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In this work, potentiometric and calorimetric measurements were carried out in aqueous NaCl solutions at
different temperatures (283.15 < T/K < 318.15) and ionic strengths (0 < |/ mol dm- < 3.0), to study the interaction
of Ca?* and Risedronic Acid (RA), a drug used for the treatment of various bone disorders and belonging to the
class of Biphosphonates (BP).

The experimentally determined speciation model of the Ca?*/Risedronate system consists of four species, namely
the neutral CaH,L and Ca,L and the negatively charged CaHL- and Cal?. Calorimetric experiments allowed
us to determine the thermodynamic properties of the various species, and to calculate formation constants
at temperature different than 298.15 K. All the species (except the Ca,l) resulted exothermic and the main
contribution to the stability is entropic in nature.

The aim of the paper is to predict the influence of the risedronate on the speciation of Ca? in various simulated
biological fluids as human blood plasma, urine and saliva.

Introduction

Risedronic acid (Figure 1) belongs to the class of Biphosphonates (BP), widely used in the
medical field to treat bone disorders. Recently, it was found that risedronate may preserve bone
microarchitecture in breast cancer survivors [1]. Bisphosphonates (BPs, e.g., alendronate,
risedronate, and ibandronate) help to maintain bone mass, to inhibit osteoclast-mediated bone
resorption, and to reduce the risk of both vertebral and non-vertebral fractures [2,3], even if atypical
femoral fractures tend to occur in Asian women with prolonged bisphosphonate exposure [4].
Both alendronate and risedronate were found to be good drugs for the treatment of osteoporosis
and Paget’s disease, having similar effect when evaluating mineral/matrix ratio, but alendronate
resulted more effective that risedronate in terms of relative proteoglycan content, mineral maturity/
crystallinity and pyr/divalent collagen cross-link ratio [5]. The clinical efficacy of BPs is mainly
based on two key properties: their capacity to strongly bind hydroxyapatite crystals of bone, and
their inhibitory effects on osteoclast precursors and mature osteoclasts [6]. Malavasi, et al. [7]
showed that risedronate can modulate positively osteoblast differentiation. In addition, authors
suggest that risedronate could be considered as potential molecule to be incorporated on the surface
of dental implants. Interaction of risedronate with hydoxyapatite was studied by FTIR, Raman and
solid NMR spectroscopies by Errassifi, et al. [8], suggesting that risedronate adsorption on apatitic
supports corresponds to an ion substitution reaction with phosphate ions at the crystal surface. The
interaction of risedronate with bone mineral hydroxyapatite was studied by Mukherjee, et al. [9] and
Ironside, et al. [10] with not fully aligned conclusions. Solid state interaction between alendronate
and different metal cations was studied by Deacon, et al. [11]. Interaction of risedronate with metal
cations is poorly investigated. Qualitatively, it is indicated that adsorption of risedronate is inhibited
when the drug is taken with mineral water containing a high level of calcium or magnesium [12],
but chemico-physical results are missing. A review about complexing ability of biphosphonates, not
considering risedronate, was recently published by Matczak and co-workers [13] reporting that the
stability of Mg?* complexes is quite higher than that of Ca** homologous species, in agreement of
what found by Foti, et al. [14] for etidronic acid. Recently, Bretti, et al. [15] studied the protonation
sequence and the thermodynamic properties of risedronate in various media, finding that in solution
the diprotonated risedronate species is a mixture of the N,P (52%) and P1,P2 (48%) tautomers.

In this work, the interaction of Ca** with risedronate is investigated by means of potentiometric
and calorimetric measurements to determine the influence on the speciation of the Ca** cation in
simulated human blood plasma, saliva and urine. These fluids were chosen because risedronate
may be administered by means of oral tablets or intravenous injection, whereas urine is the way of
excretion of this drug. Computer modeling allowed us to predict the species formed in these media,
knowing all the network of interactions among all the components of the fluids, together with their
analytical concentrations.
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Figure 1: Chemical structure of risedronic acid.

