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Research subject: Low solubility of pharmaceutical compounds leads
to increasing the required drug dosage and their side effects as well
as reducing their therapeutic efficiency. Producing pharmaceutical
micro/nanoparticles with homogenous morphology and narrow size
distribution is one of the confirmed approaches for their solubility en-
hancement. So, selection and designing an appropriate method for this
purpose is one of the most important research fields of pharmaceuti-
cal industries. Over the past three decades, supercritical carbon dioxide
(sc-CO,) based methods as a clean and green technologies have been
received much attention in various fields of pharmaceutical industries.
However, in order to design and development of these methods for pro-
ducing micro/nanoparticles, determination of the compounds solubility
in sc-CO, is essential.

Research approach: In this research, well known empirical models
(Adachi and Lu, Ch and Madras, Hozahzbr et al.,, Bian et al., Mendez-San-
tiago-Teja), as well as the artificial neural network model were applied
for prediction the solubility of six anticancer drugs (Aprepitant, 5-Flu-
orouracil, Imatinib mesylate, Capecitabine, Letrozole, Docetaxel) in sc-
Co,.

In order to evaluate the accuracy of these models, a comparison was
made between the calculated solubility values and the available exper-
imental data, based on several statistical criteria, such as the average
absolute relative deviation (AARD%), adjusted correlation coefficient
(R, d].) and F-value.

Main results: According to obtained results, Adachi and Lu model with
AARD% value of 12.12% and Radj value of 0.97 provided acceptable re-
sults for solubility of mentioned drugs in sc-CO,. Also, in comparison
between empirical and artificial neural network models, the latter one
with AARD% value of 1.65% and Radj value of 0.9960 was appointed
as the most appropriate model for correlation of drugs solubility data.

*To whom correspondence should be addressed:

m.amani@rkiau.ac.ir
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Table 1: Properties of used pharmaceutical compounds in this research

Name Formula Molecular Temperature | Pressure | No.of | Solubility x 10° Reference

weight (g/mol) | (K) (bar) data (in terms of solute

mole fraction)

Aprepitant C,;H,,F.N,0, 534.4 308-338 120-330 | 32 4.5-76.7 [31]
5-Fluorouracil C,H,FN,O, 130.077 313-323 100-200 |12 1.3-525 [32]
Imatinib C,,H,:N.0,S 589.715 308-338 120-270 | 24 0.1-4.406 [33]
mesylate
Capecitabine C,;H,,FN.O, 359.35 308-348 152-354 | 40 2.7-158.8 [34]
Letrozole C,H, N, 285.303 318-348 120-360 | 45 1-83 [2]
Docetaxel C,,H,NO,, 807.879 308-348 152-354 | 40 37-702 [34]
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Table 2: Used empirical models in this research

Model Equation Number of adjustable
parameters
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Table 3: Solubility determination of the pharmaceutical components in supercritical CO, using empirical models

Aprepitant
Model a0 al a2 a3 a4 AARD% | R, F-value
Adachi and Lu 10.24 -0.79 13.93 -3.44 -6109.14 | 13.65 0.94 49.6
Ch and Madras 1.49 -4737.53 5.88 -3.13 -- 14.89 0.94 63.2
Hozahzbr et al. 5.51 -7277.98 | 2206.25 -0.25 - 13.87 0.95 77.7
Bian et al. 11.77 -4058.45 -2498.63 2.8 16.19 14.89 0.93 42.5
MST 11223.55 3667.67 20.61 -- - 17.46 0.95 1221
5-Fluorouracil
Model a0 al a2 a3 a4 AARD% | R, F-value
Adachi and Lu -3.22 0.89 0.31 0.59 -2813.44 | 3.72 0.99 145.5
Ch and Madras 0.75 -3209.36 | 2.29 -2.83 - 5.34 0.98 108.8
Hozahzbr et al. -2.04 -3625.63 662.30 0.12 == 5.42 0.98 122.2
Bian et al. -0.54 -2319.9 -1314.8 2.22 4.3 3.95 0.99 183.8
MST -5335.78 1039.84 6.84 -- - 11.44 091 21.1
Imatinib mesylate
Model a0 al a2 a3 a4 AARD% | R, F-value
Adachi and Lu 23.86 1.03 16.18 9.073 -10743.98 | 25.62 0.95 51.8
Ch and Madras 4.34 -2566.35 2.52 -26.13 | -- 26.24 0.94 48.1
Hozahzbr et al. -28.72 -21017.71 | 317.94 -3.80 - 26.47 0.94 51.9
Bian et al. 22.58 -2432.86 | -8093.74 | 8.73 38.04 23.42 0.92 27.6
MST -15555.22 | 5906.01 25.20 -- - 31.94 0.92 47.2
Capecitabine
Model a0 al a2 a3 a4 AARD% | R, F-value
Adachi and Lu 16.23 -8.69 52.98 -40.04 |-8133.29 |6.53 0.99 738.5
Ch and Madras 0.12 -10237.48 | 15.86 13.07 - 8.53 0.99 549.9
Hozahzbr et al. 28.68 -15276.16 | 5521.07 1.092 - 10.37 0.98 357.7
Bian et al. 19.98 -247394 | -6724.49 | 15.65 16.32 8.71 0.99 856.1
MST -15065.13 | 5430.85 27.73 -- - 7.88 0.99 781.8
Letrozole
Model a0 al a2 a3 a4 AARD% | R, F-value
Adachi and Lu 17.16 0.22 18.54 -18.18 |-9007.54 |16.38 0.99 679.7
Ch and Madras -0.14 -11654.02 | 11.42 21.46 == 16.55 0.99 702.1
Hozahzbr et al. 32.66 -15254.41 | 3975.61 1.28 - 19.12 0.98 526.5
Bian et al. 24.18 -887.415 -10195.59 | 17.3 21.47 21.11 0.99 465.6
MST -14636.36 | 3758.67 29.755 -- - 19.37 0.99 743.4
Docetaxel

