CHAPTER V

DISCUSSION AND CONCLUSIONS

1. Formulation of microemulsion and phase diagram

Non-ionic surfactants fi plication in pharmaceutical and cosmetic
products. Interest in using non-ioni¢/stlfigants is increasing due to their low
irritation and high chemiGalstability. atible with other surfactants and

retain this utility ov om pH 3 to 10. Non-ionic

surfactants of pol used in the formation of

microemulsions. T 30 were selected to produce

microemulsions in thi

form (Kibbe, 2000;

be used in parenteral dosage

In their simpl

dispersed throughout an offa fairly large concentration of a

suitable combination of surfaciants. An requirement for their formation and

Tl
stability is the af athment of a very low int erfacial fension between oil and water.

Since microemul ween oil and water because of

II

the small droplet sizg, they can only be { ermodyna.ﬁally stable if the interfacial

tension is low. Thusf the role of the swffactants in the sistem is to reduce the

mrtial ffobbskenol bEMIE BrRb AT

In general, it ﬂ not possible to achieve the requllgd interfacial tea)'on with the use of
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interfagial tension between oil and water phase, fluidize the hydrocarbon region of the

/m to this low level).

interfacial film, and influence film curvature. Thus most appropriate cosurfactant is
typically an alcohol of short to medium chain length (C;-Cg) which can diffuse
rapidly between the bulk of oil and water phases and the interface (Swarbrick and
Boyland, 1994). Unfortunately, short to medium chain length alcohols use as

cosurfactants limit the potential in the microemulsion due to their toxic and irritant
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properties. ~ Furthermore, the evaporation of alcohol can destabilize the system

(Attwood, 1994).

Many reports claimed that the hydrophilic molecule such as glycerin and
sorbitol could form microemulsion (Attwood et al.,1992; ale and Allen, 1989).
Hence, glycerin, propylene glycol, and polyethylene glycol 400 were selected as
cosurfactant in this study. In addition, they are low price, commercially available and

parenterally acceptable compounds. Soybean oil was selected because it was widely

r4as a component of emulsion used in

parenteral nutrition regimens (K bbe, 2000%NEmaret al., 1997; Powell et al., 1998).
'_‘

In this study, i \ are by titration method. This
technique was convenigi fo) e aumber of compositions to be
examined within | 5 w c microemulsions should be

%\\\

equilibrated at roo pical characterization studies.

Effect of surfac
Theoretically, the si '-:Ega--;--;“ ions is in the range of 10-140 nm
LRI I

(Swarbrick and BQylandg 1994y, =t 1§ ligdroplet thus the curvature of the
interphase must .“' -------------------------- "ﬁ‘—:; e results, microemulsion
could not be prod ctant while tween 80 could

produce mlcroemulsmns Moreover, only systems with glycerin and polyethylene
glycol 400 ﬁ While systems with
propylene ﬁﬂﬂ ﬁ‘ﬁﬂﬂ MIISIOH The chemical
structure of each compound showf i : ¥ Thec ctures of tween
20 aﬂ e&&ﬁmﬁmﬁﬁiﬁﬂﬂwa is lauric acid

(C12) whereas tween 80 is oleic acid (C18) (Kibbe, 2000). Thus, hydrophobic chain
of tween 20 is much shorter than that of tween 80.

Tween 80 was water-soluble non-ionic surfactant. It was adsorbed at the
interface of between hydrophobic oil phase and water. It was noteworthy that
hydrophilic cosurfactants molecules would influence the polar head group area of

surfactant by altering the size of head groups of surfactant. It would penetrate into the
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hydrophilic region or polyoxyethylene chain of surfactant and form hydrogen bond.
Therefore the molecular geometry of surfactant was changed. The hydrophilic part of
surfactant was expanded and consequently bulkier than hydrophobic part.

Furthermore, it increased the curvature and fluidity of surfactant film.

