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ABSTRACT 

Objective: The study aims to prepare solid dispersions of selexipag to enhance its aqueous solubility using two different techniques—solvent 
evaporation and kneading. 

Methods: Twenty-seven solid dispersion (SD) formulations of selexipag were prepared using two different techniques, solvent evaporation (SE) 
and kneading (KN). Various hydrophilic carriers were employed, including urea, polyethylene glycol 4000 (PEG 4000), polyethylene glycol 6000 
(PEG 6000), poloxamer 188 (PXM 188), and poloxamer 407 (PXM 407), at drug-to-polymer ratios of 1:1, 1:3, and 1:5. The prepared formulations 
were evaluated for saturation solubility, drug content, percentage yield, and in vitro dissolution. Fourier transform infrared spectroscopy (FTIR) 
was performed to assess drug-polymer compatibility.  

Results: The saturation solubility was enhanced by all prepared solid dispersion formulations. The pure selexipag exhibited a solubility of 1.5±0.04 
µg/ml, whereas the optimized formulation (F2, PXM407:Selexipag 3:1) prepared by the solvent evaporation method showed a solubility of 25.9±0.2 
µg/ml, representing approximately a 17-fold increase compared to the pure drug. The optimized formulation also demonstrated a faster dissolution 
rate, with 88% of the drug released within 30 min. FTIR results further confirmed drug-carrier compatibility; no additional peaks were observed in 
any of the binary systems, indicating the absence of chemical interaction between selexipag and the polymer. 

Conclusion: Solid dispersion, particularly using poloxamer 407 via solvent evaporation, proved to be an effective and promising approach for 
enhancing the solubility, dissolution rate, and overall biopharmaceutical performance of selexipag. 
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INTRODUCTION 

In pharmaceutical development, poorly water-soluble drugs are a 
common occurrence and represent one of the most significant 
challenges [1]. Approximately 40% of novel chemical entities (NCEs) 
encounter various obstacles during the stages of formulation and 
development. Drugs categorized as Class II and IV in the 
Biopharmaceutics Classification System (BCS) frequently exhibit 
inadequate water solubility, restricted dissolution, and diminished 
bioavailability. Therefore, the formulation of pharmaceuticals 
should focus on improving the solubility and dissolution rates of 
active pharmaceutical ingredients (APIs). As these elements are vital 
for enhancing bioavailability [2]. Selexipag (SLX) acts as an orally 
given agonist that targets the prostacyclin (IP) receptor. Upon 
intake, it is hydrolyzed by carboxylesterase one, yielding an active 
metabolite that exhibits approximately a 37-fold increase in potency 
relative to the parent drug. In contrast to other prostanoid receptors 
(EP1–4, DP, FP, and TP), selexipag and its metabolite exhibit a 
pronounced selectivity for the IP receptor [3]. 

Clinically, used for pulmonary arterial hypertension (PAH) 
treatment, it exerts its effect by significantly raising intracellular 
cyclic adenosine monophosphate (cAMP) levels, resulting in reduced 
contraction and proliferation of pulmonary arterial smooth muscle 
cells [4]. Selexipag minimized likelihood of hospitalization and 
delays the disease progression risks in PAH patients [5]. Selexipag is 
a crystalline powder with a pale yellow appearance and is non-
hygroscopic. It has pH-dependent solubility and is practically 
insoluble in water (<1 mg/ml) [6]. It has greater solubility in organic 
solvents, such as dimethyl sulfoxide (DMSO), methanol, and acetone 
[7]. The absolute bioavailability of SLX approximately 50%. 
According to the Biopharmaceutical Classification System (BCS), 
selexipag belongs to Class II medication, defined by poor solubility 
and high permeability [8]. However, despite its proven therapeutic 
efficacy in pulmonary arterial hypertension, the poor aqueous 
solubility of selexipag remains a major limitation that reduces its 

oral bioavailability and, consequently, its clinical effectiveness. 
Therefore, enhancing its solubility is crucial to achieve consistent 
therapeutic outcomes. 

