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Summary

The thermodynamic functions free energy, enthalpy and entropy of transfer were deter-
mined for sulfanilamide and sulfamethoxazole over the temperature range of 20.0 —
40.0 = 0.1 °C, from partitioning data in octanol/water at the isoelectric point and at pH
7.4 at 0.15 mole/L ionic strength. The actual calculated and experimental partition co-
efficients and the respective thermodynamic functions, were found to be very different
for sulfamethoxazole, therefore caution must be taken in the use of these equations.
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Resumen
Estudio termodinamico del reparto de sulfanilamida
y sulfametoxazol a dos valores de pH

Se determind el coeficiente de reparto octanol/agua (P) de la sulfanilamida y el sulfametoxazol a

cinco temperaturas entre 20.0 y 40.0 £ 0. 1°Ca pH isoeléctrico y pH 7.4 a fuerza iénica de
0.15 mol/L. A partir de los valores de reparto se calcularon la energfa libre, la entalpfa y la entro-
pfa de transferencia. En el caso del sulfametoxazol se encontré que el valor P verdadero calcula-
do a partir de P aparente (pH 7.4) se desvia notoriamente del valor hallado experimentalmente
y por lo tanto, también se afectan las correspondientes funciones termodindmicas, lo cual hace
necesario utilizar con precaucién las ecuaciones de estimacién de este pardmetro.
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Introduction

Sulfonamides are extensively used for the treat-
ment of certain infections caused by gram-positive
and gram-negative microorganisms, some fungi,
and certain protozoa. Although the advent of anti-
biotics has diminished the usefulness of sulfona-
mides, they at present occupy a relatively small but
important place in the therapeutic resources of
the physician. Various physical and chemical para-
meters of these compounds have been related to
chemotherapeutic activity: pK,, protein binding,
and electronic charge distribution, among others.
Unfortunately, no single parameter can explain
the action of sulfonamides (1, 2).

Up to now we do not have a complete in-
formation that may allows to propose suitable
mechanisms for the transfer process of sulfona-
mides between immiscible liquid phases and
between aqueous media and biologic membrane
models, which would explain the different po-
tency among them as a function of chemical
structure (3). A first basic step should be the
physicochemical study of the partition process
between aqueous media and organic systems.
This can be done by means of a more complete
thermodynamic description of the system that
includes the enthalpy and entropy contributions
to the transfer (4).

The partition coefficient, P, is strongly de-
pendent on pH. In acids, bases and ampholytes
P and pH can be related by different equations
(5). For sulfonamides the actual partition coef-
ficient (without association or dissociation ef-
fect) can be calculated from Equation 1.

P =P, (1 + L0pkei-pH { |QpH-pla2) (Eq 1)

Where P,,, is the apparent partition coeffi-
cient (considering the sulfonamide dissociation
in aqueous media), and pK,;, pK,, are the ioni-
zation constants.

To evaluate the validity of Equation 1 in sul-

fonamides, in this work the partition coefficient
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of sulfanilamide and sulfamethoxazole between
octanol and water, at the isoelectric point (pI),
and at pH 7.4, at different temperatures was de-
termined. From these values, the thermodyna-
mic functions were calculated, and the effect of
using the experimental or true calculated P was
evaluated. These two sulfonamides are conside-
red to be suitable compounds for this investiga-
tion, since their isoelectric points approximately
differ from pH 7.4 in one and three pH units,
respectively. The octanol-water system has been
used as standard organic medium for partition
experiments in QSAR studies (6).

