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Abstract 
Selexipag(SLP) is an orally selective long-acting prostacyclin receptor agonist indicated for pulmonary 

arterial hypertension treatment. It is practically insoluble in water (class II, according to BCS). This work aims to 

prepare and optimize Selexipag nanosuspensions (SLPNS) to enhance the saturation solubility and in vitro 

dissolution rate. The solvent antisolvent precipitation method was used for the production of NS, and the effect of 

formulation parameters (stabilizer type, drug: stabilizer ratio, and use of co-stabilizer) and process parameter 

(stirring speed) on the particle size (P.S) and polydispersity index (PDI) were studied. The result revealed that the 

P.S of all prepared SLPNS formulation was in the nanometer range, except for the formulas that stabilized by 

Poloxamer. The optimal SLPNS (F15), which is stabilized by Soluplus® (SLP: stabilizer ratio 1:2) and prepared 

at a stirring speed of 1000 rpm, showed the smallest P.S and appropriate PDI, which are 47 nm and 0.073. The 

formula F5 exhibits 136 folds, an increase in the saturation solubility, and an enhancement in the dissolution rate 

in phosphate buffer pH 6.8 (100% drug release during 60 min) compared to the pure drug. This result indicates 

that SLPNS is an efficient way for improving the saturation solubility and the dissolution rate of SLP. 
Keyword: Selexipag nanosuspension, Solvent antisolvent precipitation method. 

 

 جزيئات المعلق النانوي للسيليكسيباغ: الصياغه و التوصيف والتقييم في المختبر
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 العراق  ،النجف ،دائرة صحة النجف ،*وزارة الصحه والبيئة العراقية

 العراق ،بغداد ،جامعة بغداد ،كلية الصيدلة،** فرع الصيدلانيات

 
 الخلاصة

والذي يوصى به لعلاج ارتفاع ضغط  السيليكسيباغ هو ناهض مستقبلات البروستاسيكلين طويل المفعول الانتقائي الذي يستخدم فمويا ،

 الدم الشرياني الرئوي. هو غير قابل للذوبان في الماء)التصنيف الثاني: وفقا لنظام تصنيف الصيدلانيات البيولوجية(.

 تبر.معدل الذوبان في المخ الذوبانية و النانوي للسيلكسيباغ لتحقيق زيادة فيالمعلق يهدف هذا العمل إلى تحضير وتحسين جزيئات  

الصياغة )نوع المثبت ، الدواء: نسبة التثبيت ،  عوامل  نانوي ، وتم دراسة تأثيرمعلق تم استخدام طريقة الترسيب بالمذيب و المضاد للمذيب لإنتاج  

 التشتت. ر تعددالعملية )سرعة التحريك( على حجم الجسيمات و مؤش عواملواستخدام المثبت المشترك( و

وكانت  .Poloxamerكانت في نطاق نانومتر ، باستثناء الصيغ التي استقرت بواسطة  SLPNSالنتائج الى ان حجم الجسيمات لجميع عينات كشفت 

دورة  1000تحريك ( والمعد بسرعة 2: 1مثبت للالدواء:  ةنسب) كمثبت رئيسي ®Soluplusتحضيرها بوجود والذي تم (،  (F15ثلالأمالعينة 
، الذوبانيةيادة في زضعفاً  136 (  F5)  عينة. أظهرت ال0.073 التشتت ر تعددمؤش كاننانومتر و 47حجم للجسيمات يبلغ صغر في الدقيقة ، أ

النقي. تشير هذه  لدواءدقيقة( مقارنة با 60لدواء خلال تحرر كامل ل) 6.8 الرقم الهيدروجينيذي  للفوسفات محلول  وتحسين معدل الذوبان في
 .الذوبانية ومعدل الذوبانطريقة فعالة لتحسين  SLPNSالنتيجة إلى أن 

 .الكلمات المفتاحية : المعلق النانوي للسيلكسيباغ, طريقه الترسيب بالمذيب و المضاد للمذيب  

Introduction    
It was reported that about 40% of new 

chemical entities are hydrophobic compounds, and 

one-third of drugs documented by United States 

Pharmacopeia(USP) are poorly water-soluble. Poor 

aqueous solubility may trigger some issues: such as 

low bioavailability caused by uncontrolled 

precipitation & extensive variation in the absorption 

profile(1).  