Model a0 al a2 a3 a4 AARD% | R, F-value
Adachi and Lu 15.22 -0.82 18.048 -15.98 |-7600.66 | 6.86 0.99 482.5
Ch and Madras -0.027 -9781.47 | 9.94 18.76 - 6.82 0.99 517.1
Hozahzbr et al. 32.47 -13970.82 | 3862.85 1.47 = 7.45 0.99 486.9
Bian et al. 22.96 -668.38 -10604.88 | 15.12 25.2 7.92 0.99 727.6
MST -12735.25 | 3352.92 27.36 -- = 7.83 0.99 779.8
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Fig.6: Comparison of experimental (points) and calculated (line) solubility of Letrozole in the supercritical CO, using

different empirical models.
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Fig.7: Comparison of experimental (points) and calculated (line) solubility of Docetaxel in the supercritical CO, using

different empirical models.
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Table 5: Comparison the results of modeling using the empirical models vs. the artificial neural network

Model Statistical Pharmaceutical components Average
parameter Aprepitant | 5-Fluorouracil | Imatinib | Capecitabine | Letrozole Docetaxel
mesylate
Adachi AARD(%) 13.65 3.72 25.62 6.53 16.38 6.86 12.12
andlu o i 0.94 0.99 0.95 0.99 0.99 0.99 0.97
F-value 49.60 145.50 51.80 738.50 679.70 482.50 357.93
Ch and AARD(%) 14.89 5.34 26.24 8.53 16.55 6.82 13.06
Madras o 4 0.94 0.98 0.94 0.99 0.99 0.99 0.97
F-value 63.20 108.80 48.10 549.90 702.10 517.10 331.53
Hozhabr | AARD(%) 13.87 5.42 26.47 10.37 19.12 7.45 13.78
etal. Radj 0.95 0.98 0.94 0.98 0.98 0.99 0.97
F-value 77.70 122.20 51.90 357.70 526.50 486.90 270.48
Bian et AARD(%) 14.89 3.95 23.42 8.71 21.11 7.92 13.33
al. Radj 0.93 0.99 0.92 0.99 0.99 0.99 0.97
F-value 42.50 183.80 27.60 856.10 465.60 727.60 383.86
MST AARD(%) 17.46 11.44 31.94 7.88 19.37 7.83 15.99
Radj 0.95 0.91 0.92 0.99 0.99 0.99 0.96
F-value 122.10 21.10 47.20 781.80 743.40 779.80 415.90
Artificial | AARD(%) 3.20 0.27 1.76 4.46 0.21 0.01 1.65
neural .
Tk Radj 0.993 0.99 0.99 0.98 0.99 0.99 0.99
F-value 362.87 168012.00 493.08 398.19 4005641.00 | 8739018.60 | 1463480.02
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Fig.11: Comparison of experimental (points) and calculated (line) solubility of (a) Aprepitant, (b) -5Fluorouracil, (c)
Imatinib mesylate, (d) Capecitabine, (e) Letrozole and (f) Docetaxel in the supercritical CO, using artificial neural

network (ANN) model.
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