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Abstract:

Microemulsions are transparent colloidal assemblies having polar and nonpolar
microdomains. They consist either of water droplets in oil or oil droplets in water
where the droplets are surrounded by surfactant film, or they have a bicontinuous
microstructure, i.e. continuous channels of oil and water separated by the surfactant.
Due to their thermodynamic stability these systems have good shelflife, large surface
area, low viscosity, and ultralow surface tension, Due to the existence of polar,
nonpolar, and interfacial microdomains, these systems operate as excellent solvents of
drugs; including drugs those are relatively insoluble in both aqueous and organic
solvents.

Microemulsions composed of biocompatible excipients are qualified to be prospective
drug delivery systems. There systems have been found to improve the bioavailability
of certain drugs, e.g. orally administered labile peptides and proteins. The
development of novel microemulsions to be used as biocompatible nanomaterial for
biomedical and pharmaceutical applications, to improve the quality of the already
existing medical devices is a very important issue. In this research project we
prepared and characterized biocompatible microemulsion systems using safe
ingredients.

The microemulsion systems prepared using nonionic surfactants; sucrose monolaurate
(L1695) and ethoxylated mono diglyceride (EMDG) surfactants which are varying in
their structures and hydrophilicity. The oils used are cyclic oils such as peppermint oil
and limonene oil, linear oil such as isopropyl myristate and triglyceride oils such as
caprylic capric triglyceride, olive oil, sesame oil and sunflower oil. Some of these
microemulsion systems including a co-surfactants; the co-surfactants used are food,
cosmetic and pharmaceutical grade short chain alcohol (ethanol) and its substitute 1,
2-propandiol (propylene glycol, (PG)) which is one of the hydrophilic simple polyols
that are soluble in water but practically insoluble in the oil phase. In some of
microemulsion systems, the aqueous phase contains glucose as additive.

In this research we studied the effect of adding ethoxylated mono-diglyceride
surfactant (EMDG) in the phase behavior of the system W/ L1695/ Oil at different
temperatures 25°C, 37°C and 45°C to see how the mixed surfactants affect on the one
phase region (A), another objective of this research is to elucidate the microstructure
of the one-phase region which was formed by electrical conductivity. A third
objective was the solubilization of pharmaceutical active ingredients (Azithromycin
and Cephalexin) in the formed microemulsion systems, and then study the
relationship between the structural features of biocompatible microemulsions and
drug solubilization using electrical conductivity.
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It was found that these mixed surfactants are able to solubilize infinite amount of
water in oil or mixed oils and in most of the studied systems U-type microemulsions
were formulated. Electrical conductivity study enables the distinction between water-
in-0il microemulsions formed at low water contents, oil-in-water microemulsions
formed at high water contents and bicontinuous microemulsions formed in between
the low and high water contents. The formulated microemulsions were able to
solubilize large amounts of drugs (azithromycin; antibiotics and cephalexin; anti
inflammatory). The drugs solubilization capacity in the microemulsions is dependent
on the microstructure of the microemulsions.

1V




rduadl adla

o JAS alse e (Microemulsions) dady cllatiae o6& | duhall 238 Cangs
drasill Aiphy loanis 3 lode phall 2ayn il Ao Alall 5 48l Gleliall
o2¢d Aleall lElill (e S Lesd Aygal DY & ey oAl LS5 e Capaill Syl
s Spnp (ST (slay Cul) amsy LasS Y Sy o ST HEEN CilidaSicall o3 Aalay
s 2lS spnall cually s Lally Cull Jans (ks i Gaild) Sldaind) oy (g8l
JH aas 3 lan e e o (gind Ll oda ola Waly ¢S (a5 3ala) saaly
Ll & D 5 glalS Al cllaiodll e cabias 4380 clisiudl . fuegili 100 e
@>badl Sl cdag ) AL AL el (e Alish sael Anllia lls Il ha da)
Ll BlagYL glsdll ALE ol Aals A wa cude il g i s

