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Solubility of Fudosteine in Some Pure and Mixed Solvents from

(278.15 to 308.15) K
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Abstract: The solubility of fudosteine has been determined in pure methanol, ethanol, water and in mixed solvents of
methanol + water and ethanol+ water over the temperature range of (278.15 to 308.15) K at atmosphere pressure. The
solubility is high in water, lower in ethanol. In the binary mixtures, the solubility of fudosteine increases with increasing
concentration of water. The solubility of fudosteine increases with increasing temperature. The temperature dependence
on the solubility data was well-correlated with the modified Apelblat equation, which could be used as a useful model for

the purification process of fudosteine.
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INTRODUCTION

Fudosteine ((-)-(R)-2-amino-3-(3-hydroxypropylthio)
propionic acid, CAS RN: 13189-98-5), also called
Spelear, Cleanal, SS-320A, S-(3-Hydroxypropyl)-L-
cysteine, a new cysteine derivative that was approved
in Japan in 2001, is a unique broad-spectrum, low-
molecular-weight mucoactive agent which inhibits the
synthesis of bacterial cell walls by preventing the
peptidoglycan synthesis [1, 2]. The molecular structure
of fudosteine is illustrated in Figure 1. Fudosteine has
been reported to inhibit LPS-induced goblet cell
hyperplasia in rat lungs and humans and enhance
ciliary beat impaired under cigarette smoke in vitro [3-
5]. Fudosteine also has a therapeutic effect against
mucus hypersecretion caused by an increase as the
number of goblet cells in chronic respiratory diseases
such as bronchial asthma, chronic bronchitis,
pulmonary emphysema, bronchiolectasis, pulmonary
tuberculosis, pneumonoconiosis, atypical
mycobacterial disease and diffuse panbronchitis [6-8].
For pharmaceutical use, fudosteine was usually
crystallized from solution purification [9]. Crystallization
processes were the key steps that determined the
quality of the final product. The solubility of solid
compounds in solvents played a crucial role for the
determination of proper solvents and the development
and operation of crystallization processes. Moreover,
solubility is an important physicochemical parameter in
the process of drug discovery and development.
Therefore, knowing the solubility of the product was
necessary. In fact, the solubility of fudosteine in
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common solvents or binary solvent mixture was
scarcely reported.
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Figure 1: Molecular structure of fudosteine.

In the present study, the solubility of fudosteine in
pure methanol, ethanol, water and the binary solvent
mixtures of methanol + water and ethanol + water was
measured within the temperature range from 278.15K
to 308.15K at atmosphere pressure. To obtain more
precise solubility data, an analytical method was used,
using high-performance liquid chromatography (HPLC)
[10, 11]. The experimental solubility data have been
correlated by the Apelblat equation [12].

EXPERIMENTAL SECTION

A. Reagents and Apparatus

Fudosteine (CgH13NO3S, relative molar mass
179.23) of pharmaceutical purity grade, was kindly
provided Beijing Yue Kang Co. Ltd (China). Its mass
fraction was better than 99.5 %, determined by high-
performance liquid chromatography (Waters Brezze
Model). The melting point of fudosteine was 473.25K,
which was measured using a differential scanning
calorimeter (DSC, TA SDT Q600). Other reagents are
the following: methanol (Tianjin Fuyu Finechem. Co.
Ltd., China), ethanol (Tianjin Chemical Reagent Co.
Ltd., China). The solvents used for experiments were of
analytical reagent grade and dehydrated with molecular
sieves (3 to 4) A before use. The purities (mass
fraction) of the solvents were higher than 99.8 mass %.

© 2012 Lifescience Global



Solubility of Fudosteine in Some Pure

Journal of Applied Solution Chemistry and Modeling, 2012 Volume 1, No. 2 101

6
5 | |
T | |
44
u X
i [
X
G~ 3 "
- - . |
5 | |
| e 0
g X
« ¥
14 " % ~
* v
4 ¥ v v v
® ®
0 .i..i,...!,.!..*,.i.
275 280 285 290 295 300 305 310
T/IK

Figure 2: Mole fraction solubility of Fudosteine (ci) in different solvents from 278.15 to 308.15K. B water; X 25 % Methanol +
Water; | 25 % Ethanol + Water; — 50 % Methanol + Water; % 50 % Ethanol + Water; ¥75 % Methanol + Water; @ 75 %

Ethanol + Water; + Methanol; % Ethanol.

