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ABSTRACT

Partial phase diagrams were constructed at 257°C to investigate the phasc behaviour of systems com-
posed of sovbean lecithin, water, sodium salieylate, aleohol and 1sopropy]l myristate. The lecithins used
were the commercially available soy bean lecithing, namely E200 and E170 (phosphatidyl choline
purities greater than 953% and 68-T2% respectively). The cosurfactants employved were n-propanol, 2-
propancl and n-butanol and these were used at lecithin/aleohol weight ratios (Ko of 1:1 and 1.5:1. Al a
given K, the agueous phase consisted of a 2%w/w sodium salicylate solution, Phase diagrams showed
the area of existence of a stable isotropic region along the surfactant/oil axis (Le., reverse micro-
cmulsion area). The extension of the microcmulsion domain was influenced by the purity of surfactant,
the lecithinfaleohol weight ratios and the kind of the alcohol.
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Phase behaviour

INTRODUCTION

In 1943, Hoar and Schulman observed that in
the presence of short chain alcohols (eg.
n= butanel). the unstable, turbid macrocmulsions
transform into solutions with particles of much
smaller  dimensions o comparison  to the
corresponding emulsions (1), Such systems were
then defined as microemulsions (2). In general,
microemulsions are self-cmulsifying stable dis-
persion of oil and water, stabilized by interfacial
film  of surfactant molecules,  frequently o
combination with a cosurfactant. These syvstems
are also characterized by their small particle size
{generally less than 100 nmj), stability toward
wide range of temperature and they appear to be
thermodynamically stable. These systems m con-
trast to the convennional emulsions are Tormed
spontancously without the need of any mecha-
nical waork, The structure, type, formation cha-
racteristics, stability, phase behaviour and the
influence of different vanables on the phass
hehaviour of microemulsions have been review-
ed (3)

In the past three decades, microemulsions  have
heen the focus of extensive research worldwide
due to their importance in a variety of techno-
logical and pharmaceutical  apphcations inclu-
ding drug delivery {4-9). Recently, investigations
have focused on the use of  microemulsion

related svstems called microemulsion gels which
are formed by some surfactants under certain
conditions (10-13).

In the previous studies (14, 15) the pscudo-
ternary phase diagrams of water-isopropyl
myristate {as ol) and lecithing (as surfactant)
systems using a wide range of short cham
alcohols  (as  cosurfacltant) at four different
surfactant! cosurfactant weight ratios (K,) were
reported, The long term objective of this project
15 lo evaluate the potential of lecithin-based
microemulsions for an effective delivery of a
hydrophilic selute (ie., sodium salicvlale as a
model drug) transdermally. Therefore, as a
starting point, we have investigated the influence
of ncorporation of sodium salicylate on the
area of existence of solute-loaded lecithin micro-
ermulsions.

MATERIALS AND METHODS
Materials: Two commercially available sovbean
lecithing, Epikuron 200 (E200) and Emkuron
170 (E170) were obtained as a gift from Faratin
Company (Lucas Meyer Representative m Iran)
and used without further purtfication. Isopropyl
myristate (IPM) and sodium salicvlate were
purchased from Sigma Chemical Company
{Dorset, UK). m-Butanol, s-propanol and 2-
propanol were obtained from Aldrich Chemical
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Company (Dorset, UK). Triple distilled water
from a well-seasoned all glass stecl was used
throughout the study.

Construction of partial phase dicgrams: Three
component  mixtures  of  lecithin-alcohol-IPM
from 3% (w/w) total surfactant and 93% (wiw)
o1l to 50% (wiw) of cach at 3% weight intervals
were prepared and progressively enriched with
2%%(wiv) sodium salicvlate solution while being
shaken for sufficient time in order to attain
equilibrium at room temperature. The course of
cach addition was monitored through  cross
polaronds in order to determing the boundaries of
any microemulsion and birefringence liquid
crvstalling domains., By repeating this expen-
mental procedure for all different combinations
of lecithin/alcohol to oil weight ratios, the phase
boundarics of sohite-loaded water in oil micro-
emulsion domain were determined. No attempt
was made o wentify any other regions of the
phase diagrams 1n detail.

