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Aplicacion del M étodo Extendido de Hildebrand
a la solubilidad de la mitomicina C en mezclas
etanol + agua

Application of the Extended Hildebrand
solubility approach applied to mitomycin C
In ethanol + water mixtures

Gerson R. RojasA.[M, AndrésF. Riverd” y Daniel Ricardo Delgado™

Resumen

En estetrabajo seaplico e método extendido de solubilidad de Hildebrand (M ESH) paraeval uar lasol ubilidad
de mitomicina C en mezclas etanol + agua a 293,15 K. Se reporta la solubilidad experimental y algunas
propiedades de fusion de éste farmaco que fueron utilizados para los célculos del método extendido de
Hildebrand. En particular, EHSA presenta un buen carécter predictivo mediante el uso de un polinomio
regular de orden cinco parael pardmetro de interaccion W en una funcion del parametro de solubilidad de
mezclas cosolvente libre de farmaco.
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solubilidad.

Abstract

In thiswork, we applied the extended Hilderband solubility approach (EHSA) to evaluate the solubility of
mitomycin C in ethanol-water mixturesat 293.15 K. We report the experimental solubility and some of the
drug’s fusion properties that were used for the calculations in the extended Hilderband approach. In parti-
cular, EHSA presentsgood predicative propertiesby meansof aregular fifth-degree polynomial for interaction
parameter Win afunction of the solubility parameter of solvent mixtureswithout the drug.
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parameters.
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1. Introduction

Mitomycin CFig 1. (Cy5H1gN4Os, molecular weight
334.33, IUPAC[6-Amino-8a-methoxy-5-methyl-4,7-
dioxo-1,1a,2,4,7,8,8a,8b-octahydroazireno[ 2',3":3,4]
pyrrolo[1,2-a]indol-8-yl]methyl carbamate, CAS
Registry No.: 50-07-7) (Gandhi and Murthy, 2012) is
an antibiotic and anti-neoplastic material isolated from
the broth of Streptomyces caespitosus and is one of
the naturally occurring antibiotics that was first
discoveredin 1956 (Hata, et al., 1956). Thisdrug has
been demonstrated to have antifibroblastic activity in
vitroandinvivo (Unal, 2004). Itisan antineoplastic
antibioticthat actsasan akylating agent by inhibiting
DNA and protein synthesis. It caninhibit cell division,
protein synthesis, and fibroblast proliferation (Rahbar,
et al., 2000). Despite the usefulness of these drugs,
their physicochemical propertiesin agueous solution
have not yet studied completely (Budavari, et al., 2001;
Gandhi and Murthy, 2012). In particular, itiswell known
that their solubilitiesin neat aqueous mediaarevery
low (Jouyban, 2010). It isnoteworthy that cosolvency
isthe best technique used in pharmacy for increasing
drugssolubility (Rubino, 1988; Yakowsky, 1999). On
the other hand, it is clear that predictive methods of
physicochemical propertiesof drugs, in particular the
onesintended to estimate solubilities, arevery important
forindustrid pharmacistsbecausethey dlow optimizing
severa design processes (Budavari, 2001; Martin, et
al., 1993; Regosz, et al., 1992; Martinez and GOmez,
2002, Hanaee, et al., 2005).

For thisreason, thiswork presentsaphysicochemica
study about the solubility prediction of the mitomycin
C, in binary mixtures conformed by ethanol (EtOH)
and water at 293.15 K. The study was done based on
the Extended Hildebrand Solubility Approach (EHSA)
(Martin, et al., 1993; Martin and Bustamante, 1989;
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Figura 1. Molecular structure of Mitomycin C.
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Martinez, 2005) by using experimenta solubility vaues
and somepropertiesreativeto thefusion of thesedrugs
taken from theliterature (Gandhi and Murthy, 2012).
Itisimportant to keep in mind that EHSA method has
been widely used to study the solubility of alot of
pharmaceutical compounds as has been recently
exposed in the literature (Holguin, et al., 2012).
Furthermore, itisgtill employed to eva uatethe behavior
of drugsin severa co-solvent mixtures(Sotomayor, et
al., 2013; Cristancho, et al., 2013; Gémez, et al., 2013;
Rathi, 2011; Dehpande, et al., 2014). On the other hand,
itisremarkablethat EtOH isone of themoreemployed
co-solvent to devel op liquid pharmaceutical dosage
forms because of its solubilizing and antimicrobial
properties (Smolinske, 1992; Aulton, 2002).