To overcome specific challenges associated with drug formulation, 
such as poor solubility, we can employ a range of physical and 
chemical techniques, including prodrug synthesis, salt formation, 
solid dispersions, hydrotropic substances, solubilizing agents, 
cosolvent addition, polymorphism investigation, crystal formation, 
cyclodextrin complexation, lipid formulations, particle size 
reduction, and nanoformulation methods [9]. Among the different 
techniques solid dispersion (SD)is considered attention one of the 
effective formulation strategies to enhance the solubility limitations 
and subsequently improve the bioavailability of poorly-soluble 
drugs [10]. Amorphous solid dispersions (ASDs) represent a modern 
and efficient strategy for enhancing the solubility and oral 
bioavailability of drugs with limited aqueous solubility [11]. In these 
systems, the drug is molecularly dispersed within a hydrophilic 
polymer matrix in the solid state, leading to improved wettability 
and dissolution performance. These enhancements arise mainly 
from molecular interactions between the drug and polymer and the 
amorphous nature of the formulation [12]. 

The drug is hydrophobic in nature, while the matrix improves 
dissolution due to its hydrophilic nature [13]. Therefore, the study 
aims to improve the solubility and dissolution rate of SLX by 
formulating it as a solid dispersion utilizing multiple methods, 
specifically kneading and solvent evaporation techniques, with 
different hydrophilic carriers, including PXM 188, PXM 407, PEG 
400, urea, and PEG 600. 

MATERIALS AND METHODS 

Chemicals and reagents 

Selexipag was provided by Hyperchem, China. Polyethylene glycol 
6000 (PEG 6000) and Poloxamer 407 (PXM 407) were purchased 
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from Sigma-Aldrich, Germany. Polyethylene glycol 4000 (PEG 4000) 
was obtained from Loba Chemie, India. Urea was provided by 
Thomas Baker, India. Poloxamer 188 (PXM 188) was provided by 
Loba Chemie, India. 

Instruments and apparatus 

The instruments used in this study included a UV-visible 
spectrophotometer (Shimadzu, Japan), a dissolution apparatus 
(Erweka, Germany), and an FTIR spectrophotometer (Shimadzu, 
Japan). A sonicator (Power Sonica 410, USA), a pH meter (Oakton 
pH 2100 series, USA), and a hot plate stirrer (Stuart, UK) were 
also utilized. Additional equipment included a centrifuge (Sigma 
3-18K, Germany), an oven (Binder, Germany), a water bath 

shaker (GFL, Germany), and an electronic balance (Ohaus, 
Spain). 

Design of experiments 

The prepared solid dispersion formulations were systematically 
evaluated using a Design of Experiments (DOE) approach. The DOE 
included one numerical factor, the carrier-to-drug ratio (1:1,1:3, and 1:5) 
and two categorical factors: carrier type, including five levels and 
preparation method, including two levels. A D-optimal response surface 
design was employed using Design Expert® version 13 to evaluate the 
influence of selected factors on key responses, including percentage 
yield, drug content, and saturation solubility. The suggested design was 
composed of 27 formulations, as illustrated in table 1. 

 

Table 1: Design of experiment for solid dispersion loaded with selexipag 

Formula A Carrier-to-drug ratio B Carrier type C Method 

1 3 PXM 188 Solvent evaporation 
2 3 PXM407 Solvent evaporation 
3 3 PEG4000 Solvent evaporation 
4 5 PXM188 Kneading  
5 5 PEG4000 Kneading 
6 3 Urea  Solvent evaporation 
7 3 PEG6000 Kneading 
8 3 PXM188 Kneading 
9 1 PXM407 Kneading 
10 3 PEG6000 Solvent evaporation 
11 1 PXM407 Solvent evaporation 
12 5 PEG4000 Kneading 
13 1 PXM188 Kneading 
14 1 PEG4000 Kneading 
15 5 Urea Solvent evaporation 
16 3 PXM407 Kneading 
17 5 PEG6000 Solvent evaporation 
18 1 Urea Solvent evaporation 
19 3 Urea Kneading 
20 5 PXM407 Solvent evaporation 
21 1 PEG6000 Solvent evaporation 
22 3 Urea Kneading 
23 3 PEG4000 Solvent evaporation 
24 5 Urea Kneading 
25 3 PEG6000 Kneading 
26 3 PXM188 Solvent evaporation 
27 5 PXM407 Kneading 

Note: The numerical values (1, 3, and 5) in the column “Carrier to drug ratio” represent Carrier: Drug ratios of 1:1, 1:3, and 1:5, respectively. 

