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The capability of the Jouyban-Acree model for predicting the optimized solvent composition of binary
solvents for solubilization of drugs is shown employing solubility of drugs in aqueous mixtures of diox-
ane, ethanol and polyethylene glycol 400. The established model constants of the Jouyban-Acree
model and solubility of drugs in water and cosolvent are used to predict the maximum solubility of in
the binary solvent mixture (log Xmmax)) @nd the corresponding solvent composition (fi max). The accu-
racy of the predicted log Xmmax) and fy max is studied using average absolute error (AAE) of predicted
and observed values. The AAEs were 0.10 £0.12 and 0.08 £ 0.10, respectively for log Xmmax) and
f1 max- The method provided acceptable predictions and is recommended for practical applications. The
main advantage of the proposed method is its extension to temperatures higher/lower than room tem-

perature.

1. Introduction

In drug discovery studies, solubility of a drug candidate is
one of the main limiting factors and an ab initio predic-
tion method is highly demanded. In the case of poor solu-
bility of a drug, addition of a cosolvent is the main solubi-
lization method and a number of models were presented
for modeling the solubility data in binary solvent mix-
tures, including the log-linear (Yalkowsky and Roseman
1981), the extended Hildebrand solubility equation (Adjei
etal. 1980), excess free energy approach (Williams and
Amidon 1984), the Jouyban-Acree model (Acree 1992,
1996, Jouyban et al. 2006a), general single model (Barze-
gar-Jalali and Jouyban-Gharamaleki 1997), the modifed
Wilson model (Jouyban-Gharamaleki 1998) and the model
of Ruckenstein and Shulgin (2003). These models require
a number of experimental data points to be trained and/or
a number of physico-chemical properties for solubility
prediction of drugs in water-cosolvent mixtures. The more
reliable and simple cosolvency model, i.e. the log-linear
model, requires the aqueous solubility of the drug and its
logarithm of partition coefficient, while the Jouyban-Acree
model requires the solubilities in mono-solvents as input
data. The cosolvency models are usually used to calculate
the solubility of a solute in different compositions of the
solvents and compared with the corresponding experimen-
tal values. From this point of view, the Jouyban-Acree
model (formerly known as the combined NIBS/Redlich-
Kister model) is the most accurate among similar models
(Jouyban-Gharamaleki etal. 1999) and is recommended
for practical applications when accurate predictions are re-
quired. The model is able to represent the solubility of
structurally related drugs (Jouyban-Gharamaleki et al.
1998), chameleonic effect (Jouyban-Gharamaleki and
Acree 1998) and solubility of polymorphs (Jouyban and

190

Clark 2002) in mixed solvents. The model was also able
to predict the solubility of drugs in ternary solvents based
on the model constants calculated from binary solvent
data (Jouyban et al. 2006a).

The aim of this work was to present the applicability of the
Jouyban-Acree model for reproducing the solubility profile
of various drugs dissolved in a given binary solvent. The
reported constants of the model for water-dioxane, water-
ethanol and water-polyethylene glycol 400 (PEG 400) mix-
tures were used to reproduce the solubility data in the bin-
ary solvents at various temperatures. Then the maximum
solubility of the drug and the optimized solvent composi-
tion to achieve the maximum solubility were calculated.
The calculated maximum solubility and optimized solvent
composition were compared with the corresponding experi-
mental data taken from the literature.

2. Investigations, results and discussion
2.1. Theoretical treatment

The Jouyban-Acree model was used to correlate solubility
of drugs in mixed solvent systems (Acree 1996; Jouyban
et al. 2006a). Its basic form to calculate a solute solubility
in water-cosolvent mixture is:

2 )
lnXm:f1 11]X1+f2 11’1X2+f1f2 Z Ai(fl —fz)l (1)
i=0

where X, is the solubility of the solute in solvent mix-
ture, f; and f, are the fractions of cosolvent and water in
the absence of the solute, X; and X, denote the solubili-
ties in solvents 1 and 2, respectively, and A; are the mod-
el coefficients computed using a no-intercept least square
analysis (Jouyban-Gharamaleki and Hanaee 1997) for
each binary solvent system. Subscript 1 of f and X terms
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represent the fraction of solvent and solute solubility in
solvent with higher solubility and for all solvent systems
X1 > X As examples, for solubility of acetanilide in
water-ethanol, ethanol is the solvent 1 and water is sol-
vent 2, whereas for solubility of alanine in water-ethanol,
water is the solvent 1 and ethanol is the solvent 2. The
A; coefficients are functions of two-body and three-body
interaction energies that describe the interactions between
the various molecules in solution (Acree 1992). In the
case of a drug dissolved in water-cosolvent mixtures, the
basic thermodynamic model from which Eq. (1) was de-
rived included all six possible two-body (c-c, w-w, d-d,
c-w, c-d and w-d) and all ten possible three-body (c-c-c,
w-w-w, d-d-d, c-c-w, c-w-w, c-c-d, c-d-d, w-w-d, w-d-d
and c-w-d) molecular interactions between water (w), co-
solvent (c) and drug (d) molecules. Equation (1) was de-
rived by differentiating the integral excess Gibbs energy
of mixing equation for the mixture containing compo-
nents ¢, w and d, expressed in terms of two-body and
three-body interaction energies, with respect to the num-
ber of moles of drug. Raoult’s law was used for the en-
tropic contribution in the integral Gibbs energy of mixing
equation. For more details of the derivation of the Jouy-
ban-Acree model, readers are refered to a previous paper
(Acree 1992). The applicability of the model was also
extended to calculate the solubility of drugs in binary
solvents at various temperatures (Jouyban-Gharamaleki
and Acree 1998) as:

2 Ji(f — )
InXpr=finX;r+HInXyr+fifp > % (2)
i=0

where X1, X;1 and X, are the solubility of the solute
in solvent mixture, solvents 1 and 2 in the absence of the
solute at temperature (T, °K) and J; are the model con-
stants.

2.2. Computational methods

The reported model constants of the Jouyban-Acree model
for water-cosolvent mixtures are:
For water-dioxane data (Jouyban 2007):

log Xin1 = f1 log Xy 1+ f log Xo v + 11>

958.44 509.45 (f; —f,) 867.44 (f; — f,)*
T T * T ®)

For water-ethanol data (Jouyban and Acree 2006):
10g Xm,T =1 10g Xl,T + 1 10g XZ,T + f1f,
72421  485.17 (f; — ) 194.41 (f; — fz)zl @)

X
T T T

For water-PEG 400 (Jouyban 2006):
log Xmrt =filog Xi 1+ f log Xo 1t + fif;
394.82 355.28 (f; — f; 388.89 (f; — f)*
35528 (fi —f) 38889 (F ﬁ] 5)

T T T

Equations (3)—(5) require experimental solubility data of
the drug in neat solvents 1 and 2 at the temperatures of
interest and are able to reproduce a solubility profile in
binary solvents at various temperatures. The numerical va-
lues of f; and f, (from 0.00 to 1.00) with 0.01 intervals
and X; and X, values of the drug were replaced in
Eqgs. (3), (4) or (5) and logarithm of maximum solubility
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(log Ximmax)) and the corresponing fraction of solvent
1 (f;, max) Were predicted. To carry out these computations,
various software could be employed. Here, the simplest
available software (GW-BASIC) was used and the com-
putations carried out using a small program listed as:

10 ‘Solubility maxima in water-ethanol mixtures
20 INPUT “Enter log solubility of drug in solvent 1: ;
LX1
30 INPUT “Enter log solubility of drug in solvent 2: ”’;
LX2
40 TF LX1 <LX2 THEN PRINT “CHANGE
SOLVENTS’ 1 AND 2 SOLUBILITY VALUES™:
PRINT: GOTO 20
50 INPUT “Enter temperature of solution (K): ;T
60 J0=724.21/T
70 J1=485.17/T
80 J2=194.41/T
90 CLS: ZMAX=LX2
100 FOR F1=0 TO 1 STEP 0.01
110 F2=1-F1
120 Q1=FI1-F2
130 Q2=(F1-F2)*(F1-F2)
140 Z=F1*LX1+F2*LX2+F1*F2*(J0+J1*Q1+J2*Q2)
150 IF Z>ZMAX THEN LSMAX=Z:
FIMAX=F1:ZMAX=Z
160 NEXT F1
170 PRINT USING “Log of maximum
solubility= ###.## at solvent 1 fraction of:
#.##”; LSMAX FIMAX

The results of the proposed models are evaluated using
absolute error (AE) and average absolute error (AAE) as
accuracy criteria computed by:

AE = | Predicted — Observed |

| Predicted — Observed |
N

Where N is the number of data sets studied.

AAE:Z

2.3. Results and discussion

The maximum solubility of 40 available solubility data of
drugs in water-dioxane mixtures at temperatures ranging

—log Xm (Predicted)

0 1 2 3 4 5
—log Xm (Observed)

Fig. 1: Maximum predicted solubility of drugs using Eq. (3) versus ob-
served values in dioxane-water mixtures (N = 40)
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Table 1: Details of solubility data of drugs in water-dioxane (solvent 1) mixtures at various temperatures (T, K), the predicted
and observed log X;,max) at volume fraction of solvent 1 (f; max), absolute error (AE) and average absolute error (AAE)

