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mmon shake-flask method. The experimental molar solubility (C,,) of MES
values in the diluted solutions was determined in the PG + 2-propanol and
1,4-dioxane + water binary mixtures using a plotted calibration curve (R* =
0.999) at 310.2°K. The maximum solubility in the molarity scale was obtained
in neat PG (Cy = 1.03 x 107> mol/l), and the minimum solubility in the neat
2-propanol (Cy = 5.14 x 107 mol/l) in non-aqueous binary mixtures. The
maximum solubility value was obtained in 0.4 mass fraction (Cy = 1.68 x 107
mol/l) of 1,4-dioxane + water and the minimum solubility was obtained in
neat 1,4-dioxane (Cy = 3.34 x 10~ mol/l) at 310.2°K. Density data were also
determined and correlated with Jouyban-Acree model for saturated systems
in non-aqueous and aqueous binary mixtures. The characterization tests of
mesalazine equilibrated in the saturated solutions were performed by X-Ray
Diffraction (XRD) analyses from 10° to 70°. XRD analysis showed that the
crystallinity of mesalazine remained unchanged and did not show any poly-
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morphic transformation during the drug dissolution in the investigated bi-
nary mixture. Up to now, no data was reported for MES solubility in these
binary mixtures at biorelevant temperature.
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1. Introduction

= 6), carboxylic

insic solubility of MES is 0.844 (+0.021) mg-ml™ and
nd 37°C, respectively [10].

in the molecule
1.41 (+0.021) mg-

OH

OH

Figure 1. The chemical structure of the MES.

The analysis of the drug solubility in solvent mixtures has important applica-
tions in assessing the physical stability of liquid dosage forms and in pre-formulation
studies of a drug candidate [11]. The approved drugs and drug candidates have
poor aqueous solubility due to their higher molecular weights and complicated
chemical structures. The poor solubility causes important problems in designing
liquid dosage formulations and oral bioavailability. To overcome these prob-
lems, solvent mixtures can be employed to enhance the aqueous solubility [12]
[13].
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Nanoparticle and complex formations [14] [15], modified-release formula-
tions [15], and liposomal formulations [16] of MES were some of the reported
papers to improve the solubility of this active pharmaceutical ingredient (API).
Among them, co-solvency is one of the most preferred solubility enhancement
techniques. In this technique, aqueous or non-aqueous binary mixtures can be
used to improve the solubility of drug molecules. Aqueous-organic solvent mix-

tures could be used to formulate liquid dosage forms to prepare solution and/or

crystallization processes. This aqueous binary mixture could also be used to

+ water [24].

In this work, PG + 2-pro
non-aqueous and aqueous,
important pharmaceutica
formulations [25] [26]. T

was selected to

position of the drug product [28]. Among these solvents,
ot accepted for oral use and has to be limited in the final drug
roduct acgording to the International Council for Harmonisation (ICH) guide-
Q3C. However, 1,4-dioxane has the ability to dissolve poorly soluble drugs
[29)Pand could be used in the synthesis and/or crystallization of the drug and
galenical processes as an intermediate solution. It could be mixed with water at
any composition of interest because of its low polarity property as described by
its dielectric constant, e, 2.21 at 298.15°K [30] [31].

The shake flask method is widely used for solubility analysis of drug molecules
[32]. The novelty aspect of this study is related to the choice of organic solvents
and temperature (310.2°K). The point of this view is that the aims of the current
study are: 1) to determine the molar solubility of MES in the non-aqueous (PG +
2-propanol) and aqueous (1,4-dioxane + water) binary mixtures at bio-relevant
temperature (310.2°K) by using co-solvency method; 2) to perform density
analysis in non-aqueous and aqueous binary mixtures for saturated systems; 3)
to characterize MES equilibrated in the saturated solutions by XRD analyses.
The solubility of MES in selected binary mixtures has not been reported until

this time at the selected temperature.