Experimental section

Chemicals: RA solutions were prepared by weighing risedronic
acid monohydrate, 99%, supplied by HEHUI CHEMICAL CO.,
LIMITED, P.R. China. The resultant concentrations were checked
potentiometrically by alkalimetric titrations. Hydrochloric acid
(HCI) and Sodium Hydroxide (NaOH) were prepared by diluting
concentrated stock solutions (ampoules from Sigma Aldrich), and
standardized against sodium carbonate and potassium hydrogen
phthalate, respectively, previously dried in an oven at T=383.15 £ 0.1
K for two hours. Sodium chloride was dried in an oven at T'= 383.15
K for at least 2 hours, whereas CaCl,«2H,0 aqueous solutions were
standardized against EDTA standard solutions. All solutions were
prepared with analytical grade water (p = 18 MQ cm) using grade A
glassware.

Apparatus and procedure for potentiometric measurements:
Metal cation complex formation constants were determined by
means of potentiometric measurements. A detailed description of the
apparatuses has been reported earlier [16-18]. Instrumental errors are
+0.15mV and + 0.003 cm’ for the e.m.f. readings and titrant delivery,
respectively.

For the determination of Ca?/Ris* complex species, suitable
amounts of risedronic acid (0.5 < ¢, / mmol dm™ < 3.0), CaClz(aq) (0.5
<¢,/mmol dm™ < 2.5), HCl(aq) and NaCl(aq) were added to reach pre-
established values of pH (~ 2.0) and ionic strengths (0.1 < I/ mol
dm? < 3.0) and the titrand solutions were titrated with standard base
to reach pH ~ 11.0. Full experimental details are given in (Table 1).

Potentiometric measurements were performed at different
temperatures, whose value was maintained constants in all the phases
using water circulation from a thermocryostat (mod. D1-G Haake)

Apparatus and procedure for calorimetric measurements:
Calorimetric experiments were performed using a nano-ITC low
volume calorimeter (TA Instruments) equipped with a reference
and sample cell (0.943 cm?), following the recommended procedures
reported by Sgarlata, et al. [19]. Measurements were run in the
overfilled mode which does not require any correction for liquid
evaporation and/or for the presence of the vapor phase. All titrations
were carried out at T = 298.15 K using a 0.250 cm® syringe with a
stirring rate of 300 rpm. The reference cell was always filled every day
with ultra pure water (p = 18 MQ cm). All solutions were degassed
for 5 minutes before starting the experiments to eliminate air bubbles.
For the determination of the ligand protonation enthalpy changes,

the sample cell was filled with H 4(Ris)(aq) solution (0.1 < ¢,/mmol dm™
< 10), sodium hydroxide to neutralize desirable number of protons
and the syringe filled with CaClz(aq) (0.5 < ¢, /mmol dm™ < 4.0); for
measurements in the presence of NaCl, this was added in equal amount
both in the syringe and in the cell. For each calorimetric measurement
dilution measurements (used as blank) were performed. In these runs
risedronate and acid were not present in the sample cell whereas the
titrant was the same of the measurement. Full eexperimental details
are given in (Table 1).

Calculations: The ESAB2M program [20] was used to refine all
the parameters of the acid-base potentiometric titrations (E°, K,
liquid junction potential coefficient, ja, and analytical concentration of
reagents) whereas the BSTAC 21 software was used in the calculation
of equilibrium constants. The non linear least square computer
program LIANA was used to fit different equations [21]. Distribution
diagrams were drawn using HySS computer program [22].

All equilibria described in this paper are expressed with the
following equations:
JM™ + HL™ =M H L K,
or

JM" +iH + L7 =M HL"" B, )

where L is the risedronate anion (RIS*). If j = 0, eq. (2) refers
to protonation constants (log K ), ifi < 0 and no ligand is present,
eq. (2) refers to metal hydrolysis constants (log X;'). Throughout the
paper, uncertainties are given as standard deviation. The conversion
from the molar to the molal concentration scale was performed using
the appropriate density values [23].

The ionic strength dependence of the equilibrium constants was
studied in this work by means of the extended EDH (Extended Debye-
Hiickel equation) and the SIT (Specific ion Interaction Theory) [24-
28] model. Considering a generic protonation constant, expressed as
in eq. (2), and expressing the equilibrium constants as a function of
the activity coefficients (see eq. (3)),

logK; =log K+ j-logy,,. +i-logy,. +logy, —log Vg (3)

both models are based on the assumption that the variation of
the activity coeflicients with ionic strength can be expressed with the
general formula

logy=-z*-0.15-D.H.+ f () @
which for the reaction described in eq. (1-2) becomes:
log K, =logK;-0.51-z" - D.H.+ f (I) ®)
D.H.= L
1+1.5-J1 (52)

2 2

z =Y (charge) = (charge)Pro e (5b)

Where log K is the equilibrium constant at infinite dilution
and f(I) is a term that takes into account the dependence on ionic
strength. The differences between the two models regard: i) the
concentration scale adopted, which is the molar one for the EDH

reactant

Citation: Bretti C, Cataldo S, Cigala RM, Lando G, Pettignano A and Sammartano S.