Pure water was produced by NANO pure diamond
UV/UF (Thermo Scientific Barnstead, USA). The
masses of the samples and solvents were determined
by an analytical balance (Mettler Toledo AB204-N,
Switzerland) with an accuracy of 0.0001 g.

B. Sample Preparation

Excess amounts of fudosteine crystals were added
to 30 cm® (uncertainty of +0.1 cm3) of pure methanol,
ethanol, water and the binary solvent mixtures of
methanol + water and ethanol + water at a room
temperature of 293.15 K. Then they were directly
placed in the shaker where the temperatures were
controlled by a thermostat ranging from (278.15 to
308.15) K with each step of 5.0 K and a temperature
uncertainty of 0.1 K. The suspended solution was kept
shaken for 24 h to ensure solid-liquid equilibrium and
stabilization of the configuration of fudosteine before
sampling. Then the solution was allowed to settle for
0.5 h in the shaker. The supernatant liquid was
withdrawn, filtered through a 0.45um membrane to
avoid entrainment of the solids, appropriately diluted,
and analyzed for fudosteine using the HPLC. Each
measurement was repeated three times.

C. Sample Analysis

The solubility of fudosteine was monitored by
reverse-phase separation of a gradient HPLC system
(Waters Brezze Model, USA; Pump: Waters 1525
Binary Solvent Delivery System; Detector: Waters 2487

dual A absorbance detector; Integrator: Brezze System
Software, and 20 pL injector loop). The
chromatographic analysis was performed on a
Diamonsil C18 column (250 mm x 4.6 mm, 5 ym), with
mobile phase composed of H,O-MeOH (95: 5), the
detection wavelength was 220 nm, the flow rate was
0.8 mL/min, the column temperature was 30 °C. The
reference standard solution containing about 0.20
mg-mL'1 of fudosteine was prepared in methanol. The
limit of detection was 0.40 ng (S/N = 3) The average
recovery (n = 3) was 98.95 % (RSD = 0.3 %), 98.93 %
(RSD = 0.8 %) and 98.93 % (RSD = 0.7 %).

RESULTS AND DISCUSSION

The mole fraction solubility of fudosteine in the
binary solvent mixtures at different temperatures was
measured and presented in Table 2 and plotted in
Figure 2. According to the Table 2, the solubility in all
binary solvent mixtures increases with temperature. We
can draw a conclusion that the solubility of fudosteine
decreased with an increase of methanol or ethanol
content in the mixed solvents and increased with the
increase of temperature within the range of (278.15 to
308.15) K.

The experimental solubility of fudosteine as a
function of temperature could be computed by the
modified Apelblat equation deduced from the solid-
liquid phase equilibrium as follows:
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Inc®™ = A+ B +C-InT/K Q)
T/K

Where mol-dm'3) is the molar so (ubility of

fudosteine, A, B, and C are the empirical constants,

and T is the absolute temperature.

The difference between experimental and
calculated results is presented in Tables 1 and 2. The
correlated values of parameters A, B, and C were
presented in Tables 3 and 4 together with the root-
mean-square deviation (rmsd) which is defined as:

1< led 1)? v
calc expt
rmsd ={W§ (ci -c’ ) } @)

i=1
Where N is the number of experimental points and

¢l and ¢ represented the calculated and the
experimental solubility values, respectively.

exptl
i

From Tables 1 to 4, it could be seen that the
calculated solubilities showed good agreement with
experimental values, indicating the modified Apelblat
equation could be applied to correlate the solubility
data of fudosteine in the pure methanol, ethanol, water
and in mixed solvents of methanol + water and
ethanol+ water. The experimental solubility and the
modified Apelblat equation with the parameters might
be used as essential data in the purification and
crystallization of fudosteine.