The chemical structure of glycerin or propane-1,2,3-triol has hydroxyl groups
at all carbon in molecule. Possible structure of surfactant film formations in tween
80:glycerin systems as shown in Figure 107. It would preferably penetrate in the

polyoxyethylene chain of tween 8 ¥ @rmed hydrogen bond in this area. One

ighPemetrate between molecule of tween 80.
as-butkier‘than hydrophobic part. It would

molecule of glycerin or mo f
Therefore, hydrophilicy
expand and influence the#iflafCluryature.  The.anterface curves of surfactant film

toward water and would ef :

HOCH,CH,OCH,0H

polyoxyethylene part glycerin
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Fig{;re 107 Possible structure of surfactant film formation in tween 80:glycerin

microemulsion systems.

Similar to glycerin, polyethylene glycol 400 has hydroxyl groups at the both

ends of molecule. Thus, hydrogen bonding was formed between hydroxyl groups of
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polyethylene glycol 400 and poiyoxyethylene chain of surfactant as revealed in Figure
108. Thus, the curvature of surfactant film increased. Because of this effect, water-
soluble hydrophilic materials were used to aid microemulsion formation. The same
tendency was reported by Attwood et al. (1992) in the study of microemulsions
prepared from isopropyl myristate (IPM), sorbitol, water and between tween 80, 60 or
40 systems.

HOCH,(CH,0CH,),,CH,0OH

polyoxyethylene part polyethylene glycol 400
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hydrophobic part ~,

tween 80

i

orn “j ion in tween 80:polyethylene

Y
Figure 108 Possib

ygo microemulsion systems.
‘a (¥

G]ycq]u ﬂs@faﬂnﬂtﬂdﬁoﬂ rélc;]ergs‘gn at all ratios while
AR s T e
1:0. .qéﬁ::ﬁlas ‘ 1‘13101 moleéul t 09 (Kibbe, 2000).

It could easily penetrate into polyoxyethylene chain of surfactant film. While the

glycol

cher'nical structure of polyethylene glycol 400 was long chain polyol. It could
penetrate into polyoxyethylene chain of surfactant film more difficult than glycerin.
It would show less entrapment in polar area head group of surfactant than glycerin. In
addition, the mole of surfactant and cosurfactants in each ratio of
surfactant:cosurfactant as exhibited in Table 16. It indicated that at the same ratio of

surfactant:cosurfactant, the mole of glycerin more than the mole of polyethylene
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glycol 400. Therefore, the molecule of glycerin could penetrate between the molecule
of tween 80 more than the molecule of polyethylene glycol 400. However, some
molecule of glycerin and polyethylene glycol 400 might dissolve in aqueous phase

and did not form microemulsions.

Table 16 The mole of surfactant and cosurfactants in each ratio of microemulsion

system.
Ratio of surfactant: Mole of surfactant and cosurfactants
cosurfactant Tw - cerin Polyethylene glycol 400
1:1.5 R 1 -
1:1 . 03967 _
1:0.7 R 0.0731
1:0.5 R\ 0 - 0.0592
Propylene gl @ : osurfactant could not form
microemulsions althoughfits s imilar to glycerin. The chemical

43 . .
structure of propylene ‘glygbl qu’da. yd ic than that of glycerin. It has

e
o b

only two hydroxyl groups at : ( d two of carbon atom. The hydroxyl
groups of propylene gl ’ 1 nd with polyoxyethylene part of
surfactant film : n could penetrate into
hydrophobic part . Consequently, propylene

glycol affected the=polar head group of surfactant Much less than glycerin. In
addition, the ﬁ aﬂﬂ was small. Since the
bond distande rﬁ ?ﬁi ﬁn% léjﬁr ﬁ;n 2000). Thus, the
bending of sur actant film was not €nough to formmmicroemulsiorfat all ratios.
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ul’chermore the systems composed of tween 20 as surfactant could not form

mictoemulsion. As expected, hydrophobic chain of tween 20 was short. When
cosuffactant penetrated into surfactant film, the bending of surfactant film was not

enough to form microemulsion. While hydrophobic chain of tween 80 was longer.
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H3;CCH,0OCH,0H
polyoxyethy]ene part OH propylene glycol
OH OH GE
OH OH
hydrophobic part ~,
tween 80
Figure 109 Pos \ ation in tween 80:propylene