Understanding the Bioavailability of Ca2+ in Biological Fluids in the Presence of Risedronic Acid.

SM J Pharmac Ther. 2017; 3(1): 1014s.

=3



SMGr&up

Copyright © Lando G

equation and molal one for the SIT model and ii) the nature of the
term f(1), that it is f{(I) = C, « I_for the EDH equation and f(I) = Ag, «
I for the SIT model. In turn, Ag, is the combination of the specific
interaction coefficients of the species involved in the equilibrium and
the ions of the supporting electrolyte. For example, in the case of eq.
(2) in NaCl(aq), it is:
Ag, = j-&(M".CI )+ive(H",CI")+e(Na', 1)~z (Na*[CI" M 1, LY (6)

if a neutral species is involved, eq. (4) becomes:

logy=k, -1 (7)

Where k is the Setschenow coefficient [29].

Values of the enthalpy change (AH,?) for the metal complex
formation constants were used to determine the equilibrium

constantd at different temperatures according to the following
equation:

logK; =log K +AH] - F(T) (8)
where

AH) = AHJ, 2 -1.5-1° [(141.5-1°° )+ A -1 (82)

F(T)=(1/0-1/T)-52.23 (8b)
0 is the reference temperature (in our case 8 = 298.15 K), AH, go
is the enthalpy change at infinite dilution, Ag] is the ionic strength
dependence parameter of AH,.(;,Z* is reported in eq. (5b) and 52.23 =
1/(R:In10) in kJ mol™. ‘

Combining eq. (5) and eq. (8), the general equation for the
analysis of the ionic strength and temperature dependence is:

logK, =log Ky =z -0.51- 1"/(1+1.5-1"* )+ Az, I+ (A, =2 151 (14151 ) g} -1)- F(T) (9)

This equation is also valid for the molar concentration scale, if
Ag;” is substituted by C,,AH?, by A,, and A&} by Cj.

Lo

Fraction Ris

Figure 2: Speciation of risedronate in urine at T = 310.15 K and / = 0.3035
mol dm.

Table 1: Experimental conditions adopted for potentiometric and calorimetric
measurements on the Ca?"/Ris* system.

Potentiometric measurements
T/IK P cl c’ [ n.tit
283.15-310.15 0.1t03.0 50t010.0 05t03.0 05t025 45
Calorimetric measurements
T/IK F Cell Burette n.tit
[ c® ¢l ¢’
298.15 0.15 | 1.0t06.0 | 1.0t0 3.0 - 20to50| 5

2mol dm3; Pmmol dm=.

Results and Discussion

Complex formation constants and enthalpy changes

The experimental conditions used for the potentiometric and
calorimetric titrations are reported in (Table 1).

The potentiometric titrations performed at different ionic
strengths and at the same temperatures were analyzed altogether
using the software BSTAC [21], that is able to refine the ionic strength
dependence parameters inputting raw potentiometric data. This
analysis, performed at the four temperatures (283.15, 298.15, 310.15
and 318.15 K), produced smoothed equilibrium constant values
reported in (Table 2) and ionic strength dependence parameters.

The analysis of the data needs the knowledge of the ligand
protonation constants and the metal hydrolysis constants in the
same experimental conditions of the measurements. For the Ca*/
Ris* system, the risedronate protonation constants were taken from
Bretti, et al. 15, whereas the Ca** hydrolysis constants from Baes and
Mesmer [30].

The calorimetric measurements performed at [ = 0.15 mol dm™*
in the experimental conditions reported in (Table 1) allowed us to
determine the enthalpy changes for all the species. The experimental
values of the enthalpy changes are -9 + 1, 12 +5,-28 £ 3 and -10
4 kJ mol?! for the Cal?, Ca,L, CaHL- and CaH,L (according to eq.
(1)), respectively. The data analysis of the equilibrium constants at
different temperatures and ionic strengths was performed together
with the complex formation enthalpy changes, fitting all the data to
eq. (9), in order to determine all the ionic strength and temperature
dependence parameters, that are reported in (Table 3).