2. Theoretical

Theided solubility (x ) of asolid soluteiscal culated

by means of the expression,
log X =
D
AH (T

Jus

ﬂ:s_T)+ AC;J . Tﬁrs_T +]_L’li
2303RT, T (2303R)( T T

where, AHy,sisthe molar enthal py of fusion of the pure
solute (at themelting point), Ty, s isthe absolutemelting
point, T isthe absolute solution temperature, Risthe
gas constant (8.314 J mol™ K1), and AC, is the
difference between the molar heat capacity of the
crystaline form and the molar heat capacity of the
hypothetical supercooled liquid form, both at the
solution temperature. Since AC, cannot be easy
experimentally determined, this property may be
approximated to the entropy of fusion, AS,. |ded
solubility depends only on the physicochemical
properties of the solid compound without considering
the propertiesof the solvent. For thisreason theideal
solubility would be higher as the solute-solute inte-
ractions are lower (Gandhi and Murthy, 2012).
Accordingly, compoundswith high values of melting
point and entha py of fuson havelower ided solubilities.

On the other hand, the real solubility (X3) of asolid
soluteinaliquid solutioniscal culated by means of the
expression,

~log X, =—log X2 +log , 2

where, log y;isthenon-idedlity term, being 15 thesolute
activity coefficient, whichisdetermined experimentaly.
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Nevertheless, one method of calculating 3 is the
referent to regular solutions obtained from,

: V¢; 2
“log X, =—log X+ 31 (5 -6.) 3
g X, =-log X+ 2N (6,-5) (3

where, V3 isthepartial molar volume of the solute, ¢,
isthe volumefraction of the solvent in the saturated
solution, and &, and &; arethe solubility parameters of
solvent and solute, respectively. ¢, is calculated as,
Va-X
¢] — 1 3) (4)
Na-X;)+V.X,
whereV, isthemolar volume of solvent.

Nevertheless, all the pharmaceutical dissolutions
deviate of predicted by the regular solutionstheory.
For this reason, Martin et al. developed the EHSA
method (Martin and Carstense, 1980; Martin and Wu,
1981; Martinand Miralles, 1982; Martin, et al., 1981,
1982. 1985). Thus, if the A term (defined as
V.4’ /(2.303RT))isintroducedinthe Eq. (3), thereal
solubility of drugs can be calculated from the
expression, X3

~log X, =—log X@ + 4(s? + 52 —2W) (5)
where, the Wterm is equal to 2K6,05 (where, K is
theWalker parameter (Martinez and Gémez, 2002).

The W factor can be cal culated from experimental
databy means of,

., log;
W _0.5><(5; L Oi’”] 6)
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where, p;istheactivity coefficient of the soluteinthe
saturated solution, anditiscalculated as, X\ / X, .
The experimental values of the W parameter can be
correlated by means of regression analysisby using
regular polynomialsasafunction of d;, asfollows,

W=C,+C8, +C,8} +C,8;...+C 8] (7)

Theseempiric modelscan be used to estimate the drug
solubility by meansof back-calculation resolving this
property from the specific Wvalueobtained intheres-
pective polynomial regression.

3. Results and discussion

Therequired propertiesabout themitomycin C studied,
like ideal solubility, molar volume and Hildebrand
solubility parameter (Table 1), wascalculated fromthe
drug thermodynamic datareported previously inthe
literature (Gandhi and Murthy, 2012); whereas, the
volumetric behavior and polarity of EtOH + water
mixtures, asafunction of thecomposition, isshownin
Table 2 (Gandhi and Murthy, 2012). Volumefractions
and Hildebrand solubility parameterswere cal cul ated
assuming additive behavior (Martin, et al., 1993;
Connors, 2002). Table 2 al so summarizesthe experi-
mental solubility of themitomycin expressedinmole
fraction reportedin theliterature (Gandhi and Murthy,
2012), includingided solubility.

Figure 2 showstheidea and experimental solubility,
aswell asthe calculated solubility by using theregular

Table 1. Interne energy, molar volume and Hildebrand solubility parameter of mitomycin C according to the Fedors method.

Group Number AU [ kJ mol™ 1/ em® mol™
-NH, 2 2x12.6=25.2 2x19.2=38.4
-NH- 1 8.4 4.5
>N- 1 4.2 -9.0
-0 2 2x3.35=6.7 2x3.8=7.6
—CHj 2 2x4.71=9.42 2x33.5=67.0
>C=0 3 3x17.4=52.2 3x18.8=56.4
>C= 4 4x4.31=17.24 4x-5.5=-22.2
>(C< 1 1.47 -19.2
-CH»- 2 2x4.94=9 88 2x16.1=32.2

—CH=< 3 3x3.43=10.29 3x-1.0=-3

Ring closure 4 4x1.05=4.20 4x16.0=64.00
Conjugated bond 2 2x1.67=3.34 2x-2.20=-4.40
z 152.54 212.50

8 = (152,540/212.5)*= 26.79 MPa"”
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Table 2. Ethanol + water solvent mixtures composition,
Hildebrand solubility parameter of mixtures and solubility
of mitomycin expressed in mole fraction, including ideal
solubility at 293.15K.