Solute Reference T log X, log X, log Xm(max) log Xm(max) 1 max £l max
Predicted Observed AE Predicted Observed AE
Acetanilide Bustamante et al. 1998 293 —-1.03 -3.15 -0.59 —0.80 0.21 0.83 0.90 0.07
Acetanilide Bustamante et al. 1998 298 —-0.92 -3.10 -0.50 —0.74 0.24 0.83 0.90 0.07
Acetanilide Bustamante et al. 1998 303 —-0.87 —-3.05 -—-0.46 —0.70 0.24 0.83 0.80 0.03
Acetanilide Bustamante et al. 1998 308 —0.79 -3.05 -041 —0.62 021 0.84 0.80 0.04
Acetanilide Bustamante et al. 1998 313 —-0.67 =296 —-0.30 —0.54 024 0.84 0.80 0.04
Acetanilide Pena et al. 2006 208 —-0.92 -3.10 -0.50 —0.74 0.24 0.83 0.80 0.03
Benzocaine Pena et al. 2006 298 —-0.55 —-4.00 -0.31 —-0.41 0.10 0.88 0.90 0.02
Caffeine Adjei et al. 1980 208 —2.07 -2.64 —1.31 —1.55 024 0.74 0.70 0.04
Nalidixic acid Bustamante et al. 1998 283 =316 -574 =276 —2.97 021 0.84 0.85 0.01
Nalidixic acid Bustamante et al. 1998 293 —-3.00 -—5.68 —2.65 —2.81 0.16 0.85 0.90 0.05
Nalidixic acid Bustamante et al. 1998 208 —293 -562 -259 —2.72 0.13  0.85 0.90 0.05
Nalidixic acid Bustamante et al. 1998 303 —2.87 —-554 -254 —2.63 0.09 0.85 0.90 0.05
Nalidixic acid Bustamante et al. 1998 308 —2.82 —544 249 —2.56 0.07 0.85 0.85 0.00
Nalidixic acid Bustamante et al. 1998 313 —-278 —530 -—-245 —2.46 0.01 0.85 0.85 0.00
p-Hydroxybenzoic Wu and Martin, 1983 298 —1.07 =322 —-0.64 —0.90 0.26 0.83 0.90 0.07
acid
Paracetamol Bustamante et al. 1998 293 —1.61 —-2.77 -0.98 —0.94 0.04 0.78 0.85 0.07
Paracetamol Bustamante et al. 1998 298 —1.57 —-2.72 -0.95 —0.87 0.08 0.78 0.85 0.07
Paracetamol Bustamante et al. 1998 303 —1.53 -2.64 —-0.92 —-0.84 0.08 0.78 0.85 0.07
Paracetamol Bustamante et al. 1998 308 —1.50 -2.59 —-0.90 —0.82 0.08 0.78 0.85 0.07
Paracetamol Bustamante et al. 1998 313 —145 -252 —-0.85 —0.78 0.07 0.78 0.85 0.07
Paracetamol Romero et al. 1996 298 —1.32 =272 -0.75 —-0.73 0.02 0.79 0.85 0.06
Phenacetin Bustamante and Bustamante, 293 —1.85 —4.17 —144 —1.40 0.04 0.84 0.90 0.06
1996
Phenacetin Bustamante and Bustamante, 298 —1.77 —4.09 —1.37 —1.33 0.04 0.84 0.90 0.06
1996
Phenacetin Bustamante and Bustamante, 303 —1.67 —-399 —1.28 —1.26 0.02 0.84 0.90 0.06
1996
Phenacetin Bustamante and Bustamante, 308 —1.58 —-3.93 —1.21 —1.19 002 0.84 0.90 0.06
1996
Phenacetin Bustamante and Bustamante, 313 —1.51 —-3.84 -—1.15 —1.12 0.03 0.84 0.90 0.06
1996
Phenacetin Pena et al. 2006 208 —1.76 —4.00 —1.35 —1.33 0.02 0.83 0.90 0.07
Salicylic acid Pena et al. 2006 298 —0.51 —-3.70 —-0.24 —-0.42 0.18 0.87 0.90 0.03
Salmeterol Jouyban-Gharamaleki et al. 292 —2.37* —5.55* —-2.08 —1.47* 0.61 0.87 0.90 0.03
xinafoate 2001b
Sulfadiazine Bustamante et al. 1993 298 —-330 -536 -—-2.86 —2.74 0.12 0.83 0.85 0.02
Sulfadimidine Bustamante et al. 1993 208 —2.83 -—-552 -249 —2.45 0.04 0.85 0.90 0.05
Sulfamethizole Reillo et al. 1995a 208 —3.02 —445 246 —2.09 0.37 0.80 0.80 0.00
Sulfamethoxazol Bustamante et al. 1993 298 —1.52 —4.64 —1.24 —1.21 0.03 0.87 0.85 0.02
Sulfanilamide Reillo et al. 1993 298 —1.10 -3.19 —-0.66 —0.71 0.05 0.83 0.85 0.02
Sulfapyridine Reillo et al. 1995b 208 —447 575 —3.88 —3.97 0.09 0.79 0.87 0.08
Sulfisomidine Martin et al. 1985 208 —2.60 —4.00 -—2.03 —-1.92 0.11  0.79 0.80 0.01
Sulphamet- Bustamante et al. 1993 208 —1.62 —443 —1.30 —1.15 0.15 0.86 0.86 0.00
hoxypyridazine
Theobromine Martin et al. 1981 208 —335 —448 =273 -3.12 0.39 0.78 0.70 0.08
Theophylline Martin et al. 1980 208 —2.59 -3.13 -—1.83 —1.84 0.01 0.74 0.70 0.04
Trimethoprim Subrahmanyam et al. 1996 208 —-2.52 —4.68 -2.10 —2.32 022 0.83 0.83 0.00
AAE: 0.14 AAE: 0.043

#The solubility data of salmeterol xinafoate were reported in natural logarithm scale by a mistake in our previous paper (Jouyban-Gharamaleki et al. 2001b) and all data should be

read in log scale instead of In scale.

