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Abstract

The solubility behaviour of haloperidol in individual solvents ranging from non-polar to highly polar solvents was studied. Extended
Hansen’s method was used to analyze the solubility data and obtain partial solubility parameters of haloperidol. Flory-Huggin's siz
connection termB’ was found to further improve the prediction of solubility. A four parameter extended Hansen’s approach involving
proton-donor and proton-acceptor parameters was also used in fitting the solubility data to a theoretical model. The ueet &¢ an
empirical measure of solute-solvent interaction due to hydrogen bonding was used in cal®il&ifigrent approaches were thus used in
fitting the experimental solubility data to obtain regression equations which aim to provide a reasonable prediction of solubility o
haloperidol in untested solvents. Solubility parameter was calculated from the partial solubility parameter values obtained from tr
different methods of data analysis, and compared with the theoretically obtained values. Solubility parameter of haloperidol is fixed
10.58 H.O 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction They are related by the expression:
2_o 2 2 2

Solubility parametergr, is an intrinsic physicochemical 017 =04"+0p" +n (1)
property of a substance which has been used to explain drugwhereér is the total solubility parameter and is quite simi-
action [1], structure activity relationship [2], drug transport lar to the s as defined by Scatchard and Hildebrand [5].
kinetics [2] and in situ release of drug [3]. It has been Partial solubility of solvents are found to play a role in
suggested as a possible substitute for partition coefficient solubilization of drug molecules which in turn depends
in a study of the passage of drugs across living membraneson the drugs chemical structure and its solubility parameter.
[3]. However, partial solubility parameters have not been more

Hansen [4], defined three partial parametéysepresent-  widely employed in pharmacokinetics and structure activ-
ing London dispersion forces, the Keesom dipolar inter- ity studies perhaps, because there are few methods for their
actions andsy, representing generalized electron transfer determination which can be applied to drugs. Extended
bonding, including hydrogen bonding and other acid base Hansen’s approach [6,7], Flory-Huggin's size correction

interaction. term [8] and four parameter approach [9] were the methods

proposed to obtain partial solubility parameters of crystal-
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HanperiQoI belongs to cherr_ﬁcal category of butyrophe-. B=Dy814+ Dby + Dabyp + D461p2 +Dsdyp, + Dgbyn? + Do
nones and is used as a tranquilizer [10]. It has chosen for this 4
study because of its structure. It has a straight chain having )
hydrophobic groups such as fluorine and chlorine. Only the In order to improve the correlation, four parameter
OH group and oxygen atom of the CO group may partici- approach [9] was adopted. This approach is based on the
pate in hydrogen bonding. The molecule in total behaves asprinciple that the parametég, does not reflect the proton-
a non-polar solute, as reflected by its low polarity in polar donor acceptor characteristics of complex organic mole-

solvents. Its structure is: cules, therefores, proton donor ands, proton acceptor
OH parameters are used to replagan the regression analysis
p@ﬁ_cm—cm —CHZ-% and the following equation is obtained:
o >cl
0 10g(v2/A) = (310~ 820)% + (815~ 820)” + (81~ 820) (16~ d2)
The aim of this project is to study the solubility behaviour (5)

of haloperidol in individual solvents ranging from apolar, \where 6,, 61, and 8,, 6., are acid and base solubility
such as benzene and toluene through amphiprotic such asparameters, respectively of solvent and solute respectively.
alcohol, glycol and water to dipolar aprotic such as N, N- Expansion of Eq. (5) gives an equation which can be used
dimethyl formamide and dimethyl sulfoxide. The objective to predict So|ubi|ity of a Compound in various Sing|e sol-
is to use different approaches to analyze the experimentalyents, similar to Eq. (4). This type of regression equation
solubility data and obtain regression equations, that canwas obtained by processing the solubility data of benzoic
predict the solubility of haloperidol in untested solvents acid against the partial solubility parameters of the solvent
and to calculate SO'UbI'Ity parameter values from the partial [6]. Improvement in the value of regression coefficient for
solubility parameter values obtained from the different napthalene was obtained when four the parameter approach
methods of solubility data analysis. The solubility para- was adopted [9]. Similarly, the result was improved by
meter values thus obtained are compared with theoretically 0.49% when compared with the three parameter approach
obtained values such as from Fedors [11] molar attraction in the case of sulfamethoxypyridazine [14].
constants, Hoy’s [12] and group contribution methods [8].  Eq. (2) is a linear combination of dispersion, polar and
hydrogen bonding interactions written as perfect squares
in which geometric means are assumed for the three kinds
2. Theoretical development of interaction. However, Keller et al. [15] suggested that
the original scheme of Hansen can be improved by divid-
Extended Hansen’s method, the three parameter approaching the polar terms, into orientations, and inductions;,
[7] has been proposed to obtain partial solubility parameters contributions. In the present study, this correction was
of crystalline drug compounds. The extended Hansen's ysed to see if the correlation could be further improved

model is written as: over other approaches. Thus applying this idea to solubi-
Xi lity, the Hansen polar termé{, - d,,) may be substituted
|09X—z =109 12 =CoA +C;1A (814~ 820)° by [14]:
(610~ 620)° +2(810=820) (81 in — 62 in) (6)
+CZA(51p_52p)2+C3A(5lh‘52h)2 ) The term involvingé, in the Hansen model assumes a