The data in (Table 3) are useful to determine the equilibrium
constants of the Ca?*/Ris" species at any value of temperature and ionic
strength within the experimental range used for the measurements.
This gives the possibility to predict the speciation of risedronate in the
conditions of natural fluids, if all the network of interactions among
the different components of the fluid is known.

Case Report

In this work, three natural fluids were chosen, saliva, human blood
plasma and urine. The choice was driven by the fact that risedronate
may be present in all these three media: in the first two, saliva and
blood plasma, because it is administered as tablets or by intravenous
injection and in the third, urine, because it is excreted by this system.
First of all, the composition of the fluids has been taken from the most
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Table 2: Smoothed complex formation constant values of the Ca?"/Ris* system (according to eq. (1)) and risedronate protonation constants (according to eq. (2))
taken from Bretti, et al. ®

2 o caL Ca,l CaHL CaH,L HL H,L H.L H,L
0.15 283.15 6.15£0.07¢ 8.75+0.23¢ 3.44+0.07¢ 2.85£0.08° 10.872 17.857 23.910 26.063
0.50 283.15 5.42+0.06 7.51:0.16 3.01£0.06 2.60£0.07 10.534 17.316 23.209 25.305
1.00 283.15 5.04+0.06 6.74+0.37 2.89£0.07 2.58+0.07 10.381 17.121 22.951 25.049
3.00 283.15 4.68£0.13 5.41+1.53 3.28£0.19 3.06£0.12 10.351 17.358 23.223 25.475
0.15 298.15 6.09:0.04 8.86£0.23 3.18+0.05 2.83+0.07 10.940 17.748 23534 25.685
0.50 298.15 5.36£0.04 7.59£0.16 2.74+0.05 2.58+0.06 10.537 17.133 22.780 24.857
1.00 298.15 4.98+0.04 6.800.37 2.62+0.06 2.56£0.06 10.303 16.851 22.468 24.524
3.00 298.15 4.67£0.10 5.4411.53 3.05£0.16 3.07+0.10 9.961 16.764 22,561 24.682
0.15 310.15 6.05+0.06 8.94£0.23 2.98+0.08 2.82+0.04 10.990 17.670 23.260 25.410
0.50 310.15 5.30£0.06 7.65£0.16 2.54+0.08 2.57+0.06 10.540 17.000 22.470 24,530
1.00 310.15 4.91£0.09 6.85:0.37 2.42+0.09 2.55£0.06 10.250 16.650 22120 24.140
3.00 310.15 4.59£0.12 5.46+1.53 2.88+0.15 3.07+0.09 9.680 16.330 22.080 24.100
0.15 318.15 6.03+0.09 8.99:0.23 2.86+0.09 2.81:0.05 11.020 17.618 23.088 25.237
0.50 318.15 5.28+0.08 7.690.16 2.41£0.09 2.56£0.04 10.542 16.917 22.271 24.325
1.00 318.15 4.91£0.08 6.8810.37 2.30£0.08 2.54+0.04 10.210 16.530 21.895 23.901
3.00 318.15 4.67£0.16 5.4811.53 2.77:0.17 3.08+0.10 9.498 16.059 21.775 23.741

ain mol dm3; ®in K; ©95% C.I. (Confidence Interval).

Table 3: lonic strength and temperature dependence parameters of eq. (9) for
the Ca?"/Ris* system, at infinite dilution.

Species? log K° z c, AH v C,j
CalH, 3.77+0.03°¢ 8 0.42+0.03°¢ 0.82+2.2°¢ 2.0+£0.3°¢
CalLH- 4.61+£0.04 12 0.46+0.03 -25.0£2.7 2.9+0.4
CalL? 8.07+0.04 16 0.18+0.02 -0.5+2.0 3.9+0.5

Ca,l 11.9+£0.3 24 -0.2+0.5 2115

aaccording to eq. (1); ®in kJ mol™; ° + 95% C.I.

the H (Ris) at pH ~ 5.0 (0.5 molar fraction), the H,(Ris)* at pH ~
6.0 (0.3 molar fraction), and the monoprotonated at pH ~ 7.0 (0.3
molar fraction). Complex species with Ca?* are formed in important
amounts, namely 0.25 molar fraction of the neutral CaH,(Ris) at pH ~
6.0 and 0.2 molar fraction of CaH(Ris) at pH ~ 7.0. The corresponding
Mg?* species are formed in the same pH range, but the formation
percentages are halved with respect to the Ca* ones.