from 283-313 K collected from the literature were used
to check the accuracy of Eq. (3) in predicting maximum
solubility of a drug in water-dioxane mixtures and the op-
timized solvent composition. Details of the data sets, tem-
perature, logarithms of drug solubilities in water and diox-
ane, logarithm of maxiumum solubilities predicted by
Eq. (3) and the observed values, the corresponding solvent
composition (predicted and observed values), AE and
AAEs were listed in Table 1. The minimum AE (0.01) of
log Xmmax) Was observed for acetanilide at 313 K whereas
the maximum AE (0.61) was for salmeterol xinafoate
at 292 K and the AAE (£SD) of log Xmmax) Was 0.14 £
0.13. With the wide range of log X,, data (—3.97 to
—0.51) AAE of 0.14 could be considered as an acceptable
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error. From a practical point of view, prediction of the
best solvent composition to solubilize the maximum
amount of the drug is more interesting. The proposed
model was able to predict fj ., and the maximum and
minimum AE values were 0.00 and 0.08 for nalidixic acid
and theobromine data, respectively. The AAE (£SD) of
1 max Was 0.04 £ 0.03 which means that the model is able
to predict the best solvent composition of water-dioxane
with overall error of 4%. Fig. 1 shows a good linear rela-
tionship (R = 0.9796, N = 40) between predicted and ob-
served log Xm(max) for the studied data sets.

Details of solubility data of drugs in water-ethanol mix-
tures were reported in Tables 2 and 3. Data of Table 2
were used to train the Jouyban-Acree model and obtain
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R=0.9991

—log Xm (Predicted)

1 2 3 4 5 6
—log Xm (Observed)

Fig. 2: Maximum predicted solubility of drugs using Eq. (4) versus ob-
served values in ethanol-water mixtures (N = 65)

Eq. (4) and the maximum and minimum of AEs for
log Xmmax) Were for benz[a]pyrene (and also a number of
data sets) (0.00) and norleucine (0.30) and the AAE
(£SD) of log Xmmax Wwas 0.08 £ 0.08. The minimum,
maximum of AEs and AAE (£SD) for f} max were 0.00,
0.20 and 0.06 % 0.05. Data sets of Table 3 were not used
in the training process of Eq. (4) and produced the similar
results as data sets of Table2. The AAE (£SD) for
log Xmmax) and fj max were 0.13 +0.08 and 0.08 £ 0.05,
respectively. Excellent agreement between predicted and
oberserved log Xmmax) for data sets in water-ethanol mix-
tures is shown in Fig. 2. The wide range of solubility data
varying from —8.83 to 2.97 reveals that the model pro-
vided acceptable predictions and could be used in pharma-
ceutical industry, where the maximum solubility in a
water-cosolvent mixture and also the optimized solvent
composition are highly demanded. Different solubility ex-
pressions from mole fraction to gram per liter data have
been predicted using Eq. (4) employing various solvent
composition expressions from volume fraction to weight
fraction. The independence of the proposed method from
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Fig. 3: Maximum predicted solubility of drugs using Eq. (5) versus ob-
served values in PEG 400-water mixtures (N = 81)
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Fig. 4: Relative frequency of absolute errors sorted in five subgroups for
predicted log Ximmax) and fi max of solubility of drugs in water-co-
solvent mixtures

solubility and solvent composition expressions facilitates
its practical applications. In addition, it predicts the solubi-
lity at various temperatures which is quite beneficial in
practice. The only limitation of the model is its input data
(i.e. solubility of drug in neat water and ethanol), how-
ever, aqueous solubility is usually available in early stage
of the drug discovery studies. Therefore, by determining
only one solubility data in ethanol for each solute, its so-
lubility profile in water-ethanol could be accurately repro-
duced using Eq. (4).

Equation (5) produced log Xi(max) in water-PEG 400 mix-
tures with maximum AE of 0.64 for methylparaben and
AAE (£SD) of 0.07 £+ 0.13. The corresponding values
for f; max were 0.62 for aminopyrine and 0.12 £ 0.14. Re-
latively higher AAEs for water-PEG 400 data sets is due
to the wide range of solubility data and a limited number
of data points in each set. The experimental data were
reported at f; = 0.00, 0.25, 0.50, 0.75 and 1.00 in the
reference (Rytting etal. 2005), and for most of drugs
fl =0.75 or 1.00 showed the maximum solubility. How-
ever, one cannot assure that the real solubility maximum
is 0.75 or 1.00 or at a solvent composition between 0.75
to 1.00. Fig. 3 shows the predicted log Xmmax) versus ob-
served values. The correlation coefficient is 0.9046, and a
number of drugs produced relatively high deviation.