Nanosuspensions (NS) is defined as a 

unique submicron colloidal dispersion of nanosized  

 

 

drug particles that need to be stabilized by suitable 

stabilizers (polymer and/or surfactant)(2). Currently, 

NS has been considered as an attractive approach for 

enhancing the bioavailability of insoluble drugs 

owing to increase their saturation solubility and 

dissolution rate(3). In general, NS can be prepared 

either by top-down or bottom-up methods. The top-

down processes involve a breakdown of large solid 

particles into nanosized particles, while bottom-up 

approaches involve precipitation of dissolved drug 

molecules into nanoparticles (4). 
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Although the top-down processes are 

favored in the pharmaceutical industry, the bottom-

up processes have the advantage of providing a 

homogenous dispersion system (narrow particle size 

distribution) with lower energy input (5).  

The liquid solvent anti-solvent 

precipitation method is a type of bottom-up 

technique that is most commonly used to prepare NS 

due to it is simplicity and cost-effectiveness. The 

basic principle of this method is based on modifying 

the compound solubility by mixing a water-miscible 

organic solvent containing the drug with the 

antisolvent (in which the drug is insoluble) in the 

presence of the stabilizer, precipitation of 

nanoparticles will occur instantaneously. During 

precipitation, the stabilizer will be absorbed on to 

the surface of the newly formed nanoparticles to 

prevent further growth of the particles (5,6).  

Selexipag (SLP) is a selective, orally 

active, long-acting prostacyclin (IP) receptor agonist 

that has been used for long term treatment of 

pulmonary arterial hypertension to delay disease 

progression and reduce the risk of hospitalization (7).  

In contrast, all other licensed drugs that target the 

prostacyclin pathway have a short half-life. Most of 

them need to be administered by an intravenous or 

subcutaneous infusion or by the inhalation route(8).  

After oral administration, SLP is rapidly 

hydrolyzed into the active metabolite ACT-333679 

(approximately 37 fold more potent than SLP) 

following absorption. The oral bioavailability of 

SLP is approximately 50%(9).  

SLP is a non-hygroscopic powder which 

appears as a pale yellow crystalline powder. It is 

practically insoluble in water (<1mg/ml) and 

exhibits pH-dependent solubility. According to the 

biopharmaceutical classification system, it is 

considered a class II drug (low solubility, high 

permeability) (10,11). 

This study aims to prepare and characterize 

SLPNS prepared by liquid solvent antisolvent 

precipitation process in an attempt to improve the 

saturation solubility and dissolution rate of SLP. 

Materials 
 Selexipag (SLP), polyvinyl alcohol(PVA), 

hydroxypropyl methylcellulose (HPMC E15), and 

Poloxamer-407(PX-407) were purchased from 

Hangzhou hyper chemical limited (China). 

Soluplus® was obtained from BASF (Germany). 

Tween-80 was provided by Alpha chemika(India). 

All other solvents and chemicals used were of 

analytic grade and utilized without further 

purification.  

Method 
Preparation of SLPNS 

The SLPNS was prepared by the liquid 

solvent anti-solvent precipitation method. Briefly, 

10 mg of SLP was dissolved in 3 ml methanol. After 

that, this solvent phase was added dropwise at a flow 

rate (1ml/ min) by the aid of a syringe pump into 27 

ml of an aqueous solution (water containing polymer 

alone or in combination with co-stabilizer) under a 

continuous stirrer for 1 hr at a certain speed(12).  

