Experimental measurement and thermodynamic modeling of sildenafil citrate drug solubility in supercritical carbon dioxide
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ABSTRACT

Background: According to the sexual dysfunction definitions [1], erectile dysfunction is the persistent inability to get and maintain an erection for satisfactory sexual performance. Among available methods for treatment, oral medications are the most common. In this regard, sildenafil citrate belongs to a class of medications called phosphodiesterase type 5 (PDE 5) inhibitors, which can restore the natural process of erection. Despite rapid absorption after administration, absolute bioavailability of sildenafil citrate has been reported about 40% [2]. One of solutions to improve the bioavailability of this medicine is production of nanoparticles via supercritical fluid (SCF) based technologies [3]. To follow these technologies, knowledge of solubility of sildenafil citrate in SCF at different temperatures and pressures, is the first step. However, experimental performances at various operating conditions are usually impractical. Therefore, application of an acceptable theoretical approach such as semi-empirical models [4] would be found beneficial.
Scope and approach: This study is aimed to measure the solubility of sildenafil citrate in supercritical carbon dioxide (SCCO2) at equilibrium conditions of 308-338 K and 120-270 bar. Afterwards, Sodeifian’s model [5] as a semi-empirical model was applied to correlate the obtained solubility data. The correlating ability of the model was evaluated using three statistical criteria namely, average absolute relative deviation (AARD%), adjusted coefficient of correlation (Radj), and F-Test. More information on procedure and formulas are available elsewhere [6].
Key findings and conclusion: Experimental solubility of sildenafil citrate in SCCO2 is presented in the following figure. As can be seen, the minimum and maximum solubility data, in terms of equilibrium mole fraction were 0.14×106 and 5.91×106, respectively. Solubility of sildenafil citrate increases with increasing pressure at a constant temperature. On the other hand, an increase in temperature improves the solubility at a constant pressure above the crossover point and deteriorates it under the crossover point.
Figure 1: Experimental data for sildenafil citrate solubility in SCCO2.

With respect to the obtained experimental data, crossover pressure point was observed near 230 bar. Besides, Sodeifian’s model showed an acceptable ability for correlating the data with an AARD% of 10.49%. The correlative constants of the model for sildenafil citrate are presented in Table below:
	Table 1: Sodeifian’s semi-empirical model.

	

	
Table 2: Results of correlation with adjustable parameters.

	a0
	a1
	a2
	a3
	a4
	a5
	AARD
	Radj
	F-value

	-3.06
	0.075
	0.008
	0.002
	-0.012
	-961.4
	10.49%
	98.40%
	249.9



The results of this study indicated that sodeifian’s model has a good performance for correlating the solubility data which makes it appropriate for further applications in supercritical carbon dioxide (SCCO2) based technologies such as gas anti-solvent (GAS).
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