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Summary 

Four-component non-aqueous microemulsions, containing lecithin, taurodeoxycholic acid, ethyl oleate and 1,2-propylene glycol 
have been studied with chemometric techniques to emphasize the role of the components on the release of a drug. Since 
microemulsions can be obtained only for particular proportions of the constituents, their realm of existence was determined by 
using Doehlert experimental design. Successively, a mixture design technique was applied to select the set of microemulsions for 
the measurement of the diffusion rate of a model lipophilic drug, retinol, through a hydrophilic membrane. The drug permeability 
was modelled as a function of the mixture composition by partial least squares (PLS). The results emphasize the role of the 
cosurfactant and the oil phase of the system on the drug permeation behaviour from the waterless microemulsion. 

Introduction 

Microemulsions (Bourrel and Schechter, 1988) 
are isotropic systems of infinite stability, usually 
constituted by four-component mixtures including 
a surfactant, a cosurfactant, an oil and water; 
surfactant and cosurfactant are principally lo- 
cated at the surface separating the two immisci- 
ble liquids to stabilize their mutual dispersion. 
Either oil/water (o/w) or water/oil (w/o) mi- 
croemulsions can be prepared. Microemulsions 
have been recently proposed as carriers in phar- 

Correspondence to: M.R. Gasco, Dipartimento di Scienza e 
Tecnologia del Farmaco, V. Giuria 9, Torino, Italy. 

maceutics to achieve the substained/controlled 
release of several drugs (Mfiller and Kleine- 
budde, 1988; Gasco et al., 1990, 1991). 

Recently, o /w  microemulsions were proposed 
by Ritschel et al. (1989, 1990) as carriers for the 
oral administration of cyclosporine A with very 
interesting results. In a previous work (Pattarino 
et al., 1992), o/w-type non-aqueous microemul- 
sions constituted of lecithin as surfactant, tau- 
rodeoxycholic acid as cosurfactant, ethyl oleate as 
disperse phase and one of six different glycols as 
continuous phase were studied. The results 
showed that the permeation of a model drug, 
retinol, through a hydrophilic membrane can be 
related to the qualitative and quantitative compo- 
sition of the microemulsion, whose internal phases 
behave as reservoir for the lipophilic drug. 



158 

Chemometric methodologies currently provide 
effective tools for the study of pharmaceutical 
dosage forms (Gould, 1984). The aim of the pre- 
sent work was to apply these methodologies also 
to extremely complex systems, like microemul- 
sions, that have not been investigated using such 
procedures. Waterless microemulsions consisting 
of four biocompatible substances (lecithin, tau- 
rodeoxycholic acid, ethyl oleate and 1,2-pro- 
pylene glycol) were studied in order to assess 
their suitability as carriers for the oral adminis- 
tration of retinol. 

Since microemulsions can be obtained only for 
particular proportions of the components, the 
system was previously investigated using Doehlert 
experimental design in order to determine the 
realm of existence of microemulsions. Succes- 
sively, mixture design was used to select a set of 
microemulsions from which the permeation of 
retinol through a hydrophilic membrane was 
measured. The rate of diffusion of the drug was 
then modelled as function of the mixture's per- 
centual composition by PLS. 

Materials and Methods 

Materials and instruments 
Ethyl oleate (EO), retinol and 1,2-propylene 

glycol (PG) were from Fluka. Taurodeoxycholic 
acid (TDC) was from Sigma, Lecithin (L), from 
Merck, was purified (Hanahan et al., 1951) and 
stored at -30°C until used. 

The liquid chromatographic instrument was a 
Series 250 from Perkin Elmer equipped with a 
150 × 4.6 mm HS-5 C8 (Perkin Elmer) column. A 
multi-cavity microdialysis cell from Scienceware, 
equipped with a dialysis membrane (cut-off, 
12 000) (Sigma), was used in the diffusion experi- 
ments. 

The calculations were performed on an Epson 
AX3 series personal computer by SCAN program 
(SCAN). 

Experimental design 
A Doehlert design was used for the search of 

the microemulsion realm of existence. This exper- 
imental design (Doehlert, 1970) has already been 

used for optimization and regression, it provides 
the interesting feature that variables and experi- 
ments can be easily added to the first design 
without any loss of information. 