AEs for log Xmmax) and fj max values sorted in five sub-
groups, i.e. <0.05, 0.05-0.10, 0.10-0.20, 0.20-0.30 and
>0.30 and the relative frequencies of the AEs for 186
data sets in three studied solvent systems are shown in
Fig. 4. The overall AE distribution was acceptable and the
probability of AE <0.20 for log Xmmax), Was 0.83 and for
f1.max Was 0.84. This means that for a new drug dissolved
in the aqueous mixtures of the studied solvent systems,
one can predict 10g Xmmax) and {1 max With acceptable er-
rors by determining its solubility in water and the neat
cosolvent of interest.

As a general conclusion, the proposed method provided ac-
ceptable predictions and the AAEs (£SD) of log Xmmax)
and fj .« for the available data sets studied were
0.10 £0.12 and 0.08 £ 0.10, respectively. The proposed
method is able to predict solubilities in different solubility
expressions. By using input data, i.e. X; and X,, in mole
per liter, the model is able to predict the solubilities in
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Table 4: Details of solubility data of drugs in water-PEG 400 mixtures at 296 K?, the predicted and observed logXmmax) at
volume fraction of solvent 1 (f;max), absolute error (AE) and average absolute error (AAE)

Solute Solvent 1 log X, log X, log Xm(max) log Xm(max) 1 max 1 max
Predicted Observed AE Predicted Observed AE

