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Applicability of the modified Wilson model for calculating drug solubility in water-cosolvent mixtures is
presented. The accuracy and predictability of the model are compared with those of other models which calculate
solute solubility as a function of the solvent composition. Mean of percent deviations from experimental values are
7.77, 8.70, 9.06, 10.72, 10.72 and 18.71, for the modified Wilson, double-log exponential, general single model,
combined nearly ideal binary solvent/Redlich-Kister, excess free energy and mixture response surface methods,

respectively.
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Solubilization of a poorly water-soluble drug has an
important role in the formulation of liquid dosage forms.
There are some methods which affect the solubility. One
of the most effective and readily available methods is
mixing a water miscible cosolvent, which this is called
cosolvency. Cosolvency data modeling provides not only
a means of screening experimental solubility data for
possible outliers in need of redetermination, but also
facilitates interpolation at other points falling between
measured data. Various models have been published for
mathematical representation of solubility data in binary
solvents.2™7 In the present report, we introduce the
modified Wilson model for predicting solute solubility in
water—cosolvent mixtures and compare the accuracy and
predictability of the model with those of other models
which calculate solubility based on the solvent composi-
tion.

The models which have been published to calculate drug
solubility in binary solvents as a function of solvent con-
centration are as follows:

The Excess Free Energy Approach®

InXp=fIn X+, In X, — Ao fo /(2 S — D(V/ V)
+244 LV VD) + Cofefy, M

where X, is mole fraction solubility of solute, f, and f,
are volume fraction of cosolvent and water in the absence
of the solute, X, and X,, denote mole fraction solubility
in the pure cosolvent and water, 4,,, 4,. and C, are
solvent-solvent and solute-solvent interaction terms, V,,
V, and V,, represent molar volumes of solute, colsolvent
and water, respectively. Because of the constant values of
A, Aye, Cu V,, Vo and V,, for a given system, Eq. 1 is

simplified to Eq. 2 using appropriate rearrangements:
In X, =fn X +f, n X+ Ly fofut Lo fE S, @

where L, and L, are the model constants which are
calculated using least squares analysis. This approach
makes to describe a) the multiple solubility peaks in solvent
mixtures,® b) solubility in binary solvents at various
temperatures” and c¢) solubility of structurally related
drugs in binary solvents.!?

solubility; modified Wilson model; cosolvency; prediction

Mixture Response Surface Method*
InX, =8 fi+S2fW+Sslfe+ Sl 3)

where §,—S, are the model constants, /7, and f7, are given
by: f.=0.96 £,40.02 and f,,=0.96 £, +0.02.9

Combined Nearly Ideal Binary Solvent/Redlich-Kister
Equation®

I X =/o1n X4y In Xy +foful Wo + Wi(fofu)] @
or:
In Xo=/oIn Xotfoln Xy 4fofo 3 Wifim fi) )
i=0

where W,, W, and W, stand for the model constant
calculated via regressing [In X, =f,1n X +f, In X, 1/f.f+
versus (f.—f,,).>) Equation 5 is widely used for reproduc-
ing solubility of solutes in binary solvents,>® and an
improvement in predictability of the model using no
intercept analysis was recently achieved.!? This method
is also able to describe multiple solubility maxima in
mixed solvents, solute solubility in solvent mixtures at
various temperatures’® and solubility of structurally re-
lated drugs in mixed solvents.*?
Modified Wilson Model®

In(Xy/Xp) =1 { f[ 1 =In(X3/ XN/ f + £ AT}
— (A =G/ X)VLA 411} ©)

where X% denotes ideal mole fraction solubility, and A2
and 424 are adjustable parameters of the models which
can be evaluated via least squares analysis using a computer
program®#); this program calculates the solubility at each
composition of the solvents employing pre-selected values
for 424 and 424, This model is widely used for describing
the solubility in non-aqueous mixed solvents and produced
comparable predictions with Eq. 5.*> However, the model
has not been tested on polar drug molecules dissolved in
water—cosolvent mixtures. To obtain a simplified version
(X, =1), Xi was eliminated from the model by Acree and
coworkers>:

—In(X) = 1= {£[1 +In(XJY/LLe+ 1 AGT}
— { AL+ InX) VLAV + A3} M
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Double-log Exponential Model®
In(—1In X,) =J_, 1077+ Jo +J, 107+ J5 103 ®)

where J_,, J,, J; and J; are the model constants. Al-
though the model is empirical in nature, it produces good
predictions.