Mixture design was used for planning the mix- 
tures to be tested for building reliable regression 
models. From Cornell (1991) a mixture experi- 
ment is defined as an experiment where the re- 
sponse is assumed to depend only on the relative 
proportions of the components present in the 
mixture and not on the amount of the mixture 
itself. This is what was expected for the mi- 
croemulsions under investigation. In this perspec- 
tive, in order to be able to calculate a model 
non-linear in the composition variables, we chose 
the simplex-centroid design, augmented with the 
introduction of three interior experiments. Such a 
design can be used to calculate up to a complete 
third degree model and provides additional infor- 
mation for validating the model itself. Moreover, 
this design is characterized by the need and 
proper distribution of the information throughout 
the experimental region and is especially suitable 
for detecting the curvature of the response sur- 
face in the interior of the triangular region. 

Microemulsion preparation 
Microemulsion preparation was performed as 

follows: retinol was dissolved in EO and lecithin 
was added; TDC dissolved in 1,2-PG was then 
mixed for 10 min with the oil phase. The systems 
obtained were classified into microemulsion or 
thermodynamically unstable system categories re- 
spectively, according to the transparency criterion 
(Lagues et al., 1978). 

Microemulsion domain 
Two series of mixtures, each containing a fixed 

amount of lecithin (10 or 15%, respectively) were 
studied: the percentages of EO, TDC and PG 
were selected on the basis of the Doehlert design 
as depicted in Fig. 1A and B. 

Diffusion studies 
Diffusion studies were performed only on the 

microemulsions containing 15% of lecithin, be- 
cause of their larger area of existence. 
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The diffusion experiments were carried out in 
a multi-cavity microdialysis cell designed for sep- 
arate but simultaneous dialysis experiments. Each 
compartment held 1.0 ml and could be filled and 
sampled through separate ports. A cellulose 
membrane separated the diffusion cell compart- 
ments: the effective surface area of the mem- 
brane was 1.98 cm 2. The whole assembled cell 
was rotated at 120 rpm at 25°C. Samples (25/zl)  
were withdrawn from the acceptor compartment 
at regular time intervals for HPLC analysis 
(Cuesta-Sanz and Santa-Cruz, 1986). The accep- 
tor compartment was simultaneously refilled with 
fresh acceptor phase. 

The donor phase was represented by mi- 
croemulsions selected according to the simplex 
centroid design shown in Fig. 2 and containing 
6.0 m g / m l  of retinol; as acceptor phase, a glycol 
solution of TDC at the same concentration pre- 
sent in the microemulsion was used. 

Each drug diffusion experiment was per- 
formed in triplicate and the mean apparent per- 
meability coefficients (K o) of retinol were calcu- 
lated (Trotta et al., 1990) from the data collected 
over 120 min. 

Regression model 
There are ~everal model forms which can be 

calculated from the set of mixtures selected. 
Among them we chose the Cox-type models which 
consist of full rank polynomials, containing the 
offset (Cornell, 1991), In particular, second and 
third degree Cox models were considered. 

The selected regression approach was partial 
least squares (PLS). The PLS algorithm has been 
widely described elsewhere and we shall not en- 
ter into details here (Wold, 1982; Geladi and 
Kowalski, 1986; Manne, 1987). 

PLS is based on the decomposition of the 
original independent variable block in a new set 
of orthogonal variables (i.e., each other linearly 
independent), called latent variables (LV), ob- 
tained as linear combinations of the original ones. 
These variables are calculated with the aim of 
eliminating the collinearity present in the inde- 
pendent  block and of correlating them as much 
as possible with the responses of interest. The 

maximum number of latent variables corresponds 
to the dimensionality of the original variable 
space. The proper  number of latent variables, i.e., 
the number of latent variables which provides the 
best predictive ability is usually determined 
through cross-validation (Wold, 1978). This is a 
validation technique based on the prediction of 
the response for experimental points left out dur- 
ing the model building. From the difference be- 
tween the predicted and the experimental re- 
sponses, it is possible to calculate a sum of 
squared errors which is a measure of the model 
predictive ability: predictive errors sum of squares 
(PRESS). The selection of the proper number of 
latent variables is performed adding one latent 
variable at each step and calculating the PRESS. 
The number of LV selected is that of the model 
providing the minimum PRESS. 

The problem which arises when using PLS 
consists mainly in the difficult interpretability of 
the regression model which is distributed on sev- 
eral latent variables, so that PLS models are 
more often used for prediction rather than for 
interpretation. On the other hand, some algo- 
rithms are now available which allow the calcula- 
tion from the PLS model of a set of OLS type 
coefficients, which are of straightforward inter- 
pretation, though maintaining the good features 
of PLS (Clementi et al., 1989; Marengo and 
Todeschini, 1991) from which they have been 
derived. 