Effect of surfact

Pseudo-tnar cene80:glycerin and tween

80:polyethylene (-;:_""——.5*[ t of oil in microemulsions

was increased with i| ne

maximum amount of oil incorporated inr microemulsion could be increased with the
increasing rati ; ﬁsﬂt :ﬁljl ) i sult was obtained from
compositioﬂ? uﬁ i tE]s i (ﬁﬂm urfactant and glycerin,
cthylene glycol, and propylene glfcol as co : ﬂ n, 1989). The
effe@oﬁxﬂ@t&ﬂfﬁﬁiﬂﬁﬁﬁﬁﬁ ﬁ the opposing

effects‘I of the surfactant and the cosurfactant. As aforementioned, cosurfactants

nt.c 7factant. It indicated that the

increased the size of polar head group of surfactant and influenced the curvature of
surféctant film to form microemulsions. However, increasing 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 microemulsions was

decreased with the increasing the amount of cosurfactant. In contrast, the results of
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surfactant were opposite. Higher amount of surfactant in the system or increasing the
ratio of surfactant:cosurfactant would result in enough surfactant to form

microemulsion. The area of microemulsion would subsequently increase.

Effect of amount of oil

In pseudo-ternary phase diagrams, the microemulsions were formed at low oil

as only 21% w/w. This was possibly due to

content. The maximum oil solubilized
the large molecular volume ¢ ‘, sod #114(1563 A°’) (Malcomson et al., 1998).
Thus, it could be solubilized less the o1 smaller molecular volume oils.

ation of o/w microemulsions

solubilized by the non-1054 -\\w yoxyethylene-10-dodecyl ether and
containing two groups v \ \- ils that is triglyceride oils and

ethyl esters. The 111 ! Is ' glyol 812, and soybean oil.
While ethyl esters \\ ind ethyl oleate.  The result
suggested that withi th low molecular volume was
solubilized to a greater i that with' théylarge molecular volume. Moreover,
Aboofazeli et al. (1995) . aoleclar volume of oil appeared to be

more important in determining pi ‘eHaVIor than its polarity.

=

2. Determining (ﬂm : @

18i W#ﬂ\?on for pharmaceutical
apphcatlonﬂ:tggneralp?; presence ofjw microemulsion roplets is likely to be a
feat E m ﬁ ]ﬁi onversely, w/o
drop 'ﬁpjﬁw ﬁﬁ Efﬁbi ?Tﬂw ﬁv zjtems where the

amqunts of water and oil are equal, a bicontinuous microemulsions may result
(Lawrence and Rees, 2000). In addition, it is generally accepted that low HLB (3-6)
surfactants are favored for the formation of w/o microemulsions whereas surfactants
with high HLB (8-18) are preferred for the formation of o/w microemulsion systems

(Attwood, 1994). There are many methods to determine the microemulsion type. A

single method may yield incorrect results. In stead, the type of microemulsion should
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always be confirmed by means of a second method. Therefore, dilution and dye
solubility tests were used to determine the type of microemulsion in this study since it
provided a convenient and useful tool for the investigation of microemulsion type
(Constantinides, 1995; Ho et al., 1996). Tween 80 is a non-ionic surfactant. Its has
HLB value is about 15. All preparations contained small amount of oil. Moreover,
the results from dilution and dye solubility tests showed that all preparations
examined could be diluted with water and stained by water soluble dye, tartrazine.

rtainly o/w microemulsions.

Thus, the microemulsions were ce
oA

On the other h ines the type of microemulsion

. . - . #
through its influence patkingang urvature. The o/w structures are

favored if the effective peldt p&it is more bulk ~- hydrophobic part (CPP<1) and

the interface curves spaite g ard\water (pesitive curvature). While the w/o

structures are fo > ¥ 1 opposite direction (CPP>1,
negative curvature egh { & when 'tr -\g  is balanced (CPP~1), either
bicontinuous or la ‘ 1 ' ceording to rigidity of the film

(Swarbrick and Boyla 410 thiséxpeniment, microemulsions could form by
using glycerin and polyegliyle FIEARERLs () as Gosurfactant. They are hydrophilic
molecules that affect the pol ~head group-o! surfactant. The polar part of tween 80
was more bulky-tha ' : ad group area of surfactant (a)

increased thereb ; --------------------- Pt {:,;; reased. Thus, the interface

\ﬁ)er . W miCroemulsions were formed and

dilution and dye solu élity tests confirmed this result. Furthermore, non-birefringent
=3 o
property i i tﬂ;ﬂ‘ﬂ? nﬁglrﬂ microemulsion.  All
preparation uride ized ligh non-birefringent as expected. It
YR ST AIne 4
|