In order to show the varation of components on
a partial phase diagrams, the top apex of the
triangle was used to  represent the surfactant/
aleohol ratio at a particular weight ratio (K..),
and the other apices Lo represent oil and sodium
salicylate solution. The transparent, isotropic
regions mapped on the phase diagrams were sta-
ble at lzast for one month at room temperature,

RESULTS AND DISCUSSIONS

The partial phase diagrams  of systems
contaiming E200, IPM, s-propanol, and sodium
salicylate at two different K, are shown m
figure 1. The phase diagrams are overlaid be-
cause in all systems examined, samples became
cloudy and ultimately phases were separated
outside the microemulsion boundary and  no
significant difference in the phasc behaviour was
observed at high water concentrations. It should
be noted that, since i most svstems little diffe-
rence was observed botween phase behaviour of
E200 and E170. only the phase diagrams for
E200 systems containing n-propanol are presen-
ted. Any difforences between the phasc diag-
rams will be mentioned appropriately in the text.
Tables 1 and 2 indicate the approximate
amounts of water (containing 2% w/v sodium
salicylate) solubilized in the microemulsion reg-
ion, the corresponding surfactant/oil ratios and
the total surfactant concentrations for E200 and

E170 systems respectively, at each K, tested,
Systems  containing  E200: In general, the
tollowing generalizations can be made about the
systems which were exammed.

a) Phase diagrams show the area of existence of
a monophasic, stable, isotropic region along the
surfactant/oll axis in all systems, regardless of
the kind of alcohol and £,,..

b} At a given K., . the amount of water incorpo-
rated in the microemulsion area increases with
increase of total surfactant content,

¢) At a given surfactant/oil ratio (particularly
above the ratio of 15:83), the amount of solu-
bilized water increases with the increase of £,
d) The water solubilizing capacity of all systems
below the surfactant/oil weight ratio of 15:85 (in
a few cases, below 10:90), increases slowly

¢) The water solubilizing capacity, irrespective
of the K, and the tvpe of lecithin, is least in the
presence of w-butanol. Below surfactant/oil
weight ratio of 20:80, a less pronounced diffe-
rence in  solubilizing capacity 15 observed
between different studied £, These observa-
tions show dependence of water solubilizing
capacity on the K, of sach svstem, particularly
at the higher surfactant contents.

Systems containing EI170: There was little
difference in partial phase diagrams obtained
when E200 was replaced by E170. Comparison
of phase diagrams revealed that, irrespective of
the kind of the alcohol and K, E200 produced,
a larger microemulsion arca (particularly at sur-
factant/oil weight ratios above 20:80), which
was extended further into the water rich region
of the phase diagrams. On the other hand, at the
K of 1:1, the solubilizing capacity of systems
composed of E170 was greatest in the presence
of #-propanol and at the K, of 1.5:1, 2-propanol
possessed the greatest capacity to solubilize
sodium salicylate solution. At high oil con-
centrations, no significant difference in the
extent of microemulsion region was observed
with lecithin type.

Attempts to use lecithin as an amphiphile for the
preparation of an efficient microcmulsion must
take into consideration the charactenistic solution
properties of lecithin (16). These are; a) a very
strong hvdrophobicity due to a long hydrocarbon
chains, b) a strong lipophobicity due to the
heavily hydrated zwitteriomie polar head groups.
and c) a close balance between hydrophile and
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Figure 1: Partial phase diagrams of systems containing E200/n-propanol/1IPM/ 2% sodium salicylate

solution at different &5, constructed at 25 °C

lipophile properties, which 15 shghtly displaced
towards the lipophilic side. In order to form
lecithin microemulsions over a range of oil-
water concentrations, the HLB of the lecithin
should be adjusted by making the lipid more
hydrophilic, the non-polar solvent more lipo-
philic or polar selvent less hyvdrophilic.

Lecithin as a naturally occurring biocompatible
surfactant is capablc of producing balanced
microemulsions, in the presence of short cham
alcohols (16). Alechols (17-20) as cosurfactant,
can decrease the polarity of the polar medium or
mcorporate into the lipid layer and change the
critical Packmg Parameter (CPP) of lecithin
molecule (a parameter which determines the
spontaneous curvature of the surfactant). These
effects in turn, promote micellization of the
lamellar or hexagonal phascs and provide the
appropriate  conditions for the formation of
microemulsions.

In the previous studies the phase behaviour of
systems composed of lecithin/lPM/water pre-
pared from a wide range of short chain alcohols
at different K5 were ivestigated and the

mfluence of the kind of alcohol, differences n
K and the surfactant purnity were completely
discussed (14,15). To elucidate the offcer of
loading a hvdrophilic solute on the micro-
crmulsification process, the phase diagrams of
systems contaimng similar components  were
constructed in the presence of sodium salhcy-
late. In general, at surfactant levels of 50% or
less, phase diagrams woere similar 1o those
obtamned in the absence of sodwm salicvlate,
mdicating that the extent of microemulsion
realms  was not  affected  significantly by
mcorporation of the solute. The general trend of
changes mduced by different lecithing and K.,
was also the same as that of solute free micro-
emulsions (1.¢, increased solubilizing capacity
by increasing purity and K.,).