A variables selection procedure was applied 
because the presence of independent variables 
which do not correlate with the response may 
influence the model reliability by introducing a 
noise effect. 

The selection of the best set of independent 
variables was performed using a step-wise algo- 
rithm (Marengo et al., 1992). This is an iterative 
procedure in which at every cycle the variables 
left out are in turn reintroduced, and the vari- 
ables at the moment present into the model are 
in turn left out. Then, the change in the model 
(i.e., addition of an absent variable or elimination 
of an existing one) provides the greatest increase 
in the model predictive ability. This procedure is 
repeated introducing or eliminating every time 
one variable, until no more improving action can 
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be detected (i.e., the PRESS cannot be further 
decreased). 

The evaluation of the predictive ability of the 
model is based on the calculation of the PRESS. 
The PRESS was evaluated through a leave-one- 
out cross-validation procedure, similar to that 
used to determine the proper  number of LVs. In 
this iterative procedure every experiment is in 
turn left out during the model building and then 
its response is predicted using the model calcu- 
lated in its absence. The sum of squared errors 
calculated in this way is a measure of the model 
predictive ability. 

Moreover the PRESS can be easily trans- 
formed into a measure of the fraction of variance 
explained in prediction of R 2 through the follow- 
ing expression: 

R 2 = 1 - P R E S S / S S T  

where SST is the total sum of squares of the 
mean centered responses. This expression is anal- 
ogous to that which expresses the usual RzA coef- 
ficient except for the substitution of the sum of 
squared errors in fitting with the PRESS. 

The use of a stepwise variables selection pro- 
cedure would be very dangerous using OLS be- 

cause of oveffitting problems. The use of PLS 
and of cross-validation makes the results more 
stable and reliable. 

Results and Discussion 

The study was performed at two different fixed 
percentages of lecithin, i.e., 10 and 15%, as de- 
scribed in Materials and Methods. The first step 
of the study consisted in the search for the mi- 
croemulsion realm of existence. 

The starting experimental region explored was 
selected on the basis of previous results (Pat- 
tarino et al., 1992) which showed that waterless 
microemulsions could be obtained with TDC, EO 
and PG approximately in the following propor- 
tions: TDC 17.5%; EO 7.0%; PG 60.5% (for 
lecithin at 15.0%); TDC 14.5%; EO 9.5%; PG 
65.0% (for lecithin at 10.0%). 

Since the lecithin percentage was held con- 
stant, the problem was reduced to a three-compo- 
nent mixture, with only two really independent 
variables. This means that, in this case, a Doehlert  
design requires six experiments located on the 
vertices of a hexagon plus one experiment in the 
center of the hexagon. 
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Fig. 1. (A) Experimental design for microemulsion realm of existence searching (lecithin percentage; 10%). (B) Experimental 
design for microemulsion realm of existence searching (lecithin percentage: 15%). The small circles represent unstable systems 

while the large circles represent mieroemulsions. 



The first seven mixtures tested for the exis- 
tence of microemulsions are reported in Fig. 1A 
and B. The starting Doehlert  design was ex- 
tended, adding at every successive step the new 
mixtures necessary to complete the design in a 
neighbouring mixture region, in the proper  direc- 
tion (dashed line). 

The expansion of the Doehlert  design was 
constrained according to pharmaceutical require- 
ments, since microemulsions of pharmaceutical 
interest must be characterized by particular 
ranges of the components. In this case the 
adopted constraints were: 

L = 15% 

9.0% < TDC < 20.0%,7.0% < EO < 17.0%,50.5% < PG < 68.5% 

L = 10% 

7.5% < TDC < 25.0%,4.5% < EO < 15.0%,53.0% < PG < 70.5% 

When the constraints, or a region of instability 
were reached, the search in that direction was 
stopped. 

The mixtures added at each step to complete a 
new hexagon are also shown in Fig. 1A and B 
where the small circles indicate mixtures which 
did not provide microemulsions. The Doehlert  
design expansion was stopped when the bound- 
aries of the region of interest were reached. 

In this way, the regions of existence of oil-in- 
glycol microemulsions, compatible with the re- 
gion of pharmaceutical interest could be defined, 
for the two percentages of lecithin. 

As can be observed from Fig. 1A and B, the 
two regions are both approximately triangular, 
and the domain at 15% of lecithin is larger than 
that at 10% of the surfactant. 