CONCLUSIONS

From Tables 1 to 4 and Figure 2, we can draw the
following conclusions: (1) The solubility of fudosteine in
water, methanol and ethanol is a functionof
temperature, and it increases with an increase in
temperature. The best solubility of fudosteine is shown
in water. (2) For methanol + water and ethanol + water
binary mistures, the solubility of fudosteine decreased

Table 1: Solubilities (c) of Fudosteine in Water, Methanol and Ethanol from (278.15 to 308.15) K
Methanol Ethanol Water
% 10%c 10%c 10%c
mol-dm™ 10%(c-c*¥)/c? mol-dm™ 10%(c-c*)/c mol-dm™ 10%(c-c*)/c

278.15 0.121 2.78 0.011 1.01 1.818 -0.05
283.15 0.121 1.63 0.012 1.25 2.191 0.59
288.15 0.122 1.30 0.013 0.29 2.500 -4.10
293.15 0.124 1.76 0.015 5.03 3.102 -0.06
298.15 0.126 221 0.016 1.72 3.705 0.29
303.15 0.127 1.88 0.017 -2.51 4.449 1.36
308.15 0.128 1.55 0.020 3.08 5.122 -1.59

a calc,

¢ calculated value based on eq 1 correlated from the experimental solubility of fudosteine in the three solvents.

Table 2: Solubilities of Fudosteine in Different Compositions of Methanol + Water and Ethanol + Water Mixtures from
(278.15 to 308.15) K
Methanol + Water Ethanol + Water
T X =0.250 X = 0.500 X =0.750 X =0.250 X =0.500 X =0.750
K 10% , 10% , 10% , 10% , 10% , 10% ,
10°(c- 10°(c- 10°(c- 10°(c- 10°(c- 10°(c-
mol:dm™ | ¢*9/c | mol-dm™ | c*)c mol-dm?® | ¢)/c mol-dm™ | c*)c molédm— c“%c molédm— c“%/e
278.15 1.552 -0.68 0.503 -3.99 0.262 -6.47 1.501 3.56 0.393 2.60 0.135 -5.08
283.15 1.786 -1.88 0.588 0.315 0.329 2.91 1.731 371 0.473 0.41 0.165 0.44
288.15 2.015 -4.91 0.635 -3.15 0.381 4.23 1.922 0.30 0.566 -2.12 0.187 -1.66
293.15 2.417 -1.38 0.715 -2.09 0.428 2.85 2223 1.07 0.731 327 0.215 -2.26
298.15 2.806 -0.99 0.794 -2.19 0.469 -0.79 2.58 2.32 0.872 1.07 0.248 -2.46
303.15 3.205 -2.04 0.873 -3.07 0.517 -3.71 2.969 2.89 1.072 2.09 0.284 -3.33
308.15 3.682 -2.28 0.977 -1.88 0.601 -0.97 3.37 2.26 1.282 0.65 0.333 -1.69

*V1=Vuethanol OF Vetnanor; V2=Water; X=Va/(Vi+Vy).
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Table 3: Parameters of Equation 1 for Fudosteine in Different Pure Solvents in the Temperature Range of (278.15 to
308.15) K
A B C .
solvents 3 3 3 10°rmsd
mol-dm mol-dm™-K mol-dm
Water -80.86 1038.44 13.81 0.0549
Methanol -7.98 90.19 0.98 0.0024
Ethanol -174.02 6037.11 26.26 0.0004
Table 4: Parameters of Equation 1 for Fudosteine in Binary Methanol + Water, and Ethanol + Water Mixtures in the

Temperature Range of (278.15 to 308.15) K?

A B C
Solvent 10%msd
mol-dm™ mol-dmK™* mol-dm™

X =0.250 -53.98 266.69 9.50 0.0589

Methanol + Water X =0.500 -19.09 -740.89 3.75 0.0185
X =0.750 -40.99 -131.23 7.14 0.0131

X =0.250 -62.33 767.70 10.65 0.0589

Ethanol + Water X =0.500 -81.00 612.56 13.83 0.0145
X =0.750 -90.48 1783.55 14.59 0.0059

with an increase of methanol or ethanol content in the
mixed solvents and increased with the increase of
temperature in the range of (278.15 to 308.15) K. In
wiew of low toxicity and low price, ethanol + water
could be the most suitable binary solvents for
purification and crystallization. (3) The calculated
solubility of fudosteine sets a good coherence with the
experimental values. The solubility data were well-
correlated with the modified Apelblat equation, which
could be used as a useful model in the purification
process of fudosteine.
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