Musana (21) has reported the changes in the
mature of the phase diagrams by mcorporation
of 10% and 20% wfv sodium salicvlate sol-
utions n systems composed of IPM/O200
(Ovothin 200, ¢pg lecithin) and alechols. A
decrease in the extent of microemulsion region
and the formation of liquid crystalling phase
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were noted upon the addition of sodium
salievlate at lower surfactant concentrations m
the oil rich part of the phase diagrams. The
decrease in the microemulsion area due to the
presence of birefringent phase was attributed to
an mcrease in the size of aggregates, which led
to the rearrangement in the structure of aggre-
gates. Musana (21) has assumed that mcor-
poration of the additives do not affect the
partitionmg of the alcohols in the system and,
constructed in the presence of sodmm  Salicy-

late. the changes are most likely asa result
of the presence of the incorporated additives.

Considering the chemical structure of sodi-
um salicylate, 1t can be assumed that the
solute would be incorporated at different
sites of the aggregates, due to its surface
activity as a consequence of having amphi-
pathic nature. This molecule is more likely
to align itselt’ at the interface with the aro-
matic rings between the hydrocarbon chains
and the carboxyl groups of the head groups.

Table 1. Solubilizing capacity of sodium salicvlate solution for w/o microemulsion systems containing

E200/alcohol/TPM
surfactant/oil K,:1:1 Ko 1.5

alcohaol weight ratio (%) | % water" % surfactant” | % water” % surfactant”
5050 2450 1780 31.00 3450

4553 21.60 33,30 2730 32.70

460 20,00 32.00 24 50 30.20

N 35:65 18,60 2860 23.00 27.00
30:70 670 2500 20,00 2400

237745 14,90 21,30 13,40 2040

2080 13.00 [7.40 16,70 16.74

15:85 700 1400 910 13 .60

10:90) 4.8 9. 50 700 9. 30

5:95 2.4 4.90 4 &8l 4 80

3050 32.20 33.90 41.210) 2940

45:55 2080 31 .60 36.30 28 .60

40:60 27.30 2910 33 .30 26.70

33:65 24.50 26 4{) 3100 2410

n-propancl 20:70 23.00 23.10 28 60 21.40
25735 20000 200,04} 24510 15,90

2080 13.00) 17.40 20.00 1600

1585 T.00 14010 11,14 13.30

[ENRN 360 960 450 9.50)

5:95 2,40 4 80 3.60 4 80

5030 401,10 24990 4670 2670

45:55 £1.20 2651} 43 80 2570

4060 37.50 23.00 39.40 24 20

2-propanel 3505 33.3{.] 2330 34440 2300
30:70 29 80 21.00 31.00 2070

25:75 2300 1920 | 24 30 18.90

20:80 21 60 1570 | 23.00 15.40

15:85 13.90 13.00 | 14 S 12 80

10:90 480 950 | 7.00 9.30

5:95 2.40 4 80 i 36l 4.8

2%y sodium salicylate solution
Total surtactant content required

b
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The increased presence at the interface
would probably results in the formation of
liquid crystalline phases at low surfactant
concentrations. In this investigation, the extent
of drug loaded microemulsion domam on the
phase diagrams were increased as much as
possible. This provided the possibility to exa-
ming effects of increasing the amount of drug
solution on the relcase pattern (in some cases,

due to the presence of an extensive microemul-
sion arca, systems with up to 30% drug solution
could be prepared for the purpose of release
studies). Based on the Musana’s report, 10%
and 20% sodium salicylaic would cause the
formation of hgquid crystalline phase in the il
rich part of the phase diagram and decrease the
extent of microcmulsion domain, and it was
expected that the extent of  microemulsion

Table 2. Solubilizing capacity of sodmm salicylate solution for w/o microemulsion systems conlamimg