Acetazolamide PEG 400 -132 -244 -131 —1.11 0.20 0.96 0.75 0.21
Adenine PEG 400 —-134 -2.05 —1.30 —1.14 0.16 0.87 0.75 0.12
Adenosine PEG 400 -1.64 —-1.70 —1.26 —1.16 0.10 0.29 0.75 0.46
p-Aminobenzoic acid PEG 400 0.30 —0.99 0.30 0.30 0.00 0.98 0.75 0.23
Aminopyrine PEG 400 —-0.59 —-1.04 —-047 —0.59 0.12 0.38 1.00 0.62
Ampicillin Water —-1.65 -3.11 —1.65 —1.35 0.30 1.00 0.75 0.25
Aspirin PEG 400 —-0.13 —-1.68 —0.13 —0.13 0.00 1.00 1.00 0.00
Atropine PEG 400 —-134 -2.18 —-1.31 —1.25 0.06 091 0.75 0.16
Azathioprine PEG 400 -139 -328 —1.39 —1.39 0.00 1.00 0.75 0.25
Benzamide PEG 400 —-0.56 —1.07 —0.48 —0.19 0.29 0.40 0.50 0.10
Benzoic acid PEG 400 022 -1.60 0.22 0.32 0.10 1.00 0.75 0.25
Bumetanide PEG 400 —-0.52 —4.12 -0.52 —0.52 0.00 1.00 0.75 0.25
Butamben PEG 400 047 -3.05 0.47 0.48 0.01 1.00 1.00 0.00
Butylparaben PEG 400 043 —-2.96 043 043 0.00 1.00 1.00 0.00
Carbamazepine PEG 400 —-0.86 —3.16 —0.86 —0.74 0.12 1.00 0.75 0.25
Chloramphenicol PEG 400 —-0.32 —-1.94 -0.32 —0.32 0.00 1.00 1.00 0.00
Chlorthalidone PEG 400 —0.88 —-3.34 —0.88 —0.82 0.06 1.00 0.75 0.25
Chlorzoxazone PEG 400 —-049 -287 —-0.49 —0.49 0.00 1.00 1.00 0.00
Cimetidine PEG 400 —-0.80 —-1.07 —0.56 —0.52 0.04 0.33 0.75 0.42
Clofazimine PEG 400 -1.72 -622 -1.72 —-1.72 0.00 1.00 1.00 0.00
Cortisone PEG 400 —-1.66 —-3.18 —1.66 —1.66 0.00 1.00 1.00 0.00
Dapsone PEG 400 -0.75 -3.07 -0.75 —0.17 0.58 1.00 0.75 0.25
Deoxycorticosterone PEG 400 -096 -359 -0.96 —-0.96 0.00 1.00 1.00 0.00
Dexamethasone PEG 400 -137 -3.68 —1.37 —1.37 0.00 1.00 1.00 0.00
Diflunisal PEG 400 -133 —4.11 —-1.33 —1.21 0.12 1.00 0.75 0.25
Diosgenin PEG 400 —-2.11 -5.08 -2.11 —2.11 0.00 1.00 1.00 0.00
Disopyramide PEG 400 -034 —-1.75 —-0.34 —0.34 0.00 1.00 1.00 0.00
Equilin PEG 400 -1.19 -5.00 -1.19 —1.19 0.00 1.00 1.00 0.00
Estradiol-17-alpha PEG 400 -137 =531 —-1.37 —1.37 0.00 1.00 1.00 0.00
Estriol PEG 400 —1.34 —-4.09 —1.34 —1.32 0.02 1.00 0.75 0.25
Estrone PEG 400 —-1.87 -525 —-1.87 —1.87 0.00 1.00 0.75 0.25
Ethylparaben PEG 400 024 -229 0.24 0.26 0.02 1.00 0.75 0.25
Fenbufen PEG 400 —-1.01 —-4.14 -1.01 —1.01 0.00 1.00 1.00 0.00
Flufenamic acid PEG 400 -1.07 —-441 -1.07 —1.07 0.00 1.00 1.00 0.00
Flurbiprofen PEG 400 0.10 —3.86 0.10 0.10 0.00 1.00 1.00 0.00
Glafenine PEG 400 —-136 —-454 —1.36 —1.36 0.00 1.00 1.00 0.00
Griseofulvin PEG 400 —-0.16 —-456 —0.16 —0.16 0.00 1.00 1.00 0.00
Guaifenesin PEG 400 —-0.31 -096 —0.26 —0.03 0.23 0.86 0.75 0.11
Guanine Water —4.07 —-424 -3.76 —3.96 0.20 0.31 0.25 0.06
Hydrochlorothiazide PEG 400 -1.07 =278 —1.07 —0.66 0.41 1.00 0.75 0.25
Hydrocortisone PEG 400 -185 -3.03 -—-1.85 —1.46 0.39 0.97 0.75 0.22
Hydroflumethiazide PEG 400 —148 —-3.09 —-148 —1.33 0.15 1.00 0.75 0.25
Ibuprofen PEG 400 0.08 —3.63 0.08 0.08 0.00 1.00 1.00 0.00
Indapamide PEG 400 -0.62 -370 -0.62 —0.48 0.14 1.00 0.75 0.25
Indoprofen PEG 400 -127 —-431 -1.27 —-1.27 0.00 1.00 1.00 0.00
Iopanoic acid PEG 400 —-0.57 —-548 —-0.57 —-0.57 0.00 1.00 1.00 0.00
Ketoprofen PEG 400 -0.02 -328 —-0.02 —0.02 0.00 1.00 1.00 0.00
Mefenamic acid PEG 400 -1.05 -5.18 —1.05 —1.05 0.00 1.00 1.00 0.00
Methylparaben PEG 400 —0.84 —-2.06 —0.84 —0.20 0.64 0.97 0.75 0.22
Metronidazole Water -1.13 -1.16 —-0.73 —1.01 0.28 0.28 0.25 0.03
Minoxidil PEG 400 —1.84 —-194 —-149 -1.30 0.19 0.29 0.50 0.21
Nadolol Water -1.01 -112 -0.66 —-0.91 0.25 0.30 0.25 0.05
Nalidixic acid PEG 400 —-221 =350 221 —2.21 0.00 0.98 1.00 0.02
Naphthalene PEG 400 0.05 -3.67 0.05 0.05 0.00 1.00 1.00 0.00
2-Naphthol PEG 400 —-0.14 -227 -0.14 —0.03 0.11 1.00 0.75 0.25
Naproxen PEG 400 -029 -379 -0.29 —-0.29 0.00 1.00 1.00 0.00
Norethisterone PEG 400 —-1.56 —4.66 —1.56 —1.56 0.00 1.00 1.00 0.00
Norfloxacin PEG 400 -1.69 —-2.76 —1.68 -1.70 0.02 0.95 1.00 0.05
Paracetamol PEG 400 —-0.06 —-1.08 —0.05 0.17 0.22 0.94 0.75 0.19
Phenacetin PEG 400 —-0.53 -235 —-0.53 —0.53 0.00 1.00 1.00 0.00
Phenolphthalein PEG 400 -113 -5.00 -1.13 —1.09 0.04 1.00 0.75 0.25
Phenylbutazone PEG 400 -072 —-413 -0.72 —-0.72 0.00 1.00 0.75 0.25
Prednisolone PEG 400 -122 -3.18 —-1.22 —1.18 0.04 1.00 0.75 0.25
Primidone PEG 400 —-1.63 —-236 —1.59 —1.53 0.06 0.88 0.75 0.13
Progesterone PEG 400 —-140 —-417 -1.40 —1.40 0.00 1.00 1.00 0.00
Propylparaben PEG 400 0.12 —-2.74 0.12 0.12 0.00 1.00 1.00 0.00
Quinidine PEG 400 -1.17 =277 -1.17 —1.17 0.00 1.00 1.00 0.00
Quinine PEG 400 —-0.36 —-243 —0.36 —0.36 0.00 1.00 1.00 0.00
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Solute Solvent 1 log X log X, log Xm(max) log Ximmax) 1 max 1 max
Predicted Observed AE Predicted Observed AE