 

Preparation of selexipag solid dispersion by the solvent 
evaporation method 

In the solvent evaporation method (SE), solid dispersions (SDs) 
were prepared by accurately weighing selexipag as well as the 
chosen carrier were each dissolved in ethanol until transparent 
solutions were achieved. The two solutions were then mixed and 
magnetically stirred for 45 min to ensure homogeneity. The 
resultant mixture was poured into Petri dishes and subjected to 
drying in a hot-air oven at 40 °C for 48 h to ensure the complete 
elimination of the solvent. The resultant solid material was scraped, 
crushed, and sieved through a No. 60 screen, then preserved in a 
moisture-free desiccator until further investigation [14]. 

Preparation of selexipag solid dispersion by kneading method 

In the kneading method (KN), selexipag and various water-soluble 
carriers, including PXM 407, PXM 188, PEG 6000, PEG 4000, and urea 
were weighed in various drug-to-polymer ratios (1:1, 1:3, and 1:5) as 
shown in table 1. The combined materials were moistened with a 
limited volume of ethanol-water (1:1, v/v) solution and blended 
completely in a mortar and pestle for 30 min in order to obtain a 
consistent paste. The produced paste was then dried in a forced air 
dryer (oven) at 40 °C for 48 h. The dried product was subsequently 
milled, pulverized, sieved through a No. 60 mesh, after that it was 
stored in tightly closed containers for further evaluation [15]. 

Evaluation of selexipag solid dispersion 

Determination of percentage yield 

The performance of the solvent evaporation and kneading 
procedures employed in this study was assessed by calculating the 
actual yield percentage (PY%) of the prepared selexipag solid 
dispersions. PY% was calculated as the ratio of the measured mass 
of the resulting solid system to the calculated theoretical mass, 
according to the following equation [16]. 

Percentage yield% =
Practical weight

Theoretical  weight
× 100……. Eq. 1 

Determination of drug content  

All fabricated SD formulations were subjected to drug content 
determination. A precisely weighed amount of SLX-SD, equivalent to 
5 mg of Selexipag, was dissolved in a 50 ml of ethanol. The mixture 
was sonicated for 30 min to ensure complete dissolution. The 
solution was diluted with ethanol following sonication. 
Subsequently, the UV-visible spectrophotometer operated at its 
designated λmax (298 nm) to evaluate the drug content of the 
prepared solution. The equation below was employed to determine 
the drug content percentage [17]. 

Drug content% =
Actual  weight  of drug  in formula

Theoretical  weight  of drug
× 100… …. Eq. 2 
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Determination of saturation solubility 

The saturated solubility of both the prepared selexipag solid 
dispersion and the pure drug was assessed in phosphate buffer 
solution (pH 6.8)for each sample, an excess quantity was introduced 
into plain, tightly capped test tubes, each containing 10 ml of the 
buffer. For a period of 48 h, the tubes were securely sealed and 
placed in a water bath shaker that was maintained at 37±0.5 °C to 
reach equilibrium. After the incubation period (48 h), the samples 
were centrifuged at 10,000 rpm for 10 min using a Sigma 3-18K 
centrifuge (Sigma Laborzentrifugen GmbH, Germany) to separate 
undissolved drug particles. The resulting supernatants were then 
passed through a 0.45 µm syringe filter. The filtrates were 
subsequently analyzed by a UV-visible spectrophotometer at a 
wavelength (305 nm), and all measurements were carried out in 
triplicate [18]. 

In vitro dissolution studies 

The in vitro dissolution of the produced SLX solid dispersion was 
assessed and compared to that of pure SLX using a USP type II 
dissolution apparatus (Erweka DT720 GmbH, Germany). The vessels in 
the apparatus were filled with phosphate buffer solution (pH 6.8), which 
served as the dissolution medium in this experiment. An exact quantity 
of SLX-SD, equivalent to 5 mg of the pure compound, was dispersed in 
300 ml of phosphate buffer (pH 6.8) with 1% Brij-35 (to maintain sink 
condition). The dissolution medium was maintained at 37±0.5 °C under 
continuous agitation using a paddle operated at 75 rpm. 