DOI: 10.4236/ijamsc.2024.121001

3 Int. J. Analytical Mass Spectrometry and Chromatography


https://doi.org/10.4236/ijamsc.2024.121001

E. Gller et al.

2. Materials and Method
2.1. Materials

Chemicals were purchased from: MES Sigma Aldrich, China (mass fraction pur-
ity of 0.95), 1,4-dioxane Merck KGaA, Darmstadt, Germany, Ethanol Supelco,
Darmstadt, Germany, Propylene glycol Merck KGaA, Darmstadt, Germany,
2-propanol Supelco, Darmstadt, Germany and distilled water Polifarma,
Tekirdag, Tiirkiye and were used for the preparation of saturated mixtures.
Ethanol with a mass fraction purity of 0.935 was used for diluting the saturated

solutions of MES in the 1,4-dioxane + water binary re UV-vis

measurements.

2.2. Solubility Experiments

A common shake-flask method [33] is us

bator system (MhmtGhs
shaken for 48 hours at 3

reland). The drug solution was
he saturated mixtures are centrifuged,

mixture and spectrophotometric mea-

ed wit -vis spectrophotometer (UV 1800 Perkin
Elmer Ins., USA)

luted solutions is

avelength of 299 nm. MES concentration in the di-

racterization tests of MES equilibrated in the saturated solutions were
performed by XRD analyses (Rigaku Ultima IV, Tokyo, Japan) from 10° to 70°.
The voltage and current applied were 40 kV and 15 mA, respectively using CuKa
radiation. The scan speed was 5.00°/min with a step width of 0.02°. All samples
were dried in an oven at 100°C, before XRD analysis. XRD analyses were per-
formed at the R & D Training and Measurement Center, X-Ray Diffraction La-
boratory (METU, Tiirkiye).

3. Results and Discussions

The solubility values of MES in the binary mixtures of PG + 2-propanol and
1,4-dioxane + water were determined using a shake flask followed by UV-Vis
spectroscopy. The results showed that the maximum solubility was obtained in
neat PG (Cy = 1.03 x 107> mol/l) and the minimum solubility in the neat
2-propanol (Cy = 5.14 x 10~ mol/l) at 310.2°K. The maximum molar solubility

value was obtained in 0.4 mass fraction (C,; = 1.02 x 102 mol/l) of the
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1,4-dioxane + water binary mixture, and the minimum solubility was obtained
in water (Cy = 0.99 x 107> mol/l) at 310.2°K. The molar solubility values of the
two systems for each mass fraction are given in Table 1. The reported values
were in accordance with a previously published paper [34], which reported that
mole fraction solubility value, but in this study, the data was reported as molar

solubility value.

Table 1. Experimental molar solubility (C,/mol/l) values as the mean of three experi-
ments (+std. dev.) for MES in the PG + 2-propanol and 1,4-dioxane+water binary mix-
tures at biorelevant temperature.

310.2°K

Wi

PG + 2-propanol
0.0 5.14 (+0.02) x 10™*
0.1 8.48 (£0.63) x 107
0.2
0.3 1.66 (+0.08) x 107
0.4 1.68 (+0.10) x 102
0.5 1.49 (£0.06) x 102
0.6 1.18 (+0.07) x 1072
0.7 8.53 (+0.81) x 10°*
0.8 6.39 (£0.50) x 107

7.48 (£0.96) x 107 5.24 (£0.49) x 107

1.03 (+0.07) x 1072 3.34 (£0.30) x 10~

The obsérved solubility patterns can be attributed to molecular interactions
ation effects involving mesalazine, the cosolvent, and the solvent within
the/mixtures. These interactions significantly influence mesalazine’s solubility
and contribute to the observed behavior in these cosolvency systems, as ex-
plained in the reference [34].