Theoretical

The partition coefficient allows to calculate the
standard free energy of transfer of the solute
from an aqueous phase to an organic medium.
The enthalpy of transfer may be calculated by
means of van’t Hoff equation studying the tem-
perature dependence of the process. The en-
tropy may be calculated from the free energy
and the enthalpy (7, 8). If the mole fraction sca-
le is used, the free energy of transfer (AG*,_,,)
may be calculated according to Eq 2:

AG*_, = —RTInP, (Eq 2)
The term Py is the actual partition coeffi-

cient, and is defined by Eq 3:

P=X/X, (Eq 3)
Where X, and X, are the solute concentra-

tions in the organic and aqueous media respec-

tively. The enthalpy of transfer (AH* ) is
obtained by studying the partition coefficient as
a function of the absolute temperature at cons-
tant pressure by means of the Eq 4:

[0(=In Py)/0(1/D)], = AH*,,,/ R (Eq 4)

Then AH* _, is calculated from the slope of
the (— In Py) vs. (T -') weighted curve using linear
regression by least square methods. The entropy
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of transfer is directly evaluated from the free

energy and enthalpy by means of Eq 5:

AG*W—)O = AH*w—)n - T AS*w—)n (Eq 5)
Experimental
Materials

Sulfonamides: sulfanilamide (SA) Merck; sulfa-
methoxazole (SMX) USP Quality (9). Solvents:
octanol extra pure (ROH) Merck; distilled water
(W) conductivity < 2 uS, Laboratory of Indus-
trial Pharmacy, National University of Colombia.
Others: absolute ethanol A.R. Merck; potassium
chloride A.R. Merck; sodium mono and dihydro-
gen phosphates A.R. Merck; sodium acetate, and
acetic acid A.R. Merck.

Equipments

Magni Whirl Blue M. Electric Company water
baths; Wrist Action, Burrel, model 75 mechanical
shaker; Mettler AE 160 sensitivity 0.1 mg digital
analytical balance; DMA 35 Anton Paar digital
densitometer; Unicam UV/Vis UV2 — 100 v 4.00
spectrophotometer; digital micro pipettes.

Methods
Preliminary essays

The effect of solvents on the UV maximum wa-
velengths (A,,,) and on the absorbances of the
studied sulfonamides was evaluated as reported

previously (10).

Partitioning studies

Before performing the experiments, both sol-
vents were mutually saturated. Solutions of well
known concentration, about 5. 10 -5 M of sul-
fonamides were prepared in aqueous buffer so-
lutions adjusted to the isoelectric points and
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pH 7.4 at jonic strength of 0.15 mole/L. Then
10.0 mL of octanol were added to 10.0 mL of
the aqueous sulfonamide solution in glass flasks.
The mixtures were then stirred in a mechanical
shaker for one hour. Samples were allowed to
stand in water baths kept at the appropriate

temperature £ 0.1 °C at least for 72 hours.
After this time the aqueous phases were isolated
and the concentration values were determined
by measuring the UV absorbances and interpo-
lating in the previously constructed calibration
curves for each sulfonamide (10). The partition
coefficients were calculated by mass balance. All
the partitioning experiments were repeated at
least three times.

Density measurements

The density of each phase was determined using
a digital densitometer according to a previously
reported procedure to facilitate the conversion
of the concentration scales (11).

Results and discussion

The molecular structures of each sulfonamide,
their abbreviations, and some of their physicoche-
mical properties are summarized in Table 1. The
pK,; and pK,, were corrected to ionic strength va-
lues, i = 0.15 mole/L (similar to that of the gas-
trointestinal tract (12)), by means of Debye —
Hiickel equation (13) from Bell and Roblin data
for sulfanilamide (14). For sulfamethoxazole only
pK,, has been published (15), then, pK,; was cal-
culated as an average of pK,’s of other sulfonami-
des. The above assumption is valid since Foernzler
and Martin (16) showed that the electronic charge
was approximately constant at the N4 position
(primary amine group), by means of molecular
orbital calculations.