Different types of stabilizers, which are 

HPMC E15, PVA, Soluplus®, and PX-407, were 

used at different concentrations, either alone or in 

combination with tween-80, as shown in Table (1). 

The effect of formulation parameters 

(stabilizer type, SLP: polymer ratio, and co-

stabilizer) and process parameter (stirring speed) on 

the P.S and PDI of SLP NS were investigated to 

select the most stable formula. 

In order to increase the stability of the final 

product and perform some evaluation tests, the 

freshly prepared SLPNS was immediately 

lyophilized in the presence of cryoprotectant 

(mannitol) to prevent the formation of the collapsing 

cake at a concentration of 0.5% w/v. The dispersion 

was pre-frozen in a freeze at -20 ℃ for 24 hr, 

followed by lyophilization for 72 hr at -52 ℃ and 

vacuum pressure of 0.2 mbar using Labocconco 

lyophilizer (13). 

Table 1. Composition of SLPNS formulation 

Formula symbol SLP 

(mg) 

PVA 

(mg) 

HPMC E15(mg) Soluplus® 

(mg) 

PX-407 (mg) tween-80 (ml) Stirrer speed 

F1 10 10 -- -- -- -- 500 

F2 10 20 -- -- -- -- 500 

F3 10 -- 10 -- -- -- 500 

F4 10 -- 20 -- -- -- 500 

F5 10 -- -- 10 -- -- 500 

F6 10 -- -- 20 -- -- 500 

F7 10 -- -- -- 10 -- 500 

F8 10 -- -- -- 20 -- 500 

F9 10 10 -- -- -- 0.01 500 

F10 10 -- 10 -- -- 0.01 500 

F11 10 -- -- 10 -- 0.01 500 

F12 10  -- -- 10 0.01 500 

F13 10 20 -- -- -- -- 1000 

F14 10 -- 20 -- -- -- 1000 

F15 10 -- -- 20 -- -- 1000 

F16 10 -- -- -- 20 -- 1000 
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Characterization of SLPNS 
P.S and PDI 

Dynamic light scattering technique was 

used to measure the P.S and PDI of SLPNSs at 25 

℃ in a detection angle of 90o using the ABT-9000 

Nano Laser Particle Size Analyzer. All samples 

were measured without dilution and in triplicate. 

The results were expressed by a mean and standard 

deviation (SD) (14).  
 

The drug content in SLPNS 

All formulas that have P.S under 100 nm 

were subjected to the drug content estimation study 

by diluting 1 ml of SLPNS with methanol into 20 

ml. Each sample was assayed by UV-Visible 

spectroscopy at 297.8 nm for at least three times to 

measure the actual drug content based on the 

following equation (15):  

Drug content %= (observed drug content 

/Theoretical drug content) *100 …..(Eq. no.1) 
 

In vitro dissolution study  

The dissolution test for SLPNS formulas 

that have P.S under 100 nm was performed using 

USP apparatus type II (paddle type). The volume of 

NS equivalent to 1 mg SLP was placed in a 

pretreated dialysis bag (MWCO 12-14 KD). This 

dialysis bag was fixed into the paddle and immersed 

into the dissolution media (300 ml phosphate buffer 

pH 6.8 in the presence of 1% Brij-35 to maintain the 

sink condition). The temperature was kept at 37±0.5 

℃, while the speed of the paddle was 50 rpm. An 

aliquot of 5 ml was withdrawn at a scheduled time 

interval (5, 10, 15, 20, 30, 40, 50, 60, 90, and 120 

min) and replaced by the freshly prepared 

dissolution media. The SLP amount was assayed 

spectrophotometrically at specified λ max for this 

media, which is 305 nm. All the measurements were 

done in triplicate (16).  