Where X, is the solute ideal mole fraction solubility, cal- 9&€0metric mean o8y, and bz, that isép oz, = (83 630" _
culated using ideal mole fraction solubility equation [13], !N order to correct this assumption, the hydrogen bonding
X, is the observed mole fraction solubility, is the activity = interaction tem is written assf, o, ~2W). Wy is thus
coefficient of the solute and;Qwherei =0, 1, 2, 3) are introduced as an em_plrlqal adhes_lve energy density para-
regression coefficients obtained from regression analysis.Meter for the interaction in a solution of hydrogen bonded
C, is a constant which represents solute dissolved in a SPecies 1 and 2 and substitutes for the original Hansen’s
series of solvents. Throughout this paper, 1 is for solvent {€MS o1 dan Applying these ideas a new model may be
and 2 is for solute. written [14]:

The three parameter approach was modified by using B=Cg+C;6;4+Cs8s4+ C361401 in+Cad1 in
Flory-Huggin's size correction ternB' This term accounts
for the deviation of a drug solution from regular solution +Cs5630+ Cgbyo+Cy63, + CaWi, 7)
behaviour because of specific solute solvent interaction and

size difference between solute and solvent B3k equal to: Where G to G are constant coefficients obtained by

regression analysis. The term, @s in case of Eq. (2),
_ 2 includes the partial parameters of the solute (which are
= - -1+
B=RTIIN 72 =In(V2/Vy) =1+ (V2 V)l V227 3) constants and therefore do not appeal in the regression
B can be incorporated into the regression model as follows equation) and their associated regression coefficients. The
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Table 1
Solubility parameter values for haloperidol by different methods

Method/system Solubility parameter

Hildebrand (H) Sl units
Fedor8 10.38 (9.41 21.175 (19.196)
Hoy< 11.39 (10.84) 23.24 (22.114)

024 02p O2n
Group contribution methdd 8.30 (6.94, 1.63, 4.28) 16.93 (14.16,3.33,8.73)
Regression of logyp/A)* 10.71 (8.39, 5.22, 4.13) 21.85(17.12,10.65,8.43)
Flory-Huggins term°® 10.91 (8.45, 4.42, 5.29) 22.26 (17.24,9.02,10.79)
Four parameter approdch 10.58 (8.41, 4.56, 4.53) 21.57 (17 16,9.3,9.24) 11

®Estimated from Fedors molar attraction constant [11].

PEstimated from Hoy’s substituent method [12].

‘Estimated from fragmental constants for partial parameters [16]

45,1 value obtained from&§ + 6P + §")Y2,

YExtended Hansen's approach, Eq. (8).

Log (y-/A) replaced byB, in three parameter approach, Eq. (9).

From Eq. (10).

9"The values based on the experimental molar volan®57.566 cc/mole, calculated using flotation technique [16].

correlation obtained can be compared with the values log(yz/A) = 130920~ 3105254 +1.8628;42 —0.5726,
obtained by other approaches to see if results could be P

improved to get a better fit of experimental solubilities +O.062761p2—0.37361h+0.039351h2 )
and, thus, obtain a theoretical model which could provide

a reasonable prediction of solubilities of drug molecules in n=17: s=0.9577: R*=0.9162

a number of solvents.

F =18.232; F(6,10,0.01) =5.39

When Eq. (8) was written according to the model repre-
sented by Eq. (2)j,4 obtained was 8.39 Hj,, was 5.22 H
The heat of fusion was determined calorimetrically by 21d0a was 4.13 H. The total solubility parame&s cal-
differential scanning calorimeter (DuPont 9900 Computer culated using Eq. (1) was 10.71 H. These values were
Thermal Analyzer System with 910 DSC module). The compgred with the theoretically obtained pgrtlal and Fotal
solubility of haloperidol (Microlabs, Bangalore, India) solubility parameter value_s. The values obtained by differ-
was determined in a number of solvents (analytical and €Nt Methods are summarized in Table 2. When group con-

spectrophotometric grade, Loba Chemie and SD Fine tribution method was used to calculate the solubility
Chem), shown in Table 1 in a constant temperature shakerParameterd;q obtained was 6.94 Hi,, was 1.63 H,oa

water bath (Remi Sales, India) held at 29.5°C. After was 4.28 H andd,r was 8.31 H. These values do not
equilibrium is attained (72 h) the solutions were filtered 29re€ with the value obtained from Eq. (8) using extended

using filters of pore size 0,2 (millipore) and sample quan- ~ Hansen’s approach, howeva, is almost similars,r cal-

tified using double beam UV-visible spectrophotometer cUlated using Fedor's method is nearer to e value
(Shimadzu). obtained by three parameter approach. From Eq. (8), log

n(v2/A) values were back calculated and used to calculate
mole fraction solubility of haloperidol in the different sol-
vents. The difference between the experimental and calcu-
lated solubility values were found to be high, shown in Fig.