Considering that MES with lipophilicity (log P) = 0.75 [35] and Hansen solu-
bility parameters of J, (dispersion forces) = 16.71, d, (dipolar intermolecular
forces) = 17.73, & (hydrogen bonds) = 29.33, PG with log P = —0.92, dipole
moment: 2.27 D, dielectric constant of 32 [36], &, = 14.06, &, = 11.40, Jy = 20.96,
2-propanol with log P = 0.05, a dipole moment of 1.66 D, dielectric constant
value is 19.92, and &, = 16.42, &, = 9.47, &y = 18.55, 1,4-dioxane with log P =
—0.27, a dipole moment of 0.45 D, dielectric constant value is 2.25, and Hansen
solubility parameters of &, = 12.43, &, = 14.25, &; = 26.82, and water with dipole
moment: 1.85 D [37] and a dielectric constant of 78.4 [38] and Hansen solubility
parameters of J, = 15.50, &, = 16.0, &; = 42.30, it was expected that the solubility
of MES would rise with the incorporation of dioxane, which was less polar than

DOI: 10.4236/ijamsc.2024.121001

5 Int. J. Analytical Mass Spectrometry and Chromatography


https://doi.org/10.4236/ijamsc.2024.121001

E. Gller et al.

water. As can be seen from Hansen solubility parameters, water is considered the
most polar solvent due to its higher capability to form hydrogen bonds.
1,4-dioxane is also polar solvent; however, its polarity is lower than that of water.
Furthermore, the solubility of MES was also impacted by the interactions be-
tween 1,4-dioxane and water. When 1,4-dioxane is present in water, it can dis-
rupt the hydrogen bonding network among water molecules. Consequently, this
affects the solvation of MES, leading to variations in its solubility behavior with-
in 1,4-dioxane + water mixtures.

Moreover, in PG + 2-propanol system, PG has a polar hyds sroup (-OH)

than in 2-propanol-rich
Moreover, the density

also measured and given

310.2°K

PG + 2-propanol 1,4-dioxane + water

0.75 (£2.00) x 107 0.990 (+5.77) x 107
0.1 0.76 (£2.08) x 1072 0.995 (+1.00) x 107
0.2 0.78 (£1.00) x 107> 1.003 (+1.53) x 1072
0.3 0.82 (+£1.00) x 107> 1.007 (£5.77) x 1073
0.4 0.83 (£5.77) x 107 1.015 (£5.77) x 1073
0.5 0.86 (£1.53) x 107 1.007 (£5.77) x 1073
0.6 0.88 (+1.00) x 107> 1.007 (+1.15) x 1072
0.7 0.90 (+5.77) x 107 1.010 (£1.15) x 1072
0.8 0.93 (£1.00) x 1072 1.010 (£5.77) x 1073
0.9 0.98 (+5.77) x 107* 1.010 (+2.08) x 1072
1.0 1.07 (£1.53) x 1072 1.000 (£5.77) x 1073

The trained models for PG + 2-propanol is:
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Inp,,=wlnp ,+wnp,, —68.191% 3)
and the trained models for 1,4-dioxane + water is:

wmw,

4)

Inp,,=wlnp +wlnp,, +19.873

Inp, , describes the density of MES-saturated solutions and p,, and p,,
are the density of MES saturated neat 1,4-dioxane and water for an aqueous bi-

nary mixture system and neat propylene glycol and 2-propanol for a non-aqueous

binary mixture system at 310.2°K. The back-calculated mg e deviation

a good prediction ability for the density data.
The characterization tests of MES equilib

biorelevant temperature. The maximum solubility in the mo-
s obtained in neat propylene glycol (C,, = 1.03 x 107> mol/l) and
dm solubility in the neat 2-propanol (Cy = 5.14 x 10™* mol/l) in the
eous binary mixture and the maximum solubility value was obtained in
ass fraction (C,; = 1.68 x 107%) of 1,4-dioxane + water and the minimum
solubility was obtained in water (Cy, = 3.34 x 10~ mol/l) at 310.2°K. According
to the XRD characterization tests, the crystallinity of MES remained unchanged.
It showed no polymorphic transformation during the dissolution procedure in

the investigated co-solvent systems (Figure 2).
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Figure 2. XRD spectra of MES in equilibrated systems*. (*(a) water, (b) 1,4-dioxane + water (1-1 mass ratio), (c) 1,4-dioxane, (d)
2-propanol, (e) PG + 2-propanol (1-1 mass ratio), (f) PG).
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