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Abstract: A new computational method based on an artificial neural network has been proposed
to calculate solute solubility in binary mixed solvents. The accuracy of the proposed method has
been compared with that of the best multiple linear regression method taken from the literature
employing seven numerical analyses and the results showed that the proposed method was

superiour in six numerical analyses and there was no significant difference between two methods

in a numerical analysis.
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1- Extrapolation

2- Feed forward back propacation error
3- Adaptive

7-Training 4- Learning rate

8- Validation 5- Learning rate increase

9- Prediction 6- Learning rate decrease
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Method/ Set N Max-IPD? MPD? S.D. %
Cosolvent numbers of MPD?
in Table 1
MLR:
Dimethylformamide 2-3 25 26.05 10.28 9.95
Dioxane 4-17 233 174.86 25.79 27.91
Ethanol 18-22 60 147,71 22.73 33.80
Ethylene glycol 23-24 35 78.14 16.35 17.18
Propylene glycol 27-35 101 52.04 13.18 12.49
OMPD 20.36
ANN:
Dimethylformamide 2-3 25 4.67 0.96 1.08
Dioxane 4-17 233 23.97 3.43 3.44
Ethanol 18-22 60 12.95 2.71 2.38
Ethylene glycol 23-24 35 7.12 2.61 2.16
Propylene glycol 27-35 101 5.76 1.88 1.35
OMPD 2.02
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ANN MLR

Method/Solute Set numbers N Maximum IPD? S.D. % of
in Table 1 IPD? MPD?
MLR:
Sulpha drugs in water-dioxane 8-15 142 138.19 25.38 28.24
Xanthines in water-dioxane 4,16, 17 48 76.60 17.59 17.98
Benzoates in water-propylene glycol 27-30,32-35 88 51.12 12.14 11.87
OMPD 18.37
ANN:
Sulpha drugs in water-dioxane 8-15 142 25.16 6.76 5.37
Xanthines in water-dioxane 4,16, 17 48 7.04 2.71 1.89
Benzoates in water-propylene glycol 27-30,32-35 88 14.24 4.64 3.20
OMPD 470
() - (a
)
ANN MLR
Method/Cosolvent  Set numbers N Maximum IPD? MPD? S.D. % of
inTable 1 MPD?
MLR:
Theophylline 1,17, 25-26 63 809.81 105.59 192.99
Paracetamol 6,20 30 112.09 37.56 26.85
Caffeine 2,4 27 219.44 58.41 58.71
OMPD 67.19
ANN:
Theophylline 1,17, 25-26 63 13.19 5.14 3.23
Paracetamol 6, 20 30 10.74 3.06 2.52
Caffeine 2,4 27 4.99 1.87 1.54
OMPD 3.36
« ) - (a
MLR ANN
% [ £ / / =

)



MLR

References:

1- Adjei, A., Newburger, J., Martin, A.
Extended Hildebrand approach. Solubility
of caffeine in dioxane-water mixtures. J.
Pharm. Sci., 1980, 69: 659-661.

2- Yalkowsky, S.H., Roseman, T.,[ In:
Yalkowsky, S.H. (Ed.), Solubilization of
Drugs by Cosolvents. Marcel Dekker, New
York, 1981, pp. 91-134.

3- Williams, N.A., Amidon, G.L. Excess
free energy approach to the estimation of
solubility in mixed solvent systems |I.
Theory. J.Pharm. Sci., 1984, 73: 9-13.

4- QOchsner,© A.B., Belloto, RJ., Jr,
Sokoloski, T.D. Prediction of xanthine
solubilities using statistical techniques. J.
Pharm. Sci., 1985, 74: 132-135.

5- Acree, W.E., Jr, Zvaigzne, A.l
Thermodynamic properties of
nonelectrolyte solution. 4. Estimation and
mathematical representation of solute
activity coefficient and solubilities in

binary solvents using the NIBS and

MLR

MLR ANN
ANN
MLR

modified Wilson equations. Thermochim.
Acta, 1991, 178: 151-167.

6- Acree, W.E., Jr. Mathematical
representation of thermodynamic
properties. Part 1l. Derivation of the
combined nearly ideal binary solvent
(NIBS)/Redlich-Kister

representation from a two-body and three-

mathematical

body interactional  mixing  model.
Thermochim. Acta, 1992, 198: 71-79.