The next problem was to build up a regression 
model to relate the composition of the mixtures 
to the response of interest, i.e., the rate of diffu- 
sion of retinol from the microemulsion through a 
hydrophilic membrane. 

The regression calculations were performed 
only on the mixtures with 15% lecithin as they 
showed a larger area of existence. The mixtures 
for measurement of the diffusion rate of retinol 
were selected according to the simplex centroid 
design augmented with three interior points, as 
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Fig. 2. Experimental design for mixture selection. The compo- 
sition of each mixture selected and the corresponding mea- 

sured Kr, are listed in Table 1. 

previously described. Since the realm of existence 
of microemulsions was larger than the region 
sampled by the simplex (triangular region), two 
more experiments (mixtures) outside the triangle 
were added, in order to extend the region of 
validity of the regression model. 

The mixtures selected are represented in Fig. 
2 and listed in Table 1, together with the ob- 
served apparent permeability coefficients. 

Two calculations were performed on this 
dataset, using different sets of variables, i.e., Cox 
models of different degree. 

In particular, the starting sets of variables cor- 
responded to full rank second (set A) and third 
degree (set B) Cox's models. 

The two sets of variables for Cox's models are: 

SET A 
EO, TDC, PG, EOxTDC, EOxPG, TDCxPG, 
EO 2, TDC 2, pG 2 

SET B 
EO, TDC, PG, EOxTDC, EOxPG, TDCxPG, 
E O  2, T D C  2, p G 2 E O x T D C  2, E O x P G  2, 
TDCxEO 2, TDCxPG 2, PGxEO 2, PGxTDC 2, 
EOxTDCxPG 

The results of the calculation using set A are 
reported in Table 2. The final model from set A, 
which explained 83.8% of the variance in predic- 
tion with one latent variable, contained two vari- 
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TABLE 1 

Mixtures o f  the experimental design and corresponding observed 
permeabilities 

Mixture EO TDC PG K o 
(%) (%) (%) ( x 10- 6) 

1 7.00 10.00 68.00 5.82 
2 7.00 13.75 64.25 5.00 
3 7.00 17.50 60.50 3.53 
4 7.83 15.83 61.33 4.23 
5 9.50 12.50 63.00 4.62 
6 10.75 10.00 64.25 5.91 
7 10.75 13.75 60.50 4.30 
8 12.83 10.83 61.33 5.89 
9 13.67 9.17 62.16 5.88 

10 14.50 10.00 60.50 5.64 
11 7.83 10.83 66.34 5.11 
12 8.66 9.17 67.17 5.61 

ables, TDC and TDC 2, whose OLS type coeffi- 
cients are reported in Eqn 1. The predictive 
ability of the model is shown as a plot of pre- 
dicted against experimental permeabilities in Fig. 
3, while the numeric data are reported in Table 3. 
In Fig. 4, a contour plot of iso-permeability curves 
in the region of existence of the microemulsions 
is shown. 

In the case of set B, the final model contained 
the four variables, reported in Table 4, together 
with the OLS type coefficients (Eqn 2) and the 
statistics about the final model. This model 
achieved the best predictive ability using all the 
four available LVs. This means that in this case 
the PLS and OLS models are identical. This 
model explains 87.4% of the varaince in predic- 
tion, 3.6% more than could be obtained with the 
variable set A. In Table 5, experimental, pre- 
dicted and calculated permeabilities are reported. 
The same result is shown in graphical form in 

TABLE 2 

Best model obtained with PLS in terms o f  R 2 with respect to the 
number of  LVs (set A variables) (the OLS type equation was 
obtained from the PLS model) 

LV R 2 R 2 

1 83.8 87.4 
2 79.1 87.5 

K o = 7.5533 - 0.1374. TDC - 0.0052. TDC z 

Kp p red ic ted  

A 

/ 

A 

/ 
/ 

/ /  

/ A / 
/ 

/ 
r / 

/ 
/ 

K ex perirr~ental p 

Fig. 3. Plot of predicted vs experimental K o values from 
the final PLS model obtained with set A variables (Eqn 1, 

Table 2). 

Fig. 5 as a plot of predicted vs experimental 
responses. In Fig. 6, a contour plot of iso-permea- 
bilities, analogous to that of Fig. 4, is shown. As 
can be observed the two contour plots are similar 
in spite of the different model structures. 