3. Drug free microemulsions

curves toward the

The physical appearance of all microemulsions before autoclaving was
observed to be clear, transparent and one-phase that was characteristic of

microemulsion system (Attwood, 1994; Malmsten, 1999; Swarbrick and Boyland,

L]
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1994). But after autoclaving, the microemulsions containing glycerin as cosurfactant
showed phase separations. The upper phase was yellow solution while the lower
phase was clear, colorless solution. Soybean oil and tween 80 are yellow solutions
while glycerin is clear, colorless solution (Kibbe, 2000). Thus, the upper phase was
likely to be a mixture of tween 80 and soybean oil whereas the lower phase was a
mixture of glycerin and water. Upon sterilization with high temperature and stress
condition, the high temperature produced high kinetic energy. This might affect or

destroy the layer of surfactant film. Hence soybean oil was separated from surfactant

pween hydroxyl groups of glycerin and
fported to have bond energy of

approximately 6 kcal/me arti 993 §"possibly broken down by high
temperature and stress cozd ing st erefore glycerin was separated
from surfactant film. Eufl ; T -. molecule thus it could easily
be separated from » asc Separation was obtained after
autoclaving. Howe \ \:‘ gred'to one-phase microemulsions
by gently shaking be \ \\ aneous formation, which was
the outstanding feature gf ;

In contrast, microemul: .: —-'--::::k polyethylene glycol 400 as cosurfactant
-—.-' '“',‘ g ol =

showed good appeara pegted that polyethylene glycol

400 was long chg *—------ ‘..a difficult to separate from

surfactant film than glyce surfactant film than glycerin.

locity of light in air to

the velocity ﬂyﬂ\quzlﬂﬂ?ﬂgor he 1dentification of substances
ﬁ ﬁ: xperiment, the

refraﬁvﬁ;‘;l a mmﬁjﬁ ﬁhﬂf EjComparison of

the refractlve indices of microemulsions and their compositions in Appendix C found
that the refractive index of microemulsions was not related to the compositions.
Soybean oil, glycerin and polyethylene glycol 400 have the refractive indices about
1.47 except water for injection which is about 1.33. This was due to the external
phase. It was a mixture of water for injection, tween 80, and glycerin or polyethylene
glycol 400. Furthermore, the refractive index decreased when the amount of water in

formulation increased. A similar result was obtained from Kale and Allen (1989) that
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the refractive index of the microemulsion systems was found to decrease upon
dilution with water. Consequently, it was ascertained that the external phase of
microemulsions was water. This was in agreement with the aforementioned that the

microemulsions are o/w type.

The pH of emulsion is generally adjusted to 7-8 to allow physiological
compatibility and maintain physical integrity, minimizing fatty acid ester hydrolysis

of medium chain and long chain triglycerides. The main degradation pathway of fat

d
emulsion leads to the formation « f fa !
SN/

emulsion (Benita and LevysslC evy a

of microemulsions sighifieant decreaied (p=0.05) after sterilization from the range of
6.95-7.19 to 6.77-7.09 i -~.; and 6.55-6.91 to 6.07-6.41 in
tween 80:polyethylene 4 1 ‘y of Yalin et al. (1997) also

reported that the pH of j ,' o \ \\u\s Sion was decreased after autoclave
sterilization. This i ed a!. . ’ \ 3 n ation caused some hydrolytic
breakdown, resultin ‘ \ \ Is with a consequent reduction

in pH of the microe i : and Benita, 1991; Yalin et al.,

It is well knownsthat the viscosity n dg nds on the composition of
the system. y— ---------------- ; ' F;i nulsion viscosity and the
viscosity of the confifiuot oreatc v%me of the internal phase, the

greater is apparent v1s2051ty In addition, the viscosity of emulsions increased upon
aging (Lac een 80, glycerin, and
polyethylenqug| gﬁ ?uj—ﬂ mﬁzﬂ 87.54 cps, respectively.