Salicylamide PEG 400 033 —-1.77 0.33 0.33 0.00 1.00 1.00 0.00
Salicylic acid PEG 400 036 —1.86 0.36 0.36 0.00 1.00 1.00 0.00
Sulfadiazine PEG 400 —-1.17 -3.60 —1.17 —1.17 0.00 1.00 1.00 0.00
Sulfamethazine PEG 400 —-129 -2.86 —1.29 —1.29 0.00 1.00 1.00 0.00
Sulfamethoxazole PEG 400 -0.07 -2.85 —-0.07 —0.07 0.00 1.00 1.00 0.00
Sulfanilamide PEG 400 —-0.73 —-141 -0.69 —0.64 0.05 0.87 0.50 0.37
Sulfathiazole PEG 400 —-0.16 —-2.18 -0.16 —0.16 0.00 1.00 1.00 0.00
Tenoxicam PEG 400 —1.80 -394 —1.80 —1.80 0.00 1.00 1.00 0.00
Thiamphenicol PEG 400 —-0.56 —1.86 —0.56 —0.55 0.01 0.98 0.75 0.23
Triamcinolone PEG 400 —-1.85 -3.61 —1.85 —1.74 0.11 1.00 0.75 0.25
1,2,3-Trichlorobenzene PEG 400 —-038 —547 —-0.38 —0.38 0.00 1.00 1.00 0.00
Trimethoprim PEG 400 —125 -235 -—1.24 —1.25 0.01 0.95 1.00 0.05
Xanthine PEG 400 —3.78 —-3.87 342 —3.35 0.07 0.29 0.75 0.46

AAE: 0.07 AAE: 0.12

2All solubility data in water-PEG 400 taken from Rytting et al. (2005).

mole per liter and so on. Considering the temperature
parameter, using two solubility data points (at the lowest
and highest temperature of interest) for each solubility set,
it is possible to predict the solubility by van’t Hoff plot
and using an interpolation method.
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