At predetermined intervals of 10, 20, 30, 45, 60, 90, and 120 min, a 
sample of 5 ml was withdrawn from the dissolving medium and 
replaced with an equal volume of fresh phosphate buffer pH 6.8 
after each sample collection. Following filtration with a 0.45-micron 
syringe filter, for each time point, the samples were examined by UV 
spectrophotometry at λmax (305 nm) to determine the amount of 
dissolved drug. The concentration of the released drug was then 

plotted against time to construct the cumulative drug release profile 
[19]. 

To assess the difference in the dissolution profiles between the pure 
drug and the SLX solid dispersion, a statistical comparison was 
conducted using the similarity factor (f₂), which is calculated using 
the following equation:  

f2 = 50. log{100. [ 1 +
1

n
∑ (Rt − Ttn

t=1 )2  ] −0.5 ]} … … …Eq. 3 

The dissolution values of the reference product (Rt) and the test 
formulation (Tt) are compared across multiple time points (n). In 
the range of 50 to 100, dissolution patterns are similar when the f2 
value is larger than 50. In contrast, profiles with a f2 value below 50 
are considered not similar [20]. 

Fourier transform infrared spectroscopy (FTIR) 

Compatibility studies between pure Selexipag, Poloxamer 407 
(PXM407), and the selected solid dispersion formulation were 
carried out using FTIR spectroscopy. Each sample was separately 
mixed with dry potassium bromide (KBr) and compressed into a 
transparent disc using a hydraulic press to prepare it for FTIR 
analysis in transmission mode. The FTIR spectra of the prepared 
discs were examined using an FTIR spectrophotometer (IRPrestige-
21, Shimadzu, Japan) in the range of (400–4000 cm⁻¹) [21]. 

RESULTS AND DISCUSSION 

Analysis of D-optimal design 

D-optimal design experiments were conducted to assess the impacts of 
polymer type, polymer ratio, and preparation process on the responses 
of selexipag solid dispersions. The design outcomes indicated that all 
responses were associated with the chosen parameters (table 4). This 
was indicated by the significant p-values obtained through the analysis 
of variance (ANOVA) test (tables 2 and 3). 

 

Table 2: ANOVA results for the dependent variables 

 Model R2 Adjusted R2 Predicted R2 Adequate precision Pvalue F ratio  

Y1a Quadratic 0.9678 0.9162 NA 15.089 <0.0001 18.77 Significant 
Y2b 2FI 0.7775 0.4740 NA 5.869 0.0605 2.56 Not Significant 
Y3c 2FI 0.8209 0.5767 NA 7.8416 0.0242 3.36 Significant 

aSaturation solubility, bPercentage yield, cDrug content 

 

Table 3: ANOVA p-values for the effects of ratio, carrier type, and method on yield, drug content, and solubility 

Response  A(polymer: drug ratio) B (carrier type) C (method) 
Yield% 0.2862 0.3214 0.0083 
Drug content% 0.0066 0.0369 0.0369 
Saturation solubility <0.0001 <0.0001 <0.0001 

 

Percentage of yield and drug content 

The optimal technique for preparing solid dispersion was examined by 
calculating the percentage yield (PY%) of the produced SLX-solid 
dispersion. As shown in Table4, both the solvent evaporation and 
kneading methods produced acceptable PY percentages ranging from 
93.16% to 97.27%. The results demonstrated good comparability of 
the solvent evaporation and kneading methods. Based on these 
results, both methods were considered appropriate and effective. 
Furthermore, in all prepared formulations, the amount of SLX loading 
in the solid dispersions ranged from 95.7% to 102.5%, suggesting a 
uniform distribution of SLX particles in all the prepared formulation. 

Saturation solubility 

All prepared selexipag solid dispersion formulations exhibited a 
significant enhancement in saturation solubility (p<0.05) when 
assessesed in comparison with the pure drug, as shown in table 4. In 
phosphate buffer (pH 6.8), the saturation solubility of selexipag was 
approximately 1.5 µg/ml±0.04, indicating that the pure drug is 
practically insoluble in aqueous medium [6]. The improvement in 
solubility can be influenced by several factors, including the 

preparation method, the type of polymer used, and the drug-to-
polymer ratio [22]. In general, the enhancement in solubility may be 
attributed to improved drug wettability, reduction in particle size, 
the hydrophilic features of the carriers and the enhanced porosity of 
the solid dispersions [23, 24]. 

