 27 Antimicrobial activity of microemulsion gel base.

MEG base Mean diameter inhibition zone |

(mm)
0.00 + 0.00
12.12+ 0.10
14.15+ 0.13
12.09+ 0.09
25.03+ 0.06
11.04+ 0.07
719.25+ 0.25

Control group
Base 2 CO : CgL: W: PG (4:1)
Base3 |IPM:Tgy:Leg: W (Tg:
IPM : Cpr: W P

i A

, diameter inhibition zone (cm.)
-~ freshly After After FDA-

Group 3

freeze- stability
1.5% wiw MTZ L ) er) 1) thawing
CO: CeL: W: PG L7 S (2070 4117.35+ 0.00 | 7.60+ 0.00

(4:1)
IPM : Tgo: Leg : W 3 | 2:533

%ﬁﬁ%ﬁm“‘wm?ﬂ T

o
0%) | 7.40+ 0.14

7.54+0.06 | 7.33+£0.06

IPM : CRH W: PG | 3:7 (14,52%) 7.00+ 0.00 | 7. 55:11:‘207 7.13£0.11

IPM : Tio:: € : Wh) o] |h: o V1 7.18:0. .
(water20%)

IPM :Tgo:Bss: W | 7/1 | 3:3.5:3.5 7.30+£0.07 | 7.69+ 0.01 | 7.38+0.04

water15%)
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3
RN

= - | (d Base 4

. ,-f_-,"-

B

(e) Base 2, 3, 4 (f) Base 5,6, 7

Figure 135 Inhibition zone diameter of various drug and base system (a) base 8;
SBO : Tgp : W system, (b) base 7; IPM : Tgj : B3s :W system, (c)and (d) base 3; IPM :
Tgo : Les : W(Tgg:Lgs = 2:1), (¢) inhibition zone of base 2, base 3 and base 4 ®
inhibition zone of base 5, base 6 and base 7.
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Figure 136 Microbial activity test of microemulsion gel base; base 2 [CO :Cg :
W:PG(4:1)], base 3 [IPM : Ts, : Les : W, (Tgo:Leg = 2:1)], base 4 [IPM : Cg : W:
PG(4:1)], base 5 [IPM : Cry: W: PG (4:1)], base 6 IPM : Tgy : Cgy : W,and base 7
[IPM :Tgo : B3s :W].The duplication of each sample were performed in the same
condition.
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Forationj4/3

-
=

W

| Formulation 1 T Formulation 5/2

Figure 137 Microbial activity test of freshly prepared 1.5% metronidazole
microemulsion: formulation (2/2); CO : Cg: W: PG(4:1), formulation (4/4); IPM :
CeL :W: PG(4:1), formulation (5/3); IPM : Cry: W: PG(4:1); formulation (6/1) and
(6/2) ; IPM : Tgo : Cgr: W.
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Formulation Fd- <

Figure 137 (continue) 1&1 Iac,tivit; test of freshly prepared 1.5%metronidazole

microemulsion; formul&tio (N IPM 180 2 Bzs«Wand formulation 8; SBO : Ty :
W. '
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After freez-thawing After Thai FDA-stability testing

Formulation 2/4 . f/{:—f

Formulation 2/4

= R

Formulation 6/1 Formulation 6/1

Figure 138 Microbial activity test of 1.5%metronidazole microemulsion after freeze-
thawing and FDA stability testing; formulation (2/4), (4/4) and (6/1) after freeze-

thawing compared with the same formulation after Thaj FDA stability testing.
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Thai FDA stability testing

Formulation8~
P -

\ Vi

s —
Formutation 6/1 ‘L) Formulation 4/4

Formulation 8 (after freeze thawing)

Figure 139 Microbial activity test of 1.5%metronidazole microemulsion after freeze-
thawing and FDA stability testing.



198

Comparison of the average minimum inhibition zone of each MEG base
system (mm) by histograms showed that base5; IPM : Cry: W: PG (4:1) which
composed of isopropyl as an oil phase, cremophor RH40 and propylene glycol as co-
surfactant and co-solvent showed the largest clear inhibition zone by histograms in
Figure 175. Comparison of the microbial activity between the base and
1.5%metronidazole MEG found that the clear zone of 1.5% w/w metronidazole MEG
in every system was larger than clear zone of MEG base system as shown by
histograms in Figure 142. Furthermore, the range of inhibitory zone diameters
obtained from all 1.5% w/w metronidazole MEG systems were quite similar and more
than 70 mm. (as shown in Table 28 and histograms in Figure 143) which meant that
systems had similar antimicrobial act i 3inst anaerobic bacteria representative by
P. gingivalis. The inhibition QuEN, 1 of three groups of MEG; freshly
prepared, after freeze-thawing and \;\ J_,, ability testing were not changed
significantly. Most systems stillliad inhib t10 rZOaesdiameters of more than 70 mm is
was because of the ex s- emigal cal stability of 1.5% w/w

metronidazole MEG.systef parisor s onent from MEG base by
histograms are shown in Lig // ‘
‘o
1810 I'.\ A

Figure 144 shg
systems; freshly prepared. &

e of microemulsion gel
testing.

The inhibition zongfof § &h i j' " and 7/1showed no statistically

significanly different whén ¢ ared' ‘u,-,, oth "‘ o, eze-thawing and after Thai

FDA stability testing. (P>005) ﬁlﬂ;ﬁx} £ Appenc E
et | \

inhibition zone (mm)
6.00

M control group’
Rlisopropy! myri
5.00 { Scastoroil
B soybean oil
H tween 80
4.00 cremophor EL
Bl cremophor RH:
B Brij 35
3001 8§ Llnrol F-68

2.00

pharmaceutical composition

Figure 140 Average minimum inhibition zone of individual components of MEG

base.
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inhibition zone (mm)
30.00

EBase2 @ Base3 @ Base4 [EBaseS
BBase6 HEBase7 [EBase8

25.00 1
20.00
15.00 -
10.00
5.00
0.00 -
Base 2 Base 7 Base 8
Figure 141 Aver i inkibitio EG base system (mm).
inhibition zone (mm)
80.00
Rxd g Rx 6/4 Rx7/1
70.00 R0L m,
ﬂ B e :
60.00 ™ el
L
50.00 - : -
40.00 - l m
30.00 - L7
o] LPIUE QY 1M
Y
10.00 - 2 s
0.00 -
Base2 Base3 Based Base 5 Base6 Base7
formula

Figure 142 Comparison of microbial activity between base and 1.5% metronidazole
MEG.
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Comparative each formulation of 1.5% MTZ microemulsion gel system

inhibition zone(mm)

70::: 1 & Q N § \ \

60.00 - § § § § §\

SRR R

30.00 | \\% __ E? \ \\\ § § ORs2 |

- AE 2 N M
Figure 143 Compéri ‘ .-. '_ Nidie % metronidazole MEG

inhibition zone (mm)

78.00

76.00 -

e . % 5.

74.00 -

72.00 -

70.00 -

Rx 2/4 Rx 3/4 Rx 5/1 Rx 7/1

Formula

Figure 144 Comparison of inhibition zone of microemulsion gel systems; freshly

prepared, freeze-thawing and FDA stability testing.
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