Mitomycin C

> o/ o

- MP&W 3
0.0000 47.86 2.46x107
0.1000 43.59 4.65x107
0.2000 40.18 4.62x107
0.3000 37.39 1.59x10™
0.4000 35.06 4.33x10™
0.5000 33.09 9.63x10™
0.6000 31.40 1.43x107°
0.7000 29.93 2.47x107
0.8000 28.65 1.13%107
0.9000 27.52 9.23x10
1.0000 26.51 7.53x10™

Ideal Ideal solubility 3.819 x107

“x, is the mass and volume fraction of ethanol in the
co-solvent mixtures free of mitomycin C.
"Data from Ref. (Gandhi and Murthy, 2012)
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solutionmodd, i.e. Eq. (3), asafunction of thesolubility
parameter of solvent mixtures, from 26.5t0 47.8 MPaY2,
Inorder touseEq. (3) themolar volumeand Hildebrand
solubility parameter of the mitomycin C, estimated
according to the groups contribution method proposed
by Fedors, is26.70 MPal2 Table 1 (Fedors, 1974). It
isimportant to keep in mind that according to regular
solutions model the maximum solubility value
correspondstotheided solubility anditisobtained just
when both solubility parameters of drug and solvent
mixture are coincident, likeitisshowninFig. 2. On
theother hand, according to theliteraturethe maximum
experimental solubility values are found when the
solubility parametersof both soluteand solvent arealso
coincident (Martin and Bustamante, 1993, 1989).
Nevertheless, inthe present casetheexperimental drug
solubilitiesarelower than the cal culated according to
Eq. (3) inall thecompositionsfor themitomycin C.

The ¢, vauesca culated accordingto Eq. (4) aredmost
equal to 1.000 becausethe solubility of mitomycinCis
very low inall the solvent system considered, varies
form 0.9997 and 0.9888 in EtOH-rich mixturesdueto
its high solubility (Table 3). Otherwise, the activity
coefficients of mitomycin C expressed as decimal

3.50

1.50

1.00

0.50

0.00 *

25.0 30.0 35.0
S, (MPa'/?)

40.0 45.0

Figure 2. Ideal solubility (@), experimental solubility (A) and calculated solubility according to the
regular solutions model of Hildebrand () of mitomycin C as a function of the solubility parameter in

ethanol + water mixturesat 293.15K.
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logarithms are also presented in Table 3. Thistable
aso summarizesthe parameters A, K, and Wtor the
mitomycin C in EtOH + water mixtures, whereas,
Figure 3 showsthat the variation of the W parameter
with respect to the solubility parameter of solvent
mixtures, presentsdeviation from linear behavior, just
as it is expectable because the W term implies the

Revista Ingenierfay Region. 2015;13(1):149-157

summation of two quadratic (5; and 57) and one non-
congtant-quotient (Hog 6y, / A) terms, asEq. (6) shows.

W values were adjusted to regular polynomialsin
ordersfrom 2to 5 (Eqg. 7). Linear equation wasalso
considered just as comparison. Table 4 summarizes
the coefficientsobtained in all theregular polynomials

Table 3. Volumefraction of solvent, mitomicyn C activity coefficients, A, K, and Wexperimental parametersof mitomycin C

in ethanol + water mixturesat 293.15K.

Mitomycin C
& / MPa"? & log 7 100 4/ em’ J' K/Jem™* W/Jem™*
47.86 0.9997 3.191 3.698 0.57072 1458.6
43.59 0.9996 2915 3.697 0.53595 1208.3
40.18 0.9996 2917 3.697 0.51372 1051.2
37.39 0.9989 2.381 3.692 0.50325 953.0
35.06 0.9973 1.946 3.680 0.49731 883.8
33.09 0.9946 1.599 3.661 0.49404 832.5
31.40 0.9929 1.428 3.647 0.49157 791.7
29.93 0.9888 1.189 3.618 0.49112 760.8
28.65 0.9953 1.530 3.665 0.48667 728.8
27.52 0.9965 1.617 3.674 0.48495 704.9
26.51 0.9973 1.705 3.680 0.48365 684.7
“1Jem” =1MPa
1600.0
1500.0
1400.0
1300.0
1200.0
m
_g‘ 1100.0
~
g 1000.0
900.0
800.0
700.0
600.0 *
25.0 30.0 35.0 40.0 45.0
S, (MPa'/?)