Since the partitioning of sulfonamides in
water is pH dependent (the studied compounds
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Table 1. Sulfonamides, abbreviations, substituent, molecular weight (g/mole), pK,,, pK,,, pI, and

}\‘max (nm)'
Sulfonamide Abbr. R@ MW | pK.® | pKa® pl© —
Sulfanilamide SA 172.2 2.54 10.28 6.41 258
—H
258
262
Sulfamethoxazole | SMX cH, 2533 2.5 5.45 4.0 267
‘<§( 257
\
NT 269
(a) Substituent over the basic structure of sulfanilamide:
HZN—©—SOZ——NHR
(b) Corrected to . = 0.15 mole/L by means of the Debye-Hiickel equation (13).
(c) pl = (pKal + pKa2)/2.
(d) First value in water at pH = pI, second at pH = 7.4, and third in absolute ethanol.

Table 2. Actual and apparent octanol/water partition coefficients (molarity) of sulfonamides as a

function of temperature (£0.1°C) (Values in parentheses: standard deviation).

Comp t/°C Partition coefficients
P (p]) P, (pH 7.4) P (Calcd. by Eq 1)
SA 20 0.197 (0.005) 0.213 (0.009) 0.213
25 0.192 (0.001) 0.200 (0.003) 0.201
30 0.187 (0.002) 0.194 (0.003) 0.194
35 0.177 (0.001) 0.184 (0.001) 0.185
40 0.173 (0.002) 0.178 (0.003) 0.178
SMX 20 8.610 (0.047) 0.260 (0.004) 23.45
25 8.222 (0.026) 0.247 (0.004) 22.23
30 7.814 (0.154) 0.230 (0.009) 20.73
35 7.273 (0.138) 0.191 (0.008) 17.22
40 6.749 (0.074) 0.177 (0.006) 15.97

are amphoteric), this property was determined
at pl, where pI = (pKal + pKa2)/ 2, (analo-
gous to the isoelectric point of amino acids). At
this pH the sulfonamides exhibit their largest
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partition coefficient because the molecular
compound without dissociation prevails (17);
in addition, the partition coefficient was deter-
mined at pH 7.4 (blood pH). Each pH value
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was regulated by acetate or phosphate buffers
having B capacity between 0.01 and 0.02 using
pKa values corrected to i = 0.15 mole/L.

The wavelengths of maximum absorption
were determined in the respective buffers at
constant ionic strength; it was observed that
there are shifts with respect to the literature va-
lues in acid media (15); these values were also
determined in absolute ethanol, in which diffe-
rent values were found.

Partitioning of sulfonamides

Actual and apparent partition coefficients of
sulfonamides in the molarity scale at different
temperatures are presented in Table 2; in addi-
tion, the calculated values for P (isoelectric
point) by means of Equation 1 from experi-
mental values at pH 7.4 are presented.

No differences were found for SA between
P and P,,,, which may be ascribed to pK,, and
pK.; (2.54 and 10.28, respectively), and also be-
cause its pl (6.41) is separated of pH 7.4 by one
unit. On the other hand the experimental and
calculated partition coefficients at pI for SMX
have large differences, the first values are almost
three times greater than the second values. The
partitioning of sulfamethazine at 25 °C and at
different pH values was studied by Takacs-Novak
et al (18), they found that P,,, is almost constant
in the pH range between 3.0 and 7.0. Neverthe-
less if P at the isoelectric point (about 5.0) is cal-
culated from P,,, at pH 8.0 using Equation 1, a
different value is found, e.g. experimental P at
pH 5.0 is 1.413 while the calculated value is
3.000. This behavior is analogous to that of sulfa-
methoxazole. Then, cautions must be taken
when using Equation 1 and other related equa-
tions (5) to estimate the partition coefficients
and the solubilities of drugs as function of pH,
mainly in pharmacokinetical and biopharmaceu-
tical studies. Nevertheless the experimental
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Figure 1. Partitioning — temperature dependence for SA
at pl, calculated pl, and pH 7.4.
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Figure 2. Partitioning — temperature dependence for
SMX at pH 7.4,
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Figure 3. Partitioning — temperature dependence for
SMX at pI and calculated pl.

values in the present work are in agreement with
those found in the literature, (as log P) for which
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no pH and ionic strength values are reported
(15, 19).