it 5 showed that
v1s:ﬁarﬁ)§ﬁ€ﬁ i&ﬁﬂ ﬁii]:gofi iﬂatlons T1 G1.5

08 an T1 G1.5 O4. It was possible that the amount of surfactant and cosurfactant in
Formulatlon T1 G1.5 O6 were lower than the other formulations. Furthermore, the
amount of water in this formulation was 25 % w/w, which was higher than other
formulations. The water would reduce the viscosity of the formulation. Thus, the

lowest viscosity was obtained in formulation T1 G1.5 Q6.
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Formulation T1 G1.5 O4 had higher amount of surfactant and cosurfactant
than Formulation T1 G1.5 O8 and equal amount of water but its viscosity was lower
than Formulation T1 G1.5 O8. This was attributed to the effect of internal phase.
The amount of internal phase had an effect the viscosity of formulation. The greater
volume of the internal phase or oil phase, the greater apparent viscosity was obtained
(Lachman et al., 1986). Thus, Formulation T1 G1.5 O4, which had amount of oil two
folds less than Formulation T1 G1.5 O8 exhibited lower viscosity.

80:glycerin system at the ratio of 1:1.
surfactant and cosurfactant than
J

194 b dunt of water was higher. Thus,

y. Formulation T1 G1 O4 had

Q

Similar results were o
Formulation T1 G1 OG6y
Formulations T1 G1

Formulation T1 Gl

)8 but viscosity of Formulation

more amount of surfactaafs
T1 G1 O4 was lo '

the results of tween g glyce ]

s results explained similar to

Among microerilsi .-"-'- 8 thylene glycol 400 systems, the

highest viscosity was obh ‘-,‘-';-a‘e e atiops containing 8 % w/w oil. It
] aaadae

decreased when the amount o&eiin—fos ations decreased to 6 % w/w and 4 %

w/w. It was conc the viscosity™ ion ipereased when increasing the

volume of the in i Egbphaser

Particle size of microemulsion was a prominent property normally used to
. . ‘o .
characterize 13;&11 ﬂﬁjﬂﬁﬂﬁi the particle shape of
microemuls@ ' :1;1 sph L. cle Size'di tion was quite wide. The
particle size of all formulations wa in the size rénge of ab ’jﬁé‘?ﬂ: This small
i} IR AN B MV b ) B B e o
q

between before and after autoclaving showed that after autoclaving the mean particle
diameter was significantly increased (p<0.05). Formulations in tween 80:glycerin
systems showed two phase separations after autoclaving but recovered to one phase
by gentle shaking. Accordingly, the new layer of surfactants film of microemulsions
was reformed thereby the mean particle diameter of microemulsions was altered.

Similarly, the mean particle diameter of formulations in tween 80:polyethylene

glyclo400 systems showed an increased after autoclaving. Coalescence of some
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particle might occur during autoclaving thereby the mean particle diameter increased

after steam sterilization.

Comparison of tween 80:glycerin systems both before and after autoclaving at
equal amount of oil, the mean particle diameter of microemulsions at the ratio of
surfactant:cosurfactant 1:1 was smaller than that at ratio 1:1.5. Similarly, tween
80:polyethylene glycol 400 systems, the mean particle diameter of microemulsions at

the ratio of surfactant:cosurfactant was smaller than ratio 1:0.7. These results

indicated that the mean particle 'di ecreased with the increasing of the
ccordance with the report that the
addition of surfactan cms decreased the amount of
cosurfactant at the interfag m was thereby condensed and
stable thus smaller partigl€ yé e.addition of cosurfactant caused
the film to expand ‘due penetrated into the interfacial
film increased theref@re ldrgér p & Was @btained. "Similar results were obtained
from Attwood et al (19 otdal. 98), and Kale and Allen (1989).
Comparison between glicy s “gontaining polyethylene glycol 400 and
glycerin as cosurfactant ,} the icle¥size of microemulsion containing
polyethylene glycol 400 as c : C ratio of 1:0.7 and 1:0.5 was smaller
than microemulsion, contaifir g dl5ce tant at the ratio of 1:1.5 and 1:1.
These results agre "‘_'"'"—"{-‘; with the increasing of