The similarity factor f2 was used to 

measure the similarity in the percent of  drug 

dissolution between two curves according to the 

following equation: 

f2 = 50 × log {[1 +  
1

𝑛
∑ |𝑅𝑡 − 𝑇𝑡|2

𝑛

𝑡=1

]

−0.5

× 100} 

 

Where n represents the number of sampling 

points, while Rt and Tt is the average percentage of  

 

 

 

 

dissolved drug in the reference and test sample at 

time t, the FDA guideline suggests that two 

dissolution profiles can be considered dissimilar if 

f2 is less than 50 (17). 
 

Saturation solubility study  

The shaking flask method was utilized to 

determine the saturation solubility. An excess 

amount of pure SLX, lyophilized NS (of the optimal 

formula), was added to 10 ml of D.W and subjected 

to shaking at 25 ℃ for 48h using a water bath 

shaker. The supernatant was filtered through a 

0.45ϻm syringe filter and analyzed by the UV-

visible spectrophotometer(18). 
 

Fourier Transformed Infrared Spectroscopy 

(FTIR) 

The FTIR spectra of pure SLP, Soluplus®, 

mannitol, and freeze-drying powder of the selected 

formula were recorded to investigate the interaction 

between active pharmaceutical ingredient and 

excipient using FTIR spectrometer (FTIR-8300 

Shimadzu, Japan) by compressing the sample into a 

disc using KBr. The sample was analyzed through a 

wavelength region between 4000- 400 cm-1(19).  
 

Statistical analysis 

The results in this experiment were 

expressed as the mean ± (SD). One way analysis of 

variance (ANOVA) and t-test student was used to 

analyze the difference between the samples at the 

level of significance (p<0.05).  
 

Result and Discussion 
P.S and PDI analysis 

The mean P.Ss and PDI values are shown 

in Table (2). A PDI value < 0.3 indicates a narrow 

size distribution, while PDI >0.3 is considered a 

broad size distribution(20). 

The mean P.S of all the prepared formulas 

was in the range of 47 nm- 3835 nm. These results 

indicate that it is possible to formulate SLPNS with 

small P.S by controlling the critical formulation and 

process parameters. 

The PDI values of formulas ranged from 

0.005-0.073, which indicates that these formulas 

have a narrow P.S distribution: except the formulas 

F4 and F9, which have a PDI value of 0.5 and 0.4, 

respectively, so this system is considered to have 

broad size distribution. 
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Table 2. P.S and PDI of the different formulation. 

Formula 

no. 

Stabilizer used Drug: stabilizer: 

co-surfactant ratio 

Stirrer 

speed 

P.S±SD PDI 

F1 PVA 1:1 500 541.6±6.3 0.009 

F2 PVA 1:2 500 439.6±26.5 0.016 

F3 HPMC E15 1:1 500 467±13.8 0.02 

F4 HPMC E15 1:2 500 181.6±2.3 0.5 

F5 Soluplus® 1:1 500 74.6±2.6 0.015 

F6 Solupus® 1:2 500 73.2±4.8 0.009 

F7 PX-407 1:1 500 2737.6±23 0.007 

F8 PX-407 1:2 500 3835.3±21 0.005 

F9 PVA: 

tween80 

1:1:1 500 279±0 0.4 

F10 HPMC E15: 

tween80 

1:1:1 500 453.6±16.7 0.012 

F11 Soluplus®: tween80 1:1:1 500 83.2±6 0.019 

F12 PX-407: tween80 1:1:1 500 4356±0 0.007 

F13 PVA 1:2 1000 632±24.2 0.029 

F14 HPMC E15 1:2 1000 603±12.12 0.02 

F15 Soluplus® 1:2 1000 47±9.2 0.073 

F16 PX-407 1:2 1000 3656.6±11 0.007 
 

Optimization of SLPNS using different types of 

stabilizers and at various concentrations. 

The selection of suitable stabilizers and 

concentration is one of the most critical parameters 

that affect the P.S and stability of  NS(21).  

The effect of type and concentration of 

polymer on SLPNS formulations are seen in 

formulas (F1- F8). 