7- Khossravi, D., Connors, K.A. Solvent
effect on chemical processes. I: Solubility
of aromatic and heterocyclic compounds in
binary aqueous-organic solvents. J. Pharm.
Sci., 1992, 81 : 371-379.

8- Fan, C., Jafvert, C.T. Margules
equations applied to PAH solubilities in
alcohol-water mixtures. Environ. Sci.
Technol., 1997, 31: 3516-3522.

9- Barzegar-Jalali, M., Jouyban-Gh., A. A
general single model from theoretical
cosolvency models. Int. J. Pharm., 1997,

152: 247-250.



10- Jouyban-Gh., A. The modified Wilson
model and predicting drug solubility in
water-cosolvent mixtures. Chem. Pharm.
Bull., 1998, 46: 1058-1059.

11- Jouyban-Gh., A., Dastmalchi, S.,
Chan, H.K., Hanaee, J., Javanmard, A,
Barzegar-Jalali, M. Solubility prediction
for furosemide in water-cosolvent mixtures
using the minimum  number  of
experiments. Drug Dev. Ind. Pharm., 2001,
27: 577-583.

12- Jouyban-Gh., A., York, P., Hanna, M.,
Clark, B.J. Solubility prediction of
salmeterol xinafoate in water-dioxane
mixtures. Int. J. Pharm., 2001, 216: 33-41.
13- Despagne, F., Massart, D.L. Neural
networks in multivariate calibration.
Analyst 1998, 123: 157R-178R

14- Jouyban-Gh., A., Hanaee, J:"A novel
method for improvement of predictability
of the CNIBS/R-K equation. Int. J: Pharm.,
1997, 154: 245-247.

15- Hwang, CiA:;Hostle, J.C., Hall, K.R.,
Mansoori, G.A. . A simple relation to
predict or to correlate the excess function
of multicomponent mixtures. Fluid Phase
Equilibria, 1991, 62: 173-189.

16- Acree, Jr., W.E. Polycyclic aromatic
hydrocarbons: Binary nonagueous
systems. Part 1 (Solutes A-E), IUPAC
Solubility Data Series, 1995, Vol. 58,
Oxford University Press, Oxford.

17- Pribyla, K. J., Acree, Jr., W.E.
Solubility of anthracene in ternary dibutyl
ether + alcohol + heptane solvent mixtures
at 298.15 K. J. Chem. Eng. Data, 1999, 44:
1259-1261.

18- Fishback, S., Duenas, S. Kuehn, N.,
Pacheco, J. , Acree,Jr., W.E. Solubility of
pyrene in ternary. propanol + butanol +
heptane solvent mixtures‘at 299.15 K. J.
Chem. Eng. Data, 2002, 47: 62-64.

19- Jouyban-Gh., A., Clark., B.J., Acree,
Jr., W.E. Models to predict solubility in
ternary solvents based on sub-binary
experimental data. Chem. Pharm. Bull.,
2000, 48: 1866-1871.

20- Jouyban-Gh., A., Valaee, L., Barzegar-
Jalali, M., Clark, B.J., Acree, Jr., W.E.
Comparison of various cosolvency models
for calculating solute solubility in water-
cosolvent mixtures. Int. J. Pharm., 1999,
177: 93-101.

21- Jouyban-Gh., A., Barzegar-Jalali, M.,
Acree, Jr., W.E. Solubility of structurally
related drugs in binary solvent mixtures.
Int. J. Pharm., 1998, 166: 205-209.

22- Jouyban-Gh., A., Khaledi, M.G.,
Clark, B.J. Calculation of electrophoretic
mobilities in  water-organic modifier
mixtures in capillary electrophoresis. J.
Chromatogr. A, 2000, 868: 277-284.

23- Jouyban, A., Khoubnasabjafari, M.,
Chan, H.K. Altria, K.D., Clark, B.J.

Predicting electrophoretic mobility of



beta-blockers in water-methanol mixed
electrolyte  system.  Chromatographia,
2003, 57: 191-196.

24- Jouyban, A., Grosse, S.C., Chan,
H.K., Coleman, M.W., Clark, B.J.
Mathematical representation of
electrophoretic mobility of basic drugs in
ternary solvent buffers in capillary zone
electrophoresis. J. Chromatogr. A, 2003,
994:191-198.

25- Jouyban, A., Chan, H.K., Barzegar-
Jalali, M., Acree, Jr., W.E. A model to
represent solvent effects on the chemical
stability of solutes in mixed solvent
systems. Int. J. Pharm., 2002, 243: 167-
172.

26- Jouyban, A., Chan, H.K., Clark, B.J.,
Acree, Jr., W.E. Mathematical
representation of . apparent . acid
dissociation constants in agueous-organic
solvent mixtures. Int. J.<Pharm., 2002,
246, 135-142.

27- Jouyban, A., Seltanpour, Sh., Chan,
H.K. A" simple relationship between
dielectric constant of mixed solvents with
solvent composition and temperature. Int.
J. Pharm., 2003, in press.

28- Jouyban, A., Fathi, A., Barzegar-
Jalali, M., Acree, Jr., W.E. Correlation of
surface tension of mixed solvent with
solvent composition, Pharmazie 2001, in

press.

29- Herrador, M.A., Gonzalez, A.G.
Solubiliy prediction of aqueous N,N-
dimethylformamide mixtures using the
extended Hildebrand solubility approach.
Int. J. Pharm., 1997 156: 239-244.

30- Martin, A., Wu, P.L., Adjei, A,
Lindstrom, R:E.; Elworthy, P.H. Extended
Hidlebrand. solubility approach and the
log-linear solubility equation. J. Pharm.
Sci., 1982, 71: 849-856.

31="Wu, /P.L., Martin, A. Extended
Hildebrand  solubility — approach: p-
Hydroxybenzoic acid in mixtures of
dioxane and water. J. Pharm. Sci., 1983,
72: 587-595.

32- Romero, S., Reillo, A., Escalera, B.,
Bustamante, P. The behaviour of
paracetamol in mixtures of aprotic and
amphiprotic-aprotic solvents. Relationship
of solubility curves to specific and
nonspecific interactions. Chem. Pharm.
Bull., 1996, 44: 1061-1064.

33- Bustamante, C., Bustamante, P.
Nonlinear enthalpy-entropy compensation
for the solubility of phenacetin in
dioxane-water solvent mixtures. J. Pharm.
Sci., 1996, 85: 1109-1111.

34- Bustamante, P., Escalera, B., Martin,
A., Selles, E. A modification of the
extended Hildebrand approach to predict
the solubility of structurally related drugs
in solvent mixtures. J. Pharm. Pharmacol.,

1993, 45: 253-257.



35- Reillo, A., Cordoba, M., Escalera, B.,
Selles, E., Cordoba, M., Jr. Prediction of
sulfamethiazole solubility in dioxane-
water mixtures. Pharmazie, 1995, 50: 472-
475.

36- Reillo, A., Bustamante, P., Escalera,
B., Jimenez, M.M., Selles, E. Solubility
parameter-based methods for predicting
the solubility of sulfapyridine in solvent
mixtures. Drug Dev. Ind. Pharm., 1995,
21: 2073-2084.

37- Reillo, A., Escalera, B., Selles, E.
Prediction of sulfanilamide solubility in
dioxane-water mixtures. Pharmazie, 1993,
48: 904-907.

38- Martin, A., Wu, P.L., Velasquez, T.
Extended Hildebrand solubility approach.
Sulfonamides in binary and ternary
solvents. J. Pharm. Sci., 1985,/ 74: 277-
282.

39- Martin, A., Paruta, A.N., Adjei, A.
Extended Hildebrand: solubility approach:
Methylxanthines..in mixed solvents. J.
Pharm. Sci., 1981, 70: 1115-1120.

40- Martin, A., Newburger, J., Adjei, A.
Extended Hildebrand solubility approach:
Solubility of theophylline in polar binary
solvents. J. Pharm. Sci., 1980, 69: 784-
491.

41- Jouyban-Gh., A., Romero, S.,
Bustamante, P., Clark,. B.J. Multiple
solubility maxima of oxolinic acid in
mixed solvents and a.new extension of
Hildebrand solubility approach. Chem.
Pharm. Bull., 2000, 48: 175-178.

42- Bustamante, P., Ochoa, R., Reillo, A,
Escalera, J.B. Chameleonic effect of
sulfanilamide and sulfamethazine in
solvent mixtures. Solubility curves with
two solubility maxima. Chem. Pharm.
Bull., 1994, 42: 1129-1133.

43- Rubino, J.T., Obeng, E.K. Influence
of solute structure on deviation from log-
linear solubility equation in propylene
glycol: water mixtures. J. Pharm. Sci.,
1991, 80: 479-483.