Augassa] el

el fAnal ol i Gl fele 10e 0sS0 Luball oda Lealsln )l Ladasy)
bl o3 B desdiudl ekl gl mild Gy [oahall gl mila
apedall AWy galal DS 5 (L1695 cupslll galal 59 %0) mul 5y S
oS iy Lad Galias 5 augl alan 56 (il olsdl 238 Lo (EMDG)
& Aeadiall abull gl aila clelae W ldl i olill Ll gaey S
sale ef Ahall Clelially Jianill dlse el3all @¥lae 4 J3 L Jlly Loyl o3
Ol ALE e Llee Lasl oLl (B Leiligd g et Al ( PG) JoSDa ol )
Jie dls dphe gy Wb oa Auhall o3a lln Al 5 Aesdiod) Gigll Lcull 3
i) Lu'lfa «(R(+)-limonene) wluaeall )uid <) 5 (peppermint) wwill cu;
ADE cigy GG ((isopropyl myristate) cuiwsne dugpgi¥!l Jie Sl A
<y coswill cyy o(caprylic capric triglyceride) @iedll cuy e lpsdall

comedll ale cyy haaly bgeall Cuj ¢ puandl



20 g Ll cuy o L 8 Al 4880 cllaiind) o aa Aol o3a (DA e
a3 AASe Al cug ol (e 3N Qlanindl YA Gl gy b el 3am g Anlie S
sglal apls 5 59 S Sl Jie Adatoadl GUSal e Julk aladid i Al
Coan sl Sllaiaall (psS F 2ie (€5a e Liage Al Candy a1 2Kl L
e (AR Sllatie) Ulall samy dalie any GlSoall o2a o Jals Jlastud of 2ag
S5l Gaila e lala of aay LS cnjite G0 phiiul e 43l 581 a )l iaie
Al ollaiuall dalie Gual (hel 111 38 e (EMDG + L1695) sl
o A€l akaiall A Aalisdll ilia 3k e @iy Ay yaall ) clag e

(Ar)sasls Aik

Sl dahial 3EN el oLl muasi 5 ol s Auball 23 5,881 Galaall e
St deagill o an Cun (el Jao gl Slea bty @llyy asly Ak
adiad Cildatoeall e giie 5l ydie Calatins (€50 (e Aise CulS g e AaEA Cllataall
dpasill Led el o any S 2080 cllatndl Jabs bl (sgine o bl JSiy
Ju lee gl o Ll 2S5 Levie aad gl &8 Al 4580 sl e
(slo o2 @) M () A ele) e Al illaind) BN Sl K8 i g e
53l wH el Jeagll af o Lol 5 A0 Aadai¥) apead Ay Ll Jan) LS
ele) A3dy bt o Lo pallh JAleSl Juagll (uld Lafd sele 5 sl dap

cuS il Alatie A8y Glilatiie (g (sl Cw)) A58 Gildaiie e (Cuh

LY e 8dal cllanid) 5508 gae GLESS ga Auball b3gd GBI Gaagdl W
Sl L@_us) & Cmasag Fuily Gpealllind) Jie (s L) 8 laa dumidie 80 cild) il
DS 5 Caslll golal 59,Sull) Adaiind) Sl e e o Lo A Al
ol 2a Cua caelue € JiSila el gyl mg o2 o a0 (ENOEN U PRPRIEN
Gl clatiadl 8 e lall (geine 3al) e 3 Auball 8 deadidl 8l 4l dau
i)l sl Jall Sl G s Giaa o Gy 13y (T S e aa )

gl A g Lo g Las

vi



Table of Content

CHAPIEY 1 DO .. nnsssmsnsnos somnisnsiomnsomossisssscsiitin 5 ashmst 4180 58t o ot s s e 1
Chapter 23 Literaiore RevViEW o e ummomsonsss i mm s s a0 S s i saimism i 13
Chapter 31 ObJeehives .o vnmomsmmonass on s i smesus ey by sy s S 505 S5 18
Chapter 4; Materials and Methods ...c..ucnsvsumsimmsimsmssmsmsssos svsin vonss 20
4.1 Materials ...t 21