In Table 3 the partition coefficients in the
mole fraction scale are presented; this concentra-
tion scale is more adequate for thermodynamic
studies (7). For scale conversion, the experimental
densities of the solutions and the octanol-water li-
quid-liquid equilibria data presented by Dallos
and Liszi were used (20).

The partitioning — temperature dependen-
ce for SA is showed in Figure | (InPvs T-), and
the same information for SMX is showed in

Figs 2 and 3. Straight lines with r values greater
than 0.95 were obtained in all cases.

Thermodynamic aspects
of transfer

Table 4 summarizes the thermodynamic functions
relatives to the transfer process of sulfonamides at
experimental pI, pH 7.4 and calculated pl. These
values were calculated from partitioning data of
Table 3 by means of Gibbs and van’t Hoff equa-
tions using weighted values and error propagation

Table 3. Actual and apparent octanol/water partition coefficients of sulfonamides (mole fraction) as

a function of temperature (% 0.1°C). (Values in parentheses: standard deviation).

Compd t/°C Partition coefficlients
P (pl) P, (pH 7.4) P (Calcd. by Eq 1)

SA 20 1.301 (0.033) 1.406 (0.057) 1.408
25 1.271 (0.007) 1,327 (0.022) 1328

30 1.238 (0.013) 1.288 (0.021) 1.290

35 1.174 (0.007) 1223 (0.005) 1.225

40 1.148 (0.013) 1.180 (0.021) 1.181

SMX 20 56.86 (0.31) 1720 (0.027) 155.05
25 54.38 (0.17) 1.635 (0.025) 147.38

30 51.70 (1.02) 1.525 (0.059) 137.45

35 48.15 (0.91) 1.268 (0.051) 114.30

40 44.65 (0.49) 1.176 (0.038) 105.94

Table 4. Thermodynamic functions relatives to sulfonamides partitioning process (DS and DG at
25.0 £ 0.1 °C), (Values in parentheses: standard deviation).

Compd pH Enthalpy/ k]/mole | Entropy/ J/mole.K | Free energy/ k]/mole
SA pl -5.02 (0.40) -14.85 (1.35) -0.594 (0.014)
7.4 -6.59 (0.57) -19.76 (1.93) -0.701 (0.042)
Calcd (pI) -6.59 -19.77 -0.704
SMX pl -9.21 (0.47) 2.33 (1.59) -9.905 (0.008)
7.4 -15.46 (1.24) -47.76 (4.16) -1.219 (0.038)
Calcd (pI) -15.46 10.33 -12.376
40 No. 30, 2001
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methods (21). The standard free energy is negati-
ve at the isoelectric point (experimental and cal-
culated) in two sulfonamides, therefore the
process of transfer from water to octanol is spon-
taneous. The enthalpy of transfer of SA and SMX
is also negative, while the entropy of transfer of SA
is negative, but is positive in SMX. It is concluded
that the transfer of SA is enthalpy driven, while the
transfer of SMX is driven by a combination of ent-
halpy and entropy, which may explain the large
free energy of transfer.

With respect to pH effect on the ther-
modynamics of transfer it may be seen that the
values for all functions of SA are almost equally.
On the other hand SMX shows some differen-
ces: e.g. at pH 7.4 the entropy is highly negative
(= 47.76 ]J/mole.K), thus, the transfer is ent-
halpy driven, while at pl this property is positi-
ve. The enthalpies of transfer at pl (obtained
from experimental and calculated partition
coefficients at pl), are very different (- 9.21
and —15.46 k]/mole, respectively); additionally,
the second value (calculated) is coincident with
that experimentally obtained at pH 7.4. The
above also lead to differences in the entropy of
transfer (Table 4).

It is concluded that in amphoteric com-
pounds, if it is possible, it is more convenient
to obtain directly the partition coefficient va-
lues at the isoelectric point, since like in SMX,
large deviations may be encountered when the
P values are calculated from P,,, determined at
other pH values. This in turn, may lead to lar-
ger errors in thermodynamic studies by the
van’t Hoff method.
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