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ABSTRACT

Research subject: This study investigates the solubility of mesalazine, an important drug for the treatment of inflammatory bowel diseases, in novel
solvent systems based on deep eutectic solvents (DESs). These systems consist of betaine (Bet) as a hydrogen bond acceptor (HBA) and acetic acid
(AA) as a hydrogen bond donor (HBD), mixed with water. The significance of this research lies in two main aspects: first, understanding the solubility
behavior of mesalazine in environments simulating physiological conditions, which affects the drug’s bioavailability; and second, providing practical
data for designing and optimizing industrial processes such as crystallization and extraction of this drug.

Research approach: The solubility of mesalazine was measured in the temperature range of 293.15 to 313.15 K and at various DES mass fractions
(0.0,0.2,0.4, 0.6, 0.8, and 1.0) in water using the shake-flask method. The effect of varying the molar ratio of HBD on solubility was also examined,
and three DES types with Bet/AA ratios of 1:2 (DES1), 1:3 (DES2), and 1:5 (DES3) were prepared.

Main results: The results showed that increasing the DES mass fraction at a constant temperature significantly enhanced the solubility of mesalazine.
Likewise, increasing the temperature at a fixed DES mass fraction led to higher drug solubility in the solvent mixture. The effect of the HBD molar ratio
revealed that the highest solubility occurred in DES3 (Bet/AA (1:5)), highlighting the significant role of enhanced hydrogen bonding in improving
solubility. Thermodynamic analysis based on the Van’t Hoff and Gibbs equations indicated that the dissolution of mesalazine in water and DESs is an
endothermic process, accompanied by positive enthalpy and entropy values. These findings can serve as a valuable basis for developing novel solvent
systems and optimizing industrial processes related to mesalazine and other poorly water-soluble drugs.
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Table 1 The values of molar masses of pure DESs

DESs XHBA XHBD Mbgs (g/mol)
DESI1 (Bet/AA (1:2)) 1 2 79.08
DES2 (Bet/AA (1:3)) 1 3 7432
DES3 (Bet/AA (1:5)) 1 5 69.57
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Table 2 Information about the materials' purity and chemical composition and structures®

Material Molecular Molar fr?ci?gn Source CAS no Molecular structure
formula Mass(g/mol) . :
purity
| O
Betaine CsHuNO: 117.15 0.98 Sigma-Aldrich 107-43-7 \N\)L
e o
0
Acetic acid C2H402 60.05 0.995 Merck Millipore 64-19-7 )k
OH
0
Benzoic acid C7H6O2 122.12 0.999 Merck Millipore 65-85-0 OH
Ethanol C2HsOH 46.07 0.998 Merck Millipore 64-17-15 /\OH
OH o}
Kimiagaran o
Mesalazine C7H7NOs 153.135 0.994 Emrooz 89-57-6
NH,
Deionized O
H20 18.02 0.996 Lab-made ® 7732-18-5 PN
water H H

2@ The purity of the employed chemicals was provided by the suppliers

bWater specified as deionized with resistivity >18.2 MQ-cm

Betaine + Acetic Acid

DES1:1Bet/2AA

DES2:1Bet/3AA

DES3:1Bet/5AA

S5 ol 53 DES (gjlueslel 0 Sog, 5 (b Y S8
Figure 1 A schematic of DESs preparation approach in this work




a) Calibration curve b) UV spectrum
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Table 3 Experimental mole fraction (solubility) of mesalazine at different temperatures (293/15-313/15K), mole fraction (1:2, 1:3, and 1:5), and
weight fraction of DES (0.0, 0.2, 0.4, 0.6, 0.8, and 1.0)