4.2 MethOdS ..ouvenieieeieet e 28

4.0 1, CorEne o Of DSt RTTRITIN, ..o oot i b8 S0 A0 A A SR E5 SR i 28

4.2.2 Determination of water solubilization capacity .............ccceevuveeeenen 30

42,3 Electrival confluchivily measurernenls .. v movs ovsse wmosn s nras s 31

4.2.4 Determination of drugs solubilization capacity.........ccccvveverevenninnn 32
Chapter 5: Results and DISCUSSION .......vvuueniiiiniiniiieieie i eenans a3
5.1 Water SolubiliZation ..........ueiuniiuriititniiiii e ee e e e 34

5.1.1 Phase behavior of Mixed surfactants/ Single oil systems (containing

ProPylene ElYCOL). . ... it 34

5.1.2 Phase behavior of Mixed surfactants/ Single oil systems (containing

DRI o rmsios om0 A O BB S RS V84 U W3 D VR P AR S S A R



5.1.3 Phase behavior of Mixed surfactants/ Single oil systems (containing

CRICTUIN OXAIC v mmmunsirsssssssnssonsss ssesauias S A S A VoS SO A S T DB s b 48

5.1.4 Phase behavior of Mixed surfactants/ Mixed oils systems.................... 56

5.1.4.1 Constant weight ratio of Mixed surfactants.............c.cee ceeniitnnene 56

5.1.4.2 Constayt Weipht Tatio OF MIzEd 0118 .cosmssssmviamsnionsmmsm savnseisies 69

5.2 Blecirical Conduolivily . cossuncnsssssesinssavapenvssssssmmsisses s D0

5.2.1 Microemulsions based on peppermint oil.............ocooiiiiiiiiiiii 81

5.2.2 Mixed surfactants/ Single oil microemulsion systems.................ccc......92

5.2.3 Mixed surfactants/ Mixed oil microemulsion systems..................e. 104
5.3 Bolubilization. i MICTORTIISIONS. - comssmssnmm v v s sy v 128
§3.1 Bolubilization Canpmiity, « . .owmsesies s oo s ey eris s s s s s o 129
Chiapter 03 COnCIUSIONS. ivussonsves wsysssonsssosmimm sy §55samasms s ey yus S ss 151
Referegces ...................................................................................... 154

viil



1. Introduction:

Microemulsions (ME) are spontaneously forming, thermodynamically stable,
homogeneous low viscous, and optically isotropic solutions. These macroscopic
homogeneous mixtures are heterogeneous on a nanometer scale (Kumar and Mital,
1999). Schulman's group was the first who scientifically described microemulsion in
1943 (Hoar and Schulman, 1943) though the concept was there in the patent literature
in mid-1930s. The term “microemulsion” was first coined in 1959 by Schulman and
his group (Schulman, Stockenius and Prince, 1959). Prior to that, different, terms like
transparent emulsion, swollen micelle, micellar solution, and solubilized oil were used
for such systems.

ME systems consist from oil, water, and an amphiphile (surfactant molecules) that
brings down the water/oil interfacial tension (IFT) to a very low value. Originally, it
was thought that there exists a negative IFT which imparts stability to microemulsion
(Prince, 1977). It is accepted that the IFT between oil and water is reduced to a very
low value by the presence of an amphiphile, but there are many instances though,
where the amphiphiles do not bring the IFT down to the required very low value and
another substances need to be added to obtain the required IFT for the formation of a
stable microemulsion such as short chain alcohols. This means that in most cases the
microemulsions are four component systems, these are water, oil, surfactant, and a
short chain substance called a cosurfactant.

