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Abstract

While the ethanol/water solubility profiles of very polar and very non-polar drugs are monotonic, many semi-polar
drugs show a maximum solubility at an ethanol volume fractifya X between 0 and 1. A sigmoidal relationship was
observed between the value faf;x and the log of the octanol/water partition coefficient (lag) of the solute. This re-
lationship reasonably predicts the value of the volume fraction of ethanol that gives maximum soldhility Gom-
bining this sigmoidal relationship with the previously reported linear relationship between th&,laand the initial
slope of the plot of log solubility versus ethanol composition [Li, A., Yalkowsky, S.H., 1994. Solubility of organic so-
lutes in ethanol/water mixtures. J. Pharm. Sci. 83, 1735-1740] enables the estimation of the total ethanol/water solubility
profile.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction estimated solubility using a parabolic function of the
dielectric constant of the solvent mixture, aMiartin
Various theories and models of cosolvency includ- et al. (1979, 1981proposed a parabolic relationship
ing linear and parabolic models have been proposed between solute solubility and the solubility parame-
to predict drug solubility profilesParuta et al. (1964)  ter of a solvent mixture. RecentliRuckenstein and
Shulgin (2003)applied fluctuation theory to generate
S — , a new parabolic model to predict solubility in aqueous
* Corresponding author. Tel.: +1 520 626 4308; :
) mixed solvents.
fax: +1 520 626 4063. .
E-mail addressmachatha@pharmacy.arizona.edu Yalkowsky and. Roseman (1982nd Rup'”o and
(S.G. Machatha). Yalkowsky (1984Y¥irst demonstrated a log-linear rela-
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tionship between the solubility of a non-polar solute In this report we will investigate the relationship
and the fraction of cosolvent. This relation is described between the partition coefficient of the solute and the
as ethanol composition that produces maximum solubil-
ity. This combined with Eq(3) will enable the crude
109 Smix = 109 Sw + ofc @ e)s/,timation of the total solt?t()ili)ty profile of a drug from
whereSyix andS, are the solubilities in the cosolvent  its octanol/water partition coefficient.
mixture and water, respectively, afgis the volume
fraction of cosolvent. The term defines the cosolvent
solubilization power for a particular cosolvent—solute 2. Method
system.

The polarity of semi-polar compounds lie between 2.1. Acquisition of data
those of water and cosolveihi.and Yalkowsky (1994)
observed that in semi-polar solutes the solubilization Fifty-one compounds were arbitrarily selected from
curves are linear up tig = 0.5, after which they some-  the published solubility data ofi and Yalkowsky
times become concave up. This non-linear behavior is (1994)andMillard et al. (2002)
dependent on how close the polarity of the solute is to
that of the mixture. They showed that the use of end 2.2. Statistical analysis
to half slope §¢ 5) instead of the end to end slope) (
is more appropriate for such compounds. The value of  Non-linear regression was performed using Win-
005 is determined from experimental data using the Curve Fit Version 1.1.8, 2002, Kevin Rainer Software
relationship: (Victoria, Australia).
The average absolute error (AAE) was determined

log So.5 — log S,
005 = w (2) using the relationship:
whereS s is the solubility affc = 0.5. AAE — 2 lobserved- predicted ©)
Thus n
log So.5 = 10g Sw + 005/« A3) wheren is the number of compounds studigelests

N _ were performed using Microsoft Excel 1997 (Los An-
The addition of cosolvent lowers the polarity of the —geles, CA). Thé-value was determined using a paired
aqueous system, which in turn increases the solubil- t-test with a two-tailed distribution. The partition co-

ity of non-polar solutes while reducing that of polar efficients were determined using CId§RBioByte
onesLiand Yalkowsky (1994showed thatfor ethanol,  Corp., 1999).