The formulas that stabilized by Soluplus® 

has the smallest P.S (p<0.05) followed by NS 

prepared with HPMC E15, PVA, and PX-407, as 

illustrated in figure (1). This can be attributed to the 

natural chemical composition and superior surface 

activity and wettability of Soluplus®. Soluplus® is 

an amphipathic graft copolymer contains a 

hydrophilic part (polyethylene glycol backbone) and 

a lipophilic part (vinyl caprolactam/ vinyl acetate 

side chain). The adsorption of Soluplus® onto drug 

particles decreases the interfacial tension of the 

surface particles, thus providing steric hindrance to 

prevent the aggregation of the newly formed 

nanoparticles (22).  

Further, the stabilization of SLPNS by 

HPMC E15 or PVA could be explained by the 

formation of a hydrogen bond between SLP particle 

and one of these polymers (HPMC E15 comprised a 

high degree of substitution of the methoxy and 

hydroxyl group while the chemical structure of PVA 

is abundance with hydroxyl group). These polymers 

can effectively adsorb onto drug particle surfaces 

that lead to steric stabilization of the system by 

providing a stable thermodynamic barrier 

surrounded the particle surface, which retarded 

particle growth(23,24).  

PX-407 is an amphiphilic, linear tri-block 

copolymer comprised of the hydrophobic central 

segment of polypropylene oxide (PPO) and two 

hydrophilic side segments of polyethylene 

oxide(PEO). The hydrophobic PPO segment has 

driven the adsorption of polymer onto the drug 

particle surface. At the same time, the hydrophilic 

PEO chains surround the particles and provide steric 

hindrance, thus prevent particle aggregation and 

growth(25).  

Despite this advantage and unique nature 

of PX-407, but is ineffective in producing SLPNS 

even at high concentrations. Their adsorption onto 

drug particle surface depends on physisorption; if 

hydrophobic- hydrophilic forces are not strong 

enough for surface adsorption, they cannot 

overcome the attractive force between two-particles 

that become dominant due to depletion of stabilizer 

between the gap of particles(25,26).  

It was observed that with an increasing 

concentration of PVA and HPMC E15. There was a 

dramatic reduction in P.S (p<0.05). The P.S of the 

formulas F1 and F3 (which contain drug: polymer 

ratio of 1:1) was 541.6 nm and 467 nm, respectively, 

compared to 439.6 nm and 181.6 nm for F2 and F4, 

which contain drug: polymer ratio of 1:2. This result 

could be explained based on that with increasing 

stabilizer concentration, the surface tension will 

decrease, which facilitates the adsorption of 

stabilizer on the surface of the newly formed 

nanoparticle so prevent particle growth and 

recrystallization by providing steric stabilization. 

Otherwise, at low concentration, the stabilizer was 

ineffective in providing sufficient stability to the 

system(27). 

While the P.S of formula F6 (73.2 nm) 

stabilized by Soluplus® and prepared at 1:2 drug: 

polymer ratio was not significantly reduced 
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compared with the formula F5 (74.6 nm) that 

prepared at a drug: polymer ratio of 1:1. This result 

indicates that once the stabilizer concentration is 

efficiently covering newly generated surfaces, a 

further increase in stabilizer concentration did not 

significantly affect the P.S and PDI(28).  
 

 
Figure 1. Effect of polymer types and 

concentration on the P.S of NS formulation. 
 

Effect of the addition of co-stabilizer on the P.S 

The liquid solvent antisolvent precipitation 

method was used to formulate SLPNS in the 

presence of stabilizer alone (PVA, HPMC E15, 

Soluplus®, and PX-407) and in combination with 

co-stabilizer (tween-80, which is a nonionic 

surfactant that sterically stabilized the system) to 

study the effect of polymer-surfactant interaction on 

the P.S as shown in Figure (2). 