The basic difference between emulsion and microemulsion is the fact that in the
former the droplet size is in the region of micrometer whereas in the latter it is much
smaller (<100 nm). There can be some systems where the droplet sizes lie in between,
and such systems are called miniemulsions. Both miniemulsions and emulsions are
not thermodynamically stable but they are kinetically stable. This means that the
stability of a microemulsion formed under a given condition of temperature and
pressure is time independent whereas the stability of a formed emulsion or
miniemulsion under a given condition is a function of time. Further, for the formation
of emulsion, the requirement of surfactant is low (about 1%—2%) whereas for
microemulsion the surfactant required is high. The formation of microemulsion is a
spontaneous process, requiring no energy or a very small amount of energy, whereas
for emulsion and miniemulsion the energy requirement is appreciable (Spernath,
Yaghmur, Aserin, et al, 2002). Table 1 illustrates these differences.
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Table 1.1: Comparison of Coarse Emulsions and MEs (Tenjarla, 1999).

Disperse phase droplet size Less than 100 nm 0.2-10 pum
Visual appearance Transparent to translucent Lutuicsaauiey
- Thermodynamically Thermodynamically
SRbLY stable unstable
Formation Spontaneous Requires energy input
Microstructure Droplets or bicontinuous Droplets

ME systems can be one of three types depending on the relative ratios of the
constituting components: oil-in-water (o/w ME) systems comprise water as the
continuous medium; water-in-oil (w/o ME), where oil is the continuous medium and
bicontinuous microemulsion (Garti, Fanun, Aserin, et al, 2001). The simplest
representation of the ME microstructure is with reference to the droplet model in
which an interfacial film comprising an amphiphile (surfactant/cosurfactant)
molecules surrounds the dispersed droplets (Figure 1).
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Figure 1.1: Theoretical ternary phase diagram outlining the region of existence of one
phase and two-phase systems. Note the illustrative representation of the droplet w/o,
droplet o/w, and bicontinuous MEs. O, oil component; W, water component; S,
amphiphile component (surfactant/cosurfactant). (Fanun; 2009)

Microemulsions, in general, exist in equilibrium with either excess oil or excess water
or both. Winsor (Winsor, 1948) has classified these different types of systems. When
oil-in-water (o/w) microemulsion is in equilibrium with excess oil, it is known as
Winsor I. The w/o microemulsion in equilibrium with excess water is called Winsor
II. A microemulsion maintaining equilibria with both oil and water is called Winsor
ITI. This is also termed as bicontinuous middle phase microemulsion in which both
w/o and o/w dispersions remain simultaneously present. It is possible to get a
microémulsion system which is not in equilibrium with either oil or water. This is
known as Winsor I'V system. All these four systems are illustrated in Figure 2.
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Figure 1.2: Different forms of Winsor structures (Winsor, 1948).

Due to their unique properties which include thermodynamic stability, high
solubilization power, low interfacial tensions, transparency, and low viscosity,
microemulsions have been used in a variety of technological applications, including
environmental protection, nanoparticle formation, personal care product formulations,
drug delivery systems, and chemical reaction media (Solans and Kunieda, 1997). In
most industrial applications, the use of mixed surfactants system is preferred over the
use of pure surfactant-based systems (Ogino and Abe, 1992). The determinations of
the phase behavior of water/mixed surfactants/oil system quantitatively is of eminent
significance for further investigation and possible applications. The study of the phase
behavior of mixed nonionic surfactants in water and oil demonstrated that the amount
of surfactants present at the water— oil interface determines the extent of water and oil
mutual solubilization (Fanun, 2008).