Table 4: Composition of the case studies considered in this work in terms of
concentration of ions (in mol dm).

reliable reference books, even if the composition depends on several
factors like, e.g., age, sex, particular conditions and/or pathologies,
kind of organism. A table with the composition of the fluids is given
in (Table 4).

As a second step, the stability constants of all the species formed
among the components reported in (Table 4) must be determined.
The stability constants database [33-36] and other reference papers
were used for this purpose [32-35,37-39]. Together with these species,
those formed by drug and the components must be known, and in
this case between Mg?* and Ca** with risedronate. Data of the Ca*"/
Ris* system are here reported, those of Mg*/Ris* are reported
elsewhere [40].

All the equilibrium constants calculated for the case studies are
reported as supplementary material.

The case studies were built considering [41] species for urine,
and 106 for both human blood plasma and saliva. In all cases, the
concentration of risedronate considered is 0.005 mol dm®. This
value was decided taking into account that the amount of a tablet of
risedronate dissolved in a volume of 50-100 cm?.

The speciation of risedronate in urine is reported in (Figure
2) in the pH range 5-7. The most important protonated species is

Blood Plasma Urine Saliva
31 a 32
pH 74 6.1 6.5
I/ mol dm 0.1506 0.3035 0.1063
Chloride 0.10370 0.09040 0.02530
Carbonate 0.02490 0.01145
Sulphate 0.00049 0.00967 0.00110
Fluoride 0.00001 0.00003
Phosphate 0.00160 0.03640 0.00850
Sodium 0.14260 0.09460 0.02030
Potassium 0.00406 0.02860 0.02890
Calcium 0.00244 0.00263 0.00210
Magnesium 0.00078 0.00179 0.00050
Glutathione 0.00109
Citrate 0.00009 0.00148
Monocarboxylates 0.00105
Dicarboxylates 0.00029 0.00023
Thiocyanate 0.00002 0.00020
Amino Acids 0.00308 0.00035
Fat Acids 0.01300
Urea 0.00453 0.19200 0.00033
Ammonia 0.00003 0.01640 0.00035
Mono amines 0.00119
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Table 5: Formation percentages of Mg? and Ca* species in Urine in the
presence of risedronate (¢, =5 mmol dm?) at pH = 6.5.

Table 6: Formation percentages of Mg? and Ca?* species in Saliva in the
presence of risedronate (¢, =5 mmol dm=) at pH = 7.0.

aSum of species with less than 1%.

The distribution of Ca** and Mg* in urine in the presence of
risedronate is described in (Table 5), there it can be observed that
the summation of the Ca**/Ris* species reach a total of 28% and that
of the Mg”*/Ris* ones 21%. When only the “natural” components
are present, at pH ~ 6.5 Mg** as free cation (37%), MgCit (35%),
MgHPO, (24%), MgSO, (4%) and Ca’* is present as free cation (49%),
CaHPO4 (31%), CaCit™ (12%), and CaSO, (7%) and minor species
(1%) [41].

In the case of saliva at the same concentration of risedronate,
the chemical distribution of its species is depicted in (Figure 3).
The pH of formation of the molar fraction of each species is very
similar to what observed in the case of urine, except for the lower
formation percentages of the Mg** species that depends on the lower
concentration of this cation in saliva than urine. Normally, in this
medium, at pH = 7.0, Ca** is present as free cation (65%), CaHPO,
(27%), CaHCO,* (5%) and CaH,PO,* (3%) and, similarly, Mg* is
distributed among: free cation (45%), MgHPO, (33%), MgSO, (4%)

1.0

Fraction Ris
[—]
tn

MegH Ris
0.0 =
5

Figure 3: Speciation of risedronate in saliva at T=310.15 Kand / = 0.1063
mol dm?.