Figure 3. W parameter of mitomycin C in ethanol + water mixtures as afunction of the solubility

parameter of the solvent mixturesat 293.15K.
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for the mitomycin. The significant figuresin the
coefficients and uncertainties were defined
according to the criterion 3-30, when that was
possible (Shoemaker and Garland, 1968). Briefly, this
criterion establishes that the numeric quantity in
uncertainty should be placed between 3 and 29,
without consider decimal positions, except if they
integersgreater than 30. In thisway the number of

Aplicacion del Método Extendido de Hildebrand... / Rojas A. & Cols.

decimal places for the coefficients is defined
according to the decimal places of the respective
uncertainties.

Itisfound that as more complex the polynomial used
is, better the agreement found between experimen-
tal and calculated solubility alsois. Accordingly, the
most important increment in concordanceisobtained

Table 4. Coefficients and statistical parameters of regular polynomialsin several orders of W as afunction of solubility
parameters of co-solvent mixturesfree of mitomycin C (Eg. 7) in ethanol + water mixturesat 293.15 K. Valuesin parentheses

are the respective uncertainties.

Mitomycin C
Coefficient or Polynomial order
Parameter 1 2 3 4 5

Co =271 (36) 383 (39) -162 (184) -3426 (644) 2443 (5394)
C 353 (1.1) -1.9(2.2) 44 (16) 415 (73) -425 (771)
Gy - 0.509 (0.030) -0.8 (0.4) -16 (3) 31 (44)
Gy - - 0.012 (0.004) 0.30 (0.06) -1.0 (1.2)
Cy - - - -0.0019 (0.0004) 0.017 (0.017)
Cs - - - - 10 (9)x107

Adj. 1’ 0.989 0.9997 0,9998 1.0000 1.0000

Fit. Err. 22.90 3.953 2.795 1.304 1.283

In the same way as was previously made (Sotomayor, et al., 2013; Gémez, et al., 2013; Tathi and deshpande, 2014),
since we are searching for the best adjust, the first criterion used to define the best polynomial order of W term as
function of d; was the fitting standard uncertainties obtained (Table 4). As another comparison criterion, beside

the calculated solubility values, Table 5 also summarizes the difference percentages between the experimental

solubilities and those calculated by using EHSA.

Table 5. Calculated solubility of mitomicyn C in ethanol + water mixtures by using the W parameters obtained from
regression modelsinorders 1, 2, 3, 4 and 5, and standard deviations with respect to the experimental values, at 293.15K.

Mitomycin C

&/ X; calculated % dev.”

MPa'? 1 2 3 4 5 1 2 3 4 5
47,8600  2.16E-08 1.80E-05 2.90E-05 2.48E-05 2.46E-05 99.91 26.70  17.74 0.99 0.01
42,2210  2.56E-04 5.22E-05 2.32E-05 4.31E-05 4.63E-05 450.75 12.36  50.16 7.42 0.39
38,3214  7.06E-03  1.15E-04  7.63E-05  5.48E-05 4.77E-05 15181.39 149.56 65.18 18.62 3.30
35,4640 1.55E-02 2.14E-04 2.32E-04 1.44E-04 1.45E-04 9686.42 3489 4597 9.07 8.65
33,2802 1.12E-02  3.52E-04 5.11E-04 4.20E-04 4.60E-04 2475.86 18.61 18.12 3.06 6.21
31,5569  4.90E-03  5.33E-04  8.47E-04  9.59E-04 1.03E-03 408.50 44.65 12.03 0.41 6.67
30,1624  1.75E-03  7.45E-04  1.12E-03 1.54E-03  1.54E-03 22.93 47.74  21.80 8.15 7.81
29,0108  6.04E-04  1.00E-03 1.28E-03 1.82E-03  1.70E-03 75.57 59.34 4838 26,52 31.09
28,0436 1.90E-04 1.21E-03 1.22E-03 1.52E-03  1.41E-03 83.15 6.96 8.04 35.10 2477
27,2199  6.46E-05  1.46E-03 1.12E-03 1.06E-03  1.03E-03 92.99 58.11 2140 1506 11.65
26,5100  2.32E-05 1.73E-03 9.82E-04 6.28E-04 6.86E-04 96.91 129.05 3040 16.58 8.90