This amount of surfactants depends on factors like surfactant’s chemical structure and
hydrophilicity, the monomeric solubility of surfactants in oil and water, and the
presence of additives. It was found that the water-in-oil (w/0) solubilization increases
dramatically when nonionic surfactants, whose hydrophilic- lipophilic balances are
far separated, are mixed (Kunieda, Nakano and Akimura, 1995). At constant
temperature, the hydrophilic-lipophilic balances of mixed surfactants in surfactants
monolayers inside the microemulsion are the same in the case where oil is fixed. It
was also found that the total surfactant concentration needed to solubilize an equal
amount of water and oil increases with the increase in the lipophilicity (molecular
weight) of the oil (Kunieda, Nakano and Pes, 1995).



|
|

Conclusions

s research work investigated the following subjects in the domain of mixed
F ts systems: (1) Study of the phase behavior and exploring the factors
ing it. (2) Elucidation of the microstructure of the mixed surfactants systems. (3)
elation of the possibility of solubilization of pharmaceutical active ingredients in
microemulsions formed using these mixed surfactants. In the following we redraw
general conclusions varied from these subjects; the water solubilization capacity
s revealed that mixed surfactants improve the water solubilization capacity in the
emulsions compared to the microemulsion systems based on single surfactants.
The molar ratios of mixed surfactants play an important role in determining the
meximum water solubilization; the use of mixed surfactants (L1695+EMDG) at
weght ratio equals unity (1:1) increases the water maximum solubilization indicating
% synergistic effect. The synergism phenomenon may be a result of better interface
Wrzanization (orientation) of the mixed surfactants around the oil droplets that allows
Seser interfacial solubilization (enhanced partitioning of the surfactant at the
smeerface). The chemical structure of the oil affects its penetration in the surfactants
sulisade layer and determines the extent of water solubilization. Results are reported
an the formulated biocompatible microemulsions based on mixed surfactants and the
muxed oils; it was found that using the weight ratio of mixed oils equal (1/1) improved
e water solubilization capacity in the microemulsions. Also it was found that
smroducing glucose as additives to microemulsion formulations instead of propylene
wiveol don’t affect the area of one phase region but when introducing calcium oxide
1C20) to the microemulsion formulations the area of one phase region decreases. The
mcrease in temperature from 25°C to 45°C affect on microemulsion formation and
#en the area of one phase region.

Drfferent microemulsion systems were investigated using electrical conductivity; the
slectrical conductivity increases with the increase of water content and with increase
of temperature. Generally, three different regions were identified by this technique the
Srst region represents water-in-oil microemulsion (w/0), the second region represents
Sicontinuous structure while the third region represents oil-in-water microemulsion
‘a'w). These results also revealed the presence of a percolation threshold which
mdicates a structural transition from water-in-oil to percolated structure previous to
“he formation of bicontinuous microstructure. When the microemulsion systems based
on mixed surfactants, then the electrical conductivity values higher than systems
sased on single surfactant and at mixing ratio of mixed surfactants equals unity, the
electrical conductivity is the highest than other ratio. In some of microemulsion
systems investigated electrical conductivity results revealed the formation of rigid
microemulsion in which the electrical conductivity increases initially with aqueous
phase content increase then decreases then again increases, these rigid
microemulsions are very important systems in industrial purposes. For drug loaded

. microemulsion systems; the electrical conductivity results showed that the electrical

conductivity of loaded systems is higher than free systems.
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The solubilization capacity of azithromycin and cephalexin in microemulsion systems
was higher than any single component that formed the microemulsion. It was found
that the solubilization curves for azithromycin and cephalexin showed different
regions, region at low water content (0wt% to 30wt.%) which is a w/o microemulsion,
in this region the solubilization capacity was the highest due to high surface area and
high oil content. Region which contains bicontinuous microemulsion and this region
extent from 30wt% to 70wt% water content, in this region the solubilization capacity
almost remains constant due to the fact that surface area remains constant at this stage
and the region which contains o/w microemulsion and this region extent from 70wt%
to 100wt% water content, in this region the solubilization capacity was sharply
deceased due to that small amount of oil exist in the core of droplets and the interface
became convex toward the oil resulting in very low solubility in the core and poor
accommodation of the drugs at the hydrophilic interface. The solubilization capacity
of azithromyecin is higher than cephalexin for the same microemulsion system and this
due to its chemical structure.
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