In terms of method effects, the solvent evaporation approach 
produced the most soluble solid dispersion. This observation agrees 
with recent findings by Ali et al. (2024), who demonstrated that the 
solvent evaporation method yielded superior solubility 
enhancement compared to kneading, owing to improved drug-
polymer miscibility and uniform molecular dispersion [25]. This 
could be as a result of the solvent evaporation method producing a 
more homogeneous molecular dispersions of the drug in the 
hydrophilic carrier matrix compared with the kneading method [26]. 
Additionally, solubility is significantly impacted by the type of 
carrier. PXM407 has the greatest improvement in solubility among 
the carriers that are being used. This may be attributed to the 
increased solubilizing capacity and the high hydrophilic–lipophilic 
balance (HLB = 22 at 22 °C) of the copolymer surfactant, which 
makes it highly water-soluble carrier [27]. Similar improvement in 
solubility was reported by Pironi et al. (2023), where Poloxamer 
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407-based solid dispersions showed enhanced drug solubility and 
stability compared to physical mixtures [28]. 

Moreover, the solubility of SLX was affected by the drug-to-polymer 
ratio, when an increased in the polymer ratio resulted in higher 
solubility. This finding agrees with Aldeeb et al. (2023), who 
observed that increasing the polymer concentration significantly 
improved the solubility of mirtazapine solid dispersions due to the 
hydrophilic nature of the polymers [29]. However, an exception was 
observed in two formulations (F20 and F27) that contain 
PXM407:SLX at a 5:1 ratio, prepared by solvent evaporation and 
kneading methods, respectively, where increasing the polymer ratio 
resulted in a decrease in solubility. This may be due to increased 
viscosity of polymer matrix, which could hinder the diffusion of drug 
into the aqueous medium [30]. The solubility results of the 27 
prepared formulations are summarized in table 4. 

The polynomial equation in terms of coded factors for the inverse of 
saturation solubility was as follows:  

1/(Saturation Solubility) =+0.2746 − 0.1182A+0.1339B₁ − 
0.1759B₂+0.0148B₃ − 0.0132B₄+0.0775C − 0.0674AB₁+0.0118AB₂ − 

0.0339AB₃+0.0537AB₄ − 0.0422AC+0.0341B₁C − 0.0417B₂C − 
0.0249B₃C+0.0333B₄C+0.0519A² 

where:  

A = polymer-to-drug ratio, 

B = polymer type, 

C = preparation method. 

Positive coefficients indicate an increase in solubility, while negative 
coefficients show a decrease. The negative value of factor A 
(polymer-to-drug ratio) means that raising the ratio tends to lower 
the solubility, which was particularly evident in formulations 
containing PXM407. In contrast, other polymers did not show a 
noticeable reduction in solubility with increasing ratio. The positive 
signs of factors B (polymer type) and C (method) demonstrate that 
both the type of carrier and the preparation method contributed to 
higher solubility values. This confirms that both the choice of carrier 
and the preparation technique play a major role in improving the 
wettability and molecular dispersion of selexipag within the solid 
dispersion matrix. 

 

Table 4: Effect of factors, carrier to drug ratio(A), carrier type(B), and method (C)On responses: yield percentage, drug content 
percentage and saturation solubility 

Formula Carrier to drug 
ratio 

Carrier type Method Percentage yield % % of drug 
content 

Saturation solubility 
(µg/ml) 