Mean value * 2606.8 535 30.8 12.8 9.9
Standard Deviation ? 4825.1 439 17.8 10.4 9.2

“Calculated as 100 x | X3 expt — X; cale | /X; expt.
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passing from order 1 to order 2. The concordances
also increase in good way from order 2 to 3 and
from order 3to 4. In thelast case the mean uncer-
tainties obtained are in the same order or lower than
those reported experimentally (Gandhi and Murthy,
2012). It is important to keep in mind that for
pharmaceutical purposes uncertainties|ower than
5% are useful for practical purposes but for
academic purposes best agreements are required.
In this way, although an additional improves is
obtained by passing from order 4to 5thisresult is
not relevant because the mean uncertainties are
lower in comparison with those reported for experi-
mental values (Gandhi and Murthy, 2012).

As has been previously described, avery important
consideration about the usefulness of the EHSA method
istheonereferent tojustify the complex calculations
involving any other experimental variables of solute
and solvents, instead of the Simple empiric regression
of the experimental solubility as a function of the
solubility parametersof solvent mixturesasshownin
Fig. 3. For thisreason, Table 6 showsthe coefficients
of regular polynomiasin order 4 of log Xz asafunction
of d; values (Eg. 8). The significant figuresin the
coefficients and uncertainties were also defined

1600.0
1500.0
1400.0
1300.0
1200.0

1100.0

W/l cm3

1000.0

900.0

800.0

700.0

600.0 *
30.0

35.0
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Table 6. Coefficients and statistical parameters of regular
polynomials in fourth degree of log X, as a function of
solubility parameters of cosolvent mixtures free of
Mitomycin C (Eg. 8) in ethanol + water mixtures. Valuesin
parentheses are the respective uncertainties.

Coefficient or Parameter Data

C, -287 (49)
o 31 (5)
C, -1.28 (0.23)
C, 0.022 (0.004)
C, 147 (2.9)x 107

Adj. r* 0.9756

Fit. Err. 0.0990

according to the criterion 3-30 (Shoemaker and
Garland, 1968).

logX, =C, +C/5, +C,6} +C, 5} +C,5! (8)

Ontheother hand, Table 7 showsthe cal culated values
of solubility by using Eq. (8) in and also the respective
difference percentagesin front the experimental ones.

40.0 45.0

5, (MPa2)

Figure 3. Logarithmic solubility of mitomycinC in etanol + water mixtures as a function of the solubility
parameter of the solvent mixturesat 293.15 K. Dotted lines are the additive solubility behavior.
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Table 7. Calculated solubility of Mitomycin Cin ethanol +
water mixtures by using the equations of log X, vs. ?, as
regression modelsin order 4, and standard deviations with
respect to the experimental values, at 293.15K.

Mf’l::m X; % dev.”
47.86 2.48x107 0.81
42.22 4.32x107 7.17
38.32 5.46x107 18.12
35.46 1.44x10™ 9.21
33.28 4.19x10* 3.13
31.56 9.54x10™ 0.92
30.16 1.54x107 7.89
29.01 1.77x1073 28.28
28.04 1.54x10° 36.55
27.22 1.07x10? 16.20
26.51 6.30x10™ 16.29
Mean value® 13.09
Standard deviation® 10.97

“Calculated as 100 x ‘x expt — x; calc } x5 expt.
"Calculated considering the obtained values in the neat
solvents and the nine binary mixtures

Based on mean deviation percentages presented in
Tables5 and 7 it follows that no difference isfound
between the val ues obtained by using both methods.
Theseresultswould show anon-significant usefulness
of EHSA method for practical and academic purposes
inthe case of the mitomycin C studied. Nevertheless,
itisnecessary keepinmindthat thiscorrelative method
considers the drug solubility from a systematic
physicochemical point of view. Moreover, it would just
be necessary to find an effective method to calcul ate
the Walker K parameter in order to calculate the W
term according to the expression W= 2Kd, d, because
the d; and d3 terms would be known, and thus, the
drug experimenta solubility could becaculatedinany
mixture (Martin and Bustamante, 1989).

4. Conclusions

Inthisinvestigation theextended Hildebrand solubility
approach has been adequately used to study the
solubility of mitomycin Cin ethanol + water mixtures
at 293.15K. In particular, agood predictive character
has been found by using aregular polynomial inorder
five of the interaction parameter W as afunction of
thesolubility parameter of solvent mixturesfreeof drug.
Nevertheless, the predictive character of EHSA isthe
sameastheone obtained by direct correlation between
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mitomycin C solubility and the same descriptor of
polarity of the co-solvent mixtures.
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