TABLE 3 

Experimental, predicted and calculated permeability coefficients 
by means of the best PLS model obtained with set A variables 

Mixture Kp exp. K 0 pred. Kp calc. 
( x l 0  -6) ( x l 0  -6) ( x l 0  6) 

1 5.82 5.63 5.65 
2 5.00 4.63 4.67 
3 3.53 3.55 3.54 
4 4.23 4.00 4.06 
5 4.62 5.05 5.02 
6 5.91 5.62 5.65 
7 4.30 4.72 4.67 
8 5.89 5.40 5.45 
9 5.88 5.85 5.85 

10 5.64 5.66 5.65 
11 5.11 5.49 5.45 
12 5.61 5.90 5.85 
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Fig. 4. Contour-plot  of iso-permeability curves obtained from 
the final PLS model with set A variables (Table 2). 

TABLE 4 

Best model obtained with PLS in terms of  R~ with respect to the 
number of  LVs (set B uariables) (the OLS-type equation was 
obtained from the PLS model) 

LV R 2 R 2 

1 25.2 53.8 
2 83.5 90.2 
3 79.0 90.2 
4 87.4 94.3 

K 0 = 6.6102 + 28.6985- E O ' T D C  - 0.3377. E O.  TDC" PG 
- 0.3392. EO 2. T D C  - 0.6688. EO" T DC  2 

K p r e d i c t e d  

/ 
j, /" 
v'," 
/ 

/ 

0 " ; '  
• {} 

/ /  
/ 

/" 
/ 

/ /  

/ 
/ 

/ 

/ 
/ 

/ 
/ 

K ex,Oer r-qer~t,~l 
p 

Fig. 5. Plot of predicted vs experimental Kp values from 
the final LPS model obtained with set B variables (Eqn 2, 

Table 4). 

As proposed in the previous work (Pattarino et 
al., 1992), different equilibria involving retinol 
and microemulsion components can affect the 
retinol permeation process: transport of the free 
drug, diffusion of drug aggregates, interaction of 

TABLE 5 

Experimental, predicted and calculated permeability coefficients 
by means of  the best PLS model with set B uariables 

Mixture Kp exp. Kp pred. Kp calc. 
( x ] 0  6) ( x 1 0 - 6 )  ( x l 0  6) 

1 5.82 5.54 5.67 
2 5.00 4.69 4.74 
3 3.53 3.46 3.51 
4 4.23 4.43 4.32 
5 4.62 4.97 4.83 
6 5.91 5.41 5.56 
7 4.30 4.27 4.28 
8 5.89 5.67 5.81 
9 5.88 5.91 5.90 

10 5.64 5.83 5.71 
11 5.1l 5.51 5.43 
12 5.61 5.84 5.78 

{,~ OE 

. :~' 

;! '  7" 

- ~ P G  

Fig. 6. Contour-plot  of iso-permeability curves obtained from 
the final PLS model with set B variables (Table 4). 
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the drug with the components of the microemul- 
sion interphase, micellization of the drug present 
in the continuous phase and, primarily, drug par- 
tition in the internal phase of microemulsion. 

In the present work, the resulting model, ob- 
tained with the first set of variables (set A), 
indicates that the cosurfactant plays a very impor- 
tant role in the permeation of the drug through 
the dialysis membrane: as can be observed from 
the contour plot of iso-permeabilities (Fig. 4), at 
fixed proportion of EO, increasing percentages of 
cosurfactant lowered the Kp value of retinol. As 
previously shown (Pattarino et al., 1992), TDC 
can form micelles in polar organic solvents: also 
in the external glycol phase of our microemul- 
sion, the cosurfactant could form micelles, in 
association with lecithin (mixed micelles) or not, 
thus reducing the free-diffusible amount of 
retinol. 

The model obtained with the set B shows that 
the permeability coefficient of retinol is a func- 
tion of terms that are products of different vari- 
ables (Table 4). 

Inspection of Fig. 6 accounts for this feature: 
at constant TDC levels ( >  12%), the permeability 
coefficient of the drug decreases significantly as 
the percentage of oil rises, and when the oil is 
held at a fixed proportion, the permeation rate 
decreases for increasing percentage of the cosur- 
factant. 

These findings confirm the reservoir effect of 
the internal phase of the microemulsion, accord- 
ing to our previous results (Pattarino et al., 1992) 
and demonstrate the influence of micellization of 
the drug on its releasing behaviour. Both calcu- 
lated models showed good predictive abilities of 
the retinol permeability from microemulsions 
through a hydrophylic membrane. Therefore, they 
could be used to select proper mixture composi- 
tions to achieve a desired drug release perfor- 
mance. 
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