1 3 PXM188 Solvent evaporation 94.12% 98.8%±0.02 7.46±0.01 
2 3 PXM407 Solvent evaporation 95.4% 99.45±0.01 25.9±0.2 
3 3 PEG4000 Solvent evaporation 93.4% 98.83%±0.02 3.79±0.21 
4 5 PXM188 Kneading 96.5% 99.5%±0.07 3.34±0.16 
5 5 PEG4000 Kneading 97.27% 102.5%±0.009 3.11±0.16 
6 3 Urea Solvent evaporation 93.3% 100.4%±0.02 3.37±0.57 
7 3 PEG6000 Kneading 96% 99%±0.06 2.99±0.4 
8 3 PXM188 Kneading 96.9% 99.1%±0.04 2.45±0.43 
9 1 PXM407 Kneading 95.5% 99.85%±0.02 2.69±0.14 
10 3 PEG6000 Solvent evaporation 93.7% 100 %±0.06 3.35±0.58 
11 1 PXM407 Solvent evaporation 96.4% 95.7%±0.02 5.18±0.67 
12 5 PEG4000 Kneading 97% 101.6%±0.01 3.16±0.38 
13 1 PXM188 Kneading 96% 97.58%±0.004 1.95±0.008 
14 1 PEG4000 Kneading 93.16 % 99.1±0.08 1.76±0.077 
15 5 Urea Solvent evaporation 94.2% 98.99%±0.01 4.82±0.33 
16 3 PXM407 Kneading 96.4% 100.3%±0.04 17.53±0.91 
17 5 PEG600 Solvent evaporation 94.4% 100.4%±0.1 6.76±0.98 
18 1 Urea Solvent evaporation 95.6% 98.7%±0.07 2.04±0.2 
19 3 Urea Kneading 96.5% 96.4%±0.04 1.93±0.057 
20 5 PXM407 Solvent evaporation 95.7% 101.4%±0.03 16.49±0.52 
21 1 PEG6000 Solvent evaporation 94.3% 96.28%±0.08 2.72±0.03 
22 3 Urea Kneading 96.6% 96.2%±0.08 1.90±0.1 
23 3 PEG4000 Solvent evaporation 96.3% 100.5%±0.1 4.70±0.91 
24 5 Urea Kneading 96% 96.6%±0.06 2.94±0.85 
25 3 PEG6000 Kneading 94.8% 98.73%±0.05 2.86±0.76 
26 3 PXM188 Solvent evaporation 95% 98.78%±0.06 5.99±0.64 
27 5 PXM407 Kneading 95.7% 97.4%±0.01 12.7±0.96 

*Abbreviations: PXM = Poloxamer, PEG = Polyethylene glycol. value are expressed as mean±standard deviation (n = 3). 
 

 

Fig. 1: 3D surface plot showing the interactive effects of polymer type (B) and preparation method (C) on the saturation solubility of 
selexipag solid dispersions 
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Fig. 2: Graphic model illustrating the one-factor effects of polymer-to-drug ratio (A), polymer type (B), and preparation method (C) on the 
percentage yield, drug content, and saturation solubility of selexipag solid dispersions 

 

In vitro dissolution studies 

According to the results obtained from the apparent solubility study, 
the formulations that demonstrated relatively improved solubility 
(F1, F2, F3, F6, F10, F16, and F20) were selected to compare their in 
vitro dissolution behavior. These formulations were analyzed to 
investigate the impact of polymer type, drug-to-polymer ratio, and 
solid dispersion preparation method on the in vitro dissolution 
profile of selexipag. 

Effect of polymer type 

Formulations containing different polymer types, including PXM188 
(F1), PXM407 (F2), PEG4000 (F3), urea (F6), and PEG6000 (F10), 

were selected to investigate the effect of polymer type at a fixed drug-
to-polymer proportion (1:3), prepared via the solvent evaporation 
technique. Fig. 3 demonstrated that the dissolution rate was enhanced 
by all of the previously mentioned formulations compared with the 
pure SLX drug, with the following f₂ values (relative to the pure drug): 
35.62, 17.23, 37.16, 46.31, and 39.82, respectively. 

After 30 min, PXM407 (F2) achieved the highest drug release profile 
(88%). In contrast, the other formulations (F1, F3, F6, F10) and the 
pure drug exhibited lower release values of 54%, 56%, 49.3%, 57%, 
and 38%, respectively, showing a statistically significant difference 
(p<0.05) relative to the pure drug. The enhancement in dissolution 
profile by PXM407 can be attributed to the amphiphilic structure of 
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PXM 407, which consists of a sequence of ethylene oxide (EO) blocks 
in conjunction with propylene oxide (PO) blocks. These 
characteristic blocks enable PXM 407 to self-assemble into micelles 

when contact with water. These monomolecular micelles can 
assemble into aggregates of varied sizes, thereby enhancing drug 
solubilization [31]. 