ant r €0 d€mulSion using polyethylene glycol
E‘Produced smaller partlcle than those using glycerin as

e ) mmn:mm:ﬁ;; O
m°““‘ﬁ°“°““%ﬁ‘5"ru URIANYIAY

4. Drug loaded microemulsions

the surfactant:cosur

400 as cosurfact

The obtained microemulsion systems contained soybean oil, tween 80 as
surfactant, glycerin, polyethylene glycol 400 as cosurfactants could solubilize

diazepam up to 10 mg/ml. This was an about 200 fold increased compared to its
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solubility in water (0.05 mg/ml) (Macdonald et al., 1972). Commercially, the
concentration of diazepam in hydroalcoholic preparation is 5 mg/ml. A total volume
of 2 ml is usually injected either intramuscular or intravenous as a single dose.

Diazepam loaded microemulsion could contain more drug.

The physical appearance of drug loaded microemulsions was similar to drug
free microemulsions both before and after autoclaving. No precipitation of drug
could be seen in all formulations. The content of diazepam in all formulations was in

the range of 97.54 to 105.89% la ount after autoclaving. The pH of

microemulsion containingydiazeps ' aving was mostly increased. This

Some amount of d
And these surfact

Therefore diazep ese surfactants increased the pH of

ii ; '«-. and slightly soluble in water.
al| me t\u S thal could solubilize in water.
. o R
Zodsn 1

microemulsions. "a ‘ 1 ?\\ \ 0 the pH of microemulsions.

After autoclaving, p Hations wasisignificantly decreased (p<0.05). The

results were similar to 1% emuisions‘as aforementioned.
The viscosity of microemsisions ased when diazepam was incorporated.

e
VAsioVina Y 1‘..’ | ()

As expected, addition o a¢ copcentration of disperse phase

due to its solubili i“;i;:_“:__;.:.;;_: ...... Sre ne visce Eg of formulations increased.

f

ased lr.ll. 5 mg/ml to 10 mg/ml, the

viscosity was markedly increased in all formulations as 1llustrated in F igure 110. The

b 171212} (120 1011 B
“ARANTIUNNINYIAY

The shape of microemulsions remained sphere. But wider distribution was

Furthermore, when # i ]

obtéined. The particle size of microemulsions containing diazepam of tween
80:glycerin systems showed no statistically significant difference (p>0.05). While in
tween 80:polyethylene glycol 400 systems showed significant decreased (p<0.05).
The following two possibilities of the decreasing of the particle size could be
considered. First, a certain portion of undissolved drug could act as an emulsifying

agent by the deposition of drug at the interface of microemulsions. Due to the
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chemical structure of the drug contained polar group of carbonyl (C=0) in the
molecule as seen in Figure 4. The polar group was oriented with the polar group at
the interface of microemulsion amongst the polar head group of surfactants and the
hydrophobic group buried inside the hydrophobic chains of surfactant as mentioned
by Park and Kim, 1999. Therefore, drug increased the curvature of surfactant film.
Consequently, the drug-loaded microemulsions had particle size smaller than drug-

free microemulsions.
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In in vztro drug diffusion sfudy, the mixdure of 80% v/vaof phosphate buffer

o ARG AU HA TR

hpoph ic drug (log P = 2.7) (Lund, 1994), the solubility of diazepam in the aqueous

phase was very low. Large volumes were needed for the receptor phase. And this
may'cause difficulties in detection. The addition of organic solvents or sui face active
agents definitely improved the solubility of such drug in receptor phase (Benita and
Levy, 1993; Washington, 1990).
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The results of the diffusion studies indicated that the in vitro drug diffusion
from microemulsions was lower than that from commercial product. The commercial
product, diazepam injection (10 mg / 2 ml) was hydroalcoholic solution. The drug
could directly diffuse through the dialysis membrane. The amount of drug diffusion
at first 4 hours was high. After the fourth hour, the amount of drug diffusion
gradually decreased. It was attributed to the decrease in the concentration of drug in
donor part. Furthermore, increasing volume in donor compartment was observed

during experiment due to the water went backward from the receptor compartment

into donor compartment. y}centratlon gradient in donor part was
decreased.