E170/alcohol/TPM
surfactant/oil K., :1:1 I K, :1.5:1
aleohol weight ratio (%) | % water® % surfactant” | % water® % surfactant”
300050 23.00 3850 | 27.30 36.40
45:55 20.00 36.00) 24 50 34.00
400:610) 18.40 32.70 23.00 30.80
P 1363 16.70 20,20 20080 27.70
30:70 15.00 25.50 19.20 2420
7575 13.00 21.70 17.50 20,60
2080 11.10 17.80 13.00 17.40
15:83 4 80 14 30 4 30 14.30
1090 2.40 9 80 360 9 i)
5:95 1.20 5.00 2 40 4 80
| 50-50 78.60 35.70 32.80 33.60
45:35 24.50 34.00 29 80 31.60
_ 40-60 23.00 3080 2520 30.00
{ 35635 20,00 2770 2300 27 .00
n-propanol 30:70 1660 25.00 20000 2400
; 25:75 14.50 21.30 16.70 2090
| 20-80 13.00 17 40 15.00 17.00
= 15:85 7.00 14.30 9 10 13.60
10:90 480 G 50 7.00 G .30
595 240 4 .80 4 80 4 80
50:50 | 2600 37.00 3440 32 80
45:55 L2300 34 60 3100 31.00
40-60 2230 3110 28 .50 2850
3-propanol 35:65 1920 28.30 26.00 2590
30:70 L1580 25.30 23.00 73.00
35:75 | 13.00 21.70 21.60 1960
20:80 G910 18.20 16.70 16.70
15:85 7.10 14.00 9.10 13.60
10:90 | 4 80 9 50 7.00 G 30
5:05 | 2 40 4.80 4.80 4,80

© 2wy sodium salicvlate solution
* Taotal surfactant content required
domain would in-crease m the presence of lower
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amounts of the solute and the liguid crystalling
phase disappearance. It is well established that
the spontancous curvature of the surfactant is
determined by the ratio between its hydrophobic
volume, head group area and  hvdrocarbon
length. The results obtained mn this research
could be explainad by considering the partition
of sodium salicylate molecules at the interface
which affects the curvature of the interface and
favours formation of the more balanced
microemulsions.

As mentioned carlier, in this study, a 2% wiv
sodium  salicvlate solution was used for the
microernulsification and it was obscrved that all
samples  became  wrbid  outside  the  nucro-
emulsion region. Although, solubilizing capacity
of microemulsions was shown o change due to
the mfluence of the solute, the concentration of
sodium saheylate scemed to be msufficient for
the formation of hquid crystalline mesophase.
However, by increasing the concentration of
sodium sahevlate, the area per lipid polar group
increases and thus the spontancous curvature of
the lipid layer changes from being curved roward
planar format which favours the formation of
birefringent region.

The solubilizing capacity of systems contaming
E200, regardless of the kind of the alcohols and
difference n K, when titrated with 2% wiv
sadium sahievlate solution was found to increase
i comparison with those obtained in the absence
of the solutc. When E200 was replaced with
EL170. the same behaviour was observed with #-
butanol indicating that this alcohol is not signi-
ficantly different in its influence on the micro-
emulsion domain. In contrast, the microemulsion
domain of all systems containing 2-propanol and
n-propanal decreased when they were loaded
with sodium salicylate.

Sodium salicylate is an ionizable solute that s
primarily distributed in the aqueous phase. The
presence of a charged moiety and its counterion
could possibly influence the cffective head group
arca, leading to a decrease in CPP and in turn, in

an increase in the solubihizing capacity. E170
contains not only phosphatidylcholing, but alse
phosphatidvlgthanolamme, and other phospho-
lipids and glycolipids. Each of the non-phos-
phatidylcholine components present m E170
could behave as cosutfactant and influence the
cffective CPP o of lecithin in a different manner.
On the other hand, there is a possibility that due
to the presence of these molecules, the more
hydrophilic alcohels are distnibuted primarily in
the agueous phase and since these components
would not be expected o be as effective as
alcohols m increasing the flexibility of the
mterfacial laver, the total solubilizing capacity is
slightly decreased.

In E200 systems, it was observed that the
selubilizing capacity increased in the presence of
2-propanol irrespective of the £, whilst in E170
formulated systems the formation of the larpgest
microvmulsion domain was favoured by the
presence of s-propancl at the K, of 11, and 2-
propanol at the other K value. Although not
sigmificant, it is difficult to explain the diff-
crences observed in the extent of phases obtamed
with the two lecithins.

This rescarch was performed on solute-loaded
microemulsions in which the main goal was o
evaluate the release pattern of these systems.
Clearly it was nceessary  to study the phase
behaviour of these systems initially and to find
out whether it was possible to map  ¢lear and
extensive microemulsion regions in the presence
of sodium salicylate on the phase diagrams. The
results obtamed in this study showed that the
preparation of transparent and stable  micro-
emulsions i the presence of a waler soluble
solute 1s reproducible.
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