x x 108
WDES T (K)
293/15 298.15 303.15 308.15 313/15
DESL (Bet/AA (1:2))
0.00 0.083 0.106 0.113 0.121 0.133
0.20 0.453 0.562 0.675 0.783 0.809
0.40 0.609 0.791 0.913 0.991 1.463
0.60 0.779 0.842 0.956 1.121 1.601
0.80 0.973 1.331 1.539 1.983 2.056
1.00 2.651 2.993 3.312 3.798 4.139
DES2 (Bet/AA (1:3))
0.00 0.083 0.106 0.113 0.121 0.133
0.20 0.809 1.256 1.388 1.478 1.750
0.40 1.429 1.661 1.782 2.001 2.329
0.60 2.463 2.589 2.808 3.001 3.230
0.80 3.451 3.706 3.906 4.431 5.168
1.00 5.551 6.791 7.547 8.961 9.886
DES3 (Bet/AA (1:5))
0.00 0.083 0.106 0.113 0.121 0.133
0.20 0.257 0.293 0.301 0.346 0.379
0.40 0.524 0.576 0.608 0.672 0.814
0.60 1.109 1.223 1.577 1.851 2.245
0.80 2.778 3.654 4.829 5.375 6.954
1.00 11.0756 13.763 15.795 17.703 20.671

2 Standard uncertainty (u) for pressure (P) and temperature (T): u (P) = 0.5 kPa, u (T) = 0.1 K
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Figure 5 Experimental solubility of mesalazine at temperatures range of 293/15 to 313/15 K, atmospheric pressure (= 85 kPa), and DES mass
fractions of 0.0, 0.2, 0.4, 0.6, 0.8, and 1.0, with molar ratios of (a) DES1(Bet/AA (1:2)), (b) DES2 (Bet/AA (1:3)), and (c) DES3 (Bet/AA (1:5))
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Table 3 Value of slope and intercept of dissolution of mesalazine in water, different pure DESs, and their mixtures

Slope Intercept R? Slope Intercept R? Slope Intercept R?

o Bet/AA (1:2) Bet/AA (1:3) Bet/AA (1:5)

0.00 -1983.0 -9.1163 0.9219 -1983.0 -9.1163 0.9219 -1983.0 -9.1163 0.9219
0.20 -2725.1 -7.3500 0.9574 -3149.2 -6.6489 0.8777 -3346.8 -6.4708 0.9853
0.40 -3625.7 -6.9977 0.9430 -2133.7 -6.3115 0.9854 -4083.3 -5.4051 0.9854
0.60 -3152.2 -6.8841 0.9905 -1265.3 -5.8764 0.9939 -1627.2 -4.7061 0.9643
0.80 -3491.8 -6.4887 0.9552 -1803.3 -5.4993 0.9473 -1317.2 -4.4668 0.9193
1.00 -2073.9 -5.7030 0.9969 -2632.1 -4.8808 0.9895 -2534.9 -4.1581 0.9977
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Table 4 Standard enthalpy, Gibbs free energy, entropy of dissolution of mesalazine in water, pure DESs, and their mixtures

S W G 301 (1) 805" (o1 % wR%
Bet/AA (1:2)
0.00 16.486662 22.964117 -0.021379 71.79314 28.20686
0.20 22.656481 18.514777 0.01367 84.54483 15.45517
0.40 30.14407 17.627327 0.041311 70.65986 29.34014
0.60 26.207391 17.341167 0.029263 747211 25.2789
0.80 29.030825 16345148 0.041869 69.59075 30.40925
1.00 17.242405 14.365956 0.009494 85.70272 14.29728
Bet/AA (1:3)
0.00 16.486662 22.964117 -0.021379 71.79314 28.20686
0.20 26.18245 16.96412 0.031136 73.51275 26.48725
0.40 17.73958 15.89878 0.006076 90.59873 9.401265
0.60 10.5197 14.80275 0.01414 71.06586 28.93414
0.80 14.99264 13.85283 0.003762 92.93471 7.065294
1.00 21.88328 12.29482 0.031647 69.53311 30.46689
Bet/AA (1:5)
0.00 16.486662 22.964117 -0.021379 71.79314 2820686
0.20 27.8253 16.30006 0.038039 70.71135 29.28865
0.40 33.94856 13.61554 0.067109 62.54159 37.45841
0.60 13.52854 11.85475 0.005524 88.98989 11.01011
0.80 10.9512 11.25195 -0.000990 97.32717 2.672833
1.00 21.07516 10.47433 0.034988 66.53354 33.46646
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