General Single Model”

InXp=Ao+ A1 fot A2 f2+ A3 f3 ®

where A,—A; denote the model constants which are
calculated using least squares analysis. Previously used as
an empirical equation,?? a theoretical justification for the
model was provided using theoretically based cosolvency
models, i.e. Egs. 2 and 5.7

The available drug solubility data in water—cosolvent
mixtures were collected from the pharmaceutical literature
and details of data are shown in Table 1. The value of X}
is taken from the papers, but for some solutes the value
of X% was not shown in the references, so we calculated
it from the experimental value of AH;, or the estimated
value of AH; (AH?*),'® and T,, employing Eqs. 10 and 11:

InXi=—AH(T,~T)/(R-T-T,) (10)

(11

where 4H; denotes the fusion heat of the solute, T,, and
T are the fusion temperature of the solute and the absolute
temperature, respectively, R is the molar gas constant and
AHZP® stands for apparent 4H;.'

The solubility data were fitted to the various models to
assess the accuracy and predictability of the models and
percent deviation, %Dev., was calculated as the com-
parison criterion using Eq. 12:

AHPP=[0.01(T,—T) R T, )/loy(T,,/T)

% Dev. = 100,/NZI (Xf,:,“lc“]“'ed—Xm)/Xm | (12)

where N is the number of data in each set.

All the models compared contain four constant terms,
i.e. the known values of X, and X, as well as 2 model
constants for Eqs. 2, 4, 6 and 7, or four model constants
in the case of Eqs. 3, 8 and 9. Table 1 shows %Dev. of
the models and adjustable parameters of the modified
Wilson equations.

Careful examination of Table 1 showed that Eq. 7
provides accurate mathematical representation. All of
%Dev. for Eq. 7 are less than 30% which is an acceptable
error range from a pharmaceutical point of view.!”
Despite the non-aqueous solubility data which Eq. 6 was
predicted better than Eq. 7, in the case of water—cosolvent
mixtures it is apparent that Eq. 7 is better than Eq. 6. The
results of analysis of variance indicated that some models
produced accurate predictions. Figure 1 shows the order
of accuracy as well as the results of Duncan’s multiple
range test. Differences between Eqs. 2, 4 (using no inter-
cept analysis) and 7—9 are not significant, and the least
%Dev. was obtained for Eq. 7.

Equations 2 and 4 are mathematically identical,” and
so they produce the same predictions. The accuracy of
original forms of the modified Wilson model and combined
nearly ideal binary solvent/Redlich-Kister equation,® i.e.
28.41 and 22.37, are in parallel with the other findings
which employed solute solubility data in non-aqueous
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Fig. 1. Average of %Dev. for Various Cosolvency Models as Well as

Results of Duncan’s Multiple Range Test

Differences between equations underlined are not significant. a) %Dev.
obtained with no intercept analysis.'? b) %Dev. obtained with intercept
analysis.>

solvent mixtures.'> In the case of Eqgs. 3, 4, 8 and 9, the
5-constant forms can also be considered. The obtained
means of %Dev. are 6.33, 5.92, 4.51 and 8.53, respectively.
It is obvious that more curve-fit parameters will produce
more accurate predictions, however, more experimental
determinations are needed. In the pharmaceutical in-
dustry, because of practical and economical considera-
tions, a minimum number of solubility determinations are
required to suggest the optimum concentration of the
cosolvent for preparing a liquid dosage form of a drug,
especially in the preformulation studies of a new drug
of which only small quantities are available.
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