The P.S of the formula F2 (439.6 nm) that 

contains PVA as the primary stabilizer was 

significantly reduced (p<0.05) with the addition of 

co-stabilizer (tween-80) as seen in formula F9 (P.S 

is 297 nm). This means there is an efficient surface 

affinity for this combination (PVA and tween-80), 

which could form a stable thermodynamic barrier at 

the drug particle surface interface, thus delay 

particle growth(29). 

While the P.S of the formula F4 (181.6 

nm), F6 (73.2 nm), and F8 (3835.3 nm) that 

stabilized by HPMC E15, Soluplus® and PX-407 

respectively increased with the addition of tween-80 

as shown with F10 (453.6 nm), F11 (83.7 nm), and 

F12 (4356 nm). This result indicates that this 

combination was inappropriate for SLPNS. Co-

stabilizer addition might retard the interaction 

between the drug and stabilizer, increasing the P.S 

of nanosuspended particles(29). 

 

 
 

Figure 2.Effect of the addition of co-stabilizer on 

the P.S of NS formulation. 
 

Effect of the stirring speed on the P.S 
Two different stirrer speeds, 500 and 1000 

rpm were used to prepare the formulas (F2, F4, F6, 

F8, and F13- F16, respectively) to study the stirring 

rate's impact on the P.S of SLPNS as shown in 

Figure 3. All these formulas were prepared at a drug: 

stabilizer ratio of 1:2. 

The P.S of the formula F15 (47 nm) and 

F16 (3656 nm), which were stabilized by Soluplus® 

and PX-407 respectively, and prepared at 1000 rpm 

was significantly reduced (p<0.05) compared to 

formula F6 (73.2 nm) and F8 (3835.3 nm) that 

stabilized by the same polymer but at lower stirring 

speed (500rpm). The high, stirring rate will create 

high shear stress on the particles, which leads to the 

breakdown of these particles into smaller ones. In 

contrast, the P.S of formulas F13 (632nm) and F14 

(603) that stabilized by PVA and HPMC E15 

respectively was significantly increase (p>0.05) 

compared to the formulas F2 (439.6 nm) and F4 

(181.6 nm) that stabilized by the same polymer but 

at a lower stirrer speed of 500 rpm. Although the 

high stirring speed ensures rapid nucleation and 

breakdown of large particles, this robust mechanical 

stirrer may provide the system with excessive 

energy that may overcome the barrier created by the 

stabilizer and initiates the collision between 

particles causing increased the P.S of the 

formulation (30,31).  
 

 
Figure 3. The effect of stirring speed on the P.S 

of NS formulation. 
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Percent of drug content in SLPNS 

       The drug content in the NS formulas (which 

stabilized by Soluplus® as a primary stabilizer) that 

have P.S under 100 nm was found to range from 

91.1- 94.59%, as illustrated in Table (3). The high 

drug loading was one of NS's advantages because 

this drug delivery system is free from any carrier 

system(32). 
 

Table 3. Percent Drug Content of SLPNS with 

Soluplus® 
 

Formula Percent of drug content 

F5 93.4± 0.27 

F6 94.59± 0.1 

F11 91.16± 0.7 

F15 91.69± 0.4 
 

 

In vitro dissolution study of SLPNS 

The in vitro dissolution test was performed 

for the pure drug and NS formulas that have P.S 

under 100 nm in phosphate buffer (pH 6.8) to 

simulate the in vivo release in the intestine, as shown 

in Figure 4 (33).  
 

 

 
 

Figure 4.The dissolution profile of the pure drug 

and SLPNS formulas in phosphate buffer pH 6.8 

at 37± 0.5 ℃. 
 

A comparison between the dissolution 

profiles of SLP NS formulas and pure drug (which 

was used as a reference) was made using the 

similarity factor f2. The similarity factor value falls 

between 0 and 100, and two dissolution profiles are 

considered to be similar when f2 is greater than 

50(17). While the result of the comparison between 

the NS formulas and the pure drug was less than 50, 

as seen in Table (4), this indicates there is a 

dissimilarity between the dissolution profile of 

SLPNS and pure SLP powder. 
 