3. Materials and methods

The densities of the saturated solution were determined i
a 25 ml specific gravity bottle. All analysis were done in
triplicate. Molar volume was determined experimentally by
flotation technique [16]. For calculations, the necessary
software was developed using BASIC. Multiple regression
analysis was performed on Lotus 1-2F3ratio is calculated
using standard statistical procedures [17]. A Neptune Mini-
comp PC/AT was used.

In order to improve the correlation coefficient and to get a
regression equation with a better fit of experimental values,
the Flory-Huggin’s size correction terBiwas used for the
analysis of the data. The following equation was obtained:

4. Results and discussion B = 471174-1098186,4+6.4995,° ~0.1785y,

2 2
When extended Hansen approach was applied to the +0.02061p" ~1.557 81 +0.147 61 9)

experimental solubilities of haloperidol in individual sol- 5

vents, the following regression equation was obtained: n=17;s=2.0004;R*=0.972
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Fig. 1. Mole fraction solubility of haloperidol in individual solvents at°’@5 Key: log of experimental mole fraction solubility f; log of calculated mole
fraction solubility from Eq. (8) M); log of calculated mole fraction solubility from Eq. (9A).

F =58.393; F(6,10,0.01) =5.39 parame_ter was 396 H. Thig, _and oo Values ind?cate_that
haloperidol is more of a Lewis base than Lewis acid. The
Eg. (9) was found to have better correlation when com- s, value was calculated fror,, and 6,, values and was
pared with Eq. (8). The partial solubility values obtained found to be 4.53 H and,; was 10.58 H. This value is
are, 6,g was 8.45 H,6,, was 4.4 H,55, was 5.294 and,r closer to thes,r value obtained by Fedors method [11]
was | 0.91 H. This value is closer to tldgr value obtained  which was 10.38 H. Thus the solubility parameter of halo-
by Hoy’s method as shown in Table 1. Whéhvalues  peridol is considered to be 10.58 H. The values obtained by
obtained from Eq. (9) was used in calculating mole fraction different methods are shown in Table I.
of haloperidol solubility in different solvents, the error The values of the partial parameters were found to vary
between experimental and calculated values was lessefith the method used in analyzing the solubility data. It may
than in case of extended Hansen's approach The valuesalso vary with the nature and number of solvents. This may

are recorded in Table 1 and shown in Fig. 1. be as a result of interaction between the solute and solvent as
When the four parameter approach involving proton suggested by Hoy [12]. So the term,Was used instead of
donor, 6, and proton acceptob, was used instead @y, 5 &,n as a measure of solute solvent interaction due to
to improve the correlation and get a better fit of experimen- hydrogen bonding and other acid base interactions and
tal data, the following equation was obtained: 8001, Was used instead @, to correct the geometric mean
B=366.765-88.0985,4+5.3675,4° +2.49161p-0-27351p2 _assumed by the term. The regression equation thus obtained
is:

-1.3566,,—0.885;,+0.34215,, 61, (10)
B=51.2966,4+3.1218;4 - 1.219,,+0.1278,,°

n=17; s=1.722: R*=0.982
+10.62268; i, —1.20 8,5, 614~ 0.02 81,
F =68.43; F(7,9,0.01)=5.62

Eq. (10) was found to have bett&f value and the standard
error ofy estimate was less. From this equation, the partial
solubility parameter values obtained were as follods: n=17: s=1.193: R>=0.979
was 8.4 H,5,, was 4.56 Hg,, the acidic partial parameter

obtained from Eq. (10) was 2.59 H abg}, the basic partial F=47.494; F(8,8,0.01) =6.03

-0.022 W, (Cald) +218288 (11)
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From theB values obtained, solubility of drugs in different
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tributed to the high solubility of haloperidol. Methanol and

solvents can be obtained. This equation is compared with ethanol were found to have high andé, values but halo-

Eq. (9) forB obtained by using Flory-Huggin's size correc-
tion term. Eq. (11) had bettd®’ value, less standard error
of estimate,s value. Thus the term Wmay be used to

peridol was slightly soluble in these solvents. This beha-
viour may be explained by the hig,, values of these
alcohols when compared with DMF and DMSO. Thus the

account for unsymmetric interaction between solute and nature of the solvents, the chemical structure of haloperidol

solvent seen in irregular solutions.

Among the methods adopted to analyze the solubility
behaviour and calculate the partial solubility parameters
Flory-Huggin’s size correction terr® coupled with four

parameter approach was the most successful. This approach

improved the correlation coefficient up to 97.2% from

affects the solubility of the drug.
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