 

 

Fig. 3: Effect of carrier type on the dissolution profile of selexipag solid dispersions prepared by solvent evaporation (SE) method at a fixed 
1:3 drug-to-polymer ratio. Values are presented as the mean±standard deviation, in dissolution medium composed of phosphate buffer (pH 

6.8) at 37 °C with experiments performed in triplicate (n=3). PXM = Poloxamer, PEG = Polyethylene glycol, SE = solvent evaporation 

 

Effect of polymer ratio 

Solid dispersions of PXM407 produced using an identical preparation 
method (solvent evaporation) with different drug: polymer proportions 
(1:3 and 1:5) (F2, F20), respectively, were considered for evaluating the 
influence of drug: polymer ratio on the in vitro dissolution behavior of 

selexipag. Formula 2 demonstrated a substantial enhancement in the 
dissolution rate at a ratio of 1:3 (f₂ = 17.23), releasing 88% of the drug 
after 30 min. However, further increasing the polymer concentration to a 
1:5 drug-to-polymer ratio (F20) resulted in retardation of drug release 
(59% after 30 min, f₂ = 31.34), as shown in fig. 4. This may be attributed 
to the formation of a viscous matrix that limited drug diffusion [32]. 

 

 

Fig. 4: Effect of the drug-to-polymer ratio on the dissolution profile of selexipag solid dispersions prepared by the solvent evaporation method. 
Each point represents the mean±SD of three determinations (n = 3). Experiments were conducted at 37 °C in phosphate buffer (pH 6.8) 

 

 

Fig. 5: Impact of the preparation method on the in vitro dissolution profile of selexipag solid dispersions formulated with PXM407 at a 1:3 
drug-to-carrier ratio. Data are expressed as mean±SD (n = 3). Experiments were carried out in phosphate buffer (pH 6.8) at 37 °C 
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Effect of preparation method 

The dissolution behavior of PXM407 SDs prepared at a 1:3 drug-to-
carrier ratio using two different methods SE and KN represented by 
F2 and F16, showed comparable release profiles, with no significant 

differences observed at all time points between the two methods (f₂ 
= 17.23 for F2 and 18.34 for F16, relative to the pure SLX drug). Both 
formulations released 88% and 86.7% of the drug after 30 min, 
respectively, and the release profile remained consistent throughout 
the study, as illustrated in fig. 5. 

 

Table 5: Best-fit kinetic models with mechanism interpretation 

Formulation Bes-fit model  R² value k (K-P) Mechanism interpretation 
Pure SLX Korsmeyer–Peppas 0.994 0.144 Fickian diffusion 
PXM407 SE 1:5 Korsmeyer–Peppas 0.9994 24.249 Fickian diffusion 
PEG6000 SE 1:3 Korsmeyer–Peppas 0.9962 25.102 Fickian diffusion 
PEG4000 SE 1:3 Korsmeyer–Peppas 0.9967 22.764 Fickian diffusion 
Urea SE 1:3 Korsmeyer–Peppas 0.9997 23.806 Fickian diffusion 
PXM407 SE 1:3 Korsmeyer–Peppas 0.9966 57.172 Fickian diffusion 
PXM407 KN 1:3 Korsmeyer–Peppas 0.9937 55.139 Fickian diffusion 
PXM188 SE 1:3 Korsmeyer–Peppas 0.9983 20.202 Fickian diffusion 

 

All selexipag solid dispersion formulations and the pure drug 
exhibited the best fit with the Korsmeyer–Peppas model (R² = 0.9937–
0.9997), as this model showed the lowest Residual Sum of Squares and 
Reduced Chi-square values among all evaluated kinetic models. The 
diffusion exponent values (n<0.45) confirmed a Fickian diffusion 
mechanism [33], indicating that drug release was governed primarily 
by diffusion through the hydrated polymeric matrix. The similarity of 
the release mechanism among all formulations, including those 
containing PEGs, Poloxamers, and urea, indicates that selexipag 
release was mainly governed by diffusion through the hydrated 
polymeric matrices. The higher release rate constants (k) of the solid 
dispersions compared with the pure drug demonstrate the enhanced 
dissolution performance achieved through improved wettability and 
reduced crystallinity induced by the hydrophilic carriers. 