The drug di &

The different amo
2 \
L\

sustalned more than 48 hours.

\ d from microemulsions could

B U

A

of drug from microemllsig afeferrir g from the disperse phase to the

spersed oily droplets and the

esses governed the diffusion

the continuous phase through the
membrane to the diffusioy ’-:‘-.7 -  dissolved in the external aqueous
phase was able to diffuse t :;;. he 1 e. Thus, the diffusion of the drug
od b

external aqueous ”';w: 1989).

-

through the membrang the drug concentration in

The in vitro drug diffusion study of each surfactant:cosurfactant systems
showed th the amount of oil in
formulatio @mmﬂﬂm ‘czpacny of the dispersed
01ly droplets the larger amount o éé g release over
lon lﬂcﬁaﬂlﬁiﬁ/ﬁﬁ ﬁfj {i' Ej: oir of the drug

was p?oduced and sustained release effect achieved as the drug continuously transfer
from the oil droplets to continuous phase to replace drug diffusion from
microemulsion. Furthermore, in each surfactant:cosurfactant systems the amount of
drug diffusion from microemulsions containing diazepam at concentration of 10
mg/ml was higher than from microemulsions containing 5 mg/ml of diazepam at the
equal amount of oil due to higher concentration gradient. Therefore, microemulsions

containing high drug concentration could diffuse through dialysis membrane into
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receptor compartment faster than microemulsions containing low drug concentration.
However, the diffusion pattern of microemulsions both high and low drug

concentration showed no siatistically significant difference (p>0.05).

The viscosity and particle size of microemulsions may influence the amount of
drug diffusion. Generally, low viscosity and small particle size would increase the
amount of drug diffusion. However, the formulations containing drug 10 mg/ml have

higher viscosity but the amount of drug diffusion was higher than the formulations

i
d )
h

concluded that concentration gradient

drug diffusion than viscosity of

microemulsions. cover, the a@fnmg diazepam 10 mg/ml had
large particle size and high€rethe arpount o} ‘drug diffusion than the formulations
containing diazepam 244 ‘ -‘ \ ,\ e sizes of the same formulation
containing lower a 1gHe £ 1gentration \|\~u werc slightly changed in the range
of 1-7 nm. But a f iy % 2-fold difference. Thus, the

amount of drug in forgfulafiods 1 - 1ced to \\> t of drug diffusion more than

The dissolution kihet o= 5 from microemulsions in each
surfactant:cosurfactant systent Was mostl ith Weibull model and cube root
model. yf‘:] odel indicated that there
was no fundamentale . z me diffusion kinetic properties

of the drug. In additi sn there was no s1ngle parameter related with the intrinsic
diffusion ra ffusion kinetic of drug
from mlcrozq Hﬁ?ﬂ%ﬁaﬂﬂg mocij'l This model normally
appli eu ﬁ i é‘éﬂl was used, it
was ﬁlﬂﬂiﬂﬁiﬁﬁa m'jy mm lution rate not

by the dlffuswn (Costa and Lobo, 2001). To apply this model to microemulsions, it

assumed that internal oil droplets of microemulsion were drug particles. Thus, cube
root model was appropriate to explain the diffusion kinetic of drug in this experiment
because the amount of drug diffusion from microemulsions depended on drug

diffusion from internal oily phase to external aqueous phase.
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After stability testing under accelerated condition, the microemulsions of
tween 80:glycerin systems showed phase separation but recovered to the one-phase
microemulsion by gently shaking while the micioemulsions of tween 80:polyethylene
glycol 400 systems showed good appearance. The pH and refractive index before and
after stability testing was not significantly different (p>0.05) and remained in the pH
range of 6 to 8. This result indicated that degradation of oil component did not occur
during stability testing. Particle shape of microemulsions after accelerated stability

testing was spherical. In addition, the particle size was significant increased (p<0.05).

Furthermore, particle size'of microemulsiehs®aewed less influenced on the amount of

drug diffusion than coneentratio : wn& Generally, pharmacopoeia
accept preparation 2ss tl \ ént and n(?t more than 110.0
percent of the labeled agadtingc / S \ \\“.\' 00). In this study, the content
of diazepam remaifi€d y n/ “Tange . phaxnaeopo ’ia acceptance after stability

testing. This indicafed #ha : : el \ ms could protect drug from
th salu

degradation. Furthergorgl eft bilityhand stability of the drug was

obtained.