Table 4. Similarity Factor f2 for SLPNS Formula 
 

Formula name f2 in phosphate buffer 

pH6.8 

F5 26.08 

F6 24.04 

F11 19.19 

F15 17.81 

 

F15 shows superior in vitro performance 

(complete drug dissolved within 60 minutes) 

compared to other NS formulas. So it was selected 

as the optimal formula. 

The enhancement in the SLPNS dissolution 

rate could be explained based on the Noyes Whitney 

equation that states with reducing the P.S, especially 

to the nanoscale range, the surface area will be 

increased, which results in enhancement of 

dissolution velocity. The amphiphilic stabilizer 

(Solupus®) could also improve the surface 

wettability of the poorly water-soluble drug, thus 

leading to a faster release of drugs through NS 

formulation when compared to pure SLX powder(34).  
 

Determination of saturation solubility 

Saturation solubility of pure SLP in D.W 

was found to be 4.2±0.07 ϻg/ml while in the case of 

lyophilized NS (for the optimal formula F15), it was 

found to be 574.4±0.03ϻg/ml. Around 136 folds 

increased in saturation solubility was observed in 

SLP lyophilized NS. 

The higher solubility of SLP in lyophilized 

NS could be explained based on the Ostwald-

Freundlich equation. The surface area will be 

increased by reducing the P.S of the drug to the 

nanoscale, enhancing the SLP solubility. Another 

reason may be attributed to amphiphilic 

stabilizer(Soluplus®), a type of polymer that can 

provide extra solubilization effect on the poorly 

water-soluble drug(2,35). 
 

Fourier transforms infrared spectroscopy (FTIR) 

FT-IR spectra for pure SLP, Soluplus®, 

mannitol, and lyophilized SLP powder of the 

selected formula (F15) were carried out to 

investigate any possible interaction among different 

components, as seen in Figures (5-8).  

The characteristic bands of structural 

moieties of SLP are shown in table (5) (36). 
 

Table 5.The FT-IR absorption bands of SLP. 
 

Band assignment  Wavenumber (cm-1) 

N-H stretching 
3360-3053 (as multiple 

bands) 

aromatic C-H 

stretching 
3024  

aliphatic C-H 

stretching 
2988 cm-1- 2872  

C=O stretching 1724  

C=C ring stretch 1556, 1477, 1350 

C=N stretching 1477 

SO2 stretching 1350  

C-N stretching 1240  

C-O-C stretching 1124  

 

While the FTIR spectrum of Soluplus® 

displays the characteristic peak of a hydroxyl group 

at 3437 cm-1 (O-H stretching). Peaks at 1741 cm-1 

and 1633 cm-1 are attributed to C=O stretching of 

ester group and tertiary amide group, respectively. 
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In the lyophilized powder, an intermolecular 

hydrogen bond may be formed between the 

Carbonyl group of SLP and hydroxyl group of 

Soluplus®, which results in a shift of the 

characteristic peaks. The peak assigned to  C=O 

stretching was shifted from 1724 cm-1 to 1735 cm-1 

and became less intense(32). Also, the N-H peak may 

be overlapped with the O-H peak of mannitol, 

forming a band at 3280(37). 

 

 
Figure 5. Fourier transforms infrared spectroscopy (FTIR) of pure SLP. 

 

 
Figure 6. Fourier Transforms Infrared Spectroscopy (FTIR) of Soluplus®. 
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Figure 7. Fourier Transforms Infrared Spectroscopy (FTIR) of mannitol. 

 

Figure 9. Fourier Transforms Infrared Spectroscopy (FTIR) of lyophilized SLP powder. 
 
Conclusion  

 SLPNS exhibited improvement in the 

dissolution rate of poorly soluble SLP, which may 

be attributed to increasing the surface area due to 

decreasing the P.S to the nanometer range.  
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