Species M = Mg M = Ca?* Species M = Mg?* M = Ca?
Free M2+ 27.61 27.48 free M?* 16.11 17.81
M(Urea) 4.85 1.53 MHCO,* 0.76 1.37
M(Cit) 6.83 10.77 MHPO, 8.60 6.89
MSO, 24.98 21.67 MH,PO,* 0.81 0.67
MHPO, 10.17 7.34 M(Ris)* 5.14 16.39
MH,PO,* 3.14 2.32 MH(Ris) 57.02 46.73
M(Ris)> 0.82 0.65 MH,(Ris) 7.60 5.07
M,(Ris) 1.40 0.40 M,(Ris) 1.31 1.94
MH(Ris) 12.69 13.85 Minor species?® 2.60 3.10
MgH,(Ris) 6.07 13.53 Tot 100.0 100.0
Minor species @ 1.42 0.41 Sum of M?/Ris* species 71.07 70.12

Total 100.0 100.0 aSum of species with less than 1%.
Sum of M**/Ris* species 20.98 28.43

and MgHCO," (3%). If risedronate is also considered, the speciation
of Mg and Ca?* is very different, in fact looking at (Table 6), we may
observe that more than 70% of both alkaline earth metal cations are
complexed by risedronate.

In blood plasma, the speciation of Ca?* and Mg** was studied
by May, et al. [39] reporting that, at pH = 7.4, more or less 45 % of
total Ca** is bound to protein and it is not exchangeable with low
molecular weight ligands, whereas the rest is distributed as follows:
Ca* (34%), CaHCO," (9%), Ca(Cit) (4%), Ca(Lact)* (3%), CaPO,
(3%) and CaCO, (2%). Considering the presence of risedronate (c,
= 5 mmol dm?) the distribution is dramatically modified, in fact as
depicted in (Figure 4), 45% of Ca®* is bound to proteins, but 36% is
bound to various risedronate species and only 10% is free. As regards
the speciation of risedronate, 57% is protonated (48% as H(Ris) and
9% as H,(Ris)), 32% is present as Ca**/Ris* species and 11% as Mg*/
Ris* species.

Conclusion

In this work, the complexing ability and the thermodynamic
of binding for the Ca’/Ris* system is analyzed by means of

LagREs
M

Figure 4: Distribution of Ca?* species in human blood plasma at 7= 310.15
Kand /= 0.1506 mol dm™.
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potentiometric and calorimetric measurements. Four species were
determined, namely CaL, Ca,L, CaHL and CaH,L. Using proper
equations as Debye-Hiickel, SIT and Clarke and Glew, it was
possible to compute the equilibrium constants of these species in
the conditions of some important natural fluids, together with the
equilibrium constants of all the components of human blood plasma,
urine and salive. Inputting the analytical concentration of each
component and the values of each equilibrium constants, computer
simulation softwares such as Hyss was able to predict the chemical
speciation of any of the component of interest. In this work, it was
found that in urine, the presence of risedronate affects significantly the
speciation of alkaline earth metal cations, achieving a total of 21 and
28% of formation of Mg*/Ris* and Ca®*/Ris* species, respectively.
In this medium, however, the contribution of hydroxyapatite is
missing. In blood plasma, the complexation of risedronate is even
more efficient, yielding a total of 36% of Ca**/Ris* species. Even if
the total concentration of Ca?* in both media is similar, the pH of
plasma is more than one order of magnitude higher than that of
urine, therefore risedronate is more deprotonated and available for
complexation with metal cations. In this medium, the contribution of
proteins is hard to be modelled and their contribution is fixed to 45%
of total Ca*, as suggested by May, et al. [39]. The most interesting
results were obtained for saliva, where more than 70% of both Ca*
and Mg** are present as a complex with risedronate, probably because
this is the most diluted fluid and, consequently, the competition of
other ligands (such as citrate, phosphate etc...) for the binding of
metal cations is scarce. Considering these data, the scarce absorption
of risedronate in the presence of water with high levels of Ca** and
Mg?* may be better understood.

It must be remarked that the results obtained in this work are
valid for the concentration of risedronate considered, but they could
be used to find the best way for the administration of risedronate.

One of the aims of future studies will be the quantification of
the interaction between risedronate and hydroxyapatite and how to
find the way to consider this interaction into this model. Errassif,
et al. [8] studied these interactions, concluding that the adsorption
of risedronate on apatitic support corresponds to an ion substitution
reaction with phosphate anions at the crystal surface. Even if this
mechanism is the object a lively scientific debate, the question on how
to take into account this contribution in solution equilibria remains
unresolved.

This work underlines very well how important can be the
determination of equilibrium constant and enthalpy changes of
interaction, because they give the possibility to predict the fate of a
drug in a complex system as natural fluids.
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