Selection of the optimum formula 

Formula 2, which contain PXM407: selexipag in 3:1 ratio was 
selected as the optimum formula and subjected to FTIR 
investigation. This is because it had the highest solubility and the 

highest amount of released drug after 30 min compared with the 
other formulations. 

Fourier transforms infrared spectroscopy (FTIR) 

Fourier Transform Infrared (FTIR) spectroscopy was employed to 
evaluate the potential molecular interactions between selexipag and 
Poloxamer 407, and to confirm the successful incorporation of the 
drug within the polymer matrix. 

The FTIR spectrua of pure drug selexipag, PXM407 and the selected 
formula are shown in fig. (6-8). The pure selexipag exhibited several 
characteristic absorption bands consistent with its functional 
groups, as summarized in table 6. 

These characteristic peaks are in agreement with previously 
reported spectra of selexipag [6]. While FTIR spectrum of PXM407 
display the characteristic peaks at 3446.79 cm,⁻¹2966.52-2883.58 
cm⁻¹,1111.00 cm⁻¹, corresponding to O-H streching, C-H aliphatic 
streteching, C-O-C streching respectively. This obsorvation is 
consistent with previous reports [34]. 

 

Table 6: Characteristic FTIR absorption peaks of pure SLX 

Functional group assignment Wavenumber (cm-1) 
C=O stretching 1726.29 
Aromatic C=C stretching 1562.34-1481.33 
N-H stretching 3419.79 
Aromatic C-H stretching 3026.31 
Aliphatic C-H stretching 2937.59 – 2870.08 
C-O-C stretching 1124.50 
C=N stretching 1672.28 
SO₂ stretching 
C-N stretching  

1330.88 
1242.16 

 

 

Fig. 6: FTIR spectrum of pure drug (selexipag)
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In comparison, the FTIR spectrum of the selexipag-loaded 
Poloxamer 407 formulation revealed several significant spectral 
changes. The carbonyl stretching peak (1722 cm⁻¹) exhibited a 
noticeable shift and reduction in intensity, suggesting the 
involvement of this group in hydrogen bonding with functional 
groups within the polymer. Furthermore, the broadening and 
intensification of the O–H stretching band near 3444.87 cm⁻¹ 
indicate the formation of enhanced hydrogen bonding networks 

between selexipag and the hydrophilic polyethylene oxide (PEO) 
segments of Poloxamer 407 [35]. Several distinctive peaks present 
in the spectrum of pure selexipag were either diminished or 
overlapped in the formulation, supporting the hypothesis that the 
drug was not simply physically mixed, but rather molecularly 
dispersed within the polymer matrix. However, no additional peak 
was observed in any binary system, indicating absence of any 
chemical interaction between selexipag and polymer. 

 

 

Fig. 7: FTIR spectrum of poloxamer 407 

 

 

Fig. 8: FTIR spectrum of selected formula (F2) 

 

CONCLUSION 

Based on the findings of this research, it can be concluded that the 
solubility of selexipag was significantly improved through the 
application of the solid dispertion approach. The Design of 
Experiment (DoE) analysis revealed that the carrier type was the 
most significant factor influencing solubility, followed by the drug-
to-carrier ratio and the preparation method. The solubility and 
dissolution rate of the final product were significantly influenced by 
these formulation variables and processing parameters. Among the 
tested carriers, Poloxamer 407 exhibited the most pronounced 
enhancement, with the formulation prepared by the solvent 
evaporation method at a 1:3 drug-to-polymer ratio achieving the 
highest solubility and an 88% dissolution rate within 30 min. 
Overall, solid dispersion represents an effective method to enhance 

both the solubility and dissolution rate of poorly water-soluble 
drugs. Future studies should focus on evaluating the stability of the 
amorphous form, performing further solid-state characterization 
(DSC and PXRD), and investigating the in vivo pharmacokinetic 
behavior of the optimized formulation. 
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