Conclusions

ale_@ protect labile drug, control
drug release, increase Jdrug solubility, hi%l} stability and simplicity of manufacture.

Furthermc.)rﬂ lﬁ@/%pﬂﬂﬁ mw Eiﬂaﬁlﬁuitable for most routes

of admimstr@n. this study, microemulsions could be produced when using

MK 411N i (101D
su:“g;lat ):Ilac i m the! fi mﬁan isting region of

microemulsions. Dilution test and dye solubility test were simultaneously employed

Y

To date microemu

to determine their types. The systems composed of soybean oil, tween 80 as
surfactant, glycerin or polyethylene glycol 400 as cosurfactant and water for injection
could form o/w microemulsions. Glycerin as cosurfactant could form microemulsion
better than polyethylene glycol 400. The surfactant:cosurfactant ratio influenced the

area of microemulsion in pseudo-ternary phase diagram by the area of microemulsion
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increased with increasing the ratio of surfactant:cosurfactant. Moreover, the

molecular volume of soybean oil might influence to the area of microemulsions.

The physical appearance of drug free microemulsions before autoclaving
showed good appearance. After autoclaving, microemulsions containing glycerin as
cosurfactant showed phase separation but they were recovered to one-phase
microemulsion by gently shaking while the microemulsions containing polyethylene

glycol 400 as cosurfactant showed good appearance. The pH of microemulsions was

statistically decreased (p<0.05) afte: ing but it remained in the range 6-8 that
allowed physiological compa V. sthe viscosity of microemulsions was
high. It was increased casiflg thesamownt'o oil in formulations. The TEM
photomicrographs shOwcdepitice \. (ot ¢ mean droplet diameter of
microemulsion wa fhofhé iZe Tange U0 nm. And the surfactant to
. ‘ diameter of microemulsion. The
droplet size decreag ren cisuLiactantito cosurfactant ratio. After

autoclaving, the meangropleddiani€ierWas statistically increased (p<0.05).

The solubility of diazepaifiifi SA¥hicroemulsion increased up to 10 mg/ml.

This is 200 fold increased, % e diazepam solubility in water. The

physical appearance ofgdiug -loaded ot ionsewas similar to drug free

microemulsions “Pet=—before—and—after—autociaving: - “In addition there was no

al vas 1 stly increased when the drug
e

r autoclavmg, the pH of all formulations was decreased. The

viscosity of|

amount of %Mﬂjﬂﬂﬁj ﬂ(ﬂﬂﬁ € viscosity markedly

increased. The particle shape dﬁg ained sphere.
é i :ﬁﬁnﬁﬂyﬁ en 80:glycerin

system while tween 80: polyethylene glycol 400 systems showed significant

precipitation of dru

was incorporated.

urthermore, when the

decreased (p<0.05) when compare to drug free microemulsions. In an in vitro
evaluation, the amount of drug diffusion from microemulsions was lower than that
from commercial product. The drug diffusion from microemulsions was sustained
more than 48 hours. Each surfactant:cosurfactant systems showed that the amount of
drug diffusion increased when the amount of oil in formulations decreased. In

addition, the amount of drug release with high drug concentration in microemulsions
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was higher than the low drug concentration but the release pattern was no
significantly difference (p > 0.05). The drug diffusion kinetic was the best fitted with
Weibull model. Whereas the cube root model had high correlation ceefficiency of
more than 0.98. The amount of drug diffusion from microemulsions depended on
drug diffusion from internal oily phase to external aqueous phase. After accelerated
stability testing, the microemulsion of tween 80:glycerin systems showed phase
separation but recovered to one-phase microemulsion by gently shaking whereas the

microemulsion of tween 80:polyethylene glycol 400 systems showed good

cpam remained within the range of
pharmacopoeia acceptabless€onsequef rasseoncluded that this microemulsion
system could be used 2 G ug ca lpOphlllC drugs, provided that
enhanced the solubi . _ | ‘,:au\"' RCN ermore, the sustained release

of drug was obtain
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