oo.5is linearly related to the solute octanol/water parti-
tion coefficient (lodKow) as described in the following

equation: 3. Results and discussion

= 1.274+ 0.791(logK 4
05 + (logKon) @ As expected, a linear relationship betweenHog
More recentlyMachatha et al. (2004howed thatthe  and oq 5 for the 51 compounds studied is shown in
apparent discrepancy between the parabolic and log-Fig. 1 Most of the experimentalg 5 values were taken
linear models can be resolved by using an equation of from Li and Yalkowsky (1994)The data are described

the form: by the following equation which is in agreement with
log Sw + a Eq. (4):
10g Smix = - 3ow e (5)
1+bfc+cfe 005 = 1.143+ 0.939/0g K ow
wherea, b andc are empirical parameters. This equa- (R? = 0.905 S.E = 0.698) @)

tion was found to fit the experimental data for 51 com-
pounds better than a polynomial containing the same The slight difference between E) and Eq.(4) are
number of coefficients. due to the fact that a different version of ClogP was
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Fig. 1. Plot of logKew VS. 00 5 With linear regression.

used to determine the ldg,y values. The predicted

o5 Were compared to the experimental values and the Hydantoin

absolute errors are listed Trable 1 It is clear that the
005 values for this set of compounds are reasonably
predicted from the logarithm of the partition coeffi-

cient. Combining Eq9.3) and (7)gives

Six

Sw

log = (1.143+ 0.939logK o) f¢

This equation enables the prediction of the dependence

of solute solubility upon ethanol fractional concentra-  Formyi-aminobutyric —0.35

tion for any drug.

Of the 51 compounds studied 22 demonstrate dis- Caffeine

tinct solubility maxima as the cosolvent composi-
tion increases, while 21 decrease monotonically and

8 increase monotonically. The latter have maxima at rormyileucine

fc = 0 andfc = 1, respectively. FronFig. 2 it is
apparent that there is a sigmoidal relationship be-
tween the experimentdinax and logKew. The lo-
calities of the maxima are reasonably determined

1.0

[ X 2
0.8 »
5 0.6 X3
~ 04 *
*
0.2
0.0 T T T |
6 4 2 0 2 4
Log K,

Fig. 2. Plot of logKow VS. fmax Where @) experimentafnax and (-)

is the regression line using E@).

113
Table 1
Comparison between predicted and experimental sigmaoc®.5 (
values
Compound Lo&ow Experimental Predicted Error
Histidine -373 -1.29 —2.36 107
Asparagine —-354 181 —2.18 037
Glutamine -337 -157 —2.02 045
Glycine -321 -1.83 -1.87 005
Alanine -312 -153 -1.79 026
Glycyglycine —292 -243 —-1.60 083
Tartaric acid —-278 021 —-1.47 126
Glutamic acid —-269 172 —1.38 034
Amino-iso-butyric —-262 118 -1.32 013
acid
Amino-n-butyric acid —2.53  —1.25 -1.23 002
Aspartic acid —-241 -218 -112 106
DL-Valine —-229 -1.20 —-1.01 019
Aminocaproic acid —-2.24 —-0.26 —0.96 Q70
-169 -0.17 —0.44 028
Leucine -167 -1.00 -0.42 058
Tryptophan —-157 -0.15 —-0.33 018
Phenylalanine —-156 —0.65 -0.32 033
Norleucine —-138 -0.88 —0.15 073
Hydantoic acid -138 -0.32 -0.15 016
Zalcitabine(DDC}  —1.29 038 -0.07 045
Didanosine(DDI} —-1.24 058 —0.02 060
Formylglycine -119 -0.15 003 017
Methylhydantoic acid—1.18 010 003 007
Triglycine -094 -210 026 236
5-Ethylhydantoin —0.64 094 054 040
067 147 080
acid
—0.06 100 109 009
Theophylline —0.06 103 109 006
Zidovudine(AZT} 0.04 100 118 018
Paracetamol a9 176 160 016
68 200 169 031
Benzamide ®5 186 175 011
Barbital Q66 144 176 032
p-Aminobenzoic acid ®8 227 206 020
Metharbital 114 181 221 040
Acetanilide 116 218 223 005
Phenobarbital B7 268 243 025
Oxolinic acidt 155 214 260 046
Strychriné 1.66 246 270 025
Camphoric acid 5 303 279 024
Benzoic acid 188 255 291 036
Benzocain 192 298 295 003
Phenytoin 208 417 310 107
Alprazolan® 2.19 281 320 039
Salicylic acid 219 298 320 022
Diazepam 99 524 395 129
Ibuprofert 3.68 520 460 060
B-Estradiof 3.78 660 469 191
Biphenyl 403 390 493 103
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Table 1 Continued

Indomethacine
Anthracene

4.18 4.01 5.07 1.06
4.49 5.34 5.36 0.02

2 g0.5 values calculated from experimental data and the rest from
Li and Yalkowsky (1994)

by:
1
1+ (K ovent — 0.08)/ K539

(R? = 0.927, S.E = 0.680)

fmax =

©)
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were determined. These values are provid€ekhinle 2
The average absolute error (AAE) for all the com-
pounds is only 0.00137 implying that tHgax val-
ues are reasonably predicted from just the partition
coefficient.

Since the initial slope dp5) and the fraction
of ethanol that gives maximum solubilityf {ay)
can both be estimated from th&,, of the solute
it is possible to crudely predict the ethanol/water
solubility profile of different compounds. The ob-
served and predicted ethanol/water solubility pro-
file for four model compounds (benzaimide, parac-
etamol, caffeine and formyl-leucine) are given in

The constant (0.08) represents the change in polarity Fig. 3,

of the binary mixture as the concentration of ethanol
increases.
The absolute error between the predictggk val-

The initial portion of the change in the solubility
curve was determined using K§), wheref; is between
0 and 0.5, and the fraction of ethanol giving maximum

ues from the experimental values for each compound solubility can be determined using E@).
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Fig. 3. Comparison between predicted and experimental ethanol/water solubility profiles for (A) paracetamol, (B) caffeine, (C) formyl-leucine,

(D) benzamide, (E) theophylline.
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Table 2

Comparison between predicted and experimepiglvalues

Compound LodKow Experimental Predicted Error
Histidine -3.73 000 000 000
Asparagine —-3.54 000 000 000
Glutamine -3.37 000 000 000
Glycine -321 000 000 000
Alanine -3.12 000 000 000
Glycyglycine —-2.92 000 000 000
Tartaric acid —2.78 000 000 000
Glutamic acid —2.69 000 000 000
Amino-iso-butyric —2.62 000 001 001
acid
Amino-n-butyric acid —2.53 000 001 001
Aspartic acid —-241 000 001 001
pL-Valine —-2.29 000 001 001
Aminocaproic acid —2.24 000 001 001
Hydantoin -1.69 000 005 005
Leucine —1.67 000 005 005
Tryptophan —-157 000 006 006
Phenylalanine —1.56 000 006 006
Norleucine —-1.38 000 009 009
Hydantoic acid —1.38 000 009 009
Zalcitabine(DDC)  —1.29 030 011 019
Didanosine(DDlI) —1.24 040 012 028
Formylglycine -1.19 000 014 014
Methylhydantoic acid—1.18 060 014 046
Triglycine —-0.94 000 022 022
5-Ethylhydantoin —0.64 060 036 024
Formyl-aminobutyric —0.35 080 085 005
acid
Caffeine —0.06 060 068 008
Theophylline —0.06 060 068 008
Zidovudine(AZT) 004 070 073 003
Paracetamol a9 085 088 003
Formylleucine B8 090 090 000
Benzamide ®5 083 092 009
Barbital 066 090 092 002
p-Aminobenzoic acid ®8 080 096 016
Metharbital 114 080 097 017
Acetanilide 116 090 097 007
Phenobarbital B7 090 098 008
Oxolinic acid 155 080 099 019
Strychrine 166 080 099 019
Camphoric acid 5 090 099 009
Benzoic acid 188 100 099 001
Benzocain 192 090 100 010
Phenytoin 208 090 100 010
Alprazolam 219 100 100 000
Salicylic acid 219 100 100 000
Diazepam 9 090 100 010

Table 2 Continued

Compound Lo&Kow Experimental Predicted Error
Ibuprofen 368 100 100 000
B-Estradiol 378 100 100 000
Biphenyl 403 100 100 000
Indomethacine 48 100 100 000
Anthracene 49 100 100 000

4. Conclusion

The proposed sigmoidal and linear function of the
octanol water coefficient{yy) reasonably predicts the
fraction of ethanol that yields maximum solute solu-
bility (fmax) and the initial slopedp s). From combin-
ing these two models provides a means of estimating
the solubilization curve of a solute in an ethanol/water
system from nothing more than just the octanol/